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A PREDICTIVE TOOL FOR QUANTIFYING WIND EROSION FROM COAL SURFACES

Mary Ann Grelinger
Midwest Research Institute
425 Volker Boulevard
Kansas City, Missouri 64110

A simulation computer program is described for the quantification of particulate
emissions generated by wind erosion of coal surfaces. Erosion potentials re-
ported by Cowherd provide the basic test data correlating suspended particulate
loss with wind speed. Daily fastest miles of wind, precipitation and surface

disturbances are stochastically simulated.

Erosion loss is shown to vary accord-

ing to the probability and the amount of rainfall, the frequency of disturbance
of the erodible surface and the fastest mile of wind distribution parameters.

1. INTRODUCTION

Degradation of air quality can occur by the
natural suspension of small particles from ex-
posed surfaces by wind erosion. Because sur-
face c¢oal mines and industrial plants with
large coal storage piles must meet stringent
air quality rules, accurate estimates of emis-
sions are required in obtaining permits to con-~
struct or expand operations. This paper will
asséss emission losses per unit erosion surface
area using two FORTRAN computer programs,
FASTMILE and WINDER. In this stochastic simu-
lation, the erosion is dependent on the daily
fastest mile of wind, the frequency of distu-
rbance of the erodible surface, and the daily
occurrence or nonoccurrence of rainfall. Only
suspended particles (particles of diameter
Tess than 30 um) will be quantified.

Particulate emissions generated from coal storage
piles have been tested with a portable wind tun-
nel by Midwest Research Institute under dry con-
ditions at several western surface coal mines
(Cowherd 1982, and Axtell and Cowherd 1981).
The tests quantified suspended and inhalable
particulate emissions from both crusted and un-
crusted surfaces. C. Cowherd reported that ero-
sion is highly dependent on the simulated wind
speed and approaches a limiting value for a par-
ticular wind speed. The total particulate pres-
ent on the surface before the onset of erosion
and which is erodible at a particular wind speed
is termed the erosion potential. 1In this paper,
the total erosion loss for a strong, steady wind
and the erosion potential for that wind speed are
assumed to be equal. This corresponds to the
sharp decay in emission rate with time reported
by Cowherd (1982), where a finite amount of small
particles is completely entrained into the air
stream within a few minutes of the onset of
erosion.

Mined coal ranges in size from submicron to cen-
timeter diameters. Oncé a strong, steady wind
exceeding a threshold value has entrained the
finite amount of finer particles from a surface,
no other particles will be dislodged unless the
wind velocity increases or the surface is dis-
turbed. A disturbance is defined as an action
resulting in the presentation of fresh material
to the surface, either by dumping new aggregate
or by overturning the o1d surface.

The fastest mile of wind can be pictured as the
mean wind speed which would carry an entrained
massless particle over the distance of a mile in
the shortest time during the period of interest.
These measurements and other weather data are
available from the National Climactic Center in
Asheville, North Carolina. In this simulation,
Chicago 0'Hare Airport rainfall and fastest miles
for March-April 1975 to 1982 were chosen as input
data to FASTMILE. This station is representative
of the region where studies of the relationship
between coal moisture content and rainfall were
done by Midwest Research Institute in 1978-1979
(Cowherd et al., 1979).

2. WIND EROSION - RAINFALL RELATIONSHIP

Cowherd et al. (1979) describes a correlation of
coal pile surface moisture with daily precipita-
tion. A weighted precipitation vaiue, P_ (mm),
was developed which takes into account the obser-
vation that the more recent the precipitation,
the stronger the effect on observed storage pile
moisture.

This relationship is important in this study be-
cause of the strong dependence (inverse square)
of wind-generated dust emissions on the moisture
content of the erodible surface (Cowherd et al.,
1979).
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The surface moisture content relationship was
combined with equations for erosion loss from
both crusted and uncrusted coal surfaces under
specific wind speed conditions. Figures 1 and 2
show the best fit lines correlating erosion po-
. tential with wind speed at 15 cm above the sur-

. face as ‘determined from wind tunnel tests on dry
coal surfaces. An erosion threshold value of 20
mph was used for both crusted and uncrusted sur-
faces. The threshold is that wind speed below
which Tittle or no wind eresion occur.

