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OVERVIEW

This report is the result of & detalled study to develop emission
factors for the major elements of the surface coal minipg activity in the
Powder River Basin of Wyoming. Referred to ag the Emission Factor Development
Study or EDS, the work has been undertaken for the purpose of developing
actual emission factors utilizing real conditions resulting from the surface
mining activities i1n the Powder River Basin. Both private industry and
applicable regulatory authorities may opt to use these factors as they

represent the latest state-of-the-art in air pollution measurement and control.

The EDS Study centers on field wmeasurements collected specifically for
use in development -of emission factors and employs the developed factors inm a

concentration prediction model to estimate the impacts of the regional mining

activities for future years.

A group of five companies with operating or permitted.surface coal mines
in the region southeast of Gillette, Wyoming commissioned TRC ENVIRONMENTAL
CONSULTANTS, INC. to conduct the EDS program. Participanés include AMAX COAL
COMPANY, CARTER MINING COMPANY, SUNOCO ENERGY DEVELOPMENT COMPANY, MOBIL OIL
CORPORATION, and ATLANTIC RICHFIELD COMPANY.

The EDS Study began in Autumn 1978 with the collection of field data at
two operating mines (AMAX's Belle Ayr and SUNEDCO's Cordero) in the Gillette
Corridor during each of the four seasons of the year. Field measurements
continued through the 1979 Summer season. Evaluation of the field data,
development of emission factors, and application of the findings to modeling

have been carried out since completion of the field portion of the study.

Extensive field wmeasurements were made t¢ document the particulate
emissions during actual wmining operatcioms. The priocipal measurements
consisted of total suspended particulates (TSP) at multiple downwind and
crosswind ranges from several different sources-~-each documented separately,
documentation of particle size distributions at multiple ranges, amounts of

particulate settling/dry deposition at multiple ranges, and documentation of




meteorological variables. Atmospheric tracers were employed to assist in
separating particulate contributions from more than one source in the cases

when the mine operations being tested was in close proximity to other sources.’

Emission factors representative of each of the major sources of airborne
particulates were developed from the collected field data. The emission
factors were also corrected so as to represent the total amount of
particulates emitted.at the source as opposed to the apparent amount emitted
at some fianite distance from the source. The developed emission factors
represent both the individual elements of the mining operatious as well as the
surface mine as a whole. The individual factors are used in this study to
determine the iﬁpact in the near distance field surrounding each mine. A

"whale mine” emission factor was derived as a cross—check to enable evaluation

of the representativeness of the individual factors when viewed collectively,

and to assess the real impact of emissions made in the pit. In additiom, a
method for determining emissions from in-pit operations was developed which
allows 3 simulation of material transport from the pit as it really occurs..
This approach has been verified by independent wmeasurements to show that a
significant portion of particulates emitted from pit operations does not

escape from the confimes of the pit.

_ After the emission factors were developed they were employed in two
éteés of modeling. Step one was to accomplish a model verification and step
two was to calculate the expected impact of the mining activity 1in the
Gillerte Corridor at a future date. The model used in both steps is the EPA's
recently released Industrial Source Complex (ISC) Dispersion Model which is
considered to be a state-of-the-art model (EPA, 198Q). In carrying out model
verification, calculations for both short-term periods (6 hours) and a
long~term period (one year) were compared against measured concentrations that
were obgerved independently from the data used to develop the emission
factors. The results of model verification showed that the ISC Model
employiﬁg_site specific emission factors was verified at a level of compariéon
generally accepted to be very good. . For the second step of modeling,

.calculating the expected impact of the surface coal mining activity in the
Gillette Corridor for a future date{ the year 1988 was utilized. The year

1988 represents a peak level of mining activity and production as well as the
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year selected by the Wyoming Department of Environmental Quality (WDEQ) as the
basis for predicting the annual region-wide particulate concentrations from
the total mining activity in ﬁhe Gillette Corridor. WDEQ has employed a model
called CDMW (Dailey, 1980) (which includes modifications to make it applicable
for rural environments) to make its calculations of reglon-wide TSP
concentrations. Using this appreoach TRC wae able to make a direct comparison
of the expected annual total suspended particulates calculated by different
models using different emission factors for a common future period. As an
integral part of this study the ISC Model with EDS factors has been verified

agalnst independent field measurements.

The highest annual TSP concentration predicted for the year 1988, by the
ISC Model wused in this study 1is 46 pg/m3. That value is 14 ug/m3 lower
than the Wyoming standard of 60 ug/m3 and is 12 ug/m3 lower than the
comparable value predicted by WDEQ with the CDMW model. Explanation for the
significant difference in the TSP levels predicted by the ISC Model and the
CDMW model is seen in several technical findings of the EDS Study as are

described below.

First the EDS S5tudy revealed that a large portion of the particulate
material that is generated as an airborne emission 1s comprised of very large
particles. These particles, due to their large size and wass, settle to the
ground very quickly thus removing them from the atmosphere. Since a large
portion of the mass of material introduced to the atmosphere by surface coal
mining activities is of a large size (above 20 um) that the process of
settling/dry deposition i1s a predominant physical process reducing mass
transport downwind. TRC believes that the process 15 s0 critical and
fundamental that any model which owmits or does not simulate the physical
process Gf settling and removal by dry deposition cannot adequately predict
downwind concentrations of TSP. The ISC Model satisfies this requirement.

The second major finding is that emissions from the pit are wmainly of

large particle size, and, therefore, are largely confined below grade where

they fall out before they can escape to the amblent atmosphere.
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Another significant finding 1s that particles from haul roads are by far
the largest single source of emissions from surface coal mining activities in
the Gillette Corridor. BHaul road emissions can be significantly coatrolled by
watering. Control efficiencies were determined from field measurements to be
as high as 78 percent, i.e., controlled to a factor of 0.22 of what would be
emitrted without comtrol. '

TRC concludes, therefore, that use of the ISC Model with site specific
emission factors enables prediction of wmine emissiocn impact on the regional

air quality with a degree of precision that represents a significant

advancement of the state-of-the-art.

This study has deveioped an approach for modeling the impact of open'pit
mines which utilizes a reaiistic glmulation of material containment within the
ﬁit-aﬁﬁnpr;dicfg reduced downwind impacts from the pit which compare well with
actual measurements. It has been found that deposition 1is a significant
process for containing material withinm the pit aand should be treated in any
realistic modeling study. Likewlise, emission factors for above 'grade
operations must address waterial deposition. The modeling approach developed
in this study alsc provides for a realistic treatment of this physical
process. Results of individual mine modeling studies based on this modeling
approach verify well with independent wmeasurements to demonstrate the physical
reasonableness of the study findings.
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STATEMENT BY PARTICIPANIS

The Participants have provided finmancial support to the Emission Factor
Development Study (EDS) for the expressed purpose of developing accurate,
sﬁientifically valid particulate emission factors which will allow accurate
projection, through modeling, of the impact of surface coal mining upon
particulate ambient air quality in a portion of Campbell County, Wyoming. The
approach taken 1in the study and the findings made are those of TRC
ENVIRONMENTAL CONSULTANTS, INC. (TRC), not the Paréicipauts. TRC believes it
has wade a significant finding which advances the state-of-the—science
regarding gravitational settling/dry deposition. Using this finding, TRC
projects, through modeling, an ambient particulate concentrationm in the study
area in 1988, on an annual geometric mean, approximately 20 percent lower than
that being projected by the Wyowing Department of Environmental Quality. The
validity of the modeling is dependent upon both the accuracy of the emission
factors developed in the study and how realistically particle deposition is
simulated. The Partiecipants also believe the . study advances the
state—of~the-sclence; however, the state-of-the-sclence in emission factor
development, deposition, and air quality modeling is imprecise. For example,
as 1s apparently 1nherent in this type of work the standard deviatious for the
emission factors developed in the study are large.

Although the Participants presently support the findings of the study,
for the reasons set forth above, the Participants reserve the right at any
time in the future to disagree with, or questiom, any portion of the study, or
its findings and projections, if new information becomes available or for any

other reason any of them conslders appropriate.
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GLOSSARY

AMAX - Amax Coal Company

Ambient —~ The environment about an.object but undisturbed or unaffected by it,
as in ambient air or ambient temperature.

Apparent Emission Rate - Emission rate calculated from a concentration measured.

at a receptor some distance from the source. The apparent emission rate
is lower than the actual emission rate when dry deposition and

gravitational settling of large particles occur in the distance between
the source and the receptor.

ARCO ~ Atlantic Richfield Company

Atmospheric Dispersion Model - A mathematical expression which accounts for the
concentration of emitted air pollutants as those pollutants disperse in
the atmosphere. The expression includes effects of advectionm,
dispersion, along with considerations of plume rise, complex terrain,
dry deposition, and gravitational settling.

Atmospherlc Stability - A measure of the atmosphere's natural suppression of
turbulent dispersion.

-

Back Calculation ~ A method used with atmospheric dispersion models to compute

the actual emission rate from input—output ratios and chosen input
emission rates..

Background Concentration - Value representing that part of the regional

pollutant concentration not attributable to the sources within the
reglion.

Boundary Layer - The layer of air near the ground where dispersion processes
are significantly influenced by the nature of the ground surface. This

layer extends to the mixing height (usually four or five hundred meters
above the ground).

Buoyant Force - The upward force exerted upom a parcel of alr attributed
directly to a local increase of temperature.

CARTER ~ Carter Mining Company

CDM - Climatologicgl Dispersion Model-—one model of the EPA UNAMAP series. It
is a climatological steady-state Gausslan plume model for determining

long~term (seasonal or annual) geometric mean pollutant concentration at
any ground level receptor.
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GLOSSARY (Cont'd)

Confidence Levels = The limits of a range of values determined from a sample by
definite rules so chosen that in repeated random samples from the
hypothesized population, an arbitrarily fixed proportion of that range
will ipclude the true value of an estimated parameter.

Corridor - An area south of Gillette, Wyoming in the Powder River Basin
encompassing a region approximately 12 miles wide and 37 miles long
wherein six coal mines modeled in this study are located.

Deposition Velocity - Ratio of the deposition rate to the immediate ground-
level air concentration. (Chamberlain, 1953)

w = Vg4 Y("!Yro)

Discrete Receptors - Nongrid point receptor locations within a Cartesian
coordinate system.

Dry Deposition - The process by which small particles are deposited onto the
ground vialficngravitational .and nonprecipitation mechanisms, such as

surface impaction, electrostatic attraction, adserptiocn, and chemical
ioteraction.

Dustfall - Total settleahle particulates measured by a standard container of
uniform cross-section as described by Designation D1739, latest

revision, American Society for Testing and Materials, or by an
eguivalent method. :

EDS -~ Emission Factor Development Study

EPA - Environmental Protection Agency

Flux Measurement Method - A field measurement method employing a vertical array
of sampling devices placed such that all the pollutants emitted from a
glven source can be measured as the wind carries those emitted
pollutants away from the source.

Fugitive Dust - Dust material that is introduced to atmespheric suspensicn by

wind or (in this case) wining activities and is pot emitted through
ducts or stacks, etc.

Gaussian Plume - Most popular algorithm used to describe the diffusion of
material emitted from a continuous point source. Based on the
statistical theory of turbulence, it is assumed that the probability
density function for pollutants dispersing in the atmosphere is
Gaussian——both immediately after the pollutant release and after a lomg
time has elapsed.

Gravitational Settling - Removal of large particles suspended in the atmosphere

resulting from gravitational forces.

vii




GLOSSARY (Cont'd)

Gravitational Settling Velocity - The rate of descent of a particle, determined
by the amount the gravitational force exerted by the earth exceeds the
aerodynamic drag force on the suspended particulate.

Hi-vol -~ High volume air sampler-—the EPA-recommended instrument used to

measure the mass concentration of suspended particulates in ambient air.

ISC - Industrial Source Complex Dispersion Model--an EPA approved model
- designed to estimate the short-term and/or long-term air quality impact
from large industrial source complexes.
ISCST: short-term program of the ISC Model
ISCLT: long~term program of the ISC Model

Loug~term Modeling - Application of a dispersion algorithm to estimate the
impact of atmospheric pollutants emitted from various source
configurations—time averaging period on the order of months to a year.

Mean Fractional Error - The mean difference between the observed (04) and
predicted (Py) divided by the average of the observed and predicted.

g_l_‘g 9 - Pi‘)
¥ 5, ¥ P,
=1 \'t " "y

MOBIL - Mobil 0il Corporation

Model Verification - The process of establishing the accuracy of an atmospheric
dispersion model-—achieved by comparing measured air quality with
modeled estimates for the same locatloms, the same times, and for the
same condirions.

Millipore Filters - Membrane filters with a 0.45 .m pore size used to sample
particulate matter to determine particle size distributionms.

Mixing Height ~ The height above the ground surface through which relatively
vigorous vertical mixing occurs.

NAAQS ~ Nationmal Ambient Air Quality Standards

NCC - Naticnal Climatic Center

Particulate Matter - Any material, except water, in uncombined form that is or
has been ailrborne and exists as a liquid or solid at standard conditioms.

PAL - A Gaussian plume algorithm for Point, Area, and Line Sources--one of the
EPA UNAMAP series of models. This short-term Gaussian steady-state

program estimates concentrations of stable pollutants from polnt, area,
and line sources.
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GLOSSARY (Cont'd)

Particle Density - The ratio of the mass of any substance to the volume
occupled by it.

Probable Error - The megnitude of a deviation from a statistic which will be
‘exceeded with a probability of 0.50, or on half the occasions.

Reflection Coefficient - Fraction of the material that reaches the grbund
surface by the combined processes of gravitational settling and
atmospheric turbulence and 1s reflected from the surface.

Short-term Modeling - Application of a dispersion algorithm to estimate the
impact of atmospheric pollutants emitted from various source
configurations——time averaging period on the order of hours to a day.

Sigma y - Pasquill-Gifford horizontal cross~wind dispersion parameter.
Sigma z - Pasquill—éifford vertical dispersion parameter.

SLAMS - State and Local Air Monitoring Station

Source Depletion Factor - The percentage Teduction of particulate matter

removed from the plume between the source of emissions and the receptors
(a function of downwind distance).

Standard Deviation - For normal distributioms, 68.27 percent of the sample is
within one standard deviation on either side of the arithmetic wmean.

STAR - STability ARray--a joint frequency distribution of wind speed, wind
direction, and atmospheric stability.

SUNEDCO - Suncoco Energy Development Company

Iracer Measurement Method - A field test method employing a unique tracer

material released to simulate emissions from a single source regiom. In
this case sulfurhexafluoride (SFg) was used.

TRC ~ TRC Environmental Consultants, Incorporated

ISP - Total Suspended Particulates-—particles, within the size range of 100 to

0.1 .m dlameter, ordinarily collected on glass fiber filters. The mass
concentration of suspended particulates inm the ambient air (. g/m3) is
computed as described in Title 40, Part 50 (Appendix B) Code of Federal
Regulations (1979).

UNAMAP - Users Network for Applied Modeling of Air Pollution——a series of EPA

approved atwmospheric dispersion models.
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GLOSSARY (Cont'd)

Upwind-Downwind Measurement Method - A field measurement method employing two

horizontal rows of hi-vol samplers downwind of the source and one

sampling site outside of the influence of the socurce to measure
background.

