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ABSTRACT
The Ravenswood Power Plant of the Consolidated Edison Company of 

New York is being converted to use coal as the primary fuel. This 
report addresses the probable short and long-term air pollution im­
pacts of the fugitive coal dust emissions that are likely to occur 
during the coal unloading at the facility.

The coal drift consists of particles ranging in size from 0.1 

to 200 pm. Assuming a lognormal probability of the particle size 
distribution, a drift mass spectrum was developed for six particle 

size ranges considered in the study. A steady state atmospheric 
advection-diffusion model that accounts for the gravitational set­
tling and dry deposition of the particles was formulated, and an ana­
lytical solution, consistent with the basic assumptions of the Gaussian 
plume model, was derived and applied to the present study. The

meteorological data used consist of a five year record of hourly sur­
face wind observations. Six wind speed classes and sixteen wind direc­
tion classes were considered in the analyses.

This study considers two different coal unloading schedules: 
coal is unloaded only during daytime (0700-1900 hrs.) in Case I, and 

around the clock (both day and night) in Case II. The calculated re­
sults of ground-level concentrations, atmospheric concentrations and 

visibilities, hourly surface deposition fluxes, and deposition flux and 

net deposition rates on monthly and yearly basis were presented for 
Cases I and II separately.
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1. INTRODUCTION

The Ravenswood Power Plant of the Consolidated Edison Company of 

New York is located on the east side of the East River, opposite 70th St. 

in Manhattan. It is presently being converted to use coal as the primary 
fuel. The coal will be delivered to the plant in large 5 m draft barges 
down the East River. The barge capacities range from 2000 tons to a 

proposed 6000 tons of coal.

There is no provision for ground storage of coal at Ravenswood and 
coal has to be handled directly from the barges. A unique feature of 

this system is a new stationary coal unloading tower (Carey et al.,
1967), shown in Fig. 1, consisting of a mobile clam-shell with a maximum 

travel of 27 m. The coal barges will be manipulated into position near 
the tower for unloading, and the coal is scooped up by the clam-shell 
and dumped into a 250 ton capacity bottom hopper that feeds the raw coal 

conveying system. The latter consists of a series of belt conveyors 
delivering coal to the bunkers in the boiler house.

The coal unloading tower is equipped with a dust control system and 
blowers for pressurizing the operator’s cab and machinery room. The 
belt conveyors are mostly enclosed; where they are exposed to the weather, 
specially formed covers are installed to prevent snow and rain from 
accumulating on the coal in transit. Flap gates are installed for these 

sections for dust dispersal prevention.

The plant design incorporates an elaborate system for fly ash, 
bottom ash, and pyrites handling, a covered hot ash storage silo, wet 
scrubbers, and a high-temperature precipitator. These systems substan­
tially reduce the fly ash emissions from the plant.



Almost all of the fugitive dust emissions from the plant are, 
therefore, likely to occur during the coal unloading from the barges.

The stationary coal tower, equipped with a 17-ton coal bucket, has a 

maximum free digging capacity of 1800 tons/hr and is guaranteed to 
unload a 2300 ton coal barge in 110 min. Due to these large coal 

handling rates, more or less on a continuous basis while the plant is 

operating at full load, the likely fugitive coal dust emissions from the 

Ravenswood facility are significant enough to warrant a detailed environ­
mental impact study.

This report addresses the probable short- and long-term air pollution 
impacts of the fugitive coal dust emissions from the Ravenswood conversion 
to coal.
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2. NATURE OF THE PROBLEM

Breakage of coal occurs during its mining and subsequent handling 
due to its brittleness. All fuel coals, irrespective of their origin, 

contain some fines. While unloading the coal from the barges and trans­

ferring it to the hopper, some of these coal fines escape into the 

atmosphere as drift. The drift emission rate is usually only a small 
fraction of the coal unloading rate, and can be substantially reduced by 
coal washing and using spill plates, screens, and other devices as drift 
eliminators.

The coal drift consists of various particle sizes ranging from
0.1 to 200 ym. The larger particles, due to their weight, fall off to 

the ground in the immediate vicinity of the coal unloading tower. The 
medium and smaller particles become airborne, dispersed by turbulence, 
and eventually deposited on the ground. The smaller the particle, the 
longer is its residence time in the atmosphere. Most of the deposition 
occurs within 10 km from the plant.

The surface deposition flux depends on the gravitational settling 
and deposition velocities, which are primarily functions of the particle 

size. The drift mass distribution over the various particle size ranges, 
therefore, influences the pollutant mass concentration in the atmosphere 
and the surface deposition flux at a given downwind location.

Smaller particles, due to their larger travel distances and longer 
residence times in the atmosphere, have an adverse impact on human 

health and visibility. Particles smaller than 6 ym can escape the 
defense mechanisms of the upper respiratory system and enter the lung. 

Particles in two size ranges, namely, with diameters of about 0.1 ym and

3



1 ym are most effectively retained in the lung (Williamson, 1973).

Light scattering by particles is the dominant cause of reduced visibility 

through polluted air. Particles smaller than 10 ym size contribute to 
the degradation of visibility beyond the immediate vicinity of the 
plant.

For a given coal-drift emission rate, the atmospheric particulate 

concentration and surface deposition flux are primarily influenced by 
the mean wind speed and its direction, and the drift particle size and 
mass distribution. Though atmospheric stability also influences the 
turbulent diffusion and the resulting atmospheric concentrations of 
particles on a short-term basis, it is secondary to the above factors 

in its effect on the surface deposition flux calculated on a monthly or 
yearly basis. The mixing depth (or the height of the inversion lid) 
also influences the atmospheric dispersion beyond a certain distance 
downwind of the source. The model used in the study should account for 

these various factors.

The major components of this impact study are the following:
1) model formulation, 2) emission and drift characterization, 3) site 
meteorology, 4) calculated results including atmospheric concentrations 

and visibilities, ground level concentrations, surface deposition flux 

and net deposition rates on a monthly and yearly basis, and 5) conclusions 
and recommendations.
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3. MODEL FORMULATION

We consider the steady state form of the atmospheric advection- 

diffusion equation:

U 3C/3x = K 32C/3y2 + K 32C/3z2 + W 3C/3z (1)
y z

Here x, y, z are the downwind, lateral, and vertical coordinates, respec­

tively; U is the constant average wind speed, W is the gravitational 
settling velocity of the pollutant particle, C is the pollutant concen­
tration at (x,y,z), and and Kz are the eddy diffusivities in the 
lateral and vertical directions, assumed to be functions only of the 

downwind distance, x.
For a continuous point source of strength Q located at (0,0,h), the 

boundary conditions are given by

C(0,y,z) = Q/U • 6(y) • 6(z - h) (2a)

C(°°,y,z) = 0 (2b)

C(x,±°°,z) = 0 (2c)

