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PREFACE

This User's Cuide provides docunentation for the
I ndustrial Source Conplex (ISC3) nodels, referred to
hereafter as the Short Term (I SCST3) and Long Term (1 SCLT3)
nodel s. This volunme descri bes the dispersion algorithns
utilized in the I SCST3 and | SCLT3 nodel s, including the new
area source and dry deposition algorithms, both of which are
a part of Supplenment Cto the Guideline on Air Quality
Model s (Revi sed).

This volune al so includes a technical description for
the follow ng algorithms that are not included in Suppl ement
C. pit retention (ISCST3 and | SCLT3), wet deposition
(1 SCST3 only), and COVMPLEX1 (I SCST3 only). The pit
retenti on and wet deposition algorithnms have not undergone
extensive evaluation at this tine, and their use is
optional. COWLEX1l is incorporated to provide a neans for
conducting screening estimates in conplex terrain. EPA
gui dance on conplex terrain screening procedures is provided
in Section 5.2.1 of the Guideline on Air Quality Models
(Revi sed).

Volune | of the I SC3 User's Cuide provides user
i nstructions for the |ISC3 nodels.
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1.0 THE | SC SHORT- TERM DI SPERSI ON MODEL EQUATI ONS

The I ndustrial Source Conplex (ISC) Short Term nodel
provi des options to nodel enissions froma w de range of
sources that m ght be present at a typical industrial source
conpl ex. The basis of the nodel is the straight-1ine,
st eady-state Gaussian plunme equation, which is used with
sone nodifications to nodel sinple point source em ssions
from stacks, em ssions from stacks that experience the
effects of aerodynam ¢ downwash due to nearby buil di ngs,

i solated vents, nultiple vents, storage piles, conveyor
belts, and the like. Em ssion sources are categorized into
four basic types of sources, i.e., point sources, volune
sources, area sources, and open pit sources. The vol unme
source option and the area source option nay also be used to
simulate |ine sources. The algorithns used to nodel each of
t hese source types are described in detail in the follow ng
sections. The point source algorithns are described in
Section 1.1. The volume, area and open pit source nodel

al gorithns are described in Section 1.2. Section 1.3 gives
t he optional algorithns for calculating dry deposition for
poi nt, volune, area and open pit sources, and Section 1.4
descri bes the optional algorithns for cal cul ati ng wet
deposition. Sections 1.1 through 1.4 describe cal cul ations
for sinmple terrain (defined as terrain elevations bel ow the
rel ease height). The nodifications to these calculations to
account for conplex terrain are described in Section 1.5,
and the treatnment of internediate terrain is discussed in
Section 1.6.

The | SC Short Term nodel accepts hourly neteorol ogica
data records to define the conditions for plunme rise,
transport, diffusion, and deposition. The nodel estinates
t he concentration or deposition value for each source and
recept or conbination for each hour of input neteorology, and
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cal cul ates user-sel ected short-term averages. For
deposition values, either the dry deposition flux, the wet
deposition flux, or the total deposition flux nay be
estimted. The total deposition flux is sinply the sum of
the dry and wet deposition fluxes at a particular receptor
| ocati on. The user also has the option of selecting
averages for the entire period of input neteorology.

1.1 PO NT SOURCE EM SSI ONS

The | SC Short Term nodel uses a steady-state Gaussi an
pl ume equation to nodel em ssions from point sources, such
as stacks and isolated vents. This section describes the
Gaussi an poi nt source nmodel, including the basic Gaussian
equation, the plume rise formulas, and the fornulas used for
det erm ni ng di spersi on paraneters.

1.1.1 The Gaussi an Equati on

The 1 SC short term nodel for stacks uses the
st eady-state Gaussian plunme equation for a continuous
el evated source. For each source and each hour, the origin
of the source's coordinate systemis placed at the ground
surface at the base of the stack. The x axis is positive in
t he downwi nd direction, the y axis is crosswind (normal) to
the x axis and the z axis extends vertically. The fixed
receptor locations are converted to each source's coordi nate
system for each hourly concentration cal culation. The
cal cul ati on of the downwi nd and crosswi nd di stances is
described in Section 1.1.2. The hourly concentrations
cal cul ated for each source at each receptor are sumed to
obtain the total concentration produced at each receptor by
t he conmbi ned source emn ssions.
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For a steady-state Gaussian plume, the hourly
concentration at downwi nd di stance x (nmeters) and crossw nd
di stance y (nmeters) is given by:

é Fu
C :ﬂe(p @0_569ii@ (1-1)
2pusys:  § &sypl

wher e:
= pollutant em ssion rate (nmass per unit tine)
K = a scaling coefficient to convert cal cul ated
concentrations to desired units (default val ue
of 1 x 10°for Qin g/s and concentration in
ng/ ne)
V = wvertical term (See Section 1.1.6)
= decay term (See Section 1.1.7)
Sy, S, = standard deviation of lateral and vertical
concentration distribution (m (See Section
1.1.5)
us = nmean w nd speed (ms) at rel ease hei ght (See
Section 1.1.3)

Equation (1-1) includes a Vertical Term (V), a Decay
Term (D), and dispersion parameters (s, and s,) as discussed

below. It should be noted that the Vertical Term i ncl udes
the effects of source elevation, receptor elevation, plune
rise, limted mxing in the vertical, and the gravitational

settling and dry deposition of particulates (with dianeters
greater than about 0.1 mcrons).
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1.1.2 Downwi nd and Crossw nd Di stances

The | SC nodel uses either a polar or a Cartesian
receptor network as specified by the user. The nodel all ows
for the use of both types of receptors and for nmultiple
networks in a single run. All receptor points are converted
to Cartesian (X,Y) coordinates prior to performng the
di spersion calculations. 1In the polar coordinate system
the radial coordinate of the point (r, ?) is neasured from
t he user-specified origin and the angul ar coordinate ? is
measured cl ockwi se fromthe north. In the Cartesian
coordinate system the X axis is positive to the east of the
user-specified origin and the Y axis is positive to the
north. For either type of receptor network, the user nust
define the location of each source with respect to the
origin of the grid using Cartesian coordinates. 1In the
pol ar coordi nate system assumng the originis at X = X,, Y
=Y, the X and Y coordinates of a receptor at the point (r,
?) are given by:

X(R)=rsnqg - X, (1-2)
Y(R) =rcosq - Y, (1-3)

If the X and Y coordinates of the source are X(S) and Y(S),
t he downw nd distance x to the receptor, along the direction
of plunme travel, is given by:

x=-(X(R) - X(9)snWD) - (Y(R) - Y(S))cos(WD) (1-4)
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where WD is the direction fromwhich the wind is bl ow ng.
The downwi nd di stance is used in calculating the distance-
dependent plune rise (see Section 1.1.4) and the dispersion
paranmeters (see Section 1.1.5). |If any receptor is |ocated
within 1 meter of a point source or within 1 neter of the
effective radius of a volume source, a warning nessage is
printed and no concentrations are cal cul ated for the
source-receptor conbination. The crosswi nd distance y to
the receptor fromthe plunme centerline is given by:

y=(X®) - X(S)cosWD) - (Y(R) - Y(S)sn(WD) (1-5)

The crosswind distance is used in Equation (1-1).

1.1.3 Wnd Speed Profile

The wi nd power law is used to adjust the observed w nd
speed, U;e, froma reference nmeasurenent height, z.g, to the
stack or release height, hs. The stack hei ght w nd speed,
Us, is used in the Gaussian plunme equation (Equation 1-1),
and in the plunme rise fornulas described in Section 1.1.4.
The power |aw equation is of the form

&eh g
Us = Ures S: ( 1- 6)
Zied @

where p is the wind profile exponent. Values of p nay be
provi ded by the user as a function of stability category and
w nd speed class. Default values are as foll ows:
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Stability Category Rur al Exponent Ur ban Exponent

A 0.07 0.15
B 0.07 0. 15
C 0.10 0. 20
D 0.15 0. 25
E 0.35 0. 30
F 0. 55 0. 30

The stack height wind speed, us, is not allowed to be
|l ess than 1.0 m's.

1.1.4 Plume Ri se Fornul as

The plume height is used in the calculation of the
Vertical Term described in Section 1.1.6. The Briggs plune
ri se equations are discussed below. The description foll ows
Appendi x B of the Addendumto the MPTER User's Guide (Chico
and Catal ano, 1986) for plunmes unaffected by buil ding wakes.

The di stance dependent nmonentum plunme rise equations, as
described in (Bowers, et al., 1979), are used to determ ne
if the plume is affected by the wake region for building
downwash cal cul ati ons. These plunme rise cal culations for
wake determ nation are made assunmi ng no stack-tip downwash
for both the Huber-Snyder and the Schul man-Scire nethods.
When t he nodel executes the building downwash met hods of
Schul man and Scire, the reduced plune rise suggestions of
Schul man and Scire (1980) are used, as described in Section
1.1.4.11.
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1.1.4.1 Stack-ti p Downwash.

In order to consider stack-tip downwash, nodification
of the physical stack height is performed follow ng Briggs
(1974, p. 4). The nodified physical stack height hs is
found from

év 0

hs¢: hs + 2dse_u for Vs<1-5Us
eusu
(1-7)
or
hs®= hs for vs 2 1.5y

where hgs i s physical stack height (m, vs is stack gas exit
velocity (ms), and ds is inside stack top diameter (m.
This hs” is used throughout the remai nder of the plunme

hei ght conputation. |If stack tip downwash is not
considered, hs = hs in the follow ng equations.

1.1.4.2 Buoyancy and Monentum Fl uxes.

For nmost plune rise situations, the value of the Briggs
buoyancy flux paranmeter, F, (nf/s®), is needed. The
foll owi ng equation is equivalent to Equation (12), (Briggs,
1975, p. 63):

aDT 6
Fo= gvsdig ==
4Tsﬂ

(1-8)

where ?T = T, - T, Ts is stack gas tenperature (K), and T, is
anbi ent air tenperature (K).
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For determ ning plunme rise due to the nomentum of the
pl ume, the nonentum flux paraneter, F, (nf/s?, is calcul ated
based on the foll ow ng fornul a:

Fm= ngsz T ( 1- 9)

1.1.4.3 Unstable or Neutral - Crossover Between
Monent um and Buoyancy.

For cases with stack gas tenperature greater than or
equal to anbient tenperature, it must be determ ned whet her
the plume rise is dom nated by nonmentum or buoyancy. The
crossover tenperature difference, (?T)., is determ ned by
setting Briggs' (1969, p. 59) Equation 5.2 equal to the
conmbi nation of Briggs' (1971, p. 1031) Equations 6 and 7,
and solving for ?T, as follows:

for F, < 55,
Vl/3
(DT)c:0.0297TSﬁ (1-10)
and for F, 3 55,
2/3
(DT)C:O.00575TS% (1-11)

If the difference between stack gas and anbi ent tenperature,
?T, exceeds or equals (?T).,, plune rise is assumed to be
buoyancy dom nated, otherwi se plune rise is assuned to be
nmoment um dom nat ed.
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1.1.4.4 Unstable or Neutral - Buoyancy Ri se.

For situations where ?T exceeds (?T). as determ ned
above, buoyancy is assunmed to dom nate. The distance to
final rise, xf;, is determ ned fromthe equival ent of
Equation (7), (Briggs, 1971, p. 1031), and the distance to
final rise is assumed to be 3.5x, where x  is the distance
at which atnospheric turbul ence begins to dom nate
entrai nment. The value of x¢ is calculated as follows:

for F, < B55:
x; = 49F8 (1-12)

and for F, 3 55;:
x; =119FZ° (1-13)

The final effective plume height, he (M, is determ ned
fromthe equival ent of the conbinati on of Equations (6) and
(7) (Briggs, 1971, p. 1031):

for F, < B5:

I:3/4
he=h+ 21.425 2 (1-14)

Us

and for F, 3 55;:

3/5

Fo
Us

he=hd+ 38.71 (1-15)
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1.1.4.5 Unstable or Neutral - Mnmentum Ri se.

For situations where the stack gas tenperature is |ess
than or equal to the ambient air tenperature, the assunption
I's made that the plunme rise is dom nated by nmonentum If ?T
is less than (?T). from Equation (1-10) or (1-11), the
assunption is also nade that the plune rise is dom nated by
nomentum  The plume height is calculated from Equation
(5.2) (Briggs, 1969, p. 59):

he =h+ 3d, =2 (1-16)
Us

Briggs (1969, p. 59) suggests that this equation is nobst
applicable when vs/us is greater than 4.

1.1.4.6 Stability Paraneter.

For stable situations, the stability paraneter, s, is
cal culated fromthe Equation (Briggs, 1971, p. 1031):

s:gﬂﬂTﬂE (1-17)

As a default approximtion, for stability class E (or 5)

q?/ qz is taken as 0.020 K/m and for class F (or 6), §?/qz is
taken as 0.035 K/'m



1.1.4.7 Stable - Crossover Between Mnentum and

Buoyancy.

For cases with stack gas tenperature greater than or
equal to ambient tenperature, it nust be determnm ned whether

the plume rise is dom nated by nomentum or buoyancy. The
crossover tenperature difference, (?T). , is determ ned by

setting Briggs' (1975, p. 96) Equation 59 equal to Briggs'
(1969, p. 59) Equation 4.28, and solving for ?T, as follows:

(DT), =0.019582 T.v, /s (1-18)

If the difference between stack gas and anbi ent tenperature,
?T, exceeds or equals (?T),, plune rise is assumed to be
buoyancy dom nated, otherw se plune rise is assuned to be
nmoment um domi nat ed.