Virtual Point Source - The geographic location of a hypothetical point source
in such a position that the initial standard deviatiom, 0,, of the
area source equals the standard -deviation of the point source.

VMT - Vehicle Miles Traveled

WDEQ - Refers to the Air Quality Divislon of the Department of Environmental

Quality of the State of Wyoming~—-regulatory agency enforcing the air
pollution rules and regulations promulgated under the authority of the
Wyoming Envirommental Quality Act (1973).

Wet Days Ratio ~ Fraction of year which does not have "wet" days, i.e., days
with more than 0.0l inches of rainfall. Reduction in particulate

emissions because of rainfall is accounted for by neglecting emissions
on "wet" days.

Whole Mine Emission Factor ~ Emission factor developed to represent all the

. Individual mining operations as a single area source. Measurements of

the whole mine emissions were obtained from a hi-vol array set up around
the periphery of each mine.
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1.0 EXECUTIVE SUMMARY

A study of particulate emissions from surface coal mining operations in
the Powder River Basin of Wyoming was undertaken during the period from Fall
1978 through Summer 1979. The intent of the study was to develop particulate
emission factors for the primary activities of wmining operations. Data
consisting of meteorological measurements and field concentrations of
airbourne duét ﬁere obtained near primary dust generating activities at ﬁwo
operating mines during each of four seasons. The dust generating activities
tested were: coal and overburden haul roads, ¢oal dumping, train loading,
overburden replacement, topsoill removal, and wind erosion on both stripped
overbufden and reclaimed land. 1In addition to these individual activities,

each mine as a whole was tested as a single area source.

Particulate emission factors were developed from the field data
collected during the yearlong wmeasurement program. A summary of those
emission facteors 1is presented in Table 1.1 of this section. In addition to
the development of emission factors representing the primary dust generating
activities of surface coal mining, the field measurement prbgram culminated in
four significant findings which bear heavily on employment of emission factors
in modeling. These findings are new and for the first time enable modeling

. ———
studies to more accurately approximate real physical processes to produce
predicted impacts that are more realistic when compared to actual weasurements
than are possible with current techniques. The findings are briefly listed

below, and ars discﬁssed in more detail later in this section.

1) Particle deposition and gravitational settling are predominant
physical processes which for the first time have been taken into
account 1ip the development of emission factors and in their
application for modeling. ‘

2) Many of the large particles that are generated by mining activities
carried out below grade in the open pit do not escape into the
ambient atmosphere.

3) Control of particulate emissions from haul roads 1is proportional o
the amount of watering.

,
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'4) The emission factors developed from measurements made in this study,
when correctly applied, show significantly lower impact on both the
near and far wmine environment tham do the approved Wyoming
Department of Environmental Quality (WDEQ) factors employed with
current modeling practices.

-+

These four findings are explained as follows:

1) 'Partiéle- deposition and -gravitational settlipg are predominant
physical processes which for the firs; time have beea taken into account in
the development of emission factors and in their application for modeling.
One hundred and forty coincident measurements of dustfall and particle
concentrations were made, permitting the computation of the effective settling
velocities at many downwind distances from the source. The deposition and
settling velocities derived from independent field measurements, exhibited a
rapld decrease with distance, in complete accord with the accepted theory of
particulate behavior. Particle size measurements were acquired for all tests
from Millipore filter samples. These particle size measurements were used Lo
compute deposition velocities. Figure 3-3 shows the close agreement between
depasition velocities computed from the particle size data (solid line) and
the dustfall/hi-~vol data (dashed lime).

The conclusions pertaining to the deposition processes emphasize the
need to distinguish between emission factors applicable at the source (before
large particles have fallen out of the plume) and factors as perceived some
distance from the source where only small particles remain. For example, it
was found that under average meteorological conditions (neutral stability and

10 mph winds), only about 35 percent of the emitted particulate mass rewmains

in the atmosphere at a distance of 500 m from the sourze. AL Ca=~44;2§:
o

u}iﬁi o S

2) Most of the large particles that are generated by mining activities
carried out below grade in the open pit do not escape into the ambient
atmosphere., It wﬁs found that the "whole mine™ emisslon rates determined from
measured emission factors and mine production figures were three times greater
than the emission rates obtained by "back calculation” modeling from the
particulate concentration measurements taken around the periphery of the pit.
This finding indicates that approximately one-third of the local emissions

escape from the pit area. The pit area was not as well ventilated as the

Y



surrounding terrain and the increased residence time of the air permits most
of the large particles to fall out before they were entrained into the air
flow over the pit. It should be noted that the trapped particles do not
constitute a health hazard for two specific reasons: 15 their sgize lies 1in
the noninhalable range; and 2) particles are quickly removed by gravitational

settling, thereby preventing any appreciable concentration build up.

3) Control of particulate emissions from haul roads is proportional to

the amount of waterinmg. A quantitative relationship was developed to express

the effect of watering on haul road emissions. The results show that haul

road emissions contrel is proporticmal to the amount of watering being done
and that waximum practical controel effort reduces emissions to a factor of

0.22 or 78 percent coutrol.

4) The emission factors developed from measurements made in this study,
when correctly applied, show significantly lower impact on both the near and
far mine epvironment than do the approved WDEQ factors employed with current
modeling practices. The emission factors for ipdividual ﬁining activities, as
developed from measurements made during this studf were found to be higher in

most cases than those currently approved under regulations promulgated by the

" WDEQ. However, when correctly~accounting for the pit trapping and particle

sertling, the impact of these emissions on the mine environment (both near and
far) i1s significantly less than that predicted by currently used modeling

practices.

In the following report, each of the topics discussed above are treated
in.depth in separate sections. Section 3 deals with particle deposition and
the development of a source depletién functioh for dispersion modeling. The
haul road emission measurements are discussed iIn detail 1in Section 4.
Sections 5, 6, and 7 cover c¢oal dumping and train locading, overburden
replacement, topsoil removal, and wind erosion from disturbed 1land
respectively. Measurements of "whole mine” emissions and a discussion of the
pit trapping phenomenon are given in Sectlon 8. Section 9 of Part 1 deals

with estimating the confidence limits of the various measured emission factors.
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2.0 - INTRODUCTION

In June 1977 reptesentatives from several coal mining companies in the

Powder River Basin of Wyoming met to discuss air quality, a subject which was

becoming increaéingly important to their present and proposed surface mining
operations in the Gillette region. Alr quality considerations have become
increasingly imporcant.because measures must be taken  to assure that, as the
mining activity of the region is developed, it does nmot result Iin damage to
the envirouameunt through deteriorating air quality. The Wyoming Environmental
Quality Act, passed in 1973, has greatéd the Air Quality Division of the
Department of Environmental Quality (WDEQ) with jJjurisdiction over air quality
and to review and issue permits for stationary sources including coal umines.
The mechanisms used to review and determine suitabiiity for permitting include
simulaticn of anticecipated air quality through mathematical modeling--and those
models are becoming more sophisticated and detailed. It, therefore, becomes
essential to have credible measuring devices for emission factors as used in
the modeling and is essential that these emission factors be proven valid for
the region and the circumstances of the mining methods employed. The group
sought to sclentifically determine 1f the factors being employed by the WDEQ

were sufficigntly rigorous in representing operations curreantly oungoing for

the surface mining in the region.

The group selected an independent consultant to accomplish two tasks:
1) to develop particulate emission factors that would accurately represent the
ougolng dnd proposed surface mining operations within the Gillette region; and
2) to assess the impact of total suspended particles (TSP) generated by the

mining operations on the environment by employing atmospheric dispersion
modeling techniques.

A conrract was signed in early 1978 with TRC ENVIRONMENTAL CONSULTANTS,
INC. (TRC). Companies {nvolved ia the project include AMAX COAL COMPANY
(AMAX),” SUNOCO ENERGY DEVELOPMENT COMPANY (SUNEDCO), ATLANTIC RICHFIELD
COMPANY (ARCO), CARTER MINING COMPANY (CARTER), and MOBIL OIL CORBORATION

(MOBIL). The work covered by this contract is known as the Emission Factor
Development Study (EDS).




A test plan which specified the field measurements needed to accouplish
the EDS Study was developed by the companies and the consultant. It called
for tests to be conducted at two mines, AMAX's Belle Ayr and SUNEDCO's Cordero
mines during each of the four seasons. The actual field‘testing began in the
Fall of 1978 and was completed in the Summer of 1979. 1In order to have a
c:edible representative sample for the potential emission factorse, the varilous
mine sources to be studied were as follows: «c¢oal and overburdea haul roads,
coal dump, train load-out facility, overburden replacement, topsoil removal,
wind erosion on reclaimed land, and wind erosion on stripped overburden. 1In
addition to these 1individual sources, the mine 1itself, as a whole, was

investigated as a single area source.

During the test program, three methods were utilized to make the
emission measurements: a standard upwind-downwind method, a tracer method,
and a flux method. The flux method 1s best suited tc measurement of line
sources which exhibit a uniform horizoutal concentration pattern. The tracer
method was used to measure the product dumping and train loading operatioms
which are fixed point sources, and the upwind-downwind method was utilized for
the remainder of the tests. In all cases,. simultaneous measures of dustfall
and particle size were made at several distances downwind of the source and at

one location upwind.

As stated earlier, an essential element of the EDS Study was the
investigation of particle settling. Because of settling and deposition,
particles larger than about 20 um will eventually be removed from the air.
Por this reason, a large proporticn of the particulates emitted from mining
operations will not be present beyond a few hundred feet from the source
(Cowherd, et. al., 1974). 1If the effect of gravitationmal settling and dry
deposition 1s neglected, then emission factors computed from field test data
will be in error. Similarly, atmospheric dispersion models that are utilized
to simulate the dispersion ‘of heavy particulates, must include a rigorous
treatment of dry deposition and gravitational settling if they are to

accurately predict ambient concentrations.




.Two independent wethods were wutilized to study the .effects of
deposition: dustfall wneasurements aund particle size neasurements. A strong
correlation of the findings from the two methods indicate Ehac the tests were
highly successful. Section 3 of Part 1 gives a detailed discussion of the

deposition measurements.

Section 4 discusses the field tests and data analyses associated with

the largest source of particﬁlate emisaions——héul- toads. Using' the fiux -

measurement umethod, the emissions from coal and overburden haul roads are
quantified and the effects of water spray comtrol as well as meteorological

parameters and seasonal variability are examined.

Sections 5, 6, and 7 are given to the coal dump, traim load-out
-faeiliry, overburden replacement, topsoil removal, and wind erosion tests.
The fixed point source nature of the coal dump and train load-out facility
permit a tracer gas test method to be utilized to measure the emisgion rates.

The remainder of the sources were measured using upwind-downwind sampling.

Section 8 covers the work performed im measuring the-whole mine emission
rates. These estimates were made utilizing hi-vol data collected at the
periphery of the mines. Comparison of whole mine emission estimates with
emlissions predicted by summing the source specific factors indicates that only
one~third of the total partiﬁulate mass emitted inside the pit area 1s
tranasported beyond the perimeter of the pit. The trapped particles are all in
the noninhalable size range.

Section 9 of Part 1 addresses the confidence  level of all the EDS
measurements. Small sample statistics are utilized to derive error limits for
the 95 percent confidence level. In general, these limits range from :0.22
for the largest aod most 1important emissions to ib.98' for the least

important sources whers only a small number of tests were made.

IS WS IR S BN N IR e T AN OGN &S B e B aE W
B g o S . "



R U I S O o T T O GE B B e B Y B T s e
TABLE 3.1 - PARTICLE S1ZE DATA '
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SAMPLE | DOWNWIND PARTICLE'FRACTION IN DIAMETER INTERVAL (nm) v,
TEST CONDITION DISTANCE —
NUMBER {my <2 [2-15 ]15-30]30-50}50-75{75-10¢ >100 (mf{sec)
OVERBURDEN HAULROAD 318 201 .92 1 .08 |.00z |.001 |.001 0 0 0.22
" 32B 24 .93 | .06 |.006 {.001 |.002 ].001 0 0.28
" 338 28 .91 1 .07 |.012 {.003 |.007 |.003 |.002 0.44
" 34B 227 .93 | .069}.004 0 0 0 0 0.03
" 358 264 .70 | .29 |.007 |.004 [.001 0 0 0.13
]
- " 368 © 62 .67 | .31 }.014 |.003 |.003 o |.o001 0.40
E .
' 1]
" 378 54 .73 | .24 |.014 {.009 |.003 |.002 {.001 0.38
v 38B 231 .90 .097].003 0 0 4] 0 0.02
COAL HAULROAD 40B 246 .90 .094] .004 |.003 |.001 0 0 0.11
COAL DUMP . 41B 61 .35 .41 1.025 | .011 {.004 Q 0 0.11
" 428 122 .81 | .19 |.003 |.o02 0 0 0 0.03
" 438 61 .77 | .22 §.004 | .001 0 |.o002 0 ' 0.20
" 448 122 .66 | .33 {.006 |.003 0 0 0 0.03
N :







3.0 ~DEY DEPOSITION AND GRAVITATIONAL SETTLING

3.1 DISCUSSION

Since emissions' from sources of particulate matter are normally
estimated from measurements made at finite distances from the source, loss of
material from the plume between the source and the measurement point will
affect the emission rate estimate. If the source being measured generates a
significant number of large particles, wmany of the particles will fall out
before the plume reaches the measurement point, and the “apparent” emission
rate as seen at the downwind point may be much smaller than the actual source
emission rate. TFor this reason, it 1is wmost Iimportant that some means of
measuring particle deposition be employed when making emission factor

measurenents.

During the EDS study, two methods were utilized to estimate the particle
settling. The primary method employed dustfall buckets to measure dustfall at
several locations downwind of the source for each test.. The second method

utilized Millipore filter samples from which cthe actual particle size

. distributions were determined for several locations downwind during each test.

Results of the dustfall measurements and the Millipore filter sampling
demonstrate that deposition is very high in the first few hundred meters from
the source and should be considered in emission factor development. It is
also clear that particle settling 1s an important factor in estimating the

impact of surface mining activity on the environment at property boundaries

and at greater distances.

3.2 DUSTFALL MEASUREMENTS

Dustfall wmeasurements were made at 3 to 4 locations downwind of the
scurce during each test. Ten-inch diameter buckets were used with a small
amount of liquid (water or isopropanol) covering the bottom to trap the
particles. The dustfall buckets were exposed at a height of about four feet

to keep them from being contaminated by waterial being blown along the ground.

‘



Dustfall is a direct measure of the depositiogp actually taking place and
thus has value in estimating source depletion, especially in this case where
there are a large number of samples available. 1In order to demomstrate the
general nature of the dustfall measurements, a few samples have been plotted
as a function of distance and are shown in Figure 3~1. The rapid fall off
with distance 1is typical of the dustfall data and demonstrates the existence
of significant particle settling over the first few hundred meters downwind of
the source. Also, it is seen that the data from different types of tests have
similar dustfall characteristics.

' Since dustfall data are inherently variable, it was decided to combine
all the measurements into a single large sample. This was accomplished by
normalizing all the dustfall measurements ufilizing the assoclated particulate
concentrations. Thé proportionality constant obtained i1in this way has

dimensions of velocity and is called the deposition velocity, i.e.,

D(g/mzsec)

= Vd(m/sec). | (3.1)
X (g/a”) )

Approximately 140 dustfall samples were obtained with accompanying

. concentration measurements. A deposition velocity was derived for each saumple

apd plotted as a function of distance from the source. A few individual tests
are shown in Figure 3-2 with 1lines joinimg the assocciated points to
demonstrate the general form of the deposition velocity function. The plotted

points also show the approximate spread of the deposition velocity data.