C(x,y,°°) = 0 (2d)

[K • 3C/3z + WC] . = [VdC1z-0 (2e)z z=0

In the above, 6 is the Dirac-Delta function such that /<$(x)dx = 1 when 

x = 0, and 6(x) = 0 when x ^ 0; is the deposition velocity which 

characterizes the interaction between the diffusing pollutant and the 

surface. For = 0, the lower boundary acts as a perfect reflector for
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pollutant particles; for Vd = 00, it acts as a perfect sink; for the more 
general case of 0 < < 00, the pollutant particles reaching the earth's

surface are partially retained and the rest reflected by it into the 

atmosphere.
The above formulations for the atmospheric diffusion of particulate 

material are discussed by Calder (1961). For constant and (Fickian 

diffusion), the exact analytical solution of the problem was originally 
given by Monin (1959), and subsequently by Smith (1962), Scriven and 

Fisher (1975), Rao (1975), and Ermak (1977). These solutions due to 
the various authors, though basically the same, differ somewhat due to 
the different source conditions (instantaneous/continuous, line/point,

elevated/ground-level), pollutant-species (for gases or small particles,
W = 0; for large particles, = W), and other assumptions used in their 

studies.
Here, assuming Fickian diffusion, we express the constant eddy dif-

fusivities K and K in terms of the Gaussian plume parameters, o (x) y z r y
and a (x), in order to utilize the vast amount of empirical data on z ’
these parameters available in the literature:

K = a2 • U/2x , K = a2 • U/2x (3)
y y z z

where a2 and cr2 are the mean square particle diffusion parameters. 

Strictly speaking, these relations are valid only for homogeneous sta­
tionary turbulence at large x when a ^ x1/2, which gives constant K from 

Eq. (3), consistent with the Fickian diffusion. For small x (x < 100 m, 

say) when a "v x, Eq. (3) gives K x which disagrees with the Fickian 

assumption. This, however, is not a serious limitation. For
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100 < x < 10^ m, available empirical data (see Gifford, 1976) on o^(x) 

and when used with Eq. (3), give reasonably good estimates of the

concentrations and deposition fluxes.
The exact analytical solution of (1), subject to the boundary 

conditions (2) and auxiliary relations (3), can be written as follows:

C(x’y’2> “ 2™Vu • “pj- I (ch)j
f-2W(z - h) - W2 ^

exp<l _^
Z X

1 /z - h 1 /z + hexp^- -r + exp^- -r2 a 2 a

(2V,
i
 - W) x y+ (vd -H)z + vd(vd -H)!

sfa— ------- • exp 2 U U a az 2x

fz + h + (2Vd - W)
erfc (4)

\/2 a

This equation is physically and dimensionally correct and is con­
sistent with the solutions given by Smith (1962) for a uniform crosswind 
line source and Rao (1975) for a continuous elevated point source. In 

the trivial deposition case of Vd = 0 and W = 0, Eq. (4) reduces to the 
well-known Gaussian plume model.

The ground-level plume centerline concentration, C(x,0,0), can be 

obtained by setting y = 0 and z = 0 in Eq. (4). The sector-averaged
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ground-level concentration in air over a 22.5° sector can then be calcu­

lated as

cSA(x) = C(x,0,0) • R (5)

where R = s/lii a /2x tan 11.25° = 6.301 a /x.
y y

The sector-averaged deposition flux, D(x), can be calculated as

- CSA(X) ' Vd (6)

This is the amount of pollutant deposited per unit time per unit surface 
area. D is usually calculated as kg/km2/hr, while seasonal estimates of 
D are expressed as kg/km2/month. The estimation of the monthly or 

yearly surface deposition fluxes at a given downwind distance x from the 
source in a given wind-directional sector requires the knowledge of the 
fraction of the time that a mean wind of a given magnitude blows in that 

direction in a month or a year, respectively, on a climatological basis.

The net deposition rate, N(x), which is the total amount of pollutant 
deposited per unit time between the source and the downwind distance x, 

can be calculated from Eq. (6) as

X
JoN(x) = f D(x') (7)0

where b(x') = 2xf tan 11.25° is the width of the 22.5° sector at xf. 
The units of N(x) are kg/hr, while the seasonal estimates of N(x) are 
expressed as kg/month. It is often more useful to calculate the net 

deposition rate between two given downwind distances x^ and X£. From 
Eq. (7), this can be obtained as



r* 2f = / D(x') b(x') • dx' (8a)x2-xl ",xl

If the distance x2 - x^ is sufficiently small compared to the length 
scale, D/(8D/8x), characterizing the variation of D, the integral in
Eq. (8a) can be evaluated, to a good approximation, as

N - h [D(x2) + D(xj)] • [A(x2) - A(xj)] (8b)
x2“"xl ^

where A(x) = ttx2/16 is the area of the 22.5° sector between the source 

and the downwind distance x. Thus, knowing D(xi) and D(x2), the net 
deposition rate between xi and X2 can be estimated from Eq, (8b).

9



4. EMISSION AND DRIFT CHARACTERIZATION

The source strength Q in Eq. (4) represents the coal dust emission 
rate in g/s. This airborne drift is usually only a small fraction of 

the total coal unloading rate. The latter is about 1255 tons/hr at the 

Ravenswood plant, based on the guaranteed maximum unloading capacity of 

the coal bucket. In this study, the drift rate is taken as 0.01% of 
this coal unloading rate, based on our consultations with the manufac­

turers of the stationary coal tower. This gives a drift source strength 
Q = 31.63 g/s. The atmospheric concentration, surface deposition flux 

and net deposition rate, calculated as given in the previous section, 
are linearly proportional to the source strength. This implies that 
C/Q, D/Q, and N/Q are independent of Q. For values of Q significantly 

different from the one used in this study, therefore, C, D, and N can be 

obtained by simple multiplication of the present results by the appro­

priate source-scaling factor.

The drift consists of various particle sizes ranging from 0.1 to
I200 ym. For purposes of this study, it is necessary to develop a spec­

trum of drift mass distribution among the various particle size ranges, 

since C, D, and N depend on the gravitational settling velocity (W) and 
deposition velocity (V^) of the particle, which in turn depend on the 

drift particle size.

4.1 Lognormal Distribution

It is well known that number or weight versus size distributions of 
small particles resulting from both natural and mechanical processes 
follow the logarithmic form of the Gaussian statistical law of errors

10



(normal law). In the domain of small particle statistics, the lognormal 

distribution is well established. When the lognormal law is utilized, 

the statistical mean and deviation from the mean are changed from arith­

metic to geometric averaging. This is explained below.

Let di, d.29 ... , dn be the particle sizes, and ti, t2, ... , tn be 
the corresponding transformed variables, where t = £n d. Then, if the 

probability density p of the distribution is given by

(9)

where t is the mean and is the standard deviation, then the particle 

sizes d^ are said to be lognormally distributed.