1.1.4.8 Stable - Buoyancy Ri se.

For situations where ?T exceeds (?T). as determ ned
above, buoyancy is assuned to dom nate. The distance to
final rise, X¢, is determ ned by the equivalent of a
conbi nati on of Equations (48) and (59) in Briggs, (1975), p.
96:

x = 2.0715 % (1-19)

The plune height, he, is determ ned by the equival ent of
Equation (59) (Briggs, 1975, p. 96):

L1/3

he = het+ 2.6 %%2 (1-20)
Usc @



1.1.4.9 Stable - Monentum Ri se.

Where the stack gas tenperature is |l ess than or equal
to the anbient air tenperature, the assunption is made that
the plunme rise is dom nated by momentum If ?T is less than
(?T). as determ ned by Equation (1-18), the assunption is
al so made that the plume rise is donm nated by nomentum  The
pl ume height is calculated from Equation 4.28 of Briggs
((1969), p. 59):
2r, 4

u/s g

The equation for unstable-neutral momentumrise (1-16) is
al so evaluated. The lower result of these two equations is
used as the resulting plunme height, since stable plunme rise
shoul d not exceed unstabl e-neutral plunme rise.

he =hg+1.5 (1-21)

1.1.4.10 All Conditions - Distance Less Than Di st ance
to Final Rise.

Where gradual rise is to be estimated for unstabl e,
neutral, or stable conditions, if the distance downw nd from
source to receptor, x, is less than the distance to fi nal
rise, the equivalent of Equation 2 of Briggs ((1972), p.
1030) is used to determ ne plunme height:

GEF%B X2/3 A

Us

he = h&+1.60

(1-22)

Q H-O

This height will be used only for buoyancy dom nated
conditions; should it exceed the final rise for the
appropriate condition, the final rise is substituted
I nst ead.

For momentum dom nated conditions, the follow ng
equations (Bowers, et al, 1979) are used to calculate a
di stance dependent nonmentum plume rise:



a) unstable conditions:

(1-23)

where x is the downw nd distance (nmeters), with a maxi num
val ue defined by Xxmx as foll ows:

2
X = Adi(ve*3ud” gy F=0
VsUs
= 4Qp for 0 < F, £ 55m*/° (1-24)
=119 for F, > 55m*/ &’

b) stable conditions:

1/3

he —h¢+é sn(x x/glus)u

1- 25
S P g ( )

where x is the downw nd distance (meters), with a maxi num
val ue defined by Xmx as follows:

_ Pus
Xmex = 0.5 1-26
7 ( )
The jet entrai nnent coefficient, Bj, is given by,
1. u
b ==+= 1-27
=3t ( )

As with the buoyant gradual rise, if the distance-dependent
nomentum ri se exceeds the final rise for the appropriate
condition, then the final rise is substituted instead.



1.1.4.10.1 Calculating the plunme hei ght for wake
effects determ nation

The buil di ng downwash al gorithns in the |ISC nodel s
al ways require the calculation of a distance dependent
nmoment um plunme rise. When buil ding downwash is being
simul ated, the equations descri bed above are used to
cal cul ate a distance dependent nomentum plunme rise at a
di stance of two building heights downwind fromthe | eeward
edge of the building. However, stack-tip downwash is not
used when performng this calculation (i.e. hy = hg). This
wake plume height is conmpared to the wake hei ght based on
t he good engineering practice (GEP) formula to determ ne
whet her the buil ding wake effects apply to the plunme for
t hat hour.

The procedures used to account for the effects of
bui | di ng downwash are di scussed nore fully in Section
1.1.5.3. The plune rise calculations used with the
Schul man- Scire al gorithm are di scussed in Section 1.1.4.11.

1.1.4.11 Plune Rise When Schul man and Scire Buil di ng
Downwash i s Sel ect ed.

The Schul man- Sci re downwash al gorithnms are used by the
| SC nodel s when the stack height is I ess than the buil ding
hei ght plus one half of the | esser of the building height or
width. When these criteria are net, the |1SC nodels estimte
pl ume rise during building dowmnwash conditions follow ng the
suggestion of Scire and Schul man (1980). The plunme rise
during building downwash conditions is reduced due to the
initial dilution of the plume with anbient air.



The plume rise is estimated as follows. The initial
di mensi ons of the downwashed plunme are approxi mated by a
line source of length Ly, and depth 2R, where:

R.=+2As, Xx=3Lg
Ly:“lzp(Sy-Sz) X:3LBlSySSZ (1_28)
Ly:O X:3LB1Sy<SZ
(1-29a)
(1-29b)

Lg equal s the m ni rum of h, and h,, where h, i s the building
hei ght and h, the projected (crosswi nd) building width. A

is a linear decay factor and is discussed in nore detail in
Section 1.1.5.3.2. If there is no enhancement of s, or if

the enhanced s, is I ess than the enhanced s,, the initial
plume will be represented by a circle of radius R,. The

J233 factor converts the Gaussian S, to an equi val ent

uni formcircular distribution and +J2p 34 converts s, to an
equi val ent uniformrectangul ar distribution. Both s,6 and s,

are evaluated at x = 3Lg, and are taken as the |arger of the

bui | di ng enhanced sigmas and the sigmas obtained fromthe
curves (see Section 1.1.5.3). The value of s, used in the

cal culation of L, also includes the linear decay term A.



The rise of a downwashed finite |ine source was sol ved
in the BLP nodel (Scire and Schul man, 1980). The neutral
di stance-dependent rise (Z) is given by:

OLy 3I:\)0 3FbX2 3FmX
Z’+ —Z + + 1- 30
gpb g pb*> b’ y) 2b%? b’u2 ( )

The stabl e distance-dependent rise is calcul ated by:

3F s’n?ﬁg
. 20 m s -
7o ks Cgy FERLy  SRoEy SR, €0 (1-312)
pb 5 pb> b’y 2b%y b? un/s

with a maxi num st abl e buoyant rise given by:

23+§—$ 2, &R I‘y+3R°;Z OF, (1- 31b)
pb g g pb* b*gF bus
wher e:
= buoyancy flux term (Equation 1-8) (nf/s?

I:Fbm = nonmentum flux term (Equation 1-9) (nf/s?

x = downwi nd di stance (m

Us = wind speed at release height (nfs)

Vs = stack exit velocity (ms)

ds = stack dianeter (m

B = entrainment coefficient (=0.6)
B, = jet entrainment coefficient SERULY:
Vs
s = stability paraneter =gi3/ 1239

a

The | arger of nomentum and buoyant rise, detern ned
separately by alternately setting F, or Fp, = 0 and sol vi ng



for Z, is selected for plune height calculations for
Schul man- Sci re downwash. In the |1SC nodels, Z is determ ned
by solving the cubic equation using Newton's nethod.

1.1.5 The Di spersion Paranmeters

1.1.5.1 Point Source Dispersion Paraneters.

Equati ons that approximately fit the Pasquill-G fford
curves (Turner, 1970) are used to calculate s, and s, (in

nmeters) for the rural node. The equations used to calcul ate
S, are of the form

s , = 465.11628(x) tan(TH) (1-32)

wher e:
TH =0.017453293c - d In(X)] (1-33)

In Equations (1-32) and (1-33) the downw nd distance x is in
Kilometers, and the coefficients ¢ and d are listed in Table
1-1. The equation used to calculate s, is of the form

Sz:axb (1-34)

where the downwi nd distance x is in kiloneters and s, is in
meters. The coefficients a and b are given in Table 1-2.

Tabl es 1-3 and 1-4 show the equations used to determ ne
s, and s, for the urban option. These expressions were
determ ned by Briggs as reported by Gfford (1976) and
represent a best fit to urban vertical diffusion data
reported by MEIroy and Pooler (1968). Wiile the Briggs
functions are assuned to be valid for downw nd di stances
| ess than 100m the user is cautioned that concentrations at
receptors less than 100m from a source nmay be suspect.



TABLE 1-1
PARAMETERS USED TO CALCULATE PASQUI LL- Gl FFORD s,

Sy = 465.11628 (x)tan(TH)
TH = 0.017453293 [c - d I n(x)]

Pasqui | |

Stability

Cat egory c d
A 24. 1670 2.5334
B 18. 3330 1. 8096
C 12. 5000 1. 0857
D 8. 3330 0. 72382
E 6. 2500 0. 54287
F 4.1667 0. 36191

where s, is in nmeters and x is in kilonmeters



TABLE 1-2

PARAMETERS USED TO CALCULATE PASQUI LL- G FFORD s,

S,(neters) = (x in km
Pasqui | |
Stability
Cat egory X (km a b
A <. 10 122. 800 0. 94470
0.10 - 0.15 158. 080 1.05420
0.16 - 0.20 170. 220 1.09320
0.21 - 0.25 179. 520 1.12620
0.26 - 0.30 217.410 1. 26440
0.31 - 0.40 258. 890 1.40940
0.41 - 0.50 346. 750 1.72830
0.51 - 3.11 453. 850 2.11660
>3. 11 * % * %
B’ <. 20 90.673 0.93198
0.21 - 0.40 98. 483 0. 98332
>0. 40 109. 300 1.09710
o} Al | 61. 141 0. 91465
D <. 30 34. 459 0. 86974
0.31 - 1.00 32.093 0. 81066
1.01 - 3.00 32.093 0. 64403
3.01 - 10.00 33. 504 0. 60486
10.01 - 30.00 36. 650 0. 56589
>30. 00 44. 053 0.51179

*

I f the cal cul ated value of s, exceed 5000 m s, s

to 5000 m

S, is equal to 5000 m

set



PARAMETERS USED TO CALCULATE PASQUI LL- G FFORD s,

TABLE 1-2
( CONTI NUED)

S,(neters) = (x in km
Pasqui | |
Stability
Cat egory X (km a b
E <.10 24. 260 0. 83660
0.10 0. 30 23. 331 0. 81956
0.31 1.00 21.628 0. 75660
1.01 2.00 21.628 0. 63077
2.01 4. 00 22.534 0. 57154
4.01 10. 00 24.703 0. 50527
10.01 20. 00 26. 970 0.46713
20.01 40. 00 35. 420 0. 37615
>40. 00 47.618 0. 29592
F <. 20 15. 209 0. 81558
0.21 0.70 14. 457 0. 78407
0.71 1.00 13. 953 0. 68465
1.01 2.00 13. 953 0. 63227
2.01 3.00 14. 823 0. 54503
3.01 7.00 16. 187 0. 46490
7.01 15. 00 17. 836 0. 41507
15. 01 30. 00 22. 651 0. 32681
30.01 60. 00 27.074 0.27436
>60. 00 34.219 0.21716
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TABLE 1-3
BRI GGS FORMULAS USED TO CALCULATE M:ELROY- POOLER s,

Pasqui | |
Stability .
Cat egory Sy(meters)
0.32 x (1.0 + 0.0004 x) Y2
B 0.32 x (1.0 + 0.0004 x) Y2
C 0.22 x (1.0 + 0.0004 x) Y2
D 0.16 x (1.0 + 0.0004 x) Y2
E 0.11 x (1.0 + 0.0004 x) Y2
F 0.11 x (1.0 + 0.0004 x) Y2
Where x is in nmeters
TABLE 1-4

BRI GGS FORMULAS USED TO CALCULATE M ELROY- POOLER s,

Pasqui | |

Stability .

Cat egory S,(meters)
A 0.24 x (1.0 + 0.001 x)¥2
B 0.24 x (1.0 + 0.001 x)¥2
C 0.20 x
D 0.14 x (1.0 + 0.0003 x) Y2
E 0.08 x (1.0 + 0.0015 x) Y2
F 0.08 x (1.0 + 0.0015 x) %?

VWhere x is in neters.
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1.1.5.2 Lateral and Vertical Virtual Di stances.

The equations in Tables 1-1 through 1-4 define the
di spersion paranmeters for an ideal point source. However
vol ume sources have initial lateral and vertical dinensions.
Al so, as discussed bel ow, building wake effects can enhance
the initial growh of stack plunes. |In these cases, |ateral
(xy) and vertical (x;) virtual distances are added by the |SC
nodel s to the actual downw nd distance x for the s, and s,

cal cul ati ons. The lateral virtual distance in kiloneters

for the rural node is given by:

(1- 35)

where the stability-dependent coefficients p and q are given
in Table 1-5 and s,, is the standard deviation in neters of
the |l ateral concentration distribution at the source.
Simlarly, the vertical virtual distance in kilometers for
the rural node is given by:

/b
xp= 2200 (1-36)
eag

where the coefficients a and b are obtained form Table 1-2
and s,, is the standard deviation in nmeters of the vertical
concentration distribution at the source. It is inportant
to note that the |1 SC nodel progranms check to ensure that the
x, used to calculate s, at (x + x,) in the rural node is the
X, cal cul ated using the coefficients a and b that correspond
to the distance category specified by the quantity (x + Xz).

To determ ne virtual distances for the urban node, the
functions displayed in Tables 1-3 and 1-4 are solved for x.
The solutions are quadratic fornulas for the |ateral
virtual distances; and for vertical virtual distances the
solutions are cubic equations for stability classes A and B,
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a linear equation for stability class C, and quadratic
equations for stability classes D, E, and F. The cubic
equations are solved by iteration using Newton's nethod.

TABLE 1-5

COEFFI CI ENTS USED TO CALCULATE LATERAL VI RTUAL DI STANCES
VI RTUAL DI STANCES
FOR PASQUI LL- G FFORD DI SPERSI ON RATES

% O 1/q
Xy=g—=z 45
Po

Pasqui | |

Stability

Cat egory p q
A 209. 14 0. 890
B 154. 46 0.902
C 103. 26 0.917
D 68. 26 0.919
E 51. 06 0.921
F 33.92 0.919

1.1.5.3 Procedures Used to Account for the Effects of
Bui | di ng Wakes on Effl uent Di spersion.

The procedures used by the | SC nodels to account for
the effects of the aerodynam c wakes and eddi es produced by
pl ant buil di ngs and structures on plune dispersion
originally foll owed the suggestions of Huber (1977) and
Snyder (1976). Their suggestions are principally based on
the results of w nd-tunnel experinments using a nodel
building with a crosswi nd di nensi on doubl e that of the
bui | di ng hei ght. The atnmospheric turbul ence simulated in
t he wi nd-tunnel experinments was internediate between the
turbul ence intensity associated with the slightly unstable
Pasquill C category and the turbul ence intensity associ at ed
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with the neutral D category. Thus, the data reported by
Huber and Snyder reflect a specific stability, building
shape and building orientation with respect to the nean w nd
direction. It follows that the | SC wake-effects eval uation
procedures may not be strictly applicable to all situations.
The | SC nodel s al so provide for the revised treatnment of
bui | di ng wake effects for certain sources, which uses
nodi fied plunme rise algorithns, follow ng the suggestions of
Schul man and Hanna (1986). This treatnment is |argely based
on the work of Scire and Schul man (1980). When the stack
height is I ess than the building height plus half the | esser
of the building height or width, the nmethods of Schul man and
Scire are followed. O herw se, the nethods of Huber and
Snyder are followed. 1In the |ISC nodels, direction-specific
bui | di ng di nensi ons may be used with either the Huber-Snyder
or Schul man-Scire downwash al gorithns.