In each of the tests an upwind dustfall measurement was obtained.
Initially it was thought that the upwind sample would represent a background
level that could be subtracted from the £field of dustfall measurements
downwind of the source belng tested. However, upon reviewing cthe data it
became apparent that influences from numerous other nearby sources produced a
highly nonuniform distance related background that g¢ould not be reliably
quantified relative teo the positions of the test array. The end result was
that no adjustments were made and the test data thus exhibit wmore "noise” than

might otherwise have been the case.
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A test for normality showed the data to depart from the normal

g ] -—— -

d‘i:fir__i_/_lmtiin_. but it was reasoned that a larger sample of data would, by
pature, have been normally distributed, thus a least~squares method was
utiliied to fit the data to a function of the form Vd = axb. The curve
obtained in this way fit the data well in the regiocn close to the source where

all the measurements were made, but produced unrealistic values of Vd at

‘large distances. The line shown in Figure 3-2 was obtained by fitting the

data to the function given above, and at the same time forcing the line to

pass ﬁhrOugh the point, z = 1,000 m, Vd = 0,025 m/sec. This constraint was
necessary to ensure that the deposition velocity functiomn would not only fit

the data but would also produce results consistent with other existing

wmeasurements representative of conditions existing at greater distances.

Measurements given in Slade (1968) indicate that at distances of 1,000 m
from the source, the deposition velocity ranges from a minimum of 0.0l mw/sec
to a maximum of 0.06 w/sec. This range 15 believed to be caused by varying
atmospheric stability; the lower limit being associated with stable
conditions. The choice of 0.025 m/sec at 1,000 m was based on a sclentific
judgment as to the wvalue that would best represent average stability
condi{tions. .':iowever.' in- the final analysis, the exact value chosen is not
critical provided that it lies within the range indicated. Calculations show
that the impact of the source on a receptor at a distamce of 500 m or more is
not  highly sensitive to the value of the constraining point. The standard
deviation of the deposition velocity data about the fitted curve is (.12 m/sec.

At distances beyond 1,000 m, the deposition velocity is assumed to be
constant. In this regiom, the remaining particles are all expectad to be
smaller than 20 um and deposition is no ionger significantly influenced by
particle settling, but is 'primarily controlled by turbulence diffusion

processes in combination with surface adscrption mechanisms.
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3.3 PARTICLE SIZE MEASUREMENTS
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Particulate sgamples were taken at three locations downwind of each

source\ being tested. The samples were obtained by exposing 37 mn Millipore

filtersy aspirated by & pump at the rate of 10 1l/min. The filters were
oriented upward during exposure so that even the largest particles would be
cbllected. However, a problem was encountered with the Millipore samples.
Due to the smooth surface of the filter (0.45 um pdre size), particles larger
than about 30 uw did not adbere to the £f£ilter surface but rolled off the
filter during handling. The problem was discovered after the first batch of
filters was analyzed and no large particles were found even on those filters
exposed within 20 m of the source. Subsequent investigation of the capsules
which contained the filters showed that larger particles were present but were
no longer on the filter surface. It seems reasounable to assume that this

problem has occurred before in other studies and possibly not recognized.

The samples taken during the EDS Study were totally sealed in their
capsules after exposure. After transporting and handling, the large
particles—no longer attached to the filter surface, were still contained in
the sealed éapsule. As a result, a wmethod was developed to recover these

large particles.

TRC engaged Dr. Robert Kuryvial, an expert in particle analysis, to
assist with the analyses of the Millipore filters. Dr. Kuryvial subsequently
developed a procedure that enabled the particle size ipformation to be
recovered. First the filter was carefully removed from the capsule. The open
end of the capsule was then placed on top of a piece of glassine (very smooth
surface paper) and the capsule tapped vigorously. The bulk of the particles
contained within the capsule were thus deposited on the paper. A Camel
hairbrush was then utilized to brush out any remaining residue. The paper was

then formed into a channel and the particles contained were carefully

(IEPRLS

radistributed back onto the Millipore filter. a@g{m,fc./] NET ONDOM /J 4},37;.,-(,054

The Millipore filters prepared in this manner were then processed using
microscopic techniques. ©Each filter was mounted.on a glase glide, cleared in

1.56 refractive index oill and a slip cover added. Poipt counting traverses

- 13 -




were made across the mounts in which a total of up to 1,000 particles were

gsized for each sample. The microscope magnification was set at 500X.

: Representative samples were taken from different types of tests and for
several distances from the source. About 40 Millipore filters were chosen for
the special analysis. The data show that a significant number of particles up
to and exceeding 100 um diameter are indeed present in the region between 20 m
and 100 um from the source. Particle size distributions resulting from the
Millipore filter analysis are shown in Table 3.1l.

The amalytical procedure utilized to obtain deposition velocities from
the particle size information {s as follows:

The councentration of particiea having diameters in the ipterval (i) is,

3
di (3.2)

where p = density of particles;
'di = 1ass mean diameter of size interval (i);

1 number of particles per m3 with diameters in interval (i); and
X; = concentration in g/ms.

The total concentration is then

m 3
K= Bxg = Fol(agd)) (3.3)

Similarly, the mass of material with diameters in interval (1) which falls out
of one cubic meter is given by

Vi (3.4)

where Vi is the settling velocity of particles with diameter (i) in um/sec.
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TABLE 3.1 - PARTICLE SIZE DATA (Continued)

— _
: SAMPLE | DOWNWIND PARTICLE FRACTION IN DIAMETER INTERVAL (um) v
s d
TEST CONDITION DISTANCE
NUMBER (m) <2 [2-15 [15-30]/30-50|50~7575~10(f >100 {m/sec)
OVERBURDEN REPLACEMENT 458 98 .70 | .26 |.016 [.010 f.0146 | o© 0 0.27
TOPSOIL REMOVAL 508 92 .91 | .o081].001 {.002 |.001 [.000 | O 0.15
" 51B 177 95| .053| o 0 0 0 o . 0.08
" 52B 92 .94 | .oss8|.001 |.003 |.001]| o 0 0.14
" 538 177 .95 | .os0|.002 {.002| o 0 0 0.08
A COAL HAULROAD 60B 23 .58 | .39 {.011 |.011 {.007 {.004 | O 0.33
‘—l
o‘ .
! COAL DUMP 61B 61 .95 | .048] .003 }.002 0 0 | .001 0.53
OVERBURDEN HAULROAD 62B 69 .78 | .21 |.007 |.004 | O 0 0 0.07
COAL DUMP 638 61 .84} .15 |.010 {.004 |.c01 }.001 ] o 0.22
OVERBURDEN HAULROAD 648 55 .89 1 .111.002] o 0 |.000 | O . 0.52
COAL HAULROAD 658 152 .61 | .36].020).007] O 0 0 0.06
“ 66B 133 471 .s0).022|.002 |.003 |.000 | O 0.24
OVERBURDEN HAULROAD 31A 180 .89 | .11 [.005 |.001 | o 0 0 0.05
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TABMLE 3.1 - PARTICLE STZE DATA (Continucd)

- SAMPLE | DOWNWIND PARTICLE FRACTION IN DIAMETER INTERVAL (um) ' vy
TEST CONDITION DISTANCE . T — - 20—
NUMBER (my - - f<2 f2-15 | 15-30f 30-45] 45-60] 60-75[75-90] 907 s {1035, 11283 | (m/mec)
OVERBURDEN REPLACEMENT H2A 79 .71 .28 1.010 1.003{.001 0 .001 0 -0 0 0.19
OVERBURDEN HAULROAD 46A 56 76| .22].010].004 |.001| o 0 o | o 0 0.10

= 81 -
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The total deposition is therefore:

- i 3
D -‘iMi -Q?i(nidivi) ‘ (3.5)

where D is in g/mzsec.

Having computed concentration and depoeition, 1t is then possible to
compute g deposition velocity from equations (3.1), (3.3), and (3.3),

T 3
S I A AT AL O

- Pl (3.6)

-3
Z(n,d})
{ i1

Now the number fraction of particles in diameter interval (1) is given
by:

Hn
]
z|p_n

(3:7)

where N is the total number of particles in one cublc meter.
Substituting (3.7) and {(3.6) we have,

T 3
_1yd4Vy)

z 3
i(fidi)

-

v

4 (3.8)

Utilizing equation (3.8), deposition velocities may now be calculated from the
size fraction data obtained from the measured particle size distributions.

The sgettling velocities, Vi’ were computed for each diameter interval and

for three different particle densities wutilizing the Stokes Method (White,
1971). The Stokes velocities obtained are given in Table 3.2.
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TABLE 3.2

STOKES LAW SETTLING VELOCITY (m/sec)

PARTICLE PARTICLE DENSITY (g/cm3)
2 .00018 .00024 . .00030
10 . 0046 .0061 .0076
25 .0286 .038 .048
40 .073 .097 .122
55 .138 .184 .230
65 .193 ¢ .257 .322
70 224 .298 .373
85 .330 Lb4 .55
90 - .370 .49 .62
100 457 .61 .76
115 . 604 .81 .1.01 ;
130 772 1.03 1.29 i
NOTE: o = 1.5 was utilized for Coal Dump Samples;
p = 2.0 was utilized for Coal Haulroad Samples; and
p = 2.5 was utilized for All Other Tests,
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An average density for coal is 1.5 'g/cm; and an average density for
surface material (clay, silica, granite) i1is 2.5 g/c.ln3 {Hudson, 1939).
Therefore, s particle demsity of 1.5 g/cm3 is used for the coal dump tests
and 2.5 g/cm3 for the overburden haul road, the overburden replacement and
the'topsoil removal tests. The coal haul road emissions were assumed to be a
comhinatiou of coal and road surface waterial, thus a particle dewsity of

2.0 g/cm3 was utilized for these tests.

After computing the deposition velocities for each Milliipore sample
~utilizing equation (3.8), the results were multiplied by a factor of 0.66 to

account for the ponspherical shape of the particles (Slade, 1968, p. 203).
The results of the deposition velocity analysis are included in Table 3.l.

As in the previous case, the data were fitted by the method of least-
squares to the -functional form Vd = axb. In this case the direct fit to
the data produces a curve that is in very good agreement with the function
generated from the dustfall data, and predicﬁs a deposition velocity of
0.024 m/sec at a distance of 1,000 m from the source. This result lends good
support to the previous decisiom to force the fit to go through (1,000.,
0.025) in order to make the deposition velocity fall into a realistic range at
large distances. -

In order to be consistent with the dustfall analytical wmethed, the
deposition velocities derived from particle size measurements were also fitted
with the lipne constrained to pass through the point (1,000., 0.025). The
resulting curve 1s shown by the solid line in Figure 3-3. In this case, the

e

constrained curve is very cldgzxgo the line obtaimed by direct fitting of the
data (not shown). 7

The dotted lime in Figure 3~3 1ie the deposition functlion derived from
the dustfall data and shown in Figure 3-2. Note that there is a very good
agreement between the deposition velocity <function determined im the two

different and independent ways.
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The presence of large particles in emissions from the umine sources is
thus well established and the settling of these particles in the first hundred
meters is a process that should be considered when measuring and utilizing
source emissjon factors. Since dustfall is & direct measﬁre of deposition and
since there was a great deal more of this information available than particle
size distributions, it was judged best to utilize the deposition velocity
éurve assoclated with the dustfall measurements to develop the source
depletion functions. The equation for the deposition velocity as given in
Section 3.2 is,

v, = Lsi(x)"%8 (3.9)

3.4  APPARENT EMISSIONS AND SOURCE DEPLETION

Ordinarily, surface mining activities can not be contained and because
of the pature of each activity it 1is necessary to make source determination
measurements & short distance away. Due to the distance invelved and the
settling of large particles that occurs in that distancé. the data collected
will result in an "apparent” emission. This "appérent" emission will be lower
than the actual emission in cases where large particles are involved and ﬁhere
settling of these large particles is significant. This 1s certainly the case
in the EDS'Studf where dustfall and particle size measurements indicate large
settling in the first few bundred meters. Settling has been identified and
expressed In terms of the deposition velocity in Sections 3.2 and 3.3 above.
The deposition velocity function to be wutilized 1is the one given in
Sectiocn 3.3.

Chamberlain (1953) has described a method for computing a source
depletion relationship based upon deposition velocity. This source depletion
approach 1s a technically acceptable way to deal with actual and "apparent”
emlssions as they apply in the EDS Study. In the original derivation,
deposition velocity was treated as a constant because only suspended particles
or gasegs were being considered. The EDS data, on the other hand, indicate
that considerable settling is taking place and the resulting deposition

velocity is a decreasing function with distance from the source. Therefore,
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the Chamberlain method (Slade, 1968) must be modified to account for the
varying deposition. (A derivation of the new source depletion factor is given

in the appendices.) The resulting expression is:

- ' ] p=f4+l b=£4+1
0\5 Q_x- - exp j_m (= +x,,..) =(x) ]
Q

- % b-I+1 -J ) (3.10)
[} ! o .

l

Figures 3-4 and 3-3 are plots of Q/Q, for two different wind speeds and
six stability classes. Note that the source depletion due to deposition canm

be very large close to the source, especially for light winds and a neutral to
stable atmosphere.

Since deposition is clearly important close to the source, all the
emission factor measuremeants have been corrected to zero distance utilizing
the expression given inm (3.10). This relationship will also be utilized in

modeling the impact of particulates from the mining operations upon the
environment.

In order to compute emission rates and source depletion values for the
EDS tests, a Pasquill stability class was required. These were determined in

each case by Turner's method utrilizing wind speed, cloud cover and time of day
(Turner, 1970). '

3.5 GRAVITATIONAL SETTLING IN MODELING

Dispersion models that have provision for deposition require inputting
particle size information. The Industrial Source Complex (ISC) Dispersiom
Model will accept particle mass fraction data, 1i.e., the source emissions
broken down into fractions of the total mass that lie in various diameter
ranges. In anticipation of wmodeling requirements, an average particle size

distribution and a mass distribution have been developed from the particle
size data.

- 24 -
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In order to correctly simulate emissions at the source, only particle
size data acquired close to the source should be utilized. The samples given

in Table 3.1 that are judged satisfactory for this task are: 30A, 32A, 364,
384, 32B, 33B, and 60B.

Because of the problems encountered with the Millipore filter apalysis,
the individual size distributions are very 1rregul#r. Therefore, the data set
was smoothed by averaging the size fractions in the various size ranges. The
resulting distribution was then summed in a cumulative manner and the results

utilized to generate the distribution shown in Figure 3-6.