The mean t is given by

t = £n d £n d^ (10a)g

where

dg = (di • d2 (10b)

is the geometric mean which has the same units as the particle size. 
The standard deviation (s.d.) a is given by

cr = £n a (11a)t g
where

particle size at 84.13% probability 
g particle size at 50% probability

_ particle size at 50% probability (ilM 
particle size at 15.87% probability

11



is the geometric s.d., which is the s.d. of the distribution of ratios 

of particle sizes around the geometric mean. Thus, the lognormal distri­

bution suggests that ratios of equal amount in excess or deficit from a 

mean value are equally likely. It should be noted that the geometric
s.d., a , is a dimensionless ratio, whereas the arithmetic s.d. has the 8
same units as the arithmetic mean. These two parameters of the lognormal 

law, namely d and a , often evaluated graphically, adequately describe 

the size distributions of the particulate matter.
In particle grading, the size distribution is usually measured by 

number or weight, but determined by a linear test such as sieving or 
microscopic measurement. Hatch (1933) and Herdan (1960), among others, 

have shown that if the particle size distribution gives a straight line 

on a number basis, when plotted on log-probability graph paper, the size 
distribution by weight (volume) or surface area is a parallel straight 

line on the same coordinates. Thus, both the weight and number distribu­

tions are lognormal with the same log standard deviation, a^.
Figure 2 shows the number and weight lognormal distributions by 

straight lines A and B, respectively, for the low-sulfur Wyoming coal 

expected to be used by the Ravenswood plant. The lognormal particle 
number distribution (line A), with a geometric mean of 4.5 ym and a 

s.d. of 4.29, was provided by the Fossil Fuel Analysis Division of the 
Oak Ridge National Laboratory (ORNL). From this, the lognormal weight 
distribution (line B) was constructed by using Kapteynfs law (Herdan, 

1960) which can be stated as follows: If the basic (number) distribution

is lognormal with mean t and s.d. a, then the jth moment distribution 
is lognormal with the same s.d. and a mean given by

12



2t. + J a (12)J t

Substituting tQ = in 4,5, at = 4*29, and j = 3 for weight (or volume)
distribution, we obtain the geometric mean particle size of weight dis-
tribution as 2608 ym. Using this value for the mean, and a = 4,29,

oline B can be then constructed. It should be noted that, according to 
line B, the 15.87% probability size corresponds to 608 ym.

4.2 Drift Mass Distribution

Figure 2, line B, indicates that the airborne drift mass, consist­
ing of particles with d_^ < 200 ym, constitutes 3.8% of the total mass; 
particles with d^ < 100 ym contain 1.25% of the total mass. Thus, 2.55% 
of the total mass or 67.11% of the drift mass is contained by particles 
in the 100-200 ym size range, with a representative diameter of 150 ym. 
Following this procedure, a complete drift mass distribution, shown in 
Table 1, can be computed from the lognormal size distribution by weight.
Table 1 shows that particles less than 10 pm in size consist less than 
.3% of the total drift mass. However, due to the large value of the 

estimated fugitive emissions rate, the atmospheric concentrations of 
these fine, inhalable particles are expected to be significant.
These small particles are important for health and visibility con­
siderations, due to their longer residence times and larger travel 
distances in the atmosphere.
4.3 Gravitational Settling and Deposition Velocities

The drift mass spectrum shown in Table 1 has 6 particle-size 
ranges, each assigned with a drift mass fraction f^ and a representa­
tive diameter d^. In order to use Eq. (4), it is necessary to assign 
values for the gravitational settling velocity (W) and the deposition 

velocity (V^) for each particle size d^.
13



For a monodisperse particulate cloud, the individual particles have 

a constant gravitational settling velocity. This terminal velocity is 

given by Stokes1 equation (Fuchs, 1964):

_ d2 g p (13)18

where d is the diameter of the particle, g is acceleration due to gravity, 

p is density of particles, and y is the dynamic viscosity of air. For 

d > 100 ym, the terminal fall velocity is sufficiently great that turbu­
lence in the wake of the particle cannot be neglected, and the viscous 
drag force on the particle is greater than given by the Stokes’ law,

F, = 37rdyW; for a particle with d = 400 ym, the actual value of W is d
about one-third the value given by Eq. (13). Stokes’ expression for the 

drag force describes the effects of collisions between air molecules and 
a particle assuming that air behaves as a fluid. This assumption is not 
valid for very small particles, since the mean free path between molecular 
collisions is comparable to the particle size. Under these conditions, 

"slippage” occurs, and the particles undergo Brownian motion and 
diffusion, which give a terminal velocity greater than that predicted 
by Eq. (13). A discussion of the slip correction factor for the 
Stokes’ equation can be found in Fuchs (1964) and Cadle (1975).

The values for the terminal gravitational settling velocities 
for different particulate materials are given in a tabular from by 
Lapple (1961) based on particle diameter and Reynolds number. These 
values, which account for the deviations from Stokes’ equation discussed 

above, are given for spherical particles with a specific gravity of 2.0 
in air at 25°C and 1 atm. pressure. The settling velocities used in 
the present study are taken from this table.



The dry deposition pollutant-removal mechanisms at the earth1s 

surface include gravitational settling, turbulent and Brownian diffusion, 

chemical absorption, inertial impaction, thermal, and electrical effects. 
Some of the deposited particles may be re-released into the atmosphere 

by mechanical resuspension. Following the concept introduced by 
Chamberlain (1953), particle removal rates from a polluted atmosphere 
to the surface are usually described by dry deposition velocities which 
vary with particle size, surface properties (including surface roughness 

(zq) and moisture), and meteorological conditions. The latter include 
wind speed and direction, friction velocity (Uj,r), and thermal stratifi­

cation of the atmosphere. Deposition velocities for a wide variety of 
substances and surface and atmospheric conditions may be obtained 
directly from the literature (e.g., McMahon and Denison, 1979; Sehmel, 
1980). Sehmel and Hodgson (1974) gave plots relating deposition velocity 
(V^) to d, z^, u^., and the Monin-Obukhov stability length. The values 

of used in this study are adopted from their results.
For very small particles (d < 0.1 pm), gravitational settling can 

be neglected, and dry deposition occurs primarily due to the nongravi- 
tational effects mentioned above. For small particles (d = 0.1-20 pm),

0 < W < Vd; for d > 20 pm, it is generally assumed = W > 0, since 
gravitational settling is the dominant deposition mechanism. Re­
entrainment of dust particles (W > > 0) was not considered here. The

values of W and V, used for the particle sizes considered in this d
study are shown in Table 2.