The wake-effects eval uati on procedures may be applied
by the user to any stack on or adjacent to a building. For
regul atory application, a building is considered
sufficiently close to a stack to cause wake effects when the
di stance between the stack and the nearest part of the
building is |l ess than or equal to five tinmes the | esser of
t he height or the projected width of the building. For
downwash anal yses with direction-specific building
di mensi ons, wake effects are assumed to occur if the stack
is within a rectangle conmposed of two |ines perpendicular to
the wind direction, one at 5L, downwi nd of the building and
t he other at 2L, upwi nd of the building, and by two |lines
parallel to the wind direction, each at 0.5L, away from each
side of the building, as shown bel ow.
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L, is the |l esser of the height and projected width of the
buil ding for the particular direction sector. For
addi ti onal gui dance on determ ni ng whether a nore conpl ex
buil ding configuration is likely to cause wake effects, the
reader is referred to the Guideline for Determ nation of
Good Engi neering Practice Stack Hei ght (Technical Support
Docunent for the Stack Hei ght Regul ati ons) - Revised (EPA,
1985). In the follow ng sections, the Huber and Snyder

bui | di ng downwash nethod is described followed by a
description of the Schul man and Scire buil di ng downwash
met hod.
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1.1.5.3.1 Huber and Snyder buil di ng downwash
procedures.

The first step in the wake-effects eval uation
procedures used by the | SC nodel prograns is to calcul ate
t he gradual plune rise due to nonentum al one at a di stance
of two building heights using Equation (1-23) or Equation
(1-25). If the plume height, he, given by the sum of the
stack height (with no stack-tip downwash adjustnent) and the
nomentumrise is greater than either 2.5 building heights
(2.5 hy) or the sum of the building height and 1.5 tines the
building width (h, + 1.5 h,), the plume is assuned to be
unaf fected by the building wake. O herwi se the plune is
assunmed to be affected by the building wake.

The | SC nodel prograns account for the effects of
bui | di ng wakes by nodifying both s, and s, for plumes with
pl ume height to building height ratios |ess than or equal to
1.2 and by nmodifying only s, for plumes from stacks with
pl ume height to building height ratios greater than 1.2 (but
|l ess than 2.5). The plunme height used in the plume hei ght
to stack height ratios is the sanme plune height used to
determine if the plume is affected by the buil di ng wake.
The | SC nodel s define buildings as squat (hy, 3 hy) or tal
(hy < hy). The ISC nodels include a general procedure for
nmodi fying s, and s, at distances greater than or equal to 3h,
for squat buil dings or 3h, for tall buildings. The air flow
in the building cavity region is both highly turbul ent and
generally recirculating. The |ISC nodels are not appropriate
for estimating concentrations within such regions. The |ISC
assunption that this recirculating cavity region extends to
a downw nd di stance of 3h, for a squat building or 3h, for a
tall building is nost appropriate for a building whose w dth
I's not much greater than its height. The |ISC user is
cautioned that, for other types of buildings, receptors
| ocated at downwi nd di stances of 3h, (squat buildings) or 3hy
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(tall buildings) may be within the recircul ating region.

The nodified s, equation for a squat building is given
by:

s ,0=0.7h, +0.067(x-3h,) for 3h, £ x <10h,

or (1-37)

=s ,{X +x3} for x 3 10h,

where the building height hy, is in nmeters. For a tall
bui | di ng, Huber (1977) suggests that the width scale hy
replace hy, in Equation (1-37). The nodified s, equation for
a tall building is then given by:

s 6=0.7n, +0.067(x- 3h,) for 3h, £ x <10h,

or (1-38)

=s {X+x} for x 3 10h,,

where h, IS in nmeters. It is inportant to note that s, js
not permtted to be |less than the point source val ue given
in Tables 1-2 or 1-4, a condition that nmay occur.

The vertical virtual distance, x,, is added to the
actual downw nd di stance x at downw nd di stances beyond 10h,
for squat buildings or beyond 10h, for tall buildings, in
order to account for the enhanced initial plume growth
caused by the building wake. The virtual distance is
cal cul ated fromsolutions to the equations for rural or
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ur ban sigmas provided earlier

As an exanple for the rural options, Equations (1-34)
and (1-37) can be conbined to derive the vertical virtua
di stance x, for a squat building. First, it follows from
Equation (1-37) that the enhanced s, is equal to 1.2h, at a
downwi nd di stance of 10h, in neters or 0.01lh, in kiloneters.
Thus, x, for a squat building is obtained from Equati on
(1-34) as follows:

s ,{0.01hy =1.2h,=2a(0.01h, + x,)" (1-39)
.1/b
%, =320 001, (1- 40)
e a g

where the stability-dependent constants a and b are given in
Table 1-2. Simlarly, the vertical virtual distance for
tall buildings is given by:

1/b
=228 oo, (1-41)

e a g

Xz

For the urban option, x, is calculated fromsolutions to the
equations in Table 1-4 for s, = 1.2h, Oor s, = 1.2 h, for tall
or squat buil dings, respectively.

1-28



For a squat building with a building width to buil ding
hei ght ratio (hy/hy) less than or equal to 5, the nodified s,

equation is given by:

s ,¢=0.35h,, +0.067(x-3h,) for 3h, £ X <10h,

or (1-42)

=g y{X +Xy} for x 3 1Ohb

The lateral virtual distance is then calculated for this
val ue of S,.

For a building that is much wider than it is tall (hy hp

greater than 5), the presently available data are

insufficient to provide general equations for s, For a

stack | ocated toward the center of such a building (i.e.,

away formeither end), only the height scale is considered
to be significant. The nodified s, equation for a very

squat building is then given by:

s 4= 0.35h, +0.067(x-3h,) for 3h, £ X <10h,

or (1-43)

=5 (X +x,} for x 3 10h,
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For hy h, greater than 5, and a stack located laterally
within about 2.5 h, of the end of the building, |ateral
pl ume spread is affected by the fl ow around the end of the
building. Wth end effects, the enhancenent in the initial
| ateral spread is assuned not to exceed that given by
Equation (1-42) with hy replaced by 5 h,. The nodified s,
equation is given by:

s ,0=1.75h, + 0.067(x- 3h,) for 3h, £ x <10h,

or (1-44)

=g y{X +Xy} for x 3 1Ohb

The upper and | ower bounds of the concentrations that
can be expected to occur near a building are determ ned
respectively using Equations (1-43) and (1-44). The user
must speci fy whet her Equation (1-43) or Equation (1-44) is
to be used in the nodel calculations. |In the absence of
user instructions, the | SC nodels use Equation (1-43) if the
buil ding width to building height ratio hy/ h, exceeds 5.

Al t hough Equation (1-43) provides the highest
concentration estimates for squat buildings with building
width to building height ratios (hy/ hy) greater than 5, the
equation is applicable only to a stack | ocated near the
center of the building when the wind direction is
per pendi cular to the Iong side of the building (i.e., when
the air flow over the portion of the building containing the
source is two dinensional). Thus, Equation (1-44) generally
is nore appropriate then Equation (1-43). It is believed
t hat Equations (1-43) and (1-44) provide reasonable limts
on the extent of the |lateral enhancenent of dispersion and
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t hat these equations are adequate until additional data are
avail able to evaluate the flow near very w de buil dings.

The nodified s, equation for a tall building is given
by:

s ,¢=0.35h,,+0.067(x-3h,,) for 3h, £ x <10h,,

or (1-45)

=s ,{X +x} for x 3 10h,,

The | SC nodels print a nessage and do not cal cul ate
concentrations for any source-receptor conbination where the
source-receptor separation is less than 1 neter, and al so
for distances less than 3 h, for a squat building or 3 h, for
a tall building under building wake effects. It should be
noted that, for certain conbinations of stability and
bui | di ng hei ght and/or width, the vertical and/or | ateral
pl ume di nmensions indicated for a point source by the
di spersion curves at a downwi nd di stance of ten buil ding
hei ghts or wi dths can exceed the values given by Equation
(1-37) or (1-38) and by Equation (1-42) or (1-43).
Consequently, the | SC nodels do not permt the virtual
di stances x, and x, to be | ess than zero.
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1.1.5.3.2 Schulman and Scire refined buil ding downwash
procedures.

The procedures for treating building wake effects
i nclude the use of the Schul man and Scire downwash net hod.
The buil di ng wake procedures only use the Schul man and Scire
met hod when the physical stack height is less than h, + 0.5
Lg, where hy is the building height and Lg is the | esser of
t he buil ding height or width. In regulatory applications,
t he maxi mum projected width is used. The features of the
Schul man and Scire nmethod are: (1) reduced plune rise due to
initial plume dilution, (2) enhanced vertical plunme spread
as a linear function of the effective plune height, and (3)
specification of building dinmensions as a function of w nd
direction. The reduced plunme rise equations were previously
described in Section 1.1.4.11.

VWhen the Schul man and Scire nethod is used, the I SC
di spersion nodels specify a |linear decay factor, to be
included in the s,”s cal cul ated using Equations (1-37) and
(1-38), as follows:

s, ®8=As ¢ (1-46)

where s,” is fromeither Equation (1-37) or (1-38) and Ais
the |inear decay factor determ ned as foll ows:

A:1 If he £ hb
- i < +
a=ho-he ;T ho<h£ho*2, (1-47)
2l g
A=0 if he > hy+2Ls

where the plunme height, he, is the height due to gradual
nmomentumrise at 2 h, used to check for wake effects. The
effect of the linear decay factor is illustrated in Figure
1-1. For Schul man- Sci re downwash cases, the |inear decay
termis also used in calculating the vertical virtua
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di stances with Equations (1-40) to (1-41).

When the Schul man and Scire buil ding downwash nmethod is

used the 1SC nodels require direction specific building

hei ghts and projected wi dths for the downwash cal cul ati ons.
The | SC nodel s al so accept direction specific building

di mensi ons for Huber-Snyder downwash cases. The user inputs
t he buil di ng hei ght and projected wi dths of the building
tier associated with the greatest height of wake effects for
each ten degrees of wind direction. These building heights
and projected widths are the same as are used for GEP stack
hei ght cal cul ations. The user is referred to EPA (1986) for
cal cul ating the appropriate building heights and projected
wi dt hs for each direction. Figure 1-2 shows an exanple of a
two tiered building with different tiers controlling the

hei ght that is appropriate for use for different w nd
directions. For an east or west wind the |lower tier defines
t he appropriate height and width, while for a north or south
wi nd the upper tier defines the appropriate values for

hei ght and w dt h.

1.1.5.4 Procedures Used to Account for Buoyancy-I|nduced
Di spersi on.

The nethod of Pasquill (1976) is used to account for
the initial dispersion of plumes caused by turbul ent notion

of the plume and turbul ent entrai nment of ambient air. Wth
this method, the effective vertical dispersion s, is

cal cul ated as foll ows:

2

N N

+

T
( |3
Q 1O,

D
w
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(1-48)
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where s, is the vertical dispersion due to anbient

turbul ence and ?h is the plume rise due to nmonentum and/ or
buoyancy. The lateral plume spread is paraneterized using a
sim | ar expression:

é
Sye:§5§+g_+g (1-49)
e

where s, is the lateral dispersion due to ambient

turbulence. It should be noted that ?h is the

di stance-dependent plunme rise if the receptor is | ocated

bet ween the source and the distance to final rise, and final
plunme rise if the receptor is |located beyond the distance to

final rise. Thus, if the user elects to use final plune

rise at all receptors the distance-dependent plune rise is

used in the cal cul ati on of buoyancy-induced di spersion and

the final plune rise is used in the concentration equations.
It should also be noted that buoyancy-induced dispersion is

not used when the Schul man- Sci re downwash option is in

effect.
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1.1.6 The Vertical Term

The Vertical Term (V), which is included in Equation
(1-1), accounts for the vertical distribution of the
Gaussian plune. It includes the effects of source
el evation, receptor elevation, plume rise (Section 1.1.4),
limted mxing in the vertical, and the gravitational
settling and dry deposition of particulates. 1In addition to
t he plume height, receptor height and m xi ng hei ght, the
conputation of the Vertical Termrequires the vertical
di spersion parameter (s,) described in Section 1.1.5.

1.1.6.1 The Vertical Term Wthout Dry Deposition

In general, the effects on anmbi ent concentrations of
gravitational settling and dry deposition can be negl ected
for gaseous pollutants and small particulates (less than
about 0.1 mcrons in dianeter). The Vertical Term wi thout
deposition effects is then given by:
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V = exp ;O.S?r ~ heg23+exp %OSGQr * heg23
g Sz @4y g Sz @¢(
+&1 ep go.saﬂigzl;+e><p 805 —2823
i = 1f 2] S :0( & S:0(
+9<p'e~05§S ;§+e<pe~05§s o
2 2 b
(1-50)
wher e:
he = hg + ?h
Hh =z, - (2iz; - hg)
H, =z, + (2iz; - hy)
H; = z, - (2iz; + hg)
Hy = z, + (2iz; + hg)
z, = receptor height above ground (flagpole) (m
zi = mxing height (m

The infinite series termin Equation (1-50) accounts

for
at the top of
net hod of

the m xing | ayer.
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the effects of the restriction on vertical

i mge sources is used to account for
reflections of the plune fromthe ground surface and at

pl ume growth
As shown by Figure 1-3, the
mul tiple

t he



top of the m xed layer. It should be noted that, if the
effective stack height, he, exceeds the m xi ng hei ght, z;,
the plume is assuned to fully penetrate the el evated

i nversion and the ground-1evel concentration is set equal to
zero.