As a cross check, & deposition velocity was calculated in the manner
outlined in Section 3.3. The velocity obtained is 0.37 m/sec and agrees very

well with the deposition wveloeity function derived in Sectioa 3.3 and
expressed in equation (3.9).
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4.0 EMISSION FACTORS FOR CQAL AND OVERBURDEN HAUL ROADS

4.1  HAUL RQAD EMISSION MEASUREMENTS

It is generally accepted that coal and overburden haul roads are the
largest source of emigsions from gurface coal mines. Therefore, it is most
critical that an accurate emission factor be established for this source. The
horizontal flux method provides a direct wmeasure of emissions that does not
require the use of dispersion equations. The test set-up is illustrated in
Figure 4-1. Two towers are set up on the downwind side of the haul road and
one tower om the ypwind side. Hi-vol arrays are suspended from the towers in
order to provide a measure of the vertical profiles of particulate
concentrations upwind and dowawind of the haul road. Wind measurements are
made at the top and base of the tallest tower (Tower #3) to establish a

vertical wind profile necessary for the horizontal flux computations.

The test procedure calls for one hour measurement periods wherein the
aversgge particulate concentration at the various tower levels are measured
along with the wind speed and wind direction. A corresponding record is made

of the number of haul truck passes, water truck‘passes, and the road surface
condition prevailing during the test. '

Assuming that the particulate plume 1s contained within the vertical

extent of the downwind towers, the road emission can be computed as follows:

At each tower, the vertical space {s divided intc layers centered on
the hi-vol positions. Each hi-vol measurement 15 assumed to

represent the average particulate concentration inm that particular
layer.

The total horizontal flux of particulate matter through each layer
is comphned by wultiplying the concentration for the layer by the
layer thickness and the wind speed at that layer, i.e.,

fi = Xi Azi e, (4.1)

where the units for fi are g/m sec.
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The total flux of particulates, F, intercepted by the tower is then
obtained by summi{ng the coantributions from each of the layers

invelved.

Having calculated the total fluxes through the two downwind towera,
the haul rocad emission rates, as seen at Towers 2 and 3, are
~obté;ned by subtracting out the background flux through Tower 1.
The background flux for Tower 3 is estimated by extending the upper

concentration measured at Tower 1 to the height of Tower 3.

Emission factors are obtaimed by multiplying the corrected fluxes by
the number of seconds for the test, the number of meters in a mile,

and dividing by the number of haul truck passages (N), e.g.,

(F)(3600)(1609)

E(g/VMT) = q .

(4.2)

The emission factors, as defined above agsume that the wind is
blowing along the tower line and perpendicular to the road. If this
1s not the case, then corrections. must be made to both the emissien

factor and the distance from the haul road to the mwmeasurement

poeilnt. These corrections are as follows:

Ea = EMcoss (4.3)
X = xm/cose . (4.4)
where § = angle between wind direction and the tower line, which

is perpendicular to the road;

Xg = perpendicular distance from road to measursment
point (m):

X = actual distance from emission point to measurement
polnt (m);

Epg = measured emission factor (g/VMT); and

Eq = "apparent” emission factor (g/VMI).
- 31 -




‘. - =

| .IliL -

- s oa oam we

-a‘ - -

Followling the corrections made for wind direction, corrections must then
be made for dry deposition and gravitatiomal settling. Utilizing the actual
distance, x, and the'appropriate wind sﬁeed and stability class, the actual or
zero distance emission factors are derived utilizing the procedures covered in
Section 3. Table 4.1 shows all the haul road measurements obtained during the
EDS Study complete with supporting data. The column headed Q, gives the
measured or “"apparent” emission factor corrected for wind direction. The last
column, Q

o+ B8lves the emission factors corrected back to the source

utilizing the source depletion factors. At the end of each set of tests, the

L
W

‘?‘;&y

woA

7

¥
averages are given along with the standard deviation for the set. All tests*car“

were run with vehicle speeds in the range of 22 to 24 mph.

Some of the tests experienced interference from a large source located
upwind. In a few cases this interference was so large that it was not
possible to remove the effect with any degree of confidence. In these cases

an emission factor was not computed as indicated in the Table 4.1.
4.2 HAUL ROAD EMISSION CONTROL BY WATERING

It is apparent from observing haul road emissions over a period of time,
that road surface moisture 18 the significant factor that governs the
emissions. If the road surface 1is equally dry, it will emit as many
particulates in the winter as io the summer. Furthermore, the source of
existing surface moisture, whether from precipitation or from water trucks,

appears to be immaterial.

In order to develop a relationship between the haul road emission factor
and watering, some measure for the level of control was estimated. The method
used, while not arbitrary, did require some judgment on the part of the
observer. From field notes and perscnal observations it was judged that 6
water truck passes on the haul roads per hour, or 3 total coverages of the
road, constituted a near wmaximum control effort. More watering thanm this
would make the roads muddy and possibly slippery as well as creating a safety
problem. Therefore, 3 total wettings of the road pef hour was assigned a

control factor of 1.0 or Full Practical Control, and of course, no watering is
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TABLE 4.1 HAUL ROAD EMISSION FACTOR DATA

TEST TYPE TEST | RECEPTOR §§§¥K§§2 WIND STABILI-| Q, DEPLETION Q_
SPEED _
AND LOCATION NO. | LOCATION| (m) | (m/sec) -|TY CLASS{1b/VMT) | FACTOR {(1b/vyMT)

OVERBURDEN HAUL RO&D | 1 -3 270 3.1 c C1.14 | 0.27 4.22
CORDERO - WINTER 2 T-2 43 5.3 c 0.75 | 0.60 1.25
3 T-2 50 4.9 c 1.10 | 0.56 1.96
4 T-2 23 4,6 D -10.40 { 0.63 16.47
T-3 192 4.6 D 3.03 | 0.39 7.77
5 T-2 22 3.2 c 9.70 { 0.53 18.42
T-3 180 3.2 c 9.40 | 0.30 31.33
6 T-2 24 2.4 c 5.20 | 0.40 12.99
T-3 201 2.4 c 4.85 | 0.19 25.53
7 T-3 192 5.1 D 5.62 | 0.43 13.07

8 T-3 227 5.2 D 10.50 | 0.42 25.0
10 T-2 26 1.6 B 1.15] 0.26 4.40
-3 212 1.6 B 2.21 ) 0.11 20.09

MEAN FOR TESTS 5.0 | 0.36 14.0
STANDARD DEVIATION 9.8
OVERBURDEN HAUL ROAD { 1 T-2 62 3.7 C 2.77§ 0.6b 6.25
| 1-3 264 3.7 c 2.42 ] 0.33 7.33

CORDERO - SUMMER -

2 T-2 69 3.3 B 3.98 | 0.41 9.64
T-3 298 3.3 B 2.14{ 0.32 6.69
3 T-2 57 4.5 C 1.47 | 0.40 3.66
T-3 263 4.5 c 1.47 | 0.28 5.25
4 -2 57 4.5 ¢ 7.44 1 0.52 | 14.31
T-3 243 4.5 c 5.99 | 0.50 10.15
5 T-2 23 3.68 B 0.67 | 0.57 1.18
T-3 140 3.68 B 1.13 [ 0.40 2.83

MEAN FOR TESTS 2.9 | 0.43 6.7

STANDARD DEVIATION o ) 3.9

1 1 i
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TABLE 4.1 HAUL ROAD EMISSION FACTOR DATA (Continued)

TEST TYPE TEST | RECEPTOR| DOMNWIND y7np  [sTaBILI4 Q,  PEPLETION Q
DISTANCE| SPEED o
AND LOCATION NO. [LOCATIONI (m) , (m/sec)}TY CLASS{1b/VMT) | FACTOR |(1b/VMT)
COAL BAUL ROAD 1 T-2 76 4.10 B 11.00 | 0.48 22.64
o T-3 161 4.10 B 9.10 | 0.43 21.16
CORDERO - SPRING
2 T-2 152 2.20 B 1.65 | 0.21 7.78
T-3 317 2.20 B 2.10| 0.18 11.60
3 T-2 133 2.70 B 2.33| 0.29 8.01
T-3 276 2.70 B 1.03 | 0.25 4.06
4 T-2 133 2.72 c 4431 0.26 16.92
T-3 276 2.70 c 3.98 | 0.22 18.34
5 T-2 118 .40 D 4,13 0.49 8.4
T-3 246 5.40 D 4,25 0.43 9.88
6 T-2 118 2.7 D 5.25| 0.23 22.8
T-3 246 2.7 D 4.15( 0.18 23.1
MEAN FOR TESTS 4.4 | 0.30 14.6
TANDARD DEVIATION 6.9
COAL HAUL ROAD 1 T-2 24 7.6 D 9.10{ 0.75 12.06
T-3 142 7.6 D 1.93 | 0.58 3.31
2 T-2 23 7.3 D 2.51] Q.75 3.35
T-3 139 7.3 D 2.93] 0.57 5.11
3 T-2 23 8.6 D 11.14| 0.78 14.22
T-3 139 8.6 D 8.98 | 0.62 14.39
4 T-2 25 3.5 B 9.82 | 0.54 18.18
T-3 151 3.5 B 4.171 0.37 11.21
5 T-2 23 3.7 B 7.86] 0.57 13.76
T- 140 3.7 B 4.81| 0.40 12.02
MEAN FOR TESTS 6.3 | 0.58 10.80
: 5.10
-l —. -
HAUL ROAD SUMMARY
MEAN FOR ALL TESTS 317 .27 11.5
STANDARD DEVIATION | 7.4
A e o i s o+ en MR e I T
- 34 -




0.0 Control. The haul road tests were then assigned a control factor related
to the recorded number of total coverages of the road for each test.

- Some of the tests had no watering but a degree of.uatural control was
preseﬁt due to ﬁeather. e.g., frozem surface, damp surface, raian, etec. Scme
‘judgments with regard to control factor were made in these inmstances. The
information utilized to generate the fipal haul road emission expression is

"shown in Table 4.2. The column labeled “Measured Emissions”, is the average

of the measurements for each tower pair after being corrected for depositicn
depletion.

Figure 4-2 shows the plotted data with the least squares fitted curve.
The correlation coefficlient for the line is 0.67. The final emission factor

expression for haul roads at zero distance is,

E = 22.0 - 5.47N (4.5)

where E = emission factor (1b/VMT); and

N = number of road wettings per hour.

The standard deviation of the data about the line described by equation (4.5)

is + 5.6 1b/VMT compared with + 7.7 1b/VMT for the whole data set irrespective
of control effects.

4.3 OTHER HAUL ROAD EMISSION EFFECTS

In order to identify other possible effects on the haul road emissions,
the watering or surface moisture countrol effects should first be removed.
This can readily be done utilizing the haul road emission equation. Utilizing

equation (4.5) the Zero Countrol Emission Factor E(0) for each data point given
in Table 4.2 is

E(0) = E + 5.47N (4.6)

where E i3 the measured emission factor.
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TABLE 4.2
STMMARY OF HAUL ROAD TESTS AND MEASUREMENTS

. TEST ROAD WATERING CONTROL FACTOR| MEASURED
CONDITIONS (COVERINGS PER HR.) ESTIMATE EMISSIONS
OVERBURDEN HAUL ROAD ~ WINTER
1 Road Frozen 0 1.0 4,2
2 Road Wet 0 1.0 1.3
3 Road Wet 0 1.0 2.0
4 Road Wet 0 0.5 16.5
Road Wet 0 0.5 7.8
5 Road Dry 0.5 0.016 18.4
Road Dry 0.5 0.016 31.3
6 Road Damp 0 C.5 13.0
Road Damp 0 0.5 25.5
, 7 Road Damp 0 0.5 13,1
! 8 Road. Damp 0 0.5 25.0
10 Road Damp ) 0.5 4.4
i Road Damp 0 0.5 20.1
i OVERBURDEN HAUL ROAD - SUMMER
| 1 | Road Dry 2.0 0.67 6.3 —
} Road Dry 2.0 0.67 7.3 — |
| 2 | Road Dry 3.0 1.0 9.6 —
Road Dry 3.0 1.0 6.7 — |
' 3 Road Dry 2.5 0.83 3.7 -
Road Dry 2.5 0.83 5.3
4 Road Dry 2.0 0.67 14.3
'Road Dry 2.0 0.67 0.1 —
5 Road Dry 2.0 0.67 1.2 —
Road Dry 2.0 0.67 2.8 —
- 36 -~
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TABLE 4,2 (Continued)

SUMMARY OF HAUL ROAD TESTS AND MEASUREMENTS

CONTROL FACTOR

MEASURED

TEST ROAD WATERING
| CcoNDITIONS (COVERAGES PER HR.) ESTIMATE EMISSIONS
COAL HAUL ROAD - SPRING
1 Road Dry 0.5 0.016 22.6
Road Dry .5 0.016 21.2
2 Road Dry 3.0 1.0 7.8
| Road Dry 3.0 1.0 , 11.6
3 Road Dry 2.0 0.67 3.0
Road Dry 2.0 0.67 41 -
4 Road Dry 1.0 0.33 16.9
Road Dry 1.0 0.33 18.3
> ;ii:thiin 0 0.80 8.4 %
pighe Rain- 0 0.0 0.9
L6 Road Damp 0.50 | 22.8 |
: Road Damp ; 0.50 : 23.1
i COAL HAUL ROAD - SIMMER
? e
i
1 Road Wet 0.80 ; 12.1
Road Wet 0.80 i 3.3 !
2 |Road Dry 3.0 1.0 | 3.4
Road Dry 3.0 1.0 | 5.1 -
3 Road Dry 0 0 | 14.2
: Road Dry 0 0 | 14.4
, 4 |Road Dry 2.0 0.67 | 1s.2 -
E Road Dry 2.0 0.67 1 112
{5 Road Dry 2.5 0.83 13.8
Road Dry 2.5 0.83 12.0
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This new set of data was investigated for effects of wind speed, seasonal
variability {other than surface molsture) and possible differences between the
two types of haul roads. Plotting the individual test results as a function

of wind speed showed that the correlation between emissions and wind speed is

- very low. Apparently, the action of the wheels and the vehicle wake are major

factors In generating dust. Thére is some evidence that wind speed has a
gslight affect but this is so near the noise level of the measurements that it
is not possible to identify the relationship with any degree of confidence.
Differences in emissions between the two types of haul roads and variabilicy
with season are also below the noise level of the tests and appear not to be

significant.
4.4  SILT CONTENT OF THE HAUL ROADS SURFACE

The emission factor expression for haul roads approved by the WDEQ
contains a factor for the silt content of the road surface material.
Therefore, in order to compare the EDS emission factor measurements with the
state approved values, the silt content of the road surfaces was determined.

- 4»}/«..-’-//;-3 e ot ey s T P )

Fourteen sampies of the haul road surface material wers taken and
analyzed for silt content. A 200 mesh ASTM sieve was used to analyze all
samples. The first six were taken in the summer and analyzed utilizing 2 wet
screening process. These samples were taken from road surface materisl
deposited at the edge of the road by the road grader and countaimed a large
nunber of clay-silt agglomerates. The analyses showed silt contents that were
much higher than the levels generally accepted for the region. Apparently the
spill~out from the road grading process contains sub-surface material that {is
not truly representative of the road surface actually involved in the hau

road emissions mechanism.

Eight wore samples were taken during the Winter of 1979-80. These
samples were obtained by sweeping the surface materizl from a strip across the

road. Half of the samples were analyzed by the wet screening method as before,
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and the other half were dry screemed. The results of these latter tests were
wuch different from the initial ones and much closer te accepted values of
silt content. The test results on all the samples are shown in Table 4.3.