5. SITE METEOROLOGY

Meteorological data used in this study consist of the five-year 
record of surface observations taken at the LaGuardia Airport National 
Weather Service (NWS) Station during the period from 1 January, 1974 

through 31 December, 1978, This NWS station is the nearest one to the 

Ravenswood plant. The chief advantage of using the surface data from 

this NWS station lies in the availability of long records of continuous 
hourly measurements required for this study.

The hourly averaged wind speed and direction data over the five 
year period were analyzed to determine the frequency of occurrence of a 
given wind speed in a given direction. Sixteen wind direction classes 
were considered based on the standard 16-point compass starting from 
1 = N, 2 = NNE, ... , 16 = NNW, each direction representing the median 
of a 22.5° sector. Wind blowing from any angle in a given sector is 

assigned the number of that wind direction class.

Six wind speed classes were considered as shown in Table 3. Any 
wind speed which lies in a given range is assigned the number of that 

wind speed class. Using the hourly surface meteorological data over the 
five year period, tables of joint frequencies of occurrence of each 

category of wind direction in each class of wind speed were generated on 
a monthly and yearly basis.

Two different cases were considered in the meteorological as well 

as environmental impact analyses:

Case I: Daytime (0700-1900 hours) coal unloading only. This implies
that the pollutant source is operating for 13 out of 24 hours 
in a day, or a pollutant loading factor P = 0.542 used to 
multiply the deposition flux calculated on a monthly or 
yearly basis.
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Case II: Around the clock (24 hours per day) coal unloading. The
pollutant loading factor P = 1.

In the meteorological data analyses for Case I, hourly data from 

only 0700-1900 hours for each day were included, whereas for Case II, 
data for all hours were included in the analyses. Using the five year 
(1974-1978) data base, 13 tables (12 monthly and one yearly) of joint 

frequencies were generated for each case, each table consisting of 96 

fractional joint frequencies (16 wind directions x 6 wind speeds) for 
all possible combinations of these two parameters; all 96 elements in 

each table add up to 1. All tables for each case were stored separately 

in a computer file for easy linkup with the deposition model. As examples, 
Table 4 shows the monthly joint frequencies for the month of January, 

and Table 5 shows the yearly joint frequencies, both for Case I. Similar

results for Case II are shown in Tables 6 and 7, respectively.



6. MODEL PARAMETERS AND CALCULATIONS

The model parameters, other than those discussed above, are given 
in this section. The procedure for calculating the atmospheric and 

ground-level concentrations, surface deposition fluxes and net deposition 

rates is described here.

6.1 Model Parameters

As noted earlier, the dominant meteorological factors that influence 

monthly or yearly deposition fluxes of particulate pollutants are the 
mean wind speed and direction. The atmospheric stability effects on 

turbulent diffusion are secondary in importance. Therefore, the meteoro­
logical data were not analyzed for atmospheric stability classification. 
Instead, the climatological-average stability class for the daytime 
(Case I) dispersion in the urban atmosphere was taken as Class B 
(moderately unstable); for the 24-hour dispersion case (Case II), the 

average stability class was taken as D (neutral). The corresponding 

climatological-average mixing depths for these two cases were taken as 
1000 m and 500 m, respectively. These values are consistent with the 
mixing depth climatology of coastal New York, based on the work of 

Holzworth (1972).
The turbulent dispersion parameters, o (x) and cr (x) in Eq. (4),

y z
used in this study follow Briggs’ (1973) formulations for diffusion in 
urban conditions (see also, Gifford, 1976). These interpolation formulas 
agree with the Pasquill-Gifford (PG) a curves in the range 102 < x < 104 i 

except that the formulas for a for A and B stability conditions approxi­

mate the curves recommended by Smith (1968) for a >100- m. Briggs'
z



recommendations apply up to x = 10 km and may perhaps be extended to 
20 km. These formulas were written in a convenient form for programming 

as follows:

a xa (x) 1 (14a)y (1 + .0004 x)1/2

°z(x) (1 + c x) (14b)(1 + b x) -1/2 z
z

In the above equations, x is given in meters. The coefficients a , a ,y z
b9 and c are functions of the stability class, and their values are 

z z
given in Table 8. These values represent the enhanced diffusion over 
cities, compared with that over open country, due to the increased 
mechanical and thermal turbulence resulting from the increased surface 

roughness and the great heat capacity of the cities.
Following Turner (1970), it was assumed that aincreases with x to 

a maximum value of 0.47 L, where L is the mixing depth simulated by an
inversion lid at z = L. When o^ = 0.47 L, the upper boundary of the
pollutant cloud reaches the inversion lid, and the latter limits its 
vertical spread. Therefore, after a = 0.47 L was reached at x = jl , aZ Li Z
was kept constant at that value for x > xL- This treatment closely 

approximates the equation suggested for plume trapping conditions by 
Gifford (1968).

The source height, h, in Eq. (4) was taken in this study as 25 m.
This is the average height of travel of the mobile clam-shell on the

stationary coal unloading tower. This source height, though approximate, 
is fairly small, and does not affect the concentration values beyond a 
few tens of meters downwind of the source.
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Though the actual coal unloading from the barges may be done inter­

mittently or periodically through the day, it was assumed for the purpose 

of this study that coal will be unloaded continuously through the day at 
Ravenswood Plant at an average rate of 1255 tons/hr, of which 0.01% 

becomes airborne. This was expected to provide a conservative worst- 

case estimate of the pollutant concentrations and deposition fluxes 
due to the fugitive coal dust emission at Ravenswood.

6.2 Calculation Procedure

After specifying all the model parameters as discussed in the 
previous sections, the model calculations were performed for Case I and 
Case II separately. The calculation procedure was as follows:

a) An x distance grid was set up with 50 points from 0-20 km; the

distance increments were 0.01 km from 0-0.1 km, 0.1 km from 0.1-2 km,
0.5 km from 2-4 km, and 1 km from 4-20 km. The values of tfy(x) and

a (x) at these points as well as the areas A(x) of the corresponding z
22.5° sector segments were computed and stored.

b) Equation (4) was applied to calculate the value of C/Q, at the
given x and z coordinates for each of the six wind speeds (see Table 3).

All calculations were performed at the plume centerline, i.e., y = 0.
The terms containing or W in Eq. (4) were calculated separately so

that they can be repeatedly computed over the six particle sizes (see
Table 2) with different values for V. or W. The total concentrationa
(g/m3) due to all particle sizes at the given (x, 0, z) for the given 

wind speed was then calculated as

C(x,0,z) = Q (15)
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where the subscript i refers to the particle size class and f ^ is its 
drift mass fraction, and Q is the total drift emission rate (g/s).