Equation (1-50) assumes that the m xing height in rura
and urban areas is known for all stability categories. As
expl ai ned bel ow, the nmeteorol ogi cal preprocessor program
uses m xing heights derived fromtw ce-daily m xing heights
cal cul ated using the Hol zworth (1972) procedures. The |ISC
nodel s currently assunme unlimted vertical m xing under
stable conditions, and therefore delete the infinite series
termin Equation (1-50) for the E and F stability
cat egori es.

The Vertical Term defined by Equation (1-50) changes
the formof the vertical concentration distribution from
Gaussian to rectangular (i.e., a uniform concentration
within the surface m xing layer) at |ong downw nd di stances.

Consequently, in order to reduce conputational time wthout
a | oss of accuracy, Equation (1-50) is changed to the form

>s,

Zi

V = (1'51)
at downwi nd di stances where the s,/z; ratio is greater than
or equal to 1.6.

The neteorol ogi cal preprocessor program RAMVET, used
by the | SC Short Term nodel uses an interpolation schene to
assign hourly rural and urban m xing heights on the basis of
the early norning and afternoon m xi ng hei ghts cal cul at ed
using the Hol zworth (1972) procedures. The procedures used
to interpolate hourly m xing heights in urban and rural
areas are illustrated in Figure 1-4, where:
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H{ max}

maxi mum m Xi ng hei ght on a given day

H{m n} = mni num m xi ng hei ght on a given day
MN = m dni ght
SR = sunri se
SS = sunset

The interpol ation procedures are functions of the stability
category for the hour before sunrise. |If the hour before
sunrise is neutral, the m xing heights that apply are
i ndi cated by the dashed lines |abeled neutral in Figure 1-4.
If the hour before sunrise is stable, the m xing heights
that apply are indicated by the dashed |ines | abel ed stable.
It should be pointed out that there is a discontinuity in
the rural m xing height at sunrise if the precedi ng hour is
stable. As expl ai ned above, because of uncertainties about
the applicability of Holzworth m xing heights during periods
of E and F stability, the I SC nodels ignore the interpol ated
m xi ng heights for E and F stability, and treat such cases
as having unlimted vertical m xing.

1.1.6.2 The Vertical Termin Elevated Sinple Terrain.

The | SC nodel s nake the foll owi ng assunpti on about
pl ume behavior in elevated sinple terrain (i.e., terrain
t hat exceeds the stack base el evation but is belowthe
rel ease height):

The plume axis remains at the plume stabilization
hei ght above nean sea level as it passes over

el evated or depressed terrain.

The m xing height is terrain foll ow ng.

The wind speed is a function of height above the
surface (see Equation (1-6)).
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Thus, a nodified plune stabilization height hy is
substituted for the effective stack height he in the
Vertical Term given by Equation (1-50). For exanple, the
effective plune stabilization height at the point x, y is
gi ven by:

he®=he + 25 - Z|,,, (1-52)
wher e:
Zzs = height above nean sea | evel of the base of the
stack (m
zY.yy = height above nean sea level of terrain at the

receptor location (x,y) (m

It should al so be noted that, as recommended by EPA, the |ISC
nodel s "truncate" terrain at stack height as follows: if
the terrain height z - zs exceeds the source rel ease height,
hs, the elevation of the receptor is automatically "chopped

of f" at the physical release height. The user is cautioned
t hat concentrations at these conplex terrain receptors are
subj ect to considerable uncertainty. Figure 1-5 illustrates

the terrain-adjustnment procedures used by the |ISC nodels for
sinple elevated terrain. The vertical termused with the
conplex terrain algorithns in ISCis described in Section
1.5.6.

1.1.6.3 The Vertical TermWth Dry Deposition.

Particul ates are brought to the surface through the
conbi ned processes of turbulent diffusion and gravitational
settling. Once near the surface, they may be renoved from
t he at mosphere and deposited on the surface. This renoval
is nodeled in terns of a deposition velocity (vg), which is
described in Section 1.3.1, by assunmi ng that the deposition
flux of material to the surface is equal to the product v4?g,
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where ?; is the airborne concentration just above the
surface. As the plune of airborne particulates is
transported downw nd, such deposition near the surface
reduces the concentration of particulates in the plunme, and
thereby alters the vertical distribution of the remaining
particul ates. Furthernore, the larger particles will also
nove steadily nearer the surface at a rate equal to their
gravitational settling velocity (vg). As a result, the

pl ume centerline height is reduced, and the vertical
concentration distribution is no | onger Gaussi an.

A corrected source-depl etion nodel devel oped by Hor st
(1983) is used to obtain a "vertical terni that incorporates
both the gravitational settling of the plume and the renoval
of plume mass at the surface. These effects are
i ncorporated as nodifications to the Gaussi an plune
equation. First, gravitational settling is assunmed to
result in a "tilted plunme”, so that the effective plune
hei ght (he) in Equation
(1-50) is replaced by

hed:he-hv:he-uivg (1-53)
where h, = (x/us)vg is the adjustnment of the plume height due
to gravitational settling. Then, a new vertical term (Vg
that includes the effects of dry deposition is defined as:

Vo (%2 he )=V (X2 he ) Fo ) P(X, 2) (1-54)

V(X,z,heq) IS the vertical termin the absence of any
deposition--it is just Equation (1-50), with the tilted

pl ume approxi mati on. Fx) is the fraction of materi al
that remains in the plunme at the downw nd di stance x (i.e.,
t he mass that has not yet been deposited on the surface).
This factor may be thought of as a source depletion factor,
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aratio of the "current” nass enm ssion rate to the original
mass em ssion rate. P(x,z) is a vertical profile adjustnent
factor, which nodifies the reflected Gaussian distribution
of Equati on

(1-50), so that the effects of dry deposition on near-
surface concentrati ons can be sinul at ed.

For large travel-tinmes, he in Equation (1-53) can
beconme | ess than zero. However, the tilted plunme
approximation is not a valid approach in this region.
Therefore, a m ninmm value of zero is inposed on heg. IN
effect, this limts the settling of the plume centerline,
al t hough the deposition velocity continues to account for
gravitational settling near the surface. The effect of
gravitational settling beyond the plume touchdown point
(where hegg = 0) is to nodify the vertical structure of the

pl ume, which is accounted for by nodifying the vertical
di spersion paranmeter (s,).

The process of adjusting the vertical profile to
reflect loss of plume nmass near the surface is illustrated
in Figures 1-6 and 1-7. At a distance far enough downw nd
that the plume size in the vertical has grown |arger than
t he height of the plunme, significant corrections to the
concentration profile may be needed to represent the renoval
of material fromthe plune due to deposition. Figure 1-6
di spl ays a depletion factor Fo and the correspondi ng
profile correction factor P(z) for a distance at which s, is
1.5 tinmes the plune height. The depletion factor is
constant with height, whereas the profile correction shows
that nost of the material is lost fromthe | ower portion of
the plume. Figure 1-7 conpares the vertical profile of
concentration both with and wi thout deposition and the
correspondi ng depletion of material fromthe plume. The
depl eted plunme profile is conmputed using Equation (1-54).
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Both Fox) and P(x,z) depend on the size and density of
the particles being nodel ed, because this effects the total
deposition velocity (See Section 1.3.2). Therefore, for a
gi ven source of particulates, I1SC allows nultiple particle-
Size categories to be defined, with the maxi mum nunmber of
particle size categories controlled by a paraneter statenent
in the nodel code (see Volunme |). The user nust provide the
mass- nean particle dianeter (mcrons), the particle density
(g/cn?), and the mass fraction (f) for each category being
nodel ed. |If we denote the value of Fox) and P(x,z) for the
n'" particle-size category by Fo(x) and Pu(x,z) and
substitute these in Equation (1-54), we see that a different
value for the vertical termis obtained for each particle-
Size category, denoted as Vyg. Therefore, the total vertica
termis given by the sumof the terns for each particle-size
category, weighted by the respective mass-fractions:

N
Va(X 2z hea)= & f ,Van (X Z hea) (1-55)

n=1

Fox) is a function of the total deposition velocity
(va), V(X, zg, hes), and P(Xx, zg):

X

Fo(X) =EXP g - (\)/dv(xq:Zduhed ) P (X¢Zd )d¢(
€ o

(1-56)

(Y ey«

where z4 is a height near the surface at which the
deposition flux is calculated. The deposition reference
hei ght is calculated as the maxi num of 1.0 nmeters and 20z,.
This equation reflects the fact that the material renoved
fromthe plunme by deposition is just the integral of the
deposition flux over the distance that the plune has
traveled. In ISC, this integral is evaluated nunerically.
For sources nodeled in elevated or conplex terrain, the user
can input a terrain grid to the nodel, which is used to
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determine the terrain elevation at various di stances al ong
the plume path during the evaluation of the integral. |If a
terrain grid is not input by the user, then the nodel wl]l
linearly interpol ate between the source el evation and the
receptor el evation.

The profile correction factor P(x,z) is given by

P2 = Plx za) @+ Y8 (1-BXP [ -v, R(2 2)])d
e Vg 1]
) y 4 (1-573a)
P(X, zd) » gl+ Va~Vg LV (X’ Z¢0) (l- EXP[ -vgR (Z(de)] )dQ g
u

e Vg 9‘/552

where R(z,zq) is an atnospheric resistance to verti cal
transport that is derived fromBriggs' fornulas for s,

(Gfford, 1976). When the product v4R(z,z4) is of order 0.1
or less, the exponential function is approximted (for small
argument) to sinplify P(x,z):

P(X,2) _P (% zq)| 1+ (va-vg)R (2 24) |

len) e b 07

! 1-57b
R(Z¢Zd) d¢ ( )

[ e e entd

This sinplification is inportant, since the integral in
Equation (1-57a) is evaluated nunerically, whereas that in
Equation (1-57b) is conputed using anal ytical

appr oxi mati ons.

The resistance R(z,z4) is obtained for the follow ng
functional fornms of s, defined by Briggs:
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Casel:
Rurd : gability A, B
Urban : gdbility C

Case?2:
Rurd : gability C,D
Urban : gability D, E, F

s,=ax ( 1+ bx)"

2 16 b u
R (z2)=2 L& (z/zd)+ag(z-zd)u (159

P alg

R (Z, zd) =

~

u

Case3:
Rurd :gability E, F

s,= ax/(1+bx)

Case4:
Urban : gability A, B

s,=ax (1+bx)"
21, €/1+bx(2 -1 J1+bx(z)+1U
p au g,\/l+bx(z) +1 Jl+ bx(zd)-la
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For this last form the x(z) and x(z4) nust be solved for z
and z4 (respectively) by finding the root of the inplicit
relation

.ﬁgz:ax 1+ bx (1-59)

The correspondi ng functions for P(x,z4) for the special case
of Equation (1-57) are given by:
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Casel.:
Rurd : gability A, B
Urban : gability C

s;=ax

p* (X, zd):1+M\/pz [In (\/Es Z/zd)-l]

ua

Case 2:
Rurd :gahility C,D
Urban :gability D, E, F

:aX/(1+bx)1/2
Pt (% zg)=1+ Y0 e|n (\/—Sz/zd 1+E§ \/72d:U
ua \Ip a 2%
Case3:

Rurdl : sebility E, F

S Z:ax/(1+ bX)

] 5 )
Pt (X zg) =1+ L0 Fé In (\/55 z/Zd)'l+2_b gg z'\/EZd%-l-
ua Vp g a 2 g

Case 4.
Urban : gability A, B

s,=ax(1+bx)"

P (1) 1+ 2 [0 (s sz 10

|n§ 1+kzd/8-\/§kszzl8jg
a7 &

(1- 60)



For the | ast form kz%\/gn, and
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(1-61)

The added conplexity of this last formarises because a

si npl e anal yti cal
obt ai ned for
P(x,zq for s,
nuneri cal

When verti cal
correction factor
r at her

so that

mxed limt,
Equati on (1-60) but

Therefore a limt
Equation (1-60) so that

corresponding termin z;.

solution to within about

mxing is limted by z,
P(x, zq)
than fromO to infinity.
terms that sinulate reflection fromz = z;
the profile correction factor,
function of m xing height, i

solution to Equation (1-57) could not
t he urban class A and B.

The integral in

ax(1l + bx)Y?2 |isted above matches a

2% for z4g = 1 m

I nvol ves an integral fromoO t

Furt her nor e,

each term does not exceed the

Simlarly, since the |eading
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the profile

0o z;,

V cont ai ns

as well as z =0
P(x, zq), becones a
.e, P(x,z4,zi). In the well-
P(x, zq, zi) has the sanme formas P(Xx,zg) in
S, is replaced by a constant tines z;:
® In(z/ z4)
@p [p 0
® C.[=z-.|= z= 1-62
ol e
® Eaé-—zlz-zgg»é EA-zg:
é3 g gp 3

is placed on each terminvolving s, in



order termin P(x,zq for s, = ax(1 + bx)Y? corresponds to
the In(V2s,/ )74 termin Equation (1-62), s, is capped at

21275 for this P(x,zq) as well. Note that these caps to s,

in Equation (1-60) are broadly consistent with the condition
on the use of the well-mxed Iimt on V in Equation (1-51)
which uses a ratio s,/z;, = 1.6. |n Equation (1-62), the
corresponding ratios are s,/z, = 1.4, 1.6, and 1.09.

I n many applications, the renoval of material fromthe
plume may be extremely small, so that Fox) and P(x,z) are
virtually unity. MWhen this happens, the vertical termis
virtually unchanged (Vq = V, see Equation (1-54)). The
deposition flux can then be approxi mted as vq4? rather than
Vq?q. The plume depletion calculations are optional, so that
t he added expense of conputing Fo x) and P(x,z) can be
avoi ded. Not considering the effects of dry depletion
results in conservative estimtes of both concentration and
deposition, since material deposited on the surface is not
removed fromthe plune.