These data show that the method of sampling is more important tham the
scréening process. The dry screened samples appear to give too low a silt
content. The reason for this 1is believed to be due to "caking” of the
material while being dried for screening. Drying was necessary because the
samples contained a great deal of moisture. If it is assumed that the wet
screened samples from the swept surface are the' correct omnes to use, the
average silt contemt 1s 11.2 percent. On the other hand, if {t 1s assumed
that the dry screened samples give too low a result and the wet screened
samples are too large, the overall average will be wost representative. In
this case the average silt content is 8.3 percent. The actual value probably
lies somewhere between 8.3 and 11.2 percent. To try and identify silt content
more closely would not be justified because the silt content 1Is likely to vary
this much from day to day with road maintenance.

’
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TABLE 4.3
HAUL ROAD SURFACE SILT CONTENT IN PERCEI’-JT

SAMPLING METHOD ANALYSIS METHOD COAL HAULROAD | OVERBURDEN
HAULROAD
36.8
MATERIAL FROM
WET SCREENING 25.8 44.9
SURFACE GRADING 24.3 37:4
39.3
MATERTAL SWEPT DRY SCREENING 6.0 2.3
FROM SURFACE £.1 4.3
WITH BROOM WET SCREENING 9.9 12.4
12.4 10,2
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5.0 EMISSION FACTORS FOR COAL DUMP AND TRAIN LOAD-OUT FACILITY
5.1  COAL DUMP AND TRAIN LOAD-OUT EMISSION MEASUREMENTS

The coal -dump and train load-out tests have been combined in this
section because the same emission measurement method (the SF6 tracer method)
was utilized for both. The ~tracer method- was chosen for the dumping and
loading operations for several reasons. First, the area around the coal dump
and train load-out £acilities contains many bulildings and structuyres. This
complex terrain would certainly produce very nconuniform flow and subsequently
a.nonGaussian plume. Secondly, the coal dump facilities at both mines are
located on the top of a high embankment. Tﬁe slope of this embankment makes
it unclear how one would treat the source elevation in a dispersion equation.
Finally, the sources are fixed and localized enough to simulate with a point.
o

___The tracer measurement method involves simulation of the particulate
source with a tracer gas source having a precisely known emission rate.
Sulfurhexaflugride (SFG) was chosen for the tracer because of its high

detectability at very low concentrations and i{ts very low ambient background
levels. '

A radilal array of sampling stations was set up at 2 distances downwind
of the source. The array was made large enough so that the plume centerline
would be contained for a large variation in wind direction. The test set-up
is shown iIn TFigure 5-1. Hi-vol samplers, for measuring particulate
concentrations, and SF6 samplers were collocated at each sampling station.
Before each test was begum, the SF6 source was turned con and stabilized at a
fixed flow-~rate. During the test, air samples were collected Iim plastic bags
by a battery powered sampler and corresponding hi-vel samples were obtained at
each station. The air samples were analyzed for SF6 concentration utilizing
an electron capture gas chromatograph (GC). The SF6 source emission rate

was determined by weighing the SF6 eylinder before and after the test and
dividing the weight loss by the on-time. .
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FIGURE 5-1 SAMPLING CONFIGURATION FCR THE
TRACER SAMPLING METHOD

The tracer test method is based upon the premise that the particulate
plume and the SF6 plume are dispersed in the same way. This would only be
true exactly for particles on the order of 20 um and smaller. However, it is
believed that the assumption is reasonably good for particles that are ip the
range recovered by a standard hi-vel. Assuming that the tracer gas and the
particulate matter disperse in the same mamner, it follows that at any given
point in the plume downwind of the source, the ratio of the concentraticns

measured at that point should be the same as the ratio of the emission rates,

ioeo'

. EE (5.1)
Xt Q1:
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where Xp = measured particulate concentration (g/ms);
X _ = measursd tracer concentration (g/m3);

particulate emission rate; and

O
a.
[]

reasured SF6 emission rate.

o
[ d
T

With three of the parameters inm (5.1) known, the particulate emission rate can
be calculated.

5.2 THE TRACER TEST RESULTS

To demonstrate the characteristics of the data that were obtained in the
tracer tests, the concentrations from two tests are shown in Figure 5-2.
Figure 5-2(A) shows the results from Train Load Test No. 1 at Belle Ayr in the
Fall of 1978. Lack of smoothness in the crosa~wind particle coocentrations is
typical of these tasts. However, the gross features of the measurements are
in accord with dispersion theory. Figure 5-2(B) shows a case where there is
obvious channeling of the plume. 1In this instance, it 1s believed that the

berm along the edge of the embankment adjacent to the Coal Dump at Corderao is

respousible for the narrow plume.

The results from all the tracer tests are given in Tables 5.1 and 5.2.
All tests wmissing from Table 5.1 and Table 5.2 ware dropped-because of the

failure to obtain an adequate sample volume for reliable SF6 analysis.

There are several places in the tracer tests whera errors could be
introduced. First, the tracer peint source test may not exactly simulate the
dump zone, an area source. This condition would lead to an emission estimate
that is too low. <Secondly, large particles that are present in the plume may
not all be sampled by the hi-vols. Again the data would lead to a low
emission estimate. ¥Flnally, there 1s the possibility of contaminacion of the
hi-vol array by nearby spurious sources other than the target scurce. In this
latter case, the resulting error would be on the high side and tend to cancel
the effects of the first two. While the extent to which each of these sources
of error contributed to the wmeasurements {s unknown, it {8 helpful to

understand that the errors are not additive.
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I
TABLE 5.1 - COAL DUMPING EMISSION FACTOR DATA l
DOWNWIL NDI i ‘
TEST TYPE TEST | RECEPTO prsTance SHD, |STABILI4 Q  DEPLETION o !
AND LOCATION NO. | LOCATION| (m) {m/sec) ., TY CLASS|{1b/ton) | FACTOR |(1b/ten)
COAL DUMPING 3 60-200 61 2.7 B L0073 | 0.43 .017 .
CORDERO - FALL - 90-200 61 2.7 B 0030 0.43 .007
(Baghouse Jot Work 116-400 122 2.7 B 0067 0.29 024
ing) e .
MEAN FOR TESTS .006 .38 .016 l
STANDARD DEVIATION B R ,009, __
COAL DUMPING 1 2-200 61 3.4 c .0035 0.41 .0085 l
CORDERO - SUMMER 3-200 61 3.4 o .0080 0.41 .0195
(Baghouse Operation- 4-200 61 3.4 c .0046 Q.41 .0110
al) 1-500 | 152 3.4 o .0005 0.33 .0015 '
2-500 | 152 3.4 c .0015 0.33 L0045
4-5Q0 152 3.4 ¢ L0012 0.33 .0036
2 3-200 61 2.7 B .0023 0.35 .0066 l
4-200 61 2.7 B .0036 0.35 .0160
5-200 61 2.7 B .0028 0.35 .0080
1-500 | 152 2.7 B .0011 0.28 .0039 l
2-500 152 2.7 B .0090 0.28 .0320
3~500 152 2.7 B .0026 0.28 .0092
3 1-200 61 3.1 B .027 0.41 . 066 '
2-200 61 3.1 B .019 0.41 046
4=-200 61 3.1 B .031 0.41 .076
5-200 61 3.1 B .013 0.41 .032 l
5-400 | 122 3.1 B .0063 0.35 .018
4 2-200 61 3.1 B .043 0.41 .105 l
3-200 61 3.1 B .058 0.41 <141
5-200 61 3.1 B .0099 0.41 024
3-400 | 122 3.1 B .0047 | 0.35 .013 I
4=-400 | 122 3.1 B .0042 0.35 .012
5-400 | 122 3.1 B .0120 0.35 .035
5 2-200 61 2.2 B .0056 0.28 .020 .
3-200 61 2.2 B L0162 0.28 .058
4-200 61 2.2 B L0175 0.28 .063 .
5-200 61 2.2 B .0075 0.28 .027
6-200 61 2.2 B .026 0.28 .093
2-400 | 122 2.2 B L0116 0.23 .050
3-400 122 2.2 B .0032 0.23 .014 '
4=400 | 122 2.2 B .0027 0.23 .012
5-400 | 122 2.2 B L0042 0.23 .018
6 2~200 61 1.3 B .0061 0.12 .051 l
3-200 61 1.3 B .0155 0.12 .129
5-200 61 1.3 B .0034 0.12 .028
6-200 61 1.3 B .0047 0.12 .039 l
MEAN FOR TESTS L011 0.26 L0643
STANDARD DEVIATION _ .047
| L. A ke
o i




TABLE 5.1 - COAL DUMPING EMISSION FACTOR DATA (Continued)

TEST TYPE

TEST

RECEPTOR!

DOWNWIND)

lﬂg%% STABILI~ DEPLETION, q
DISTANCE| SP o]
AND LOCATION NO. | LOCATION| (m) j(m/sec) -[Ty crass| (1b/ton) FAcTOR (1b/ton)
COAL DUMPING 2 120-200 61 1.3 B " L0186 0.12 .133
BELLE AYR - WINTER 135-200 61 1.3 B 016 0.12 .133
(Ko Control)
3 075=200 61 2.1 B .069 0.43 .160
105-200 6l 2.1 B .018 0.43 042
120-200 61 2.1 B .003 0.43 .012
MEAN FOR TESTS N eyL] .26 .096
"I STANDARD DEVIATION . 065
L - 1
COAL DUMP SUMMARY
(No Control)
- BELLE AYR - WINTER
CORDERO - FALL
MEAN FOR TEST .018 0.27 066
STANDARD DEVIATION 064
{Control)
CORDERO -~ SUMMER
MEAN FOR TEST .011 0.31 .036
STANLARD DEVIATION .035
T 1 i
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TABLE 5.2 - TRAIN LOADOUT EMISSION FACTOR DATA

TEST TYPE

TEST

RECEPTOR| DOWNWIND

2

WIND STABILI Q, DEPLETION| Q
_ DISTANCE| SPEED °
AND LOCATION NO. | LOCATION] (m J(m/sec) .| TY CLASS|(1b/ton) | FACTOR | (1b/ton)

TRAIN LOADOUT 1 '195-200 61 5.1 D 014 .54 .026
CORDERC - FALL 210-200 61 5.1 D .016 .54 .030
240-200 61 5.1 D .008 .54 .015

195-400] 122 5.1 D .013 47 .028

210-400| 122 5.1 D .012 .47 .026
MEAN FOR TEST — - : - L012 A L0225
STANDARD DEVIATION .016
TRAIN LOADQUT 1 45200 651 1.8 B L0034 | .21 .01%
BELLE AYR - FALL 75-200 61 1.8 B .0022] .21 .010

. 90~200 61 1.8 B L0056 | .21 .027
105-200 61 1.8 B 00721 .21 .034

30-400] 122 1.8 B L0092 .15 .Q58

75-400f 122 1.8 B L0074 .16 L0646

90-~400] 122 1.8 B L0012 .16 .008

MEAN FOR TEST ,005 .18 ,028
STANDARD DEVIATION .018

1 1] j I
TRAIN LOAD SUMMARY
MEAN FOR TEST . 009 L31 .027
STAWDARD DEVIATION - 014
P 1
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6.0  EMISSION FACTORS FOR OVERBURDEN REPLACEMENT AND TOPSOIL REMOVAL
6.1  OVERBURDEN REPLACEMENT AND TOPSOIL REMOVAL EMISSION MEASUREMENTS

Since the overburden replacement tests and the topsoll removal tests

utilize the same upwind-downwind method of measurement, the test results are

combined in this section. Figure 6~1 shows the basic test arrangement. Two

rows of hi-vols are -placéd downwind of the source and one sample site 1is

located outside of the influence of the source to measure background.

particuicte
x x
x x X
= o X0 0 o o
e0X x X
LEGEND
X Hi-VOL SAMPLERS
SCALE
© DUSTFALL COLLECTCR
o e MILLIPORE ALTER

FIGURE 6-1 SAMPLING CONFIGURATION FOR UPWIND-
DOWNWIND SAMPILNG METHOD

The tests were run for approximately ome hour, with particulate concentrations
being measured at each of the stations.
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Emission factors were computed utilizing a dispersion equation for a
finite line source. This equatiocn is,

X{x,y,z,H) = '-'rz—\ Q_.
K ¢ vy giné
7
lexp - é— el + exp | - &- z H\\z
? 2 Tz 2 92 ‘
-‘\ /7 r
-! ¥, -\
! 1 2 L
( erf [— |~ erf|{ == (6.1)
H :U o] g
: v/ b ]

where § = emission rate (g/mzsec);

X = particulate concentration at (x, vy, z)(g/m3);

H = height of source (m);

z = dispersion coefficients (computed by wethod of Smith, 1973);
Oy 0, = dispersion coefficients {computed by method of Smi;h, 18733,
Y10 Y5 = cross-wind end points of figite i;ne; ‘

€|
n

wind speed (m/sec); and

§ = angle between line source and wind direction.

The analysis procedure was begun by first diagramming the test as in
Figure 6-1 and establishing the wind direction relative to the test array.
Coordinates of the various sampling points were then determined and the
diépersion equation was sclved for the “"apparent” emission rate, Qs for

each sampling point.

Before the concentration measurements were entered inte the computation,
background was removed by subtracting the concentration measured at the upwind

station.
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6.2 UPWIND-DOWNWIND TEST RESULTS

The emission factors obtained from the overburden replacement tests are

given 1in Table 6.1 and the topsoil removal test results are shown in

Table 6.2. Differences in the computed emissions between receptor points are
believed to be due to departures from the assumptions made im the analysis
methad (i.e., nonuniform or nonGaussian plume), erforS' in establishing the
dispersion coefficlents, and departures of the real source from a true finite
line source. Such problems are inherent due to the measurement and analytical
methods. The variability between tests are due partly to errors 1o the

measurements as discussed above and due partly to rteal wvariability 4ia the
source.