The ground level concentrations C(x,0,0) were computed by setting z = 0 
in Eq. (15).

c) Following Eqs. (5) and (6), and using the C/Q values for (x,0,0), 
the sector-average hourly surface deposition flux (kg/km2/hr), D , due

n
to all particle sizes at the given x and wind speed U_. was calculated 

and stored as

D- 3.6 X 106 X R X Q • T (§) • £. •Dr(x,U ) (16)1=1 Wi 1 di

where R = 6.301 a (x)/x.y
d) Using the sector-average hourly deposition flux array, D (x,U.),w J

and the monthly fractional joint-frequency array of wind speed and 
direction, F^(m,Uj,n), the monthly deposition flux (kg/km2/month) array, 
D^, was computed as

DM(m,n,x) = 30 X 24 X P • £ D (x,U.) • F (m,U. ,n) (17)3=1 J J

In the above, m = 1, ... , 12 refers to the month, j = 1, ... ,6 refers
to the wind speed, and n = 1, ... , 16 denotes the wind direction; P is
pollutant loading factor (P = 0.542 for Case I and P = 1 for Case II).

e) Using the sector-average hourly deposition flux array, D (x,U.),H 3
and the yearly fractional joint-frequency array of wind speed and direc­
tion, F (U.,n), the yearly deposition flux (kg/km2/year) array, D , was

y j y
computed as

21



Dy(n,x) = 365 x 24 X P • £ DR(x,Uj) • Fy(Uj,n) (18)

f) Using the calculated monthly deposition flux array, D^(m,n,x), 
and following Eq. (8), the array of monthly net deposition rate (kg/month), 
NR, between the successive x locations, x^ and x^+^, was computed as

N^(m,n,xi+1) = j [DM(xi+i) + DM^Xi^m,n * IA(xi+i^ " A^xp ^

Similarly, the array of yearly net deposition rate (kg/year), Ny, was 

computed as

Ny(n,xi+l> 2 ^Dy^Xi+l^ + Dy^Xi^n * ^xi+l^ " A^xi^ (20)

The percentage of the total emission rate of the pollutant deposited per 

month within a distance of 20 km from the plant was estimated as

16

I
 

 
50

P = n 1 1I 1------------- v 100 (21)m Q x 3.6 x 24 x 30 x P

The percentage of the total emission rate of the pollutant deposited per 

year within a distance of 20 km from the plant was estimated as

16t  501 Ny<n’xi)

Py = Q x 3.6 x 24 x 365 x P X 100 (22)
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7. RESULTS AND DISCUSSION

The calculated concentration and deposition results for Cases I 

and II are presented and discussed in this section.

7.1 Ground-level Concentrations (GLC)

The ground-level centerline concentrations, C(x,0,0), for Case I

are shown in Fig. 3 as functions of x and wind speed. The GLC increases

as the wind speed decreases. At small x, the GLC increases with distance
until it reaches a peak value. The magnitude and location of the peak

3GLC depend on the wind speed. For U = 1 m/s, a peak GLC of 0.1 g/m
-4 3occurs at x = 30 m; for U = 14 m/s, the peak value is 7.7 x 10 g/m 

occurring at x = 70 m. For 0.1 < x < 1.3 km, the decrease in GLC with 

distance is given by

-nC(x,0,0) « x (23)

where n — 2. This is represented by a straight line on the log-log plot 

shown in Fig. 3. This agrees with the vast amount of field diffusion 
data reported in literature (see Islitzer and Slade, 1968). At x = 1.3 km,
the upper boundary of the pollutant cloud reaches the inversion lid at

z = L = 1000 m. For x > 1.3 km, the GLC follows Eq. (23) with n = 1.35. 
In Fig. 3 (and several other figures in this report), the GLC (or the 

deposition fluxes) are plotted as the abscissae and x as the ordinate. 
This arrangement, while differing from conventional practice, proved 

convenient for computer-plotting of results, using available software, 
to suit the report format.
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The ground-level centerline concentrations for Case II, plotted in

Fig. 4, show similar variations, except that the values of GLC are
larger in this case due to the smaller mixing depth (L = 500 m) and

3reduced turbulence. For U = 1 m/s, a peak GLC of 0.33 g/m occurs at
—4 3x = 32 m; for U = 14 m/s, the peak value is 9.5 * 10 g/m occurring 

at x = 100 m. For 0.2 < x < 2 km, the GLC variation is given by Eq.
(23) with n = 2.0. At x s 2 km, the upper boundary of the pollutant

cloud reaches the inversion lid at z = L = 500 m. For x > 2 km,
the GLC decreases less rapidly than without the influence of the inversion
lid, and the GLC follows Eq. (23) with n = 1.8.

7.2 Atmospheric Concentration and Visibility Profiles

The atmospheric concentration profiles of the pollutant, C(x,0,z), 
for Case I are shown in Fig. 5 at eight downwind locations for U = 4,5 m/s. 

The profiles for x = 0.03 km (Curve A) and 0.05 km (Curve B) show the 

elevated maxima of concentration, characteristic of the near-field 
diffusion from an elevated source. The large positive concentration 
gradients are indicative of the large deposition fluxes that occur in 
this region [see Eq. (2e)]. For x > 0.1 km, the pollutant near the 

ground becomes well-mixed, giving a uniform distribution with height.
The vertical extent of this uniform concentration distribution increases 
with the downwind distance, while the magnitude of the concentration 
sharply decreases. The effect of the source height on the concentration 

profiles is negligible for x > 0.1 km.
Visibility is commonly defined as the greatest distance at which an 

observer can distinguish a contrast between an object and its background. 
Prevailing visibility (V^) is the greatest visibility that is attained or



surpassed around at least half of the horizon, but not necessarily in 

continuous sectors. Degradation of visibility results from extraneous 
light which impinges on aerosols in the line of sight between target and 

observer, with subsequent scattering of a portion of this light toward 

the observer. The prevailing visibility in polluted air can be calculated 

as

V (24a)P C

where is the prevailing visibility (km), C is the mass concentration 
(yg/m3) of particles in air, and K is a constant given as 1800 km-yg/m3 

(Williamson, 1973) based on data from various urban locations. The 

reduction in visibility, AV^, due to an increase AC in the atmospheric 
concentration C of particles because of the fugitive dust emissions, can 
be derived from Eq. (24a) as

- KAV = AC (24b)P

Figure 5 also shows the visibilities calculated from Eq. (24) for 

Case I. In the near-field, the minimum visibility is under 100 m at 
elevations comparable to the source height. At ground level, the minimum 
visibility is of the order of 0.5 km. The visibility further decreases 

sharply with increasing relative humidities above 65%. Therefore, the 
fugitive coal dust emissions at Ravenswood Plant under conditions of 

high relative humidity might significantly reduce the prevailing visi­
bilities in the vicinity of the plant, and impair navigation on the 

East River and transportation on nearby highways.
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Figure 6 shows the vertical profiles of concentration and visibility 
for U = 4.5 m/s for Case II at five downwind locations. The results are 

similar to those shown for Case I, except that the concentrations are 
larger (and visibilities are smaller) due to the reduced turbulence 

levels and mixing depth for this case. The elevated peak concentration 
at x = 0.03 km is 3.4 x 10“ 2 g/m3 and the corresponding visibility is 
about 50 m. At ground level, the minimum visibility is about 0.3 km.