1.1.7 The Decay Term (D)

The Decay Termin Equation (1-1) is a sinple method of
accounting for pollutant renoval by physical or cheni cal

processes. It is of the form
D:expgyig fooy >0
Us@
or (1-63)
=1 fory =0
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wher e:

? = the decay coefficient (s') (a value of zero
nmeans decay i s not considered)
x = downwi nd distance (m

For example, if Ty, is the pollutant half life in seconds,
the user can obtain ? fromthe relationship:

_ 0.693
Tuwo

(1-64)

The default value for ? is zero. That is, decay is not
considered in the nodel calculations unless ? is specified.
However, a decay half life of 4 hours (? = 0.0000481 s'') js
automatically assigned for SO, when nodeled in the urban
node.

1.2 NON- PO NT SOURCE EM SSI ONS

1. 2.1 Gener al

The | SC nodel s include algorithnms to nodel volunme, area
and open-pit sources, in addition to point sources. These
non- poi nt source options of the 1 SC nodels are used to
simul ate the effects of em ssions froma w de variety of
I ndustrial sources. 1In general, the ISC vol une source nodel
I's used to sinulate the effects of em ssions from sources
such as building roof nonitors and |ine sources (for
exanpl e, conveyor belts and rail lines). The |ISC area
source model is used to sinulate the effects of fugitive
em ssions from sources such as storage piles and slag dunps.

The | SC open pit source nodel is used to sinulate fugitive
em ssions from bel ow grade open pits, such as surface coal
m nes or stone quarri es.

1.2.2 The Short-Term Vol une Source Model

1-51



The | SC nodel s use a virtual point source algorithmto
nodel the effects of volunme sources, which neans that an
i magi nary or virtual point source is |ocated at a certain
di stance upwi nd of the volunme source (called the virtua
di stance) to account for the initial size of the volune
source plume. Therefore, Equation (1-1) is also used to
cal cul ate concentrati ons produced by vol une source
em ssi ons.

There are two types of volune sources: surface-based
sources, which may al so be nodel ed as area sources, and
el evated sources. An exanple of a surface-based source is a
surface rail line. The effective em ssion height he for a
surface-based source is usually set equal to zero. An
exanpl e of an elevated source is an elevated rail line with
an effective em ssion height h, set equal to the height of
the rail line. |[If the volunme source is elevated, the user
assigns the effective em ssion height he, i.e., there is no
plume rise associated with volume sources. The user also
assigns initial lateral (s,) and vertical (s,) dinensions
for the volume source. Lateral (xy) and vertical (Xx;)
virtual distances are added to the actual downw nd di stance
x for the s, and s, calculations. The virtual distances are
calculated fromsolutions to the signma equations as is done
for point sources with building downwash.

The vol ume source nodel is used to simulate the effects
of em ssions from sources such as building roof nmonitors and
for line sources (for exanple, conveyor belts and rai
lines). The north-south and east-west di mensions of each
vol ume source used in the nodel nust be the same. Table 1-6
summari zes the general procedures suggested for estinmating
initial |ateral (Syo) and vertical (s,) dinensions for single
vol une sources and for nultiple volunme sources used to
represent a line source. 1In the case of a |ong and narrow
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line source such as a rail line, it may not be practical to
di vide the source into N volune sources, where N is given by
the length of the line source divided by its width. The
user can obtain an approxi mate representation of the line
source by placing a smaller nunber of volunme sources at
equal intervals along the line source, as shown in Figure 1-
8. In general, the spacing between individual volune
sources should not be greater than twice the width of the
line source. However, a |larger spacing can be used if the
ratio of the m ni num source-receptor separation and the
spaci ng between individual volunme sources is greater than
about 3. In these cases, concentrations cal cul ated using
fewer than N volume sources to represent the line source
converge to the concentrations cal cul ated using N vol une
sources to represent the line source as |long as sufficient
vol une sources are used to preserve the horizontal geonetry
of the line source.

Figure 1-8 illustrates representations of a curved |ine
source by multiple volunme sources. Em ssions froma line
source or narrow vol ume source represented by nmultiple
vol une sources are divided equally anpong the individua
sources unless there is a known spatial variation in
en ssi ons. Setting the initial lateral dinmension Sy, equal
to W2.15 in Figure 1-8(a) or 2W2.15 in Figure 1-8(b)
results in overlapping Gaussian distributions for the
i ndi vidual sources. |If the wind direction is normal to a
straight line source that is represented by nultiple volune
sources, the initial crosswi nd concentration distribution is
uni form except at the edges of the |line source. The
doubling of s, by the user in the approximate |ine-source
representation in Figure 1-8(b) is offset by the fact that
the em ssion rates for the individual volunme sources are
al so doubl ed by the user.
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TABLE 1-6

SUMVARY OF SUGGESTED PROCEDURES FOR ESTI MATI NG
I NI TI AL LATERAL DI MENSI ONS s,, AND

I NI TI AL VERTI CAL DI MENSI ONS s,, FOR VOLUME AND LI NE SOURCES

Procedure for Obtaining
Type of Source Initial Di nmension

(a) Initial Lateral D mensions (s,,)

Si ngl e Vol unme Source Sy o = length of side

di vi ded by 4.3
Li ne Source Represented by Sy o = length of side
Adj acent Vol unme Sources (see di vided by 2.15
Figure 1-8(a))
Li ne Source Represented by Sy, = center to center
Separ at ed Vol ume Sources di stance divi ded by
(see Figure 1-8(b)) 2.15

(b) Initial Vertical D mensions (s,,)

Sur f ace- Based Source (he ~ 0) S,o = vertical dinension of
source divided by
2.15

El evated Source (he > 0) on S,o = building height

or Adjacent to a Building di vided by 2.15

El evated Source (he > 0) not S,, = vertical dinension of

on or Adjacent to a Building source divided by 4.3
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1.2.3 The Short-Term Area Source Model

The 1 SC Short Term area source nodel is based on a
numerical integration over the area in the upw nd and
crosswi nd directions of the Gaussian point source plunme
formula given in Equation (1-1). Individual area sources
may be represented as rectangles with aspect ratios
(length/width) of up to 10 to 1. |In addition, the
rectangles nay be rotated relative to a north-south and
east-west orientation. As shown by Figure 1-9, the effects
of an irregularly shaped area can be sinmulated by dividing
the area source into nultiple areas. Note that the size and
shape of the individual area sources in Figure 1-9 varies;
the only requirenment is that each area source nust be a
rectangle. As a result, an irregular area source can be
represented by a smaller nunber of area sources than if each
area had to be a square shape. Because of the flexibility
i n specifying el ongated area sources with the Short Term
nodel, up to an aspect ratio of about 10 to 1, the | SCST
area source algorithm may al so be useful for nodeling
certain types of |line sources.

The ground-1evel concentration at a receptor |ocated
downwi nd of all or a portion of the source area is given by
a double integral in the upwind (x) and crosswi nd (y)
directions as:

6
QK L VD ‘?Oexp 80.5 y—udy dx (1- 65)
P Csys2§ & &svaf]l o

> (D~

wher e:

Q. = area source em ssion rate (mss per unit area per
unit tinme)
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units scaling coefficient (Equation (1-1))

<
Il

vertical term (see Section 1.1.6)

decay termas a function of x (see Section 1.1.7)

The Vertical Termis given by Equation (1-50) or Equation
(1-54) with the effective em ssion height, he, being the

physi cal rel ease hei ght assigned by the user. |In general,
he shoul d be set equal to the physical height of the source
of em ssions above |ocal terrain height. For exanple, the

em ssion height he of a slag dunp is the physical height of
the sl ag dunp.

Since the I SCST algorithmesti mtes the integral over

t he area upwi nd of the receptor |ocation, receptors nmay be

| ocated within the area itself, downw nd of the area, or
adj acent to the area. However, since s, goes to 0 as the
downwi nd di stance goes to O (see Section 1.1.5.1), the plune
function is infinite for a downw nd receptor distance of O.
To avoid this singularity in evaluating the plune function,
t he nodel arbitrarily sets the plume function to 0O when the
receptor distance is less than 1 neter. As a result, the
area source algorithmw |l not provide reliable results for
receptors located within or adjacent to very small areas,
with di mensions on the order of a few nmeters across. In

t hese cases, the receptor should be placed at |east 1 neter
out si de of the area.

In Equation (1-65), the integral in the lateral (i.e.,
crosswind or y) direction is solved analytically as follows:

. & eyl ey 0
O=Xp 90.5g—gl}dy = afc ¢—= (1-66)
y 8 S YﬂH Syg

where erfc is the conplenentary error function

1-56



In Equation (1-65), the integral in the |ongitudinal
(i.e., upwind or x) direction is approxinmted using
numeri cal methods based on Press, et al (1986).
Specifically, the | SCST nodel estinmates the value of the
integral, I, as a weighted average of previous estinmates,
using a scal ed down extrapol ation as follows:

= 52 efcaelgd><=|2N+('2N"N) (1-67)
x SySz Syg 3
where the integral termrefers to the integral of the plune
function in the upwind direction, and Iy and I,y refer to
successive estimtes of the integral using a trapezoidal
approximation with N intervals and 2N intervals. The nunber
of intervals is doubled on successive trapezoidal estimtes
of the integral. The |ISCST nodel also perfornms a Ronberg
i ntegration by treating the sequence Iy as a polynom al in
k. The Ronmberg integration technique is described in detail
in Section 4.3 of Press, et al (1986). The |ISCST nodel uses
a set of three criteria to determ ne whether the process of
integrating in the upwi nd direction has "converged." The
cal cul ati on process will be considered to have converged,
and the nost recent estimate of the integral used, if any of
the followng conditions is true:

1) I f the number of "halving intervals” (N) in the
trapezoi dal approxi mation of the integral has
reached 10, where the nunber of individual
el ements in the approximation is given by 1 + 2! =
513 for N of 10;

2) I f the extrapol ated estimte of the real integral
(Romberg approxi mati on) has converged to within a
tol erance of 0.0001 (i.e., 0.01 percent), and at
| east 4 halving intervals have been conpl eted; or

3) I f the extrapol ated estimte of the real integral

Is less than 1. 0E-10, and at |east 4 hal ving

I nterval s have been conpl et ed.
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The first condition essentially puts atinme |limt on the

i ntegration process, the second condition checks for the
accuracy of the estimate of the integral, and the third
condition places a | ower threshold Iimt on the value of the
integral. The result of these nunerical nmethods is an
estimate of the full integral that is essentially equival ent
to, but much nore efficient than, the nethod of estimating
the integral as a series of |line sources, such as the nethod
used by the PAL 2.0 nodel (Petersen and Runsey, 1987).
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1.2.4 The Short-Term Open Pit Source Model

The | SC open pit source nodel is used to estimate
i npacts for particulate em ssions originating froma bel ow
grade open pit, such as a surface coal mne or a stone
quarry. The |1SC nodels allow the open pit source to be
characterized by a rectangul ar shape with an aspect ratio
(length/width) of up to 10 to 1. The rectangular pit may
al so be rotated relative to a north-south and east -west
orientation. Since the open pit nodel does not apply to
receptors located within the boundary of the pit, the
concentration at those receptors will be set to zero by the
| SC nodel s.

The nodel accounts for partial retention of em ssions
within the pit by calculating an escape fraction for each
particle size category. The variations in escape fractions
across particle sizes result in a nodified distribution of
mass escaping fromthe pit. Fluid nodeling has shown that
within-pit em ssions have a tendency to escape fromthe
upwi nd side of the pit. The open pit algorithm sinulates
the escaping pit em ssions by using an effective rectangul ar
area source using the 1 SC area source algorithm described in
Section 1.2.3. The shape, size and | ocation of the
effective area source varies with the wind direction and the
relative depth of the pit. Because the shape and | ocation
of the effective area source varies with wind direction, a
singl e open pit source should not be subdivided into
multiple pit sources.

The escape fraction for each particle size catagory, e

is calcul ated as foll ows:
1

“Arvl@ o) (1-68)

€i
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wher e:

Vg = is the gravitational settling velocity (ms),
U = is the approach wind speed at 10m (m's),
a =is the proportionality constant in the

relati onship between flux fromthe pit and the
product of U and concentration in the pit
(Thonpson, 1994).

The gravitational settling velocity, vy IS conputed as
described in Section 1.3.2 for each particle size category.
Thonpson (1994) used | aboratory neasurenents of poll utant
residence tines in a variety of pit shapes typical of actua
m nes and determ ned that a single value of a = 0.029 worked

well for all pits studied.

The adjusted em ssion rate (Q) for each particle size
category is then conputed as:

Q=e-f,-Q (1-69)

where Qis the total em ssion rate (for all particles)
within the pit, f, is the original mass fraction for the
given size category, and e is the escape fraction cal cul ated
from Equation (1-68). The adjusted total em ssion rate (for
all particles escaping the pit), @Q, is the sumof the Q for
all particle categories calculated from Equation 1-69. The
mass fractions (of particles escaping the pit), f,, for each

category is:

f.=Q/Q, (1-70)

Because of particle settling within the pit, the
di stribution of mass escaping the pit is different than that
emtted within the pit. The adjusted total particul ate

em ssion rate, Q, and the adjusted mass fractions, f,



reflect this change, and it is these adjusted val ues that
are used for nodeling the open pit em ssions.

The follow ng describes the specification of the
| ocati on, dinensions and adjusted em ssions for the
effective area source used for nodeling open pit em ssions.
Consider an arbitrary rectangul ar-shaped pit with an
arbitrary wind direction as shown in Figure 1-10. The steps
that the nodel uses for determ ning the effective area
source are as follows:

1. Deternm ne the upwi nd sides of the pit based on the
wi nd direction.

2. Conpute the along wind length of the pit (I) based
on the wind direction and the pit geonetry . |
vari es between the I engths of the two sides of the
rectangul ar pit as foll ows:

¢=L- (1-q/90) +W- (q/90) (1-71)

where L is the long axis and Wis the short axis
of the pit, and ? s the wind direction relative
to the long axis (L) of the pit (therefore ?

vari es between 0° and 90°). Note that with this

formul ati on and a square pit, the value of | wll
remain constant with wind direction at | =L = W
The along wind dinmension, |, is the scaling

factor used to normalize the depth of the pit.