Emissions from shovel - loading, overburdean dumping, and scraper
operations should be dependent upon a number of variables, such as, wind
speed, wind direction relative to th‘e operation, and moisture content of
material being handled. The only one of these variables addressed during the
EDS Study was wind speed. There does appear to be indications in the
overburden replacement measurements that the wind speed is a factor. However,

insufficient data were available to quantify the dependence of emissions on
wind speed.- -
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TABLE 6.1 ~ OVERBURDEN REPLACEMENT EMISSION FACTOR DATA

-_ R -

TEST TYPE TEST | RECEPTOR{ DOWTWIND| wrND | STABILI- Q,  DEPLETION Q
DISTANCE| SPEED ' 0
AND LOCATION NO. | LOCATION| (m) |{m/sec) |TY CLASS|(1b/ton) | FACTOR |(1b/ton)
OVERBURDEN 1 2-1 52 1.7 B 5.39x1077] .19 .00028
REPLACEMENT 2-2 76 1.7 B P.a1x107Y .16 . 0045
CORDERO - WINTER 2-3 104 1.7 B p.23x074 .15 .0050
' 3-3 128 1.7 3 Bb.g2xe™®l .13 .0028
4=2 120 1.7 B [5.80x107Y .14 .0062
2 | 200-1 52 7.9 D .isx107%| .68 . 0014
200-2 67 7.9 D V. 74x1077] .66 .0072
200-3 82 7.9 D R.o1x107Y .64 .029
400-1 104 7.9 D s sox107Y .62 .0009
400~2 120 7.9 D 2.95%x107 .61 .0005
400-3 136 748 D f.36x107 .60 .0023
4004 152 7.9 D 6.89x10" 7 .59 .0117
MEAN FOR TEST .003 .50 .0060
STANDARD DEVIATION . 008
OVERBURDEN 1 1 70 8.9 D .016 .69 .023
REPLACEMENT 2 75 8.9 D .010 .68 .015
4 84 8.9 D .011 .67 .017
.CORDERO - SUMMER 5 88 8.9 D .006 .67 .0089
7 122 8.9 D .0086 | .60 .013
2 1 70 6.7 D .0098 ] .61 .016
2 75 6.7 D .018 .60 ,029
3 84 6.7 D . 014 . 60 .024
4 91 6.7 D .011 .59 .019
5 88 6.7 D .0081 1 .58 L0164
6 91 6.7 D .0037| .58 . 0064
: 7 122 6.7 D L0048 ] .56 .0087
MEAN FOR TEST 01 .63 016
STANDARD DEVIATION , 007
OVERBURDEN 1 1 87 7.6 c .0075| .65 012
REPLACEMENT 2 91 7.6 c .025 .64 ,038
3 98 7.6 c .010 .64 .016
BELLE AYR - SPRING 4 101 7.6 C .0026| .64 . 004
2 1 99 8.5 D .017 .65 .027
2 96 8.5 D .0063| .65 .0097
3 a1 8.5 D .0074| .65 ,011
4 88 8.5 D L0012 .66 .0019
MEAN FOR TEST . 009 64 L015
STANDARD DEVIATION - .012
1 { 1
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TABLE 6.1 - OVERBURDEN REPLACEMENT EMISSION FACTOR DATA (Continued)

TEST TYPE

“DOWNWLND

DEPLETION] Q “l

TEST | RECEPTOR WIND STABILI- Q
DISTANCE SPEED , '
AND LOCATION NO. |LOCATION] (m) |(m/sec) |TY CLASS{(1b/ton) | FACTOR [(1b/ton} |
OVERBURDEN 1 1 64 2.2 c .005 .26 .020
REPLACEMENT 4 105 2.2 c .00049] .21 .0023
5 108 2.2 c .00033] .21 .0016
BELLE AYR - SUMMER 6 110 2.2 c L0022 { .21 .010
: 7 116 2.2 c 0037 { .21 0178 |
HEAN FOR TEST - L0023 | .23 .010
STANDARD DEVIATION .008 l
{ |
OVERBURDEN Il
REPLACEMENT
STMMARY
MEAN FOR TEST .006 .50 .012 l
STANDARD DEVIATION . 0095
——— 1 | '
TABLE 6.2 ~ TOPSOIL REMOVAL EMISSION FACTOR DATA I
TEST TYPE TEST | RECEPTOR| DOWNWIND)| STABILI- Q DEPLETION Q '
DISTANCE| SPEED - o l
TOPSOIL REMOVAL 2 1 92 4.5 D .065 A . 148 l
2 92 4.5 D .022 A .050
BELLE AYR - SUMMER 3 92 4.5 D L0067 | .44 .015
5 177 4.5 D .018 .38 047
6 177 4.5 D .027 .38 071 '
3 1 92 4.5 D .037 A . 084
2 92 4.5 D 012 | .44 .027 .
3 92 4.5 D .012 V44 .027
6 177 4.5 D .021 .38 .055 :
TOPSOIL REMOVAL '
STMMARY
MEAN FOR TEST 025 | .42 .058 l
STANDARD DEVIATION .04
i 1 .
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7.0 EMISSION FACTORS FOR WIND EROSION

7.1 . WIND EROSION EMISSION MEASUREMENTS

A series of 18 tests was run on areas of disturbed land at both the
Belle Ayr and Cordero mines. Three kinds of exposed areas were tested:
reclaimed or seeded land; strippedﬁ ovefﬁﬁrdén; and gradéd overburden. The
basic method of wmeasurement involved setting up two lines of_hi—vol receptors
across the mean wind and with as large 3 separation distance as possible. The

test set—up 18 shown in Figure 7-1. The tests were run for a duration of 1 to
2 hours.

- Separation -
200" to 40T

—) rq--zsx
- y

X 3 X
wind [;J> o X
X

parficulate source

FIGURE 7~-1 SAMPLER CONFIGURATION FOR WIND EROSION TESTS
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Analysis of the test data is based upon simulating the area between the
receptor lines with a set of infinite line sources. The difference in mean
concentrations between the upwind and downwind lines 15 attributed to the

source between the lines. The concentrations difference can be written as:

YA n 2N
X(x,5,2,0) = —2-__—“—°¥ Eé—exp - - 2‘ Ax (7.1)
u i =z 20
z
and Q= r X Vi/Z_u (7.2)

where u = mean wind speed;
Q = area source strength;
X = difference in concentration between upwind and downwind lines;
z = receptor height; '

o_ = vertical dispersion coefficient;

Ax = width of strip simg}ated by line source; and

n = number of line sources.
7.2 WIND EROSION TEST RESULTS

Results of the 18 tests are given in Table 7.l1l. The variability in the
measurements and the absence of good correlation with wind speed are symptous
of the lack of sensitivity of the test methed. The small differences between
upwind and downwind concentrations produced. by wind erosion emissions were
generally of the same order of magnitude as the varilability inherent in hi-vol
measurements. As a result, measurement accuracy is low. The probable error
limits for each test are included in TaElg_],lr Probable error is defined as-

the error limits that correspond to the 50 percent )confidence levels.
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TABLE 7.1
WIND EROSION TEST RESULTS
TEST TEST WIND SP_EED EMISSION PROBABLE ERROR
_ NO. (m/sec) (ton/acre yr) | (ton/acre yr)
BELLE AYR - SPRING 1 3.4 0.27 +0.29
STRIPPED OVERBURDEN ‘
2 4.0 2.10 + 5,46
RECLATMED LAND 1 | 5.6 0.62 + 0,62
2 4.5 0 -
CORDERO - SPRING 4.5 -
GRADED OVERBURDEN
2 4.5 0 -
RECLAIMED LAND 1 4.3 0 -
2 4.5 0.36 + 0,15
BELLE AYR - SUMMER ,
STRIPPED OVERBURDEN 1 5.6 0.50 + 0.92
2 5.6 a -
RECLAIMED LAND 1 7.8 0.24 + 1.82
2 7.8 2.50 + 1.14
CORDERO - SUMMER
GRADED OVERBURDEN 1 2.8 0 -
2 2.7 0.25 +0.36
3 6.7 0 -
4 6.7 0 -
RECLAIMED LAND 1 2.7 0 -
2 2.4 0 -
AVERAGE Q.38
STANDARD DEVIATTON 0,73
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The method used to estimate the probable errors, listed in Table 7.1, is
described below. First, the standard deviation of the concentration
measurements were computed for each test. Then, the fractionmal error at the
50 percent confidencé level was computed utilizing the method to be discussed
in Section 9, i.e.,

(7.3)

where X = mean conceutration (g/m3);

n = nunber of hi-vel measurements;

s = standard deviation of concentration measurements (g/ma); and
£(.75)

Students' t distribution, 75 percentile value.

The fraction error obtained in this way is doubled (to account for errors inm
both wupwind and downwind measurements) and mnultiplied on the average
concentrafion to get a concentration difference error-- The concentration 1s
then converted to toms/acre/yr utilizing equatién (7.2). In most cases the

probable error approaches or exceeds the emission rate estimate itself.

While individual tests have a low confidence level, the overall mean for
tha test set should be an indicator of the magnitude of wind erosion
emissions. The mean value is 0.38 tons/acre/yr with a standard deviation of

0.73 tons/acre/yr. The average wind speed for the data set is 4.7 m/sec.
The expression used by the WDEQ for est;mating wind erosiom is:
E = AICKL'V' (7.4)
where E = emission rate (tons/acre/yr);

K = ground surface roughness factor, varies from 0.5 to 1.0,
1.0 is normally used (unitless);
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L'= unsheltered field width factor = 1.0 for 2000 ft
or greater (unitless);

V'= vegetative cover factor = 1.0 (unitless);
I = go1l erodibility = clay loam (tons/acre/yr);

A = portlon of losses which bécome suspended = 0.025 for clay loam; and

C = ¢limatic factor.

Utilizing equation (7.4), the emission rate obtained for 4.7 m/sec wind speed
is 1.67 tons/acre/yr. Thus, the wind erosion measurements suggest that the
actual wind erosion emissions are two to three times smaller than that

obtained utilizing the emission factor currently in use by the WDEQ.

During the field test period it was observed that a thin crust would
form on all soil after the first rain. This was most likely due to the high
clay content of the soil. The crust appears to be very effective in

stabllizing the surface against wind erosion except under very high wind
conditions.,
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8.0 EMISSION FACTORS FOR WHOLE MINE
8.1 WHOLE MINE EMISSION MEASUREMENTS

As part of the overall EDS Study, hi-vol arrays were set up arocund the
periphery of each mine with the objective of obtaining measurements of the
whole mine emission rates.. The tests were run for 2 six .hour periods each
day, for 6 days at each mine, and for each of the four seasons. The basic
set-up for the hi-vol arrays took the form of 5 radials spaced from northwest
through south with an'upwind sampler located southwest of the pit area. The
radials consisted of an inner sampler located approximately 300 m from the pit
and an outer site located about 500 m to 600 m from the pit. The peripheral
sampling arrays for each mine are shown im Figure 8-~1. The sampling array was
set up to contain all the mining activity within the array.

A wmodeling approach is necessary to analyze the measurements collected
by the peripheral hi-vol network, since the mining operation as a whole is too
complex to make use of a simple dispersion equation for computing the source
emissions. The peripheral tests were only six hours long, consequently, a
short-term wmodel 1s required. The Poilnt, Area, and Line Source {PAL)
dispersion model was chosen for the task because it is designed to handle the

kind of sources involved and because it i3 accepted by the'WDEQ.

The PAL model is not designed tec work backward from a concentration

measurement to an emission rate. Therefore, a method had to be developed to
make this step.

The method used was to run the model with chosen values for emission
Tates and then compute the actual emiésion rates from the input-output
ratios. Justification for this approach is based upon consideration of the
dispersion process. The ratio of X/Q 1s comstant for givem source to receptor

spacing and given atmospheric conditions. Therefore, 1If QI and Xo are the
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FIGURE 8-1 MINE MODELS
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model input emission rate and the output concentration respectively, then the

actual emission rate, Qx» can be computed from the relationship

Q =T Xy (8.1)

where Xy = measured concentration at the receptor being considered,
corrected to remove background concentratiomns.

Each of the two mines (Belle Ayr and Cordero) 1s reprasented by
simplified mcdels comsisting of an area source (the pit), several line sources
(haul rocads), and two point sources (the coal dump and train load-ocut

facilities). Diagrams of the two mine models are shown in Figure §-1.

The PAL model was run for each of the 6 hour tests conducted at each
mine. Then, applying equation (8.1l), an "appafent' mine emission rate Qx
was derived for each receptor location and each test period. Generally, 4 to
5 values for Qx are obtained for a2 given test. These values are averaged to
give a single "apparent” mine emission rate representing the test period. The
term “apparent” emission rate is used here because the estimate of Q
obtained is the emission. as seen at the receptor and is somewhat smaller than

the actual emission at the source because of deposition. Deposition will be
treated later (Section 8.2).

A sample of the PAL model inmput and output for a single test is given in
Figure 8-2, The test shown is for the Cordero Mine, Spring--Sequence 1l. A

sample cowmputation for the test shown is given in Table 8.1.

8.2 CORRECTION FOR DEPOSITION

While the PAL model does not have provision for deposition, the results
obtained through the wmodeling task can be adjusted for deposition. Since the
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TABLE 8.1

SAMPLE COMPUTATION OF THE APPARENT MINE EMISSION RATE

Xy Xo Qr Qg
RECEPTOR g/m3 g/m3 g/sec g/sec

1 - - - -

2 - - - -
3 1.21 x 1074 | 7.54 x 1073 8.25 1.26
4 2,04 x 107 | 2.15 x 1073 8.25 7.83
5 2.39 x 107% | 1.13 x 1074 8.25 17.52
6 8.24 x 1077 5.91 x 107° 8.25 11,50
7 1.43x 107 | s.82 x 1070 8.25 13.37
8 3.36 x 107 | 2.28 x 1070 8.25 12.09
9 1.10 x 207% | 3.83 x 107 8.25 23,69

10 - - - -

AVERAGE Q% = 12.5 g/sec
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source depletion factor, D, 1s independent of the source strepmgth, it is

correct to define D in terms of either the modeled or the actual sources, l.e.,

Uy &

—— e wm ) : 8.2
o q, (8.2)

and Q. = Iq,;, +Iq,. +1Iq
I { Al 5 Lj k Pk
9 = model input, unit area emission rate;
qL = model ipput, unit line emission rate;
9% = model input, point source emission rate;
D = overall depletion factor; and

dj, dj, dk= depletion factors for each elemental area,
line, and point source relative to a given receptor.

The elemental depletion factors (di,l dj’ dk) can be computed wutilizing
the method shown in the source depletion derivation found in the appeundices.
Hence QI? and QI can be evaluated and then D for each receptor. Having
obtained the effective depletion factor, the actual, or zero distance emission

rate Qo' can then be evaluated utilizing (8.2).

To continue the example calgculatioms from Section 8.1, the depletion
factors for the test are given in Table 8.2 along with the resulting estimated

emission rates at the source.

TABLE 8.2
SAMPLE COMPUTATION OF ACTUAL ﬁINE EMISSION RATE
BRECEPTOR D Qx(g/sec) Qo(g/sec)
3 + 590 1.26 2.1
4 586 7.83 , 13.4
5 .588 17.52  29.8
6 574 11.50 20.0
7 .577 13.37 23.2
8 568 12.09 21.3
9 «574 23.69 - 41.3
AVERAGE EMISSIOK RATE 2Ll.6
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- The results of all the peripheral measurements are given in Tables 8.3
and 8.4. Tests run dufing periods when the mines were not working are not
. shown. Also, tests where the mean speed was very low are omitted because the

dispersion model 1s not applicable under these conditioms.
8.3 ATMOSPRERIC DISPERSION MODEL RESULTS

Average production rates for each mine and for each season were computed
from data supplied by the respective mines for the specific periods of the
test. Since train loading was very sporadic, the production rate was linked
to the g¢eoal dﬁmping eperation. An emission factor was estimated for each
season. The emission factor is defined as the total emission rate from all

mining coperations divided by the average coal dumping rate (CD), e.g.,

Q

o _ 3600
ET=E-I-)-x———£t53 (8.5)

where ET = whole mine emissian factor (lbs/ton of coal produced);

Qo = sum of individual source emission rates (g/sec);

CD = coal dump rate (toms/hr);
3600 = sec/hr; and .
453 » g/lb.