7.3 Hourly Deposition Fluxes

The sector-average hourly deposition fluxes (kg/km2/hr) at the 

surface for Case I are plotted in Fig. 7 as functions of the downwind 
distance and wind speed. Near the source, the deposition flux increases 
with distance from the source until it reaches a peak value, and then 
decreases following a single power law,

Dr(x) “ x n (25)

where n — 2.2 for all wind speeds. depends on wind speed only in then
near-field region, where the deposition flux increases as the wind speed 
decreases. The magnitude and location of the peak deposition flux vary 
as functions of the wind speed; for U = 1 m/s, a peak of 5.6 x 105

3kg/km2/hr occurs at x =30 m; for U = 14 m/s, the peak value is 3.5 * 10 

kg/km2/hr occurring at x = 70 m. For x > 2.1 km, the values are less 

than 10 kg/km2/hr. Thus the hourly surface deposition fluxes vary by 

several orders of magnitude over a downwind distance of 20 km from the 
source. It should be noted that Du calculations are independent of then
wind direction.



The sector-average hourly surface deposition fluxes for Cass II are
shown in Fig. 8. The results are similar to those given for Case I,
except that the peak values are smaller at higher wind speeds, and
occur at larger values of x in the near-field region. For x > 0.2 km,
the D variation can be approximated by Eq. (25) with n ~ 2.2 for all 

H
wind speeds.

7.4 Monthly Deposition Fluxes

The sector-average monthly surface-deposition fluxes (kg/km2/month),

Dw, are calculated from the hourly deposition fluxes by incorporating the M
climatological joint-frequency statistics of wind speed and direction at 
the site, and the pollutant loading factors, as described in Sect. 6.2. 

The monthly deposition fluxes are calculated over a distance of 0-20 km 

in each of the 16 wind direction sectors for each of the 12 months in a 
year, based on the site-meteorological data over five years (1974-1978).

Since the monthly deposition flux varies by several orders of 
magnitude over the downwind distance considered, the calculated results 

are presented as follows:

a) Near-Field Region: consists of the region x = 0 to 1 km. In
5 5 4 4 3this region, the isopleths of = 5 x 10 , 10 , 5 x 10 , 10 , 5 x 10 ,

o 0and 10 kg/km /month are shown.

b) Far-Field Region: consists of the region x = 1 to 10 km. In
this region, the isopleths of = 103, 5 x 102, 102, 50, 10, and

5 kg/km2/month are shown.

Thus, the deposition flux results for each month consist of two plots, 

one for the near-field and the other for the far-field region. To study 
the seasonal variation of the monthly deposition fluxes, the months were 
stratified by season, based on the average monthly temperature, and a
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representative month was selected for each season as shown in Table 9.

The near and far-field results of monthly deposition fluxes for 

each of the four seasonally representative months are shown in Figs, 9 
to 16 for Case I. Figures 9 and 10, respectively, show the near and 

far-field deposition flux isopleths for the month of January, repre­

senting the winter season. The contours are strongly peaked in the 
east-southeasterly (ESE) direction underlining the dominance of west- 

northwesterly winds prevailing at the site (see Table 4). Secondary 
peaks in occur in the southwesterly and northerly directional sectors. 
The minimum deposition flux occurs in the northwesterly direction. The 

values are less than 104 kg/km2/month beyond 0.6 km and 100 kg/km2/ 

month beyond 5 km distance from the source. Except in the ENE to SSE 
quadrant, is less than 5 kg/km2/month beyond 10 km distance from the 

source.
The deposition flux isopleths for April (see Figs. 11 and 12), 

representing the spring season, are similar to January, except that the 

contours are more strongly peaked in the southeasterly direction and the 
secondary peaks are somewhat larger. The values vary as indicated 

above for January. Except in the southeasterly direction, is less 
than 10 kg/km2/month beyond 10 km distance from the source.

The deposition flux isopleths for July (Figs. 13 and 14) are more 

evenly distributed around the source, except in the westerly direction.

In addition to the prevailing westerly winds at the site, strong 
southerly and northeasterly winds are also frequent in summer, resulting 

in the marked peaks of in the northerly and southwesterly directions. 
Except in the northerly direction, is less than 5 kg/km2/month 

beyond 10 km distance from the source.



The deposition flux isopleths for October (Figs. 15 and 16), 

representing the fall season, show the most evenly distributed contours 

in all directions except the NW quadrant. The values are less than

10 kg/km2/month at 10 km distance from the source in all directions.
The near and far-field results of monthly deposition fluxes for 

each of the four seasonally representative months are shown in Figs. 17 

to 24 for Case II. For this case, the hourly meteorological data for 
all hours (both day and night) were included in the analyses. Based on 
a comparison of these deposition flux isopleths with the corresponding 

results for Case I, the following conclusions can be drawn:

a) The shape and orientation of the contours, resulting primarily 

from the wind directional bias, are similar for both cases. This 
implies that the strong daytime winds dominate the generally light 

nocturnal winds at the site, and the daytime wind direction and speed

play a decisive role in determining the distribution of the surface 
deposition flux, on a monthly basis, around the source.

b) At any given surface location, the magnitudes of the deposition 
fluxes are larger for Case II than for Case I. The peak values 
(in kg/km2/month) for Case II are less than 5 x 104 beyond 0.5 km,
5 x 103 beyond 1.5 km, 5 x 10 beyond 3 km, and 50 beyond 7 km 

distance from the source. Except in a few directional sectors,
is well within 10 kg/km2/month beyond 10 km.

c) Due to the dominance of prevailing winds at the site from the 

WSW-NNW quadrant, maximum deposition fluxes occur in the ENE-SSE 
quadrant. Secondary peaks are predicted in the northerly and
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southwesterly sectors, especially in summer. The smallest deposition 
fluxes occur in the westerly and west-northwesterly sectors.