3. The user specifies the average hei ght of em ssions
fromthe floor of the pit (H) and the pit vol une
. The effective pit depth (do) and the relative
pit depth (D) are then calculated as foll ows:

de=VI/(L- W) (1-72)
D, =(de-H)// (1-73)
4. Based on observati ons and nmeasurenents in a w nd

tunnel study (Perry, et al., 1994), it is clear
that the em ssions within the pit are not
uniformy released fromthe pit opening. Rather,

t he em ssions show a tendency to be emtted
primarily froman upw nd sub-area of the pit
opening. Therefore an effective area source (wth



A. being the fractional size relative to the entire
pit opening) is used to sinmulate the pit

em ssions. A; represents a single area source
whose di mensions and | ocati on depend on the
effective depth of the pit and the wi nd direction.

Based on wi nd tunnel results, if D;30.2, then the
effective area is about 8% of the total opening of
the mne (i.e. A=0.08). |If D<0.2, then the
fractional area increases as foll ows:

Ae=(1.0-1.7p¥3)V2 (1-74)

When D, = 0, which neans that the hei ght of

em ssions above the floor equals the effective
depth of the pit, the effective area is equal to
the total area of the mne opening (i.e. A.=1.0).

Havi ng determ ned the effective area fromwhich the
nmodel will sinulate the pit em ssions, the specific
di nrensions of this effective rectangular area are cal cul ated
as a function of ? such that (see Figure 1-10):

AW = A fFoos? ).\ (1-75)

and
AL = Alos® @ | (1-76)

Note that in equations 1-75 and 1-76, Wis defined as the
short dinmension of the pit and L is the I ong di nension; AW
is the dinmension of the effective area aligned with the
short side of the pit and AL is the dinension of the
effective area aligned with the long side of the pit (see
Figure 1-10). The dinensions AW and AL are used by the
nodel to define the shape of the effective area for input to
the area source algorithm described in Section 1.2.3.

The em ssion rate, Q, for the effective area is such
t hat

Q.= Q./Ae (1-77)



where Q, is the em ssion rate per unit area (fromthe pit
after adjustnment for escape fraction) if the en ssions were
uniformy released fromthe actual pit opening (with an area
of LW. That is, if the effective area is one-third of the
total area, then the em ssion rate (per unit area) used for
the effective area is three times that fromthe full area.

Because of the high | evel of turbulence in the m ne,
the pollutant is initially mxed prior to exiting the pit.
Therefore sone initial vertical dispersion is included to
represent this in the effective area source. Using the
effective pit depth, de, as the representative di nension
over which the pollutant is vertically mxed in the pit, the
initial vertical dispersion value, s, is equal to de 4.3.
Note that 4.3%,, represents about 90% of a Gaussian plunme (in
the vertical), so that the mxing in the pit is assuned to
approxi mately equal the mxing in a plune.

Therefore, for the effective area source representing
the pit em ssions, the initial dispersion is included with
anmbi ent di spersion as:

s .= (s%+s2(x))" (1-78)

For receptors close to the pit, the initial dispersion val ue
can be particularly inportant.

Once the nodel has determ ned the characteristics of
the effective area used to nodel pit em ssions for a
particul ar hour, the area source algorithm described in
Section 1.2.3 is used to calculate the concentration or
deposition flux values at the receptors being nodel ed.

1.3 THE | SC SHORT- TERM DRY DEPOSI TI ON MODEL



1.3.1 General

This section describes the | SC Short Term dry
deposition nodel, which is used to cal cul ate the anmount of
mat eri al deposited (i.e., the deposition flux, Fg) at the
surface froma particle plume through dry deposition
processes.

The Short Term dry deposition nodel is based on a dry
deposition algorithm (Pleimet al., 1984) contained in the
Aci d Deposition and Oxi dant Model (ADOM). This algorithm
was selected as a result of an independent nodel eval uation
study (EPA, 1994).

The deposition flux, Fq, is calculated as the product of
the concentration, ?, and a deposition velocity, vg,
conputed at a reference hei ght zg:

Fd:Cd'Vd (1'79)

The concentration value, ?, wused in Equation (1-79) is
cal cul ated according to Equation (1-1) with deposition
effects accounted for in the vertical termas described in
Section 1.1.6.3. The cal culation of deposition velocities
is described bel ow.

1.3.2 Deposition Velocities

A resistance nmethod is used to cal culate the deposition
velocity, vgq. The general approach used in the resistance
met hods for estimating vq is to include explicit
paranmet eri zations of the effects of Brownian notion,

i nertial inpaction, and gravitational settling. The
deposition velocity is witten as the inverse of a sum of



resi stances to pollutant transfer through various |ayers,
plus gravitational settling ternms (Slinn and Slinn, 1980;
Pleimet al., 1984):

1

Yg=———+tvy (1-80)
 hatratrarevg
wher e, Vg = the deposition velocity (cms),
Vg = the gravitational settling velocity (cnfs),
ra = the aerodynam c resistance (s/cm, and,
ra = the deposition layer resistance (s/cm.

Note that for large settling velocities, the deposition
vel ocity approaches the settling velocity (vq ® Vg),
whereas, for small settling velocities, vq tends to be
domi nated by the r, and ry resi stance terms.

In addition to the mass mean di aneters (m crons),
particle densities (gmcn?), and the nmss fractions for each
particle size category being nodel ed, the dry deposition
nodel al so requires surface roughness length (cm, friction
velocity (m's), and Monin-Ooukhov length (m. The surface
roughness length is specified by the user, and the
nmet eor ol ogi cal preprocessor (PCRAMVET or MPRM cal cul ates
the friction velocity and Moni n- Goukhov | ength for input to
t he nodel .

The | owest few neters of the atnosphere can be divided
into two layers: a fully turbulent region where verti cal
fluxes are nearly constant, and the thin quasi-I|am nar
subl ayer. The resistance to transport through the
turbul ent, constant flux layer is the aerodynam c
resistance. It is usually assumed that the eddy diffusivity
for mass transfer within this layer is simlar to that for
heat. The atnospheric resistance fornmulation is based on
Byun and Dennis (1995):



stable (L > 0):

1 é o] zU
= ——dng22+47 25 (1-81)
Ku g &zoo Lg

unstable (L < 0):

L &, (IFI6@ LD -1) (JL+16 G/ ILD +1)1 (1-82)
u- @

“ku (J1+16(Z |L|) +1) (J1+16(z/|L | 1)g
wher e, Ux = the surface friction velocity (cn's),
k = the von Karman constant (0.4),
z = the height above ground (m,
L = the Monin-Obukhov |length (m,
Zyg = deposition reference height (m, and
Zo = the surface roughness length (m.

The coefficients used in the atnospheric resistance
formul ati on are those suggested by Dyer (1974). A m ni mum
value for L of 1.0mis used for rural |ocations.
Recommended m ni num val ues for urban areas are provided in
the user's guides for the neteorol ogical preprocessor
prograns PCRAMVET and MPRM

The approach used by Pleimet al. (1984) to
paraneterize the deposition | ayer resistance terns is
nodi fied to include Slinn's (1982) estimate for the inertial
i npaction term The resulting deposition |ayer resistance
is:

_ 1
g = (SC_ZIS +10_3,3) " (1-83)

wher e, Sc = the Schm dt number (Sc = ?/Dy)
(di mensi onl ess),



? = the viscosity of air (_ 0.15 cnf/s),

Ds = the Brownian diffusivity (cnf/s) of the
pollutant in air,
St = the Stokes nunber [St = (vg/ g)(us® /?)]
(di mensi onl ess),
g = the acceleration due to gravity (981
cm s?),
The gravitational settling velocity, vgq (cnm's), is

cal cul ated as:

— (r i AIR)g ds c2

1-84
Vg ]_8m &F ( )
wher e, ? = the particle density (g/cn?),
?ar = the air density (_ 1.2 x 10 g/cnm),
dp = the particle diameter (um,
H = the absolute viscosity of air (_ 1.81 x 10™*
g/cms),
C» = air units conversion constant (1 x 108
cnf/ un?) - and
S = the slip correction factor, which is
conput ed as:
'(a3dp/ X2 )
S:F:1.+2X2(al+aZe ) (1- 85)

10*d,

and, X, aj, a, as are constants with values of 6.5 x 10,
1.257, 0.4, and 0.55 x 10* respectively.

The Brownian diffusivity of the pollutant (in cnfs) is
computed fromthe follow ng rel ati onshi p:

$ 0
DB:809x10m§I§§fa (1-86)
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where T, is the air tenperature (°K).

The first termof Eqn. (1-83), involving the Schm dt
nunber, paraneterizes the effects of Brownian notion. This
termcontrols the deposition rate for small particles. The
second term involving the Stokes nunber, is a neasure of
the inportance of inertial inpaction, which tends to
domi nate for intermedi ate-sized particles in the 2-20 um
di aneter size range.

The deposition algorithmalso allows a small adjustnent
to the deposition rates to account for possible phoretic
effects. Sone exanples of phoretic effects (H cks, 1982)
are:

THERMOPHORESI S: Particles close to a hot surface experience
a force directed away fromthe surface because, on the
average, the air nolecules inpacting on the side of the
particle facing the surface are hotter and nore
energetic.

DI FFUSI OPHORESI S: Cl ose to an evaporating surface, a particle
is nore likely to be inpacted by water nol ecules on the
side of the particle facing the surface. Since the
wat er nol ecul es have a | ower nol ecul ar wei ght than the
average air nolecule, there is a net force toward the
surface, which results in a small enhancenent of the
deposition velocity of the particle.

A second effect is that the inpaction of new water

vapor nol ecul es at an evaporating surface displaces a
certain volune of air. For exanple, 18 g of water

vapor evaporating from1 nf will displace 22.4 liters of
air at standard tenperature and pressure (STP)
conditions (Hicks, 1982). This effect is called Stefan
flow. The Stefan flow effect tends to reduce
deposition fluxes from an evaporating surface.
Conversely, deposition fluxes to a surface experiencing
condensation w |l be enhanced.

ELECTROPHORESI S: Attractive electrical forces have the
potential to assist the transport of small particles
t hrough the quasi-|lam nar deposition |ayer, and thus
could increase the deposition velocity in situations



with high local field strengths. However, Hicks (1982)
suggests this effect is likely to be small in npost
natural circunstances.

Phoretic and Stefan flow effects are generally small.
However, for particles in the range of 0.1 - 1.0 pm
di aneter, which have | ow deposition velocities, these
effects may not al ways be negligible. Therefore, the
ability to specify a phoretic termto the deposition
velocity is added (i.e., Vgt = Vg4 *+ Vgepnor), Where vge¢is the
nmodi fi ed deposition velocity and vgpnory 1S the phoretic

term.

Al t hough the magni tude and sign of Vgophory Wi Il vary, a
small, constant value of + 0.01 cm's is used in the present
I npl enmentation of the nodel to represent conmbi ned phoretic
effects.



1. 3.3 Point and Vol ume Source Em ssions

As stated in Equation (1-59), deposition is nodel ed as

t he product of the near-surface concentration (from Equation
(1-1)) times the deposition velocity (from Equation (1-80)).
Therefore, the vertical termgiven in Equation (1-54) that
is used to obtain the concentration at height z, subject to
particle settling and deposition, can be evaluated at hei ght
zq for one particle size, and nultiplied by a deposition
velocity for that particle size to obtain a correspondi ng
"vertical ternl for deposition. Since nore than one
particle size category is typically used, the deposition for
the n'" size category nust also include the mass fraction for
t he category:

Fdn:Cdn' Vdn

(1-87)
€  mygl
_ QKF ,Van Ven (% 24, heo) D ope-058L2 0
2pSySZuS 8 Sng
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where K, f, V4, and D were defined previously (Equations (1-
1), (1-54), and (1-63)). The paraneter Q is the total
anount of material emtted during the time period t for
whi ch the deposition calculation is made. For exanple, Q
is the total amount of material emtted during a 1-hour
period if an hourly deposition is calculated. To sinmplify
the user input, and to keep the maxi mnum conpatibility
bet ween input files for concentration and deposition runs,
t he nodel takes em ssion inputs in grans per second (g/s),
and converts to grans per hour for deposition cal cul ations.
For tinme periods |onger than an hour, the program sunms the
deposition cal culated for each hour to obtain the total
deposition flux for the period. 1In the case of a vol unme
source, the user nust specify the effective em ssion height
he and the initial source dimensions s, and s,,, It should
be noted that for conputational purposes, the nodel

NPD
cal cul ates the quantity, é_fnvw,vmlol, as the "vertica

n=l

term™"

1.3.4 Area and Open Pit Source Em ssions

For area and open pit source em ssions, Equation (1-65)
I's changed to the form

Fdn:Cd n" Vdn
(1-88)

QAt Kf Vdn \ Vdn
p 305 Udy dx
2p us 9 SyS: EO?X éky

o P

where K, D, V4, and vy are defined in Equations (1-1),
(1-54), (1-65), and (1-80). The paraneter Qx is the total
mass per unit area emtted over the time period t for which

deposition is calculated. The area source integral is
estimted as described in Section 1.2.3.
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1.4 THE | SC SHORT- TERM WET DEPOSI TI ON MODEL

A scavenging ratio approach is used to nodel the
deposition of gases and particles through wet renmoval. In
this approach, the flux of material to the surface through
wet deposition (F, is the product of a scavenging ratio
times the concentration, integrated in the vertical:

F\N(X,y):d_C(X,y,Z)dZ (1'89)

where the scavenging ratio (?) has units of s'  The
concentration value is cal cul ated using Equation (1-1).
Since the precipitation is assunmed to initiate above the
pl ume height, a wet deposition flux is calculated even if
t he plunme hei ght exceeds the m xing height. Across the
plume, the total flux to the surface nust equal the nmass
| ost fromthe plune so that

+¥

Q0= QR =L Q) /v (1-90)

Solving this equation for Qx), the source depletion
relationship is obtained as follows:

Q(X):Qoe-Lx/u:Qoe-Lt (1_91)

where t = x/u is the plunme travel time in seconds. As wth
dry deposition (Section 1.3), the ratio Qx)/Q is conputed
as a wet depletion factor, which is applied to the flux term
in Equation (1-89). The wet depletion calculation is also
optional. Not considering the effects of wet depletion wl
result in conservative estimtes of both concentration and
deposition, since material deposited on the surface is not
removed fromthe plune.