Linear erosion loss équations are listed below.
For a crusted coal surface:

L= ¢1.98 v - 42.5)(1.412/(0.13 Pw + 1.41)%) (1)

o

For an uncrusted coal surface
= (2.88 v -~ 54,1)(1.412/(0.13 Pw + 1.41)2) (2)

where L is the daily erosion loss (g/ﬁZ)

v is the 15 cm daily fastest mile wind

speed (mph) greater than the erosion
threshold speed :

Pw,is‘the weighted precipitation (mm)

It should be noted that other studies of wind
erosion have found a dependency of wind erogsion
on the third power of the wind speed (Jutze et
al., 1978). 1If this is true, then the simulation
results may vary markedly as a nonlinear response
to wind speed is encountered.

3. STATISTICAL DISTRIBUTIONS OF DAILY FASTEST
MILES OF WIND

The daily fastest mile distribution parameters
were determined by a modified FORTRAN program,
FASTMILE, originally developed in 1975 by Simiu
and Filliben (Simiu et al., 1975a, 1975b, 1979).
Their program predicts extreme wind speeds for
U.S. weather stations based on yearly fastest
miles of wind. While their program was primarily

directed to determine architectural design wind

speeds .in probabilistic terms, it also produces
the statistical parameters needed for Monte Carle
simulation of fastest miles of wind for a spe-
cific geographical location. The inverse func-
tions needed for pseudo-random variate generation
as derived by Filliben were used in this study
once the cumulative distribution function (CDF)
éstimated parameters were found.

For this wind erosion study, only strong winds
occurring on dry days were required. These data
were fit to the extreme value distributions to
estimate the parameters of the CDF's. Parameter
estimates were input to the simulation program,
WINDER, which is described later in this paper.
Wind speeds at 10 m were then converted to equiv-~
alent wind speeds at 15 cm above a storage pile.
The adjustments are made using the relationship
called the Tlog~Taw (Haugen, 1980). A Type I
(Gumbel) distribution resulted from FASTMILE
because ' fastest miles occurring on days with

rainfall were excluded from the sample of daily
fastest miles 1input to the FASTMILE program.
According to Thom (1968), about one-third of
extreme wind speeds dare associated with thunder-
storms.

4. RAINFALL ANALYSIS

A rainfall analysis subroutine, RFALL, was added
to FASTMILE and determines the Markov chain
(Bhat, 1972) probabilities associated with rain-
fall occurrence.

The probability of rainfall 1is dependent on a
variety of meteorological parameters. A first
order Markov process describes the probability
of rainfall as conditionally dependent on whether
it rained yesterday. This simplification allows
rainfall (or dry spells) to occur in extended
daily sequences which commonly occur in nature.
This 1is important since long sequences of dry
days will produce more emissions than the same
number of dry days interinittently interspersed
with days of rainfall. A 2 x 2 table can be con-
structed for the above described rainfall proba-
bilities, where P represents the probability
of rain (no rain) given that it did (not) rain
yesterday.

The subroutine, RFALL, was used to calculate
these conditional probabilities of rainfall oc-
currence Tor O'Hare Airport which were subse-
quently finput to the wind erosion program,
WINDER.

Rainfall amounts were also analyzed in the sub-
routine to determine the gamma distributiop Toca-
tion and scale parameters, o, B, which best fit
the distribution of rainfall amounts on the days
it rained. Maximum likelihood estimators of a,
B, were obtained using Tabtes 23 and Al in
Fishman (1973). These gamma distribution param-
eter estimates were input to the WINDER simuTa-
tion program.

5. SIMULATION RELIABILITY
Each output of WINDER resulted from a 10,000+ day

"simulation. A baseline run was established with

the 1input data resulting primarily from the
FASTMILE analysis of Chicago 0'Hare Airport daily
fastest miles and precipitation data.