7.5 Yearly Deposition Fluxes

The sector-average yearly surface deposition fluxes (kg/km2/year), 
Dy, are calculated from the hourly deposition fluxes by incorporating 
the yearly joint-frequency statistics of wind speed and direction at the 
site (see, Tables 5 and 7), and the pollutant loading factors, as 

described in Sect. 6.2. The yearly deposition fluxes are calculated 

over a distance of 0-20 km in each of the 16 wind direction sectors, 
based on the site-meteorological data over five years*

The near and far-field results of yearly deposition fluxes are 
shown Figs. 25 and 26, respectively, for Case I. The corresponding 
results for Case II are shown in Figs. 27 and 28. Based on a comparative 
study of the results, the following conclusions can be drawn:

a) The shape and orientation of the Dy contours are similar for both 

cases. This implies that the daytime wind frequency statistics 
play a dominant role in determining the distribution of the yearly 
deposition flux at the plant site.

b) For Case I, the Dy values (in kg/km2/year) are less than 106 be-
yond 0.2 km, 10 beyond 0.6 km, 5 x 104 * beyond 0.8 km, 104 beyond

3 *1.7 km, 5 x 10 beyond 2.5 km, 103 beyond 5 km, 5 x 102 beyond 6 km,
2and 10 beyond 10 km distance from the source. For case II, the D

y2 £ cvalues (in kg/km /year) are less then 10 beyond 0.3 km, 10 beyond
4 4 30.8 km, 5 x 10 beyond 1.1 km, 10 beyond 2.2 km, 5 x 10 beyond
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3 km, 103  beyond 5 km, and 5 x 102 beyond 6 km, and 10 2 beyond 10 km
distance from the source. Thus, at any given distance within 5 km,
the magnitudes of the deposition fluxes are larger for Case II than
for Case I.

c) Maximum yearly deposition fluxes occur in the ENE-SSE quadrant.
Other peaks are predicted in the northerly and southwesterly 

sectors. The smallest deposition fluxes occur in the WSW-NNW 

quadrant.

The above results, except for the magnitudes, are similar to the 

conclusions drawn from the monthly deposition flux distributions. Thus 
one may conclude that the seasonal variations of meteorology do not 
significantly alter the predicted patterns of the pollutant particle — 

deposition flux in the vicinity of the Ravenswood plant.

7.6 Net Deposition Rates

The sector-average monthly net deposition rates (kg/month), N^,

between successive x locations in each wind direction sector for each
month, are calculated from the monthly surface deposition flux array,
n , as outlined in Sect. 6.2. As examples, the net deposition rates M
calculated for the month of January are shown in Tables 10 and 11 for 
Cases I and II, respectively. The value of N^. shown at each x± in each 

sector is the amount of pollutant deposited during the month of January 
over the sector segment between x^ and x^_^. T^e NM(X) variations shown 

in the Tables appear nonuniform since the distance increments between 

successive x locations were not uniform in this study.



The following conclusions can be drawn from the results. The

largest values of N occur in the E, ESE, and SE sectors, and the

smallest in the WNW, NW, and NNW sectors. These results are consistent

with the D>jr distributions discussed earlier. The Nw values for Case II M M
are generally a factor of two larger than the corresponding Case I 

values. The largest net deposition rates occur in the near field due to 
the deposition of the large particles in the vicinity of the source.
The peak values of are 183 kg/month at x = 80 m for Case I and 405

okg/month at x = 100 m for Case II, both peaks occuring over a 22.5 

sector segment of 10 m width in the easterly direction.
The total amount of the pollutant deposited per month within a

distance of 20 km from the source can be obtained by summing up the 
values at all in all 16 sectors. This amount can be expressed as a 
percentage (P^) of the total emission rate [see Eq. (21)]. The monthly 

Pm values range from 91 to 99 percent for Case I, and nearly 100 per­

cent for Case II. Most of the deposition occurs within 10 km from 

the source.

The sector-average yearly net deposition rates (kg/year), N^,be­

tween successive x locations in each wind direction sector are calcu­
lated from the yearly surface deposition flux array, D^, as outlined in 
Sect. 6.2. The calculated (x^) for Cases I and II are shown in Tables 
12 and 13, respectively. On an yearly basis, the maximum value of is 
1759 kg/year at x = 70 m for Case I, and 4171 kg/year at x = 80 m for Case 
II, both values calculated over a 22.5° sector segment of 10 m width in 

the northerly direction. The nearfield values of in the N, E, ESE,
SE and SW sectors are generally very large. The smallest values occur
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in the WNW sector. The Ny values for Case II are about a factor of the

two larger than the corresponding values for Case I.

The total amount of pollutant deposited per year within a distance

of 20 km from the source can be obtained by summing up the values at

all x. in all 16 sectors. This amount can be expressed as a percentage 1
(P ) of the total emission rate [see Eq. (22)]. The calculated values 

are 98 percent for Case I and nearly 100 percent for Case II.



8. CONCLUSIONS AND RECOMMENDATIONS

The Ravenswood Power Plant of the Consolidated Edison Company of New 
York is being converted to use coal as the primary fuel. This study 

addressed the probable short and long-term air pollution impacts of the 
fugitive coal dust emissions from the facility. The major components 

and key assumptions of the study are as follows:

1. The coal is unloaded from the barges at a rate of 1255 tons/hr of 

which 0.01% was assumed to become airborne drift, giving a fugitive 
emission source strength (Q) of 31.6 g/s. This source, at a height 
h = 25 m, was assumed to be continuous, operating over the 13 
daytime hours only (0700-1900 hrs) in Case I, and around the clock 
(both day and night) in Case II. Both cases were considered 

separately in this study.
2. The drift consists of particle sizes ranging from 0.1 to 200 ym.

The drift particle size distributions by number or weight were 

assumed to be lognormal. Six ranges of particle sizes were 
considered, and each range was assigned a representative diameter, 
drift mass fraction, gravitational settling velocity, and depositon 

velocity.

3. Meteorological data used in this study consist of the five year 
(1974-78) record of hourly surface wind observations at the 

LaGuardia Airport NWS Station. Six wind speed classes and sixteen 

wind direction classes were considered. The meteorological data 
were analyzed for Cases I and II separately. Twelve monthly and 

one yearly arrays of joint-frequencies of wind speed and direction 

were generated for each case.
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4. An atmospheric transport and diffusion model, consistent with the
Gaussian plume assumptions, was formulated and applied to the present 
study. The calculated results of ground-level concentrations, atmos­
pheric concentrations and visibilities, hourly surface deposition 
fluxes, and deposition flux and net deposition rates on monthly and 
yearly basis, were presented for Cases I and II separately.

The important results and conclusions of this study are the 

following:

1. The ground-level concentration (GLC) of the pollutant varies as a
function of the downwind distance from the source (x) and the wind

speed (U). The GLC increases as the wind speed decreases. Under
3very light wind conditions (U = 1 m/s), a maximum GLC of 0.1 g/m

3occurs at x = 30 m for Case I, and 0.33 g/m at x = 32 m for 

Case II. Under very gusty winds (U = 14 m/s), a maximum GLC of
7.7 * 10 + g/m^ occurs at x = 70 m for Case I, and 9.5 x 10 ^ g/m'^ 

at x = 100 m for Case II. After the maximum is attained, the GLC 

decreases sharply as the distance increases. Thus, the maximum 
ground level concentrations in all cases occur in the vicinity of 

the plant.