The scavenging ratio is conputed froma scavengi ng
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coefficient and a precipitation rate (Scire et al., 1990):
L=I -R (1-92)

where the coefficient ? has units (s-nmhr)-! and the
precipitation rate R has units (m hr). The scavenging
coefficient depends on the characteristics of the poll utant
(e.g., solubility and reactivity for gases, size
distribution for particles) as well as the nature of the
precipitation (e.g., liquid or frozen). Jindal and Heinold
(1991) have analyzed particle scavenging data reported by
Radke et al. (1980), and found that the |linear relationship
of Equation (1-90) provides a better fit to the data than
the non-linear assunption ? = ?R°.  Furthernore, they report
best-fit values for ? as a function of particle size. These
val ues of the scavenging rate coefficient are displayed in

Figure 1-11. Although the largest particle size included in
the study is 10 um the authors suggest that ? should reach

a plateau beyond 10 pm as shown in Figure 1-11. The
scavenging rate coefficients for frozen precipitation are
expected to be reduced to about 1/3 of the values in Figure
1-11 based on data for sulfate and nitrate (Scire et al.,
1990). The scavenging rate coefficients are input to the
nodel by the user.

The wet deposition algorithmrequires precipitation
type (liquid or solid) and precipitation rate, which is
prepared for input to the nodel through the neteorol ogical
preprocessor prograns (PCRAMVET or MPRM .
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1.5 1 SC COMPLEX TERRAI N SCREENI NG ALGORI THMS

The Short Term nodel uses a steady-state, sector-
averaged Gaussi an plunme equation for applications in conplex
terrain (i.e., terrain above stack or rel ease height).
Terrain below rel ease height is referred to as sinple
terrain; receptors |located in sinple terrain are nodel ed
with the point source nodel described in Section 1.1. The
sector average approach used in conplex terrain inplies that
the lateral (crosswi nd) distribution of concentrations is
uni form across a 22.5 degree sector. The conplex terrain
screening algorithms apply only to point source and vol une
source eni ssions; area source and open pit em ssion sources
are excluded. The conplex terrain point source nodel, which
i s based on the COMWPLEX1 nodel, is described below The
description parallels the discussion for the sinple terrain
algorithmin Section 1.1, and includes the basic Gaussian
sector-average equation, the plunme rise fornulas, and the
formul as used for determ ning dispersion paraneters.
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1.5.1 The Gaussi an Sector Average Equati on

The Short Term conplex terrain screening algorithmfor
stacks uses the steady-state, sector-averaged Gaussi an plune
equation for a continuous elevated source. As with the
sinple terrain algorithmdescribed in Section 1.1, the
origin of the source's coordinate systemis placed at the
ground surface at the base of the stack for each source and
each hour. The x axis is positive in the downw nd
direction, the y axis is crosswind (normal) to the x axis
and the z axis extends vertically. The fixed receptor
| ocati ons are converted to each source's coordinate system
for each hourly concentration calculation. Since the
concentrations are uniformacross a 22.5 degree sector, the
conplex terrain algorithns use the radial distance between
source and receptor instead of downw nd di stance. The
cal cul ati on of the downw nd, crosswi nd and radi al distances
is described in Section 1.5.2. The hourly concentrations
cal cul ated for each source at each receptor are sumed to
obtain the total concentration produced at each receptor by
t he conmbi ned source emn ssions.

For a Gaussi an, sector-averaged plume, the hourly
concentration at downwi nd di stance x (nmeters) and crossw nd
di stance y (nmeters) is given by:

c=—2KVD  orr (1-93)
v2p RDQquss ,
wher e:
Q = pollutant em ssion rate (mass per unit tinme),
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K = wunits scaling coefficient (see Equation (1-1))

??7 = the sector width in radians (=0.3927)
R = radial distance fromthe Qoint source to the
receptor = [(x+xy)? + yiY? (m
Xx = downwi nd di stance from source center to

receptor, measured along the plunme axis (m

y = lateral distance fromthe plume axis to the
receptor (m

Xy = Jlateral virtual distance for volume sources
(see Equation (1-35)), equals zero for point
sources (m

Us = nean wind speed (msec) at stack height
S, = standard deviation of the verti cal
concentration distribution (m
V = the Vertical Term (see Section 1.1.6)
D = the Decay Term (see Section 1.1.7)
CORR = the attenuation correction factor for

receptors above the plune centerline height
(see Section 1.5.8)

Equation (1-93) includes a Vertical Term a Decay Term
and a vertical dispersion term(s,). The Vertical Term
i ncludes the effects of source elevation, receptor
el evation, plune rise, limted vertical m xing,
gravitational settling and dry deposition.

1.5.2 Downwi nd, Crosswi nd and Radi al Di st ances
The cal cul ati on of downwi nd and crosswi nd di stances is

described in Section 1.1.2. Since the conplex terrain
algorithns in | SC are based on a sector average, the radia
di stance is used in calculating the plume rise (see Section
1.5.4) and dispersion paranmeters (see Section 1.5.5). The
radi al distance is calculated as R = [x? + y?] "2 where x is
t he downw nd distance and y is the crosswi nd distance
described in Section 1.1.2.
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1.5.3 Wnd Speed Profile
See the discussion given in Section 1.1.3.

1.5.4 Plume Ri se Fornul as

The conmplex terrain algorithmin | SC uses the Briggs
pl ume rise equations described in Section 1.1.4. For
di stances less than the distance to final rise, the conplex
terrain algorithmuses the distance-dependent plunme hei ght
(based on the radial distance) as described in Section
1.1.4.10. Since the conplex terrain algorithm does not
i ncorporate the effects of building downwash, the Schul man-
Scire plume rise described in Section 1.1.4.11 is not used
for complex terrain nodeling. The plunme height is used in
the cal cul ation of the Vertical Term described in Section
1.5.6.

1.5.5 The Di spersion Paranmeters

The di spersion paranmeters used in the conplex terrain
algorithns of |ISC are the same as the point source
di spersion paranmeters for the sinple terrain algorithns
described in Section 1.1.5.1, except that the radial
di stance is used instead of the downw nd di stance. Since
the lateral distribution of the plume in conplex terrain is
determ ned by the sector average approach, the conpl ex
terrain algorithm does not use the lateral dispersion
parameter, s,. The procedure to account for buoyancy-
i nduced di spersion in the conplex terrain algorithmonly
affects the vertical dispersion term (see Equation 1-48).
Since the conplex terrain algorithm does not incorporate the
effects of building downwash, the enhanced di spersion
paranmeters and virtual distances do not apply.
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1.5.6 The Vertical Term

The Vertical Termused in the conplex terrain algorithm
in I1SCis the sane as described in Section 1.1.6 for the
sinple terrain algorithm except that the plunme hei ght and
di spersion parameter input to the vertical term are based on
the radial distance, as described above, and that the
adj ustment of plume height for terrain above stack base is
different, as described in Section 1.5.6.1.

1.5.6.1 The Vertical Termin Conplex Terrain.

The | SC conplex terrain algorithm makes the foll ow ng
assunpti on about plunme behavior in conplex terrain:

The plume axis remains at the plume stabilization
hei ght above nean sea level as it passes over
conplex terrain for stable conditions (categories E
and F), and uses a "half-height" correction factor
for unstable and neutral conditions (categories A -
D)

The plume centerline height is never |ess than 10 m
above the ground I evel in conplex terrain.

The m xing height is terrain following, i.e, the

m xi ng hei ght above ground at the receptor |ocation
is assuned to be the sane as the height above ground
at the source | ocation.

The wind speed is a function of height above the
surface (see Equation (1-6)).

Thus, a nodified plune stabilization height hy is
substituted for the effective stack height he in the
Vertical Term given by Equation (1-50). The effective plune
stabilization height at the point x,y is given by:

heq:: he'(l' FI') Ht ( 1- 94)
wher e;
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he = plune height at point x,y without terrain
adj ustment, as described in Section 1.5.4 (m

H = zy4.y, - zs = terrain height of the receptor
| ocati on above the base of the stack (m
zY.yy = height above nean sea level of terrain at the
receptor location (x,y) (m
zs = height above nmean sea | evel of the base of the
stack (m
Fr = terrain adjustnment factor, which is 0.5 for

stability categories A - D and 0.0 for stability
categories E and F.

The effect of the terrain adjustnent factor is that the

pl ume height relative to stack base is defl ected upwards by

an amount equal to half of the terrain height as it passes
over conplex terrain during unstable and neutral conditions.
The plunme height is not deflected by the terrain under
stabl e conditions.

1.5.6.2 The Vertical Termfor Particle Deposition

The Vertical Termfor particle deposition used in the
conplex terrain algorithmin ISCis the sane as described in
Section 1.1.6 for the sinple terrain algorithm except that
t he plume height and di spersion paraneter input to the
vertical termare based on the radial distance, as described
above, and that the adjustnment of plunme height for terrain
above stack base is different, as described in Section
1.5.6. 2.

1.5.7 The Decay Term

See the discussion given in Section 1.1.7.
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1.5.8 The Plune Attenuation Correction Factor

Defl ection of the plume by conplex terrain features
during stable conditions is sinulated by applying an
attenuation correction factor to the concentration with
height in the sector of concern. This is represented by the
variable CORR in Equation (1-93). The attenuation
correction factor has a value of unity for receptors |ocated
at and bel ow the el evation of the plunme centerline in free
air prior to encountering terrain effects, and decreases
linearly with increasing height of the receptor above plune
|l evel to a value of zero for receptors |ocated at | east 400
m above the undi sturded plune centerline height. This
relationship is shown in the foll ow ng equati on:

CORR =1.0 ungtable/n eutra

1.0 DH, £ Om
(1- 95)

=00 DH, ® 400m

= (400-DH,)/400 DH, < 400m

wher e:
CORR = attenuation correction factor, which is between
0 and 1
?H = height of receptor above undisturbed plunme

hei ght, including height of receptor above | ocal
ground (i.e., flagpole height)
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1.5.9 Wet Deposition in Conplex Terrain

See the discussion given in Section 1.4,

1.6 1 SC TREATMENT OF | NTERMEDI ATE TERRAI N

In the 1 SC Short Term nodel, intermediate terrain is
defined as terrain that exceeds the height of the rel ease,
but is below the plume centerline height. The plune
centerline height used to define whether a given receptor is
on internediate terrain is the distance-dependent plune
hei ght cal cul ated for the conplex terrain algorithm before
the terrain adjustnment (Section 1.5.6.2) is applied.

If the plune height is equal to or exceeds the terrain
hei ght, then that receptor is defined as conplex terrain for
t hat hour and that source, and the concentration is based on
the conplex terrain screening algorithmonly. If the
terrain height is below the plune hei ght but exceeds the
physi cal rel ease height, then that receptor is defined as
intermediate terrain for that hour and source. For
internmediate terrain receptors, concentrations fromboth the
sinple terrain algorithmand the conplex terrain algorithm
are obtained and the higher of the two concentrations is
used for that hour and that source. |If the terrain height
is less than or equal to the physical rel ease height, then
that receptor is defined as sinple terrain, and the
concentration is based on the sinple terrain algorithmonly.

For deposition calculations, the internmediate terrain
analysis is first applied to the concentrations at a given
receptor, and the algorithm (sinple or conplex) that gives
t he hi ghest concentration at that receptor is used to
cal cul ate the deposition val ue.
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Height of wake effects is Hy, = H + L5 Ly
where Ly is the lesser of the height of the

100
width.
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19 Hyy = 80 + 1.5(10) = 95
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‘Therefore, the lower building tier #1 width and

height
? (Il = 60, W = 50} are used

North and South wind:
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Therefore, the upper building tier #2
width and height
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FI GURE 1-10. EFFECTI VE AREA AND ALONGW ND W DTH FOR AN
OPEN PI' T SOURCE
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2.0 THE | SC LONG TERM DI SPERSI ON MODEL EQUATI ONS

This section describes the | SC Long-Ter m nodel
equations. Where the technical information is the sane,
this section refers to the | SC Short-Term nodel description
in Section 1 for details. The |Iong-term nodel provides
options for nodeling the sanme types of sources as provided
by the short-term nmodel. The information provided bel ow
follows the same order as used for the short-term nodel
equat i ons.

The I SC | ong-term nodel uses input meteorol ogical data
t hat have been summari zed into joint frequencies of
occurrence for particular wind speed classes, w nd direction
sectors, and stability categories. These summries, called
STAR sunmaries for STability ARray, may include frequency
di stributions over a nonthly, seasonal or annual basis. The
| ong term nodel has the option of calculating concentration
or dry deposition values for each separate STAR summary
I nput and/or for the conbined period covered by all
avai |l abl e STAR summaries. Since the wind direction input is
t he frequency of occurrence over a sector, with no
i nformation on the distribution of winds within the sector,
the I SC | ong-term nodel uses a Gaussi an sector-average plune
equation as the basis for nodeling pollutant eni ssions on a
| ong-term basi s.



2.1 PO NT SOURCE EM SSI ONS

2.1.1 The Gaussi an Sector Average Equation

The I SC | ong-term nodel makes the sane basic assunption
as the short-termnodel. 1In the long-term nodel, the area
surroundi ng a continuous source of pollutants is divided
into sectors of equal angular wi dth corresponding to the
sectors of the seasonal and annual frequency distributions
of wind direction, wnd speed, and stability. Seasonal or
annual em ssions fromthe source are partitioned anong the
sectors according to the frequencies of w nd bl owi ng toward
the sectors. The concentration fields calculated for each
source are translated to a common coordi nate system (either
pol ar or Cartesian as specified by the user) and summed to
obtain the total due to all sources.