The final results of the mine factor measurements are given in Table 8.5.
Thése overall emission factors were not completed for each individual six hour
test period, but only for each season. The reason for this is that productiocn
rates based on coal dumping on a day-to-day basis is highly variable due to
train scheduling. Total wine emissions, on the other hand, are relatively
stable from day-to-day because coal trucks are normally diverted to overburden
hauling when the silos are full. Since coal production averaged over the six
day tests were fairly constant, the emission factors were computed for these
periods. Note that the average emission factors for the two mines are very
nearly the same, This result is expected since the two mines are in the same

area and use the same kind of equipment and mining methods.
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TABLE 8.3 - MINE EMISSION RATES

BELLE AYR
| %g'f'ogo. DATE TR (g/;éc) (s/qsoec)

FALL -1 11/03 2200 = 0400 19.1 51
2 11/04 1000 - 1600 17.9 24

3 11/04 2200 - 0400 18.8 45

5 11/05 2200 - 0400 3.4 143

8 11/07 1000 - 1600 68. 4 168

9 11/07 2200 - 0400 4.7 82

AVERAGE  FALL 22.1 85
WINTER -1 1/31 1000 - 1600 7.0° 66
2 1/31 2100 -0300 4.2 10

-3 2/01 0900 - 1500 3.8 55

6 2/02 2100 - 0300 10.5 56

7 2/03 0900 - 1500 6.7 31

8 2/03 2100 - 0300 1.3 39

9 2/04 0911 - 1500 6.1 28

10 2/04 2100 - 0300 10.9 50

11 2/05 0900 - isoo 5.3 13

12 2/05 2100 - 0300 4.7 19

AVERAGE WINTER 7.9 37

i —_
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TASLE 8.3 (Continued)

SEASON Q;
TEST NO. DATE TIME (g/sec) (g/sec)

SPRING = 1 4727 1000 - 1600 14.4 47
2 4/27 2100 -. 0300 7.8 42

3 4/28 1000 - 1600 _ 73.5 110
4 4/28 2100 - 0300 11.0 62

5 4/29 1000 - 1600 6.5 12

6 4729 2100 - 0300 9.3 40

7 &/30 1000 - 1600 14.9 36

8 4/30 2100 - 0300 4.6 14

9 5/1 1000 - 1600 22.4 61

12 5/2 2100 - 1600 9.4 49

AVERAGE SPRING 17.4 47
SUMMER - 1 7/20 1000 - 1600 32.9 89
2 7/20 2100 - 0300 9.0 25

5 7/21 1000 - 1800 26.8 48

6 7/22 2100 - 0300 10.6 31

7 7/23 1000 - 1600 20.7 42

8 7/23 2100 - 0300 9.2 95

10 7/24 2100 - 0300 6.0 13

11 . 7/25 1000 - 1600 15.7 57

AVERAGE SUMMER 16.4 50

OVERALL AVERAGE 15.9 57

~ 6h =

—



—r

MINE EMISSION RATES

TABLE 8.4

p\ w¢
oL ‘QJT*
CORDERC .
W
SEASON DATE TIME Qx Qo
TEST NO. (g/sec) (g/sec)
FALL 2 10/26 1000-1600 15.8 28
10/30 1000-1600 8.3 65
9 10/31 1000-1600 14.3 46
11 11/1 1000-1600 21.3 91
FALL AVERAGE 14,9 58
WINTER 4 1/24 1000-1600 15.6 34
6 1/25 1000-1600 13.8 35
WINTER AVERAGE 14.7 35
SPRING 3 5/7 1000-1600 13.9 52
5/8 1000-1600 19.3 35
7 5/9 1000-1600 5.4 12
11 5/11 1000~1600 12.5 22
SPRING AVERAGE 12.6 30
SUMMER 1 7/27 1000-1600 15.6 42
7730 1000~1600 8.9 24
g 7/31 1000-1600 11.9 72
11 8/1 1000-1600 9.9 25
SUMMER AVERAGE 11.2 41
OVERALL AVERAGE 13.4 41
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TABLE 8.5

MINE EMISSION FACTORS

COAL PRODUCTION.

MINE SEASON EMISSION FACTOR
(ton/hr) (1b/ton)
CORDERO Fall 1050 Lad
Winter 2650 .11
Spring 2110 .11
Summer - 1442 .23
OVERALL AVERAGE 1813 .22
BELLE AYR Fall 2200 .31
Winter 1553 .19
Spring 2236 .14
Summer 1467 .27
OVERALL AVERAGE 1864 .23

1

- fH8 =

e,

|

—_—



The final step in the analysis of the whole mine emission is to compare
the computed emission rates obtained by summing the rates from the individual
operations with the rates obtained through modeling the peripheral
-concenﬁration measurements. Utilizing the EDS emission factors and the actual
production figures, total source emission rates were obtained for each mine.

The results are given below:

;2* G

R4

RATES FROM MODEL coMPUTED RATES T3 FF 'Y
BELLE ‘AYR ' 53 g/sec 168 g/sec éaa’”/g
CORDERO 41 g/sec 111 g/sec A

—

-

The results of dispersion modeling and the emission factor measurements as

"given above show a large discrepency between the whole mine emission as

actually seen at the peripheral receptors and the whole mine emissions
computed utilizing the measured emission factors Iin conjunction with the
nwining activity figures. It 1s belleved that this discrepency is the result
of particle trapping in the pit.

Much of the mining activity takes place below the natﬁral grade level of
the surrounding terrain, i.e., in the pit. The air ia the large cavity is
decoupled to a certain extent from the boundary layer airflow and, therefore,
is not wventilated as well as.the terrain beyond. This reduced wventilation
increases the residence time of the air in the pit and permits alli the large
particles to fall out before the air is finally entrained Iinto the general
flow above. As a result, the pit operations appear to have a much lower
emission factor when viewed from a positiocn outside the pit than when measured

close to the source.

The effect of the pit in reducing the impact of surface coal mining
operations on the enviromment is a significant finding. Part 2 of this Study
has developed an approach for modeling the 1impact of open pit mines which
utilizes a realistic simulation of material containment within the pit. The
Industrial Source Complex (I1SC) Model predicted reduced downwind impact from
the pit which compares well with actual measurements. It has been found fronm
this EDS Study that particle deposition and settling are significant procesgses
fér contaiving material within the pit and should be considered in future

modeling applications.
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9.0 CONFIDENCE LEVEL OF THE EMISSION MEASUREMENTS

Since a number of independent measurements were obtained for each

emission source tested, smallo\sample statistical methods can be utilized to

N e
provide estimates of the accuracy of the mean emission factors im each case. f
——————

Most standard texts on statistics will give an expression for the confidence

limits on the sample mean (see the eiample, Spiegel, 1951). 'The exbression
for the 95 perceant confidence limits is,

:(F__T‘;gzs)s ¢ XREu+ —=—q—t‘(/;935])_3 (9.1)

where ;1 = true mean for the parameter being measured;

X = wmean for the sample;
s = standard deviation for the sample;

o = gumber of independent measurements in the sample: and
t(.975)

[}

value of Student's t distribution for (n - 1)
measurements and the 97.5 percentile.

The sample means and standard deviaticas for each set of measurements are
given in the data tables 1included with each section. Utilizing this
information, it.1ls possible to estimate the confidence limits of the emission

factor measurements.

A practical indicator of wmeasurement accuracy 1s the fractional
error, £. The fractional error limits at the 95 percent confidence level may

be obtained from equation (9.1), if.e.,

n—-1

(9.2)

#

Equation (9.2) was utilized to generate the desired fractional error
limits. The results are shown in Table 9.1.
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ERROR LIMITS FOR THE EMISSION MEASUREMENTS

EMISSION SOURCE

FRACTIONAL ERROR AT THE
95% CONFIDENCE LEVEL

Coal Dump (No Control)

Coal Dump (With Control)

Train Load (No.Control)

Train Load (With Cﬁntrol)
Overburden Replacement

Topsoil Removal

Wind Erosion

Total Mine Emissions (Belle Ayr)

Total Mine Emissions (Cordero)

+ 0.86

0.33 .

1+

0.64

I+

I+

0.89

0.27

i+

I+

0.56

I+

.98

+ 0.22

+ 0.32

ABSOLUTE ERROR LIMITS AT
THE 957% CONFIDENCE LEVEL

Haulroads (%)

+ 1.5 1b/VMT

{(*) - Limits Given About the Value E = 22.0 - 5.478
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Since the haul road emissions are given in the form of an equation, the

error limits are not shown as a fraction? In this case the error limits are

computed about the emission factor function rather tham about a fixed mean
value. Thus, the fractional error changes with road moisture conditions. For
exaﬁple, at zero control the fractionmal error is i}.5/22 or 0.07, whereas at

control factor 1.0, the fractional error is +1.5/5.6 or 0.27.
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10.0 INTERPRETATIONS AND CONCLUSIONS

Particle deposition plays a significant role 1in the process of
dispersion of particulate emissions from surface mining 6perations. Particle
saﬁpling has shown cleafly that particles with diameters in excess of 100 u

becane airhorne from the mining operations. -However, even more significantly,
| a lafge p£0poftion-of this méﬁeriéi.fgils out in the first few hundred meters
from the source. Due to this high rate of depletiocn of particulate matter, it
is ecritical that dry deposition and gravitational settling be taken into
_account when making emission factor measurements. It 1s also essential that

deposition be considered when modeling emission from surface mines.

Measurements of uncontrolled emissions on coal and overburden haul roads
show the emission factor to be 22.0 +1.5 1b/VMT. Spraying water on the roads
reduces the emissions in proportion to the application rate up to a maximum of
3 total coverages of the road per hour. At this point the emissions are

reduced by 78 percent of their dry road value.

The ambient wind speed was found to have little measurable effect on the
emission factors. Apparently the action of the wheels on the road surface,
and the vehicle wake are the determining factors in generating emissions (for

glven road surface coanditiomns).

Whele mine emissions were estimated from peripheral measurement of
particulate concentrations utilizing the PAL short-term wodel. These data,
when compared with whole mine emission rates derived from measured emission
factors in conjunction with associatéd production rates, indicated that as
much as 66 percent of the particulates generaﬁed in the pit do not escape iato
the free atmosphere. This is a significant finding and must be considered in
any modeling effort 1f am accurate simulation of the dispersion process from a

surface coal mine is to be realized.
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Except for the topsoil removal operation and the wind erosion process,
the emission factors obtained during the EDS Study were found to be higher
than those measured by PEDCo (1978), and higher than those currently required
by thé WDEQ. The impact of these emissions on the environment, however, is
less than current modeling practices predict because of the large amount of

dry deposition and gravitationmal settling that occurs near particulate sources
and in the 'pit.“"" -
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1.0 EXECUTIVE SUMMARY

This part of the EDS Study covers modeling the impact of the surface
mining operations as those operations are conducted in the Corridor of surface
coal mine development in the Powder River Basin, Wyoming. The impact as it is
addressed here includes that felt on the total suspended particulate (TSP)
levels within the Corridor. - ' ' ' o

The wmodeling effort included a preliminary step of model verification.
This step was followed by loung-term and modeling to show the annual impact for
the year 1988 when particulate emissions from the surface coal wining are
expected to peak.

It was found from the verification effort that the Industrial Source
Complex (ISC) Dispersion Model used in this study accurately predicted ground
level concentration  patteras. This 1ncludes the prediction of the
concentration levels as well as the fall off of concentration .patterns with
distance from the sources. This is attributable to employment of: source
specific emission factors, accurate settling and deposition functioms, and
measured particle size distributioms. All these inputs were developed from

site gpecific measurements made during the course of the EDS Study.

Long~term modeling for the Corridor, employing the verified ISC Model
for the year 1988, shows the maximum predicted annual geometric wean
concentration to be 46 ug/m3. This wmaximum value 1s 14 ug/m3 below the
Wycming Aflr Quality Stamdard of 60 'u'g/m3 and 1is 12 ug/m3 balow the
c@wrable value predicted by Wyoming Department of Eanvironmental Quality
(WDEQ) model predictioms. This predicted value of 46 ug/m3 is found at ome
location only and the next highest concentratioa is 42 ug/m3. Predicted
particulate impacts, of currently permitted mining at peak emissions, are
significantly below the Wyoming Air Quality Standard.
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2.0 INTRODUCTION

- The modeling task of the EDS Study employed the extensive information
developed and verified during Part 1 of the EDS Study so as to represent real
life couditions by employing the most recent particulate concentration
prediction modeling methods. Ia turn, an objective of the wmodeling part of
the program has been to employ the latest sclentific methods and data to
enable prediction of the real impacts caused by various levels of surface coal
mining activity as thoge predictions are needed for regulatory review {n

connection with the permitting of proposed levels of mining activities.

In order for the modeling to result in accurate represeantations of the
end effects of surface mining, it was npecessary to employ realistic emission
factors, as well as a prediction methodology that represents real atmospheric
ProCesses. It was recognized early 1n the EDS Study that much of the
emissions from the Powder River Basin surface coal mines are comprised of
large particles which settle to the ground quickly—many particulates settle
even before the emissions leave the confines of the mine itself. In order to
adequately represent the behavior of emissions, especially the behavicr of the
larée particles, 1t is necessary to emplo§ models that rigorously represent

the deposition removal of the large particles from the total particulate
emissions.

When the EDS Study coummenced in 1978, no commonly accepted regulatory
oodel was available which represeanted the particulate deposition process. Due
te this lack of standard accepted method it was anticipated that modification
to the current (1978) atmospheric dispersiom models might be necessary.
However, while the EDS Study was devoted to making emission measurements,
other efforts resulted in development of the Industrial Source Complex (ISC)
Dispersicn Model  (EPA, 1979) for the Environmental Protection Agency (EPA).
The EPA has recently approved and released the 1ISC Model for field
employﬁent. Review of this model, in the form appropriate for the EDS Study,
shows it to have the right features for this application.
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In preparation for employment of the ISC Model, a series of verificatiom
steps was designed so that the suitability and accuracy of the ISC Model could
be fully determined. The.verification steps used to judge the suitability of
the ISC Model were comprised of a set of sample model runs where the output of
those sample Tuns was compared te field measuremets that were made independent
of those data that were emploved for development of emission factors. Both

short=term (6 hour) and 1long-term (annual) ISC Model ©predictions of

particulate concentrations were compared to independent monitoring data.

The following sections include a description of the model verification
input and the results of these verification runs. This step 1s followed by
Corridor long~term modeling and £finally these results are presented and

interpreted.
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3.0 MODEL VERIFICATION
3.1  AFPROACH

In order to determine 1f the ISC Model would accurately predict

particulate conceatrations at 2 mine, a verification task was accomplished.

This task consisted of waking sample model predictions for the AMAX Belle Ayr -

mine reglon employing laput meteorological conditions that were present during
periods when independent particulate concentrations were measured. In turn
those model predictions were compared with the wmeasured independent
‘particula:e concentrations. The degree of comparison determined the level of

model verification, as further discussed in Secticns 3.5 and 3.6.

The short-term impact of the particulate matter emitted by the various
coal mining activities at the Belle Ayr wmine was simulated by employlng the
short~term program of the ISC Model (ISCST). The model-predicted
concentrations.were generated for several periods when short-term particulate
samples were taken with a npetwork of hi-~vol samplers. The network was
comprised of several hi-vol samplers located arcund the periphery of the Belle
AyT mine and were operated during each of the four seasonal pericds of the EDS
field weasurements. During each season, the network was employed to observe
particulate concéntra:ions for twelve six hour periods. Thus 48 sets of
short-term particulate areal concentration distributions were avallable for

comparison to model-predicted values.