2. The atmospheric concentration of the pollutant varies as a function 
of x, U, and the height (z) above the ground. For downwind distance 
of the order of a few tens of meters, the concentration profiles show 
the elevated peaks characteristic of the near-field diffusion from 
an elevated source. For x > 100 m, the pollutant near the ground 
becomes well-mixed, giving a uniform distribution with height. The
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minimum prevailing visibility (V^), which is inversely proportional 

to the maximum concentration, is of the order of 0.5 km for Case I 

and 0.3 km for Case II at the ground level. At elevations comparable 

to the source height, the minimum visibility in the near-field is 
under 100 m for Case I and 50 m for Case II. These values are 

further expected to decrease sharply with increasing relative 
humidities above 65%.

The sector-average hourly surface deposition flux, D , increasesH
with x until it reaches a maximum value, and then decreases following
a single power law, D (x) a x n, for all wind speeds. D depends on

wind speed only in the vicinity of the source where D increases asH
wind speed decreases. In Case I, for U = 1 m/s, a maximum D ofH
5.6 x 105 kg/km2/hr occurs at x = 30 m; for U « 14 m/s, the maximum

3 2is 3.5 x 10 kg/km /hr at x = 70 m. For x > 2.1 km, the values
ii

are less than 10 kg/km2/hr. The results for Case II also are similar 

except that the peak values are smaller at higher wind speeds and 
occur at larger values of x in the vicinity of the source.

The sector-average monthly surface deposition flux, D^, varies by 

several orders of magnitude over a distance of 20 km from the 
source. Due to the dominance of prevailing winds from the WSW-NNW 
quadrant at the site, maximum monthly deposition fluxes occur in 
the ENE-SSE quadrant. Secondary peaks are predicted in the northerly 
and southwesterly sectors, especially in summer. The smallest 
deposition fluxes occur in the westerly and west-northwesterly 

sectors. At any given x, the magnitudes of deposition fluxes are 
larger for Case II than for Case I. However, the shape and
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orientation of the contours, resulting from the wind directional 

bias, are similar for both cases. The deposition flux is less than 
500 kg/km2/month beyond 3 km, and 50 kg/km2/month beyond 7 km 

distance from the source.
5. The results of the yearly deposition fluxes (D^), except for their 

magnitudes, are similar to the results. This suggests that the 

seasonal variations of meteorology do not significantly alter the 

predicted patterns of the pollutant deposition flux around the
Ravenswood plant. For both cases, the predicted values are less

3 2 2than 10 kg/km /year beyond 5 km, 500 kg/km /year beyond 6 km, and
2100 kg/km /year beyond 10 km distance from the source.

. The largest monthly net deposition rates (N^) occur in the E, ESE, 6
and SE sectors, and the smallest in the WNW, NW, and NNW sectors.

The values for Case II are generally a factor of two or more 
larger than the corresponding values for Case I. Similar results 
were also obtained for the yearly net deposition rates (N^). On an 

yearly basis, the maximum value of is 1759 kg/year at x = 70 m 
for Case I, and 4171 kg/year at x = 80 m for Case II, both values cal­
culated over a 22.5° sector segment of 10 m width in the northerly 

direction. The total amount of the pollutant deposited per month 

within a distance of 20 km from the source ranges from 91 to 99 per­
cent of pollutant emission rate for Case I, and nearly 100 percent for 
Case II. The corresponding yearly percentages are 98 and 100, respect- 
tively.

37



Some observations and recommendations based on the above results

are given below.

1. For values of the fugitive emission source strength (Q) significantly 
different from the one used in this study, the concentrations and 

deposition fluxes can be obtained by simple multiplication of the 

present results by the appropriate source-scaling factor. Similarly, 

varying the time schedules for coal unloading, which might require 
significantly different values for the pollutant loading factors (P) 
from those used in this study, can be taken into account by appro­
priate scaling of the present results.

2. Since the source was assumed to be continuous, the results of this 
study are likely to provide a conservative worst-case estimate of 
the pollutant concentrations and deposition fluxes.

3. The fugitive coal dust emissions at Ravenswood plant under conditions 

of high relative humidity might seriously reduce the prevailing 

visibilities in the vicinity of the plant, and impair navigation

on the East River and transportation on nearby highways. The 

predicted monthly deposition fluxes within 1 km of the source are 
large enough to require periodic dredging of the East River around 

the coal unloading tower.
4. The pollutant concentrations and deposition fluxes can be substan­

tially reduced by using spill plates, screens, and other devices 
as drift eliminators, thereby reducing the drift emission rate. 
Pre-washing or spraying of the coal may reduce the coal fines that 
are more likely to become drift.
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It is likely that some large particles with d > 200 ym, not in­

cluded in the drift dispersion and deposition analyses, may also 

fall out during coal unloading. The deposition of these large 
particles, however, is nearly independent of the meteorological 

factors and occurs evenly around the source within a distance of 

0.1 km. The total deposition flux in the immediate vicinity of 

the source, therefore, may be larger than calculated in this study.
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Table 1. Coal drift mass distribution

i
Particle diameter 
range (microns)

Representative 
diameter d^ (microns)

Drift mass
fraction f.i

i < 5 3 .0006
2 5-10 8 .0020
3 10-30 20 .0263
4 30-60 45 .0974
5 60-100 80 .2026
6 100-200 150 .6711

Sum 1.0000

Table 2. Drift characteristics

i

Particle 
diameter 

d^ (microns)
Mass

fraction
fi

Settling
velocity

(cm/s)
Deposition
velocity
Vdl (cm/s)

i 3 0.0006 0.07 0.80
2 8 0.0020 0.40 1.50
3 20 0.0263 2.70 2.70
4 45 0.0974 12.00 12.00
5 80 0.2026 32.00 32.00
6 150 0.6711 80.00 80.00

Table 3. Wind speed classification

Wind speed 
class

Wind speed range 
(mph) 

Representative
wind speed (m/s)

1 0 < U < 3 1
2 3 < U < 7 2.5
3 7 < U < 12 4.5
4 12 < U < 18 7
5 18 < U < 24 10
6 24 < U 14
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Table 8. Values of coefficients in Briggs' (1973) formulas
for σy (x) and σz (x) in urban conditions

PG stability 
class Description ay az

b
z

C
z

A Extremely unstable .32 .24 .001 .001
B
c
D

Moderately unstable
Slightly unstable
Neutral

.32

.22

.16

.24

.20

.14

.001
0
.0003

.001
0
0

E
F

Slightly stable
Moderately stable

.11

.11
.08
.08

.0015

.0015
0
0

Table 9. Seasonal stratification of months

Season Months
Average monthly
temperature (°C)

Representative
month

Winter December
January
February

0.2 January

Spring March
April
May

11.3 April

Summer June
July
August

22.8 July

Fall September
October

13.5 October

November
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Figure 1. Stationary coal unloading tower.
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(Line B) for Wyoming coal.
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