For a single stack, the nmean seasonal concentration is
gi ven by:

K o Qf SVD

C,= (2-1)
| NZ0 RDQCijx  us:
wher e:
K = wunits scaling coefficient (see Equation (1-1))
C = pollutant em ssion rate (nass per unithtine),

for the i'™™ wind-speed category, the k'
stability category and the |'" season



f = frequency of occurrence of the i'" wi nd-speed

category, the j'" wind-direction category and
the k'" stability category for the |'" season

fard = the sector width in radi ans

R = radial distance fromlateral virtual point
source (for building dowmmwash) to the receptor

= [(x+xy)® + ¥y Y2 (m

X = downwi nd distance from source center to
receptor, nmeasured along the plume axis (m

y = lateral distance fromthe plume axis to the
receptor (m

Xy = lateral virtual distance (see Equation
(1-35)), equals zero for point sources wthout
bui | di ng downwash, and for downwash sources
t hat do not experience |lateral dispersion
enhancenent (m

S = a snoothing function simlar to that of the
AQDM (see Section 2.1.8)

Us = nean wind speed (msec) at stack height for
the i'" wi nd-speed category and k'" stability
cat egory

S, = standard deviation of the vertical

concentration distribution (m for the k'
stability category

V = the Vertical Termfor the i'" wi nd-speed
category, k'" stability category and |'" season

D = the Decay Termfor the i'™™ wind speed category
and k'™ stability category

The nmean annual concentration at the point (r,?) is
cal culated fromthe seasonal concentrations using the
expr essi on:

4
c,=0.253 c, (2-2)

1=1

The ternms in Equation (2-1) correspond to the terns
di scussed in Section 1.1 for the short-term nodel except



that the paranmeters are defined for discrete categories of

wi nd- speed, wind-direction, stability and season. The
various ternms are briefly discussed in the follow ng
subsections. In addition to point source em ssions, the |ISC
| ong-term concentration nodel considers em ssions from

vol une and area sources. These nodel options are discussed
in Section 2.2. The optional algorithns for calculating dry
deposition are discussed in Section 2.3.

2.1.2 Downwi nd and Crosswi nd Di st ances

See the discussion given in Section 1.1.2.

2.1.3 Wnd Speed Profile

See the discussion given in Section 1.1.3.

2.1.4 Plune Rise Fornul as

See the discussion given in Section 1.1.4.

2.1.5 The Di spersion Paraneters

2.1.5.1 Point Source Dispersion Paraneters.

See Section 1.1.5.1 for a discussion of the procedures
use to calculate the standard deviation of the vertical
concentration distribution s, for point sources (sources
wi thout initial dinmensions). Since the |long term nodel
assunmes a uniformlateral distribution across the sector
wi dt h, the nodel does not use the standard deviation of the
| ateral dispersion, s, (except for use with the
Schul man- Scire plune rise fornulas described in Section
1.1.4.11).
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2.1.5.2 Lateral and Vertical Virtual Di stances.

See Section 1.1.5.2 for a discussion of the procedures
used to cal cul ate vertical virtual distances. The |ateral
virtual distance is given by:

aq®
cy:roaﬁg—§—+ (2-3)
e 29
where r, is the effective source radius in neters. For
vol une sources (see Section 2.2.2), the program sets r,
equal to 2.15s,, where s, is the initial lateral dinmension.
For area sources (see Section 2.2.3), the program sets r,

equal to xd—ﬁ;113 where X, is the length of the side of the
area source. For plunmes affected by building wakes (see
Section 1.1.5.2), the programsets r, equal to 2.15 s,/ where
S, is given for squat buildings by Equation (1-41), (1-42),
or (1-43) for downw nd di stances between 3 and 10 buil di ng
hei ghts and for tall buildings by Equation (1-44) for
downwi nd di stances between 3 and 10 building widths. At
downwi nd di stances greater than 10 buil di ng heights for
Equation (1-41), (1-42), or (1-43), s,/ is held constant at
the value of s, calculated at a downwi nd di stance of 10
bui Il ding heights. Simlarly, at downw nd di stances greater
than 10 building widths for Equation (1-44), s,/ is held
constant at the val ue of s,” calculated at a downw nd

di stance of 10 building w dths.



2.1.5.3 Procedures Used to Account for the Effects of
Bui | di ng Wakes on Effl uent Di spersion.

Wth the exception of the equations used to calcul ate
the |ateral virtual distance, the procedures used to account
for the effects of building wake effects on effl uent
di spersion are the same as those outlined in Section 1.1.5.3
for the short-term nodel. The calculation of |ateral
virtual distances by the long-term nodel is discussed in
Section 2.1.5.2 above.

2.1.5.4 Procedures Used to Account for Buoyancy-| nduced
Di spersi on.

See the discussion given in Section 1.1.5.4.

2.1.6 The Vertical Term

2.1.6.1 The Vertical Term for Gases and Smal
Parti cul at es.

Except for the use of seasons and discrete categories
of wi nd-speed and stability, the Vertical Term for gases and
smal | particul ates corresponds to the short term version
di scussed in Section 1.1.6. The user may assignh a separate
m xi ng height z; to each conbi nati on of w nd-speed and
stability category for each season

As with the Short-Term nodel, the Vertical Termis
changed to the form

(2-4)

at downwi nd di stances where the s,/z; ratio is greater than
or equal to 1.6. Additionally, the ground-I|evel
concentration is set equal to zero if the effective stack
hei ght h. exceeds the m xing height z;. As explained in
Section 1.1.6.1, the 1SC nodel currently assunes unlimted



m xing for the E and F stability categories.

2.1.6.2 The Vertical Termin El evated Terrain.

See the discussion given in Section 1.1.6. 2.

2.1.6.3 The Vertical Termfor Large Particul ates.

Section 1.1.6.3 discusses the differences in the
di spersion of |large particulates and the dispersion of gases
and smal | particul ates and provi des the gui dance on the use
of this option. The Vertical Termfor large particulates is
gi ven by Equation (1-53).

2.1.7 The Decay Term

See the discussion given in Section 1.1.7.

2.1.8 The Snoot hi ng Functi on

As shown by Equation (2-1), the rectangul ar
concentration distribution within a given angul ar sector is
nodi fied by the function S{?} which snmooths discontinuities
in the concentration at the boundaries of adjacent sectors.

The centerline concentration in each sector is unaffected
by contribution from adjacent sectors. At points off the
sector centerline, the concentration is a weighted function
of the concentration at the centerline and the concentration
at the centerline of the nearest adjoining sector. The
smoot hing function is given by:



o (Da¢- b -q¢)

for ¢- q¢ £Dg¢

Dg¢
(2-5)
or

=0 for j;¢- q¥ > Dg¢
wher e:

?" = the angle nmeasured in radians fromnorth to the

centerline of the j'" wind-direction sector
? = the angle neasured in radians fromnorth to the

receptor point (R, ?) where R, defined above for

equation 2-1, is neasured fromthe |ateral
virtual source.

2.2 NON- PO NT SOURCE EM SSI ONS

2.2.1 General

As explained in Section 1.2.1, the I SC volune, area and
open pit sources are used to sinulate the effects of
em ssions froma wi de variety of industrial sources.
Section 1.2.2 provides a description of the volunme source
nodel , Section 1.2.3 provides a description of the area
source nodel, and Section 1.2.4 provides a description of
the open pit nodel. The follow ng subsections give the
vol une, area and open pit source equations used by the
| ong-term nodel .



2.2.2 The Long-Term Vol une Source Nbdel

The | SC Long Term Model uses a virtual point source
algorithmto nodel the effects of vol ume sources.
Therefore, Equation (2-1) is also used to cal cul ate seasonal
aver age ground-1evel concentrations for volunme source
em ssions. The user nust assign initial lateral (s,) and
vertical (s,,) dimensions and the effective enission height
he. A discussion of the application of the volume source
nodel is given in Section 1.2.2.

2.2.3 The Long-Term Area Source Nbdel

The | SC Long Term Area Source Model is based on the
numerical integration algorithmfor nodeling area sources
used by the I SC Short Term nodel, which is described in
detail in Section 1.2.3. For each conmbination of w nd speed
class, stability category and wi nd direction sector in the
STAR net eor ol ogi cal frequency summary, the |1SC Long Term
nodel cal cul ates a sector average concentration by
integrating the results fromthe |ISC Short Term area source
al gorithm across the sector. A trapezoidal integration is
used, as follows:

- d@eds L o4 (L) Cla)y o)

Ci S J

2
(2-6a)

Cpew-C — CyewtC
e(q) - NEW_ OLD ’ C i - NEW2 OLD ( 2_ 6b)

mid
wher e:

? = t he sector average concentration value for the
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S = the sector wi dth

fij = the frequency of occurrence for the j'" w nd
direction in the i'" sector

e(?) = the error term- a criterion of e(?) < 2
percent is used to check for convergence of
the sector average cal cul ation

(7)) = t he concentration value, based on the
numeri cal integration algorithm using Equation
(1-58) for the j'" wind direction in the i'"

sect or

7y = the j'" wind direction in the i'" sector, j =1
and N correspond to the two boundaries of the
sector.

The application of Equation (2-6a) to calcul ate the sector
average concentration fromarea sources is an iterative
process. Cal culations using the |ISC Short Term al gorithm
(Equation (1-58)) are initially made for three w nd
directions, corresponding to the two boundaries of the
sector and the centerline direction. The algorithmthen
cal cul ates the concentration for wind directions m dway
between the three directions, for a total of five
directions, and calculates the error term If the error is
| ess than 2 percent, then the concentration based on five
directions is used to represent the sector average,

ot herwi se, additional wind directions are sel ected m dway
bet ween each of the five directions and the process
continued. This process continues until the convergence
criteria, described below, are satisfied.

In order to avoid abrupt changes in the concentrations



at the sector boundaries with the nunerical integration
algorithm a linear interpolation is used to determ ne the
frequency of occurrence of each wi nd direction used for the
i ndi vidual sinulations within a sector, based on the
frequenci es of occurrence in the adjacent sectors. This
"snoot hi ng" of the frequency distribution has a sim|lar
effect as the snoothing function used for the I SC Long Term
poi nt source algorithm described in Section 2.1.8. The
frequency of occurrence of the j'" wind direction between
sectors i and i+1 can be cal cul ated as:

Fi+ B l:l
fij:Fi+(Q+1'qij)g (2-6c)
(Qi+1'Qi)
wher e:
Fo= the frequency of occurrence for the i'" sector
Fia = the frequency of occurrence for the i+1'"
sect or
= the central wind direction for the i'" sector
Tia = the central wind direction for the i+1'"
sect or
7 = the specific wind direction between T, and T,
fij = t he interpol ated (snoothed) freguency of
occurrence for the specific wind direction ?

The | SCLT nodel uses a set of three criteria to
det erm ne whet her the process of calculating the sector
average concentration has "converged." The cal cul ation
process will be considered to have converged, and the nost
recent estinmate of the trapezoidal integral used, if any of
the follow ng conditions is true:

1) if the number of "halving intervals" (N) in the
t rapezoi dal approxi mati on of the sector average
has reached 10, where the nunber of i ndividual



el enents in the approxi mation is given by 1 + 2V =
513 for N of 10;

2) if the estimate of the sector average has
converged to within a tolerance of 0.02 (i.e., 2
percent), for two successive iterations, and at
| east 2 halving intervals have been conpleted (a
m nimum of 5 wind direction simulations); or

3) if the estimate of the sector average
concentration is less than 1.0E-10, and at |east 2
hal ving interval s have been conpl et ed.

The first condition essentially puts atinme |limt on the

i ntegration process, the second condition checks for the
accuracy of the estimte of the sector average, and the
third condition places a |ower threshold Iimt that avoids
convergence problens associated with very snal
concentrations where truncation error may be significant.



2.2.4 The Long-Term Open Pit Source Model

The | SC Long Term Open Pit Source Moddel is based on the
use of the long term area source nodel described in Section
2.2.3. The escape fractions and adjusted mass distribution
for particle em ssions froman open pit, and the
determ nation of the size, shape and |ocation of the
effective area source used to nodel open pit eni ssions are
described in Section 1.2.4. For the Long Term nodel, a
sector average value for open pit sources is cal cul ated by
determ ning an effective area for a range of wind directions
within the sector and increasing the nunber of w nd
directions used until the result converges, as described in
Section 2.2.3 for the Long Term area source nodel. The
contribution fromeach effective area used within a sector
is cal culated using the Short Term area source nodel
described in Section 1.2.3.

2.3 THE | SC LONG TERM DRY DEPQOSI TI ON MODEL

2.3.1 General

The concepts upon which the 1SC |ong-termdry
deposition nodel are based are discussed in Sections 1.1.6.3
and 1. 3.

2.3.2 Point and Vol une Source Em ssions

The seasonal deposition at the point |ocated at a
particul ar distance (r) and direction (?) with respect to

t he base of a stack or the center of a volune source for
particulates in the n'" particle size category is given by:

Fd|,n=K—fn éM (2_7)
A2p R?Dq¢ ik S



where the vertical termfor deposition, Vg, was defined in
Section 1.3.2. K and D are described in Equations (1-1) and
(1-63), respectively. Q is the product of the total time
during the 1'" season, of the seasonal enmission rate Q for
the i'" wi nd-speed category, k'" stability category. For
exanple, if the em ssion rate is in granms per second and
there are 92 days in the sumer season (June, July, and
August), Q.i-3is given by 7.95 x 10° Q.5s. It should be noted
that the user need not vary the em ssion rate by season or

by wi nd speed and stability. |If an annual average em ssion
rate is assuned, Q is equal to 3.15 x 10" Q for a 365-day
year. For a plume conprised of N particle size categories,

the total seasonal deposition is obtained by sunm ng
Equation (2-7) over the N particle size categories. The
program al so suns the seasonal deposition values to obtain
t he annual deposition.

2.3.3 Area and Open Pit Source Em ssions

The area and open pit source dry deposition
cal cul ations for the I SCLT nodel are based on the nuneri cal
i ntegration algorithmfor nodeling area sources used by the
| SCST nmodel. Section 1.3.3, Equation (1-61), describes the
numerical integration for the Short Term nodel that is
applied to specific wind directions by the Long Term nodel
in a trapezoidal integration to calculate the sector
average. The process of calculating sector averages for
area sources in the Long Term nodel is described by Equation
(2-6) in Section 2.2.3.
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