Rainfall amounts proved to be the most difficult
parameter to model. Days with no rainfall were
excluded from composing rainfall distributions.
The fraction of rainfall occurrences between 0.0

and 0.1 in. for the Chicago data was 19% higher

than the simulation data from the estimated gamma
distribution. A comparison of the gamma distri-
bution parameters from the original Chicago sam~
ple and the baseline run sample showed a slight
difference,

>

Chicago Baseline Chicago Baseline

0.735 0.685 0.387 0.415,
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Figure 1: Calculated Erosion Potential versus Wind Speed for
Uncrusted Coal Surface
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Figure 2: Calculated Erosion Potential versus Wind Speed for
Crusted Coal Surface
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Rainfall occurrence was modeled reliably as is
shown in the tabie below, where P; is the over-
all probability of rainfall occurrence.

Py
Chicago FASTMILE Baseline

0.398 0.398 0.405

The fastest mile of wind simulation gave the foi-
Towing résults.

X- S

Chicago Baseline Chicago Baseline

19.91 19.94 5.86 5.93

These figures dndicate the reliability of the
simulation of fastest miles of winds on days with
no rainfall. The probability correlation coef-
ficient for the Type I distribution was 0.9913
and confirms this observatiocn.

6. SIMULATION RESULTS

Simulation runs were used to determine the sensi-
tivity of erosion loss under typical conditions
to:

. Rainfall probability
- Mean time between disturbances

. Location parameter of the Type I dis-
tribution of fastest miles
. Erosion loss equation type (linear,

quadratic, cubic)

The wind erosion simulation assumed that no ero-
sion occurred on rainy days. Alsoc if it rained,
a crust was assumed to form by the following day
and remained until the next disturbance of the
coal surface.

Figure 3 shows the resulis of the baseline run
and four other runs where the Markov probabil-
ity matrix for rainfall occurrence was modified
as shown in the following table. P;p and Pyy
remained constant from run to run; Pjo = 0.4691
and Py; = 0.5309 from the Q'Hare baseline data.

Poo Po1 Py
0.50 0.50 0.520
0.60 0.40 0.463
Baseline 0.69 0.31 0.405
0.80 . 0.20 0.307

0.90 . 0.10 ' 0.183

A number of simulation runs were made chang-
ing only the mean time between disturbances and
the erosion loss equation type. This was done
to. determine the relationship between coal sur-
face activity and mean daily erosion Tloss and
to see the effect of a cubic versus quadratic
versus Tlinear erosion loss equation. The re-
sults are shown in Figure 4. The systematic
operation of bulldozers, trains, and other coal-
handling processes was modeled using a normal
distribution pseudo-random number generator to
produce the number of days between disturbances
of the coal surface. The relative standard de-
viation of the time between disturbances was held
steady at 10%.

Figure 5 shows the effect of changing. the ero-
sion surface roughness parameter, Z,. A change
in this parameter has the direct effect of chang-
ing the vatio of the 0.15 m wind speed above the
erosion surface to the 10 m observed wind speed.

Figure 6 illustrates the effect of increasing
the mean of the fastest miles. The Tlocation
parameter of the Type I distribution is directly
related to the mean fastest mile and is also
shown for comparison purposes. The Type I scale
parameter remained the same for each of the sim-
ulation runs shown here. As is seen from Fig-
ure 6, an increase of about 3 mph in the mean
daily fastest mile doubles the expected erosion
loss in the span of pictured wind speeds. If
strong North Dakota or Montana winds were to be
modeied, an appreciable. increase 1in emissions
would be expected as compared to the Chicago

‘0'Hare Tocation.

7. CONCLUSIONS

This simulation has permitted various meteorolog-
jcal parameters to be "factored into" the wind
speed -~ wind erosion relationship developed by
Cowherd. The results show the importance of ade-
quately characterizing the erosion potential loss
as a function of wind speed and surface moisture
content. A better definition of this retation-
ship will provide a firmer determination of the
mean daily erosion loss for specific site, dis-
turbance and metéorological conditions. A cubic
dependence of erosion potential on wind speed
will magnify the erosion loss total compared to a
Tinear or quadratic dependence in a simulation
with small mean disturbance dntervals. No sub-
stantial difference in erosion loss is seen when
using a linear versus quadratic erosjon equation.
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