Applying the ISC Model long-term program (ISCLT) to the Belle Ayr mine
allowed comparisons between the model-predicted and wmeasured particulate
matter concentrations. The wmodel receptors corresponded to the Belle Ayr
“State and Local Air Monitoring Station”™ (SLAMS) hi-vol network that measures
24~hour suspended particulate conceatrations on a six-day sampling schedule.
To enable direct comparison of the predicted mean annual suspended particulate
concentrations with the wmeasured concentrations, annual arithmetic mean
suspended particulate concentrations were calculated for each of the four
Be11€ Ayt hi-vols. These four hi-vols, mainrajined by Belle Ayr mine

personnel, comprise anorther independent data set.
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This section will describe the process of verifying both the ISCST and
the ISCLT programs. The topics to be discussed in detail include:

= application of ISC Model features;
= short-term and long-term model inputs; and

- results from the short-term and long~term verification rums.

3.2 APPLICATION OF 1SC MODEL FEATURES

A detalled description of the ISC Model, & Gaussian plume dispersiorn
model, and the appropriate model features are included inm the appendices.
This wmodel accepts three types of sources (poinmt, area, and volume)., A
combination of these source types enabled the ISC Model to be applied to the
Belle Ayr surface coal mine. The point sources at Belle Ayr include the coal
dump and the train load—out facility. The activities associated with stripped
overburden, overburden and topsoil removal, ccal pit, replacement of topsoil
and overburdemn, and reclaimed land have been simulated as area sources. The
ISC Model represents line sources as & series of small ~volume sources.
Consequently, volume sources were chosen to represent the coal haul road (from
the pit to the coal dump), the overburden haul road surrounding the coal pit,
and the road between spe shop/parking area and the southern portion of the
coal pit (south road). Figure 3-1 illustrates th; source configuraton modeled
to simulate the mine operations for both the short-term (during four seasons

corresponding to the 1978-1979 field testing program) and the long-term (1979

" calendar year)} model wverification runs. The emissions from c¢oal and

overburden blasting were included with the western overburden haul road
emigsions allowing an accurate simulation of coal mining operations on the
active side of the coal pit. The points along the line sources in Figure 3-1
represent the center of the volume sources used 1n approximating the roads.
The features of the ISC Model exercised in this modeling task, to represent
the sources of particulate wmatter, include plume rise, vertical wind profile,
vertical profile of potential temperature, wmixing heights, as well as dry
deposition and gravitational settling. The proper simulation‘ of these

processes are briefly discussed below.
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Originally, a plume rise expression was developed to simulate the
behavior of plumes ewmitted from chimneys and stacks where the vertical
displacement i1s due to a combination of wmomentum and thermal buoyancy.
Particulate emissions from surface coal mining activities alsc rise in some
éases; when they do, that rise 1is appropriately simulated irn the model by
representing only the momentum forces. Since thermal buoyancy is nopexistent
when particulates are emitted in this case, the actual plume rise is simulated
by setting the term for "stack exit temperature™ to 0.0°K.

The ISC Model is designed to accept neasured values for the wind
profile, the potential temperature profile, and the mixing height. When
measured values are not available, default values, representing mean
atmospheric conditions, are implemented. The defsult wvalues describiang the
wind profile and vertical potential temperature gradients were employed here.
In determining those mixing heights, required by both programs (ISCST and
ISCLT) the technique developed by Holzworth (1972) was wused. Holzworth's
afternoon (maximum) and wmorning (minimum) mixing heights are generally
accepted . to be representative of atmospheric conditions in a rural environment.

-Evident from the field study, the phenom;na of dry deposition and
gravitational settling has a pronounced impact on the behavior of particulate
matter emitted from surface coal mining activities. To simulate these
processes a particle size distribution for each particulate source wmust be
specified te the two ISC Model programs. Each of the particle size

distributions can be characterized by three parameters:

- mass fraction of particulates;

- gravitatiomal settling velocity for the mass mean diameter of the
particulate size range; and

- reflection coefficient.

Perrographic analysis of the Millipore filter samples, collected during the
EDS field measurements, distributed the accumulated particulates into 13 &ize
categories ranging from 5 um to 130 um in diameter. The particulate sample
consisted of several different materials. Using Stokes Law {White, 1971) to
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calculate the gravitational settling velocity for each size category, enabled
Athe development of source specific particle size distributions. The
gravitational settling wvelocity, a function of particle density, was
calculated for.three types of particulate matter. An average density for
coal 1a 1.5 g/cm3 and an average density for surface material (clay, silica,
granite) 1is 2.5 g/cm3 {Hudsorn, 1939). Comsequently, a particle density of
1.5 g/cm3 was assumed for the coal dump/train load=-out, and 2.5 g/cm3 for
the stripped overburden, overburden and topsoil removal, pit, overburden and
topsoll replacement, and reclaimed land wmining procedures——along with the
overburden haul road and the south road. Since the particulate emissions from
the coal haul road are a combination of coal and road surface material a
particle density of 2.0 g/cm3 was assumed (see the more detailed discussion
in Part 1, Sectiom 3). The reflectiom coefficient, analogous to the
deposition veloecity, 18 dependent on the gravitational sectliﬁg velocity and

was obtained for each of the 13 size categories.

The particle size distributions, summarized in Table 3.1, were measurad
using Millipore filters during the £ield wmeasurement program. The
model-predicted concentrations, however, are compared with . hi-vol measured
suspended particulate concentrations. The Millipore filters collected all
particle sizes, whereas the hi-vols are designed to collect only particles

smaller than 100 um (40CFR50.11). In reality, hi-vols typically collect a

few, but not all of the large particles suspended in the atmosphere. To

simulate this hi-vol wmeasurement bias, particles greater than 110 um in
diameter were not allowed. This was modeled by taking out the larger
particles (about 10 percent of total massi and increasing the total source
strength by a like amount so as rto retain consistency with the measured

particle mass fractions. This adjusted particle size distribution was used in
the model verificatien runs.

The resulting particle size distribution described all of the various
operations associated with a surface coal mine, except for the silo exhaust.
The silos are unique, since exceptionally large coal particulate matter 1s
emitted. Consequently, a separate particle size distribution, developed from
the same field and laboratory techniques as the three distributions discussed
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TABLE 3.1 PARTICLE SIZE DISTRIBUTIONS ASSOGIATED WITH ALL THE
SURFACE COAL MINING ACTIVITIES, EXCEPT THE SILO EXHAUSTS
MEAN DIAMETER | MASS FRACTION p=_1.5 g/cm? p= 2.0 pfem? P= 2.5 gfem?
OF RANGE OF SETTLING VELOCITY |REFLECTION |[SETTLING VELOCITY | REFLEGTION | SETTLING VELOCITY | REFLECTION
(um) PARTICULATES (m/sec) COEFFICIENT (m/sec) COEFFICIENT (m/sec) COEFFICLENT
5. 0.017 0.003 6.87 0.003 0.87 0.003 0.87
15. 0.043 0.013 0.76 0.017 0.72 0.020 0.71
25. 0.074 0.029 0.68 0.038 0.65 0.048 0.63
35. 0.084 0.059% 0.59 0.075 0.55 0.096 0.51
45, 0.108 0.095 0.51 0.125 0.43 0.155 0.36
é 55. 0.0%4 0.138 0.40 0.184 0.28 0.230 0.17
' 65. 0.104 0.193 0.27 0.257 0.11 0.322 0.
75. 0.099 0.260 0.10 0.340 0 0.430 0.
8s. 0.087 0.330 0 0.440 0 0.550 0.
95. 0.094 0.410 0 0.545 0 0.690 0.
105. 0.092 0.510 0 0.670 0 0.830 ‘ 0.
115, 0.072 0.604 0 0.810 0 1.010 0.
125. 0.030 0.720 0 0.940 0 1.230 0.




.abové; was implemented. A particle demsity of 1.5 g/cm3 was assumed for the
coal particulates emitted from the silos. Table 3.2 details the particle size
distribution assoclated with the silo exhausts at Belle Ayr.

Discrete receptor locations corresponded to the two hi-vol networks used
in the verification runs (the peripheral network for the short-ternz modeling
an& the SLAHS ﬁetwork for the long—térﬁ ﬁodeling). Figure 3-1 1llustrates the
-peripheral hi-vol network. The Belle Ayr SLAMS hi-vol network 1is shown i1n
Figure 3-2.

3.3 INPUT FOR SHORT-TERM VERIFICATION RUNS

Belle Ayr's production during each of the six hour sampling periods of
the peripheral hi-vol network was provided by AMAX (see Table 3.3 A-D).
Applying the emission factors developed in this study (and presented in
Part 1), emission rates for several of the surface coal mine operations, at
Belle Ayr, were calculated. When emission factors were not available, the

Wyoming Department of Eaviroamental Quality's (WDEQ) recoumended emission
factors (WDEQ Memo, 1979) supplemented the initial data base.

Producing 15 wmillion toms of coal per year, Belle Ayr operates three
eight-hour shifts per day/six days per week with only a day shift on Sunday.
The £first shift beginning at 8 am extends to 4 pm; the second from & pm to
midnight; the third shift begins at midnight and ends at 8 am the following
day. The six~hour peripheral sampling periods, however, were 10 am to 4 pm
and 10 pm to 4 am or 9 am to 3 pm and 9 pm to 3 am, depending on the season.
Assuming the mine's production is constant within each shift, the Belle Ayr
supplied production data was evenly prorated to simulate the mine's six-hour
activities matching the short-term sampling period. In determining the
vehicle miles traveled, it was assumed that the coal dump trucks held
110 toms, whereasl the overburden dump trucks held 66 yd3. an average of
105.5 toms. The road activity-produced particulate emissions were evealy
divided among the volume sources representing each of the roads. The
disturbed areas affected by wind erosiom in 1978-1979 included the stripped
overburden, graded overburden, and reclaimed land areas surrounding the coal

pit. Aerial photographe taken during each seasonal field test period were
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TABLE 3.2

PARTICLE SIZE DISTRIBUTION ASSOCIATED WITH BELLE AYR'S
SILO EXHAUSTS

MEAN DIAMETER
OF RANGE

MASS FRACTION
OF

p=1.5 g/cm3

(vm) PARTICULATES | Y e
7.5 0.009 0.005 0.85
22.5 0.014 0.025 . 0.70
40.0 0.0545 0.073 0.56
62.5 0.1025 0.177 0.31
87.5 0.1035 0.340 0.
112.5 0.1580 0.575 0.
137.5 0.3710 0.845 0.
162.5 0.1875 1.225 0.
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FIGURE 3~2 AMAX'S BELLE AYR MINE SLAMS HI-VOL NETWORK
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TABLE 3.3 B

BELLE AYR PRODUCTION DATA FOR SHORT-TERM ISC MODEL VERIFICATION

WINTER 1919
Sequence: 1 2 3 Iy [ 6 7 s 9 10 11 12
Date: Jan 3F  Jan J1-Feb 1 Feb 1 Feb 1-2 Feb 2 Feb 2-3 Feb 3 ¥eb 13-4 Feb 4 teb &-5 Feb 5 Feb 5-6
Time: (10:3043-3:30)  (Spa-3)  {9aw-3} (9pu-3)  (9an-1) (9pa-3} (Fam-3)  (9pa-3) (9am-3) (9pw-3) {(%em-3) (5pa~3)
! Coal Produced {tons) 1,137.0 4,193.3  5,867.0  4,930.5 6,41L.0 4,074.4  1,304.0 11,12).6 19,883.0 o~ 28,683.0 15,687.0
= Ovcrb-(srd;-; Removed: 18,192.0 17,184.0 21,157.5 18,716.3 15,6246.0 17,404.3 18,274.5 18,4373 o or 17,298.0 13,641.)
yd
I :
¥ Topacil Bemaved (ydd): o 0 0 0 0 0 0 0 0 c 0 0
Blesting*
Coal {#): 0 0 0 0 o 0 o 0 . o 0 o
Overburden (#): .0 0 0 0 0 0 0 0 0 0 o o
I Irain Load-out:
Cors loaded (#) 0 ] 0 1166 0 39.9 102.0 81.0 116.0 121.5  110.0 120.4

*On Sundaye Belle Ayr operstes during only the day shifiv!

*Mo blastlag occured within the hi-vol nerwork's six bour sampling period.

.
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used to measure the total acres affected by wind erosion. During the winter
field testing season, only a small portion of the graded overburden area Wwas
impacted by the wind due to the predominantly snow covered ground surface.
Topsoll was removed, from the ground west of the coal pit, only during the day
shift. excluding Sunday, of the fall and summer testing periods. Coal and
overburden blasting took place only at the end of the first shift, between
3 and 4 pm. During the winter wmonths, however, no blasting occurred within
the hi-vol network's sixz-hour sampling period (9am to 3pm). Sixty percemnt of

the total annual blasts are coal shots and forty percent are overburden shots.

The EDS determined particulate emission factors were applied to the
following surface «coal mining activities: coal dump, train load-out,
overburden haul roads, overburden replacement, topsoil removal and wind
erosion from stripped overburden, reclaimed land, and graded overburden.
Emission factors recommended by the WDEQ were applied to the remaining mining
activities: administrative travel within the mine, access roads, coal
removal, blasting of coal and overburden, and overburden removal. Since the
dry deposition and gravitational settling options of -the ISC Model were
employed, the "percent suspended”™ term was removed from WDEQ's enission
factors. The emission factors associated with Belle Ayr's siloe exhaust éere
obtained from stack tests and provided by Belle Ayr. Table 3.4 summarizes the
emission factoré employed in the short-term and long-term verification runs.
In calc¢ulating some of the emisslon rates, the following information was also
required:

- The coal capacity of each train car = 97.15 ton/ecar
(Records at train load—-out weighing station);

- Density of the overburdem = 1.3 ton/yd3 (Amax records); and

= Actual number of days where the precipitation amount 1is 0.01" or
greater a 92 (site specific, Jensen, 1980).

The 1ISCST program calculates particulate concentrations using sequential
hourly meteorological data. The following required meteorological parameters

were extracted from Belle Ayr's metecrological data summaries (Jensen, 1980):

- wmean wind speed;
~ mean direction wind is blowing towards; and

- wean ambient air temperature;

- 9] -




TABLE 3.4

SUMMARY OF EMISSION FACTORS
USED IN THE
ISC MODEL VERIFICATION RUNS

MINING ACTIVITY

EMISSION FACTOR

Coal Dump*

Train Load~out*

Coal & Overburden Haul Roads*
Overburden Replacement*
Topsoill Removal*

Wind Erosion*
OVerburden‘Removal+
Administrative Trave1+**
Coal Removal®

Qverburden Blasting+
Coal Blasting+

Silo Exhaust’™

0.066 1lb/ton of coal

2.72 1b/train car

5.6 1b/vehicle mile traveled
0.021 lb/yd3 of overburden@
0.0754 1b/yd> of topsa1l®®
0.38 1lb/acre—-year

0.035 1b/yd> of overburden®
7.27 1b/vehicle mile traveled
0.017 lb/ton of coal

50 lb/overburden blast

35 1b/coal blast

1.3 1b/hour (old prep. plat)
5.4 1b/hour (new prep. plant)

*Emission factors developed by the EDS Study

**Emission factor = (0.8l)(silt X)(speed/30)("wet days” ratio)/VMT

+WDEQ emission factors.

@

@@Topsoil density = 1.5 ton/yd3

- 92 -

++Emission factor measured by a coasultant for Belle Ayr Mine.
Overburden density = 1.74 ton/yd3
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for each hour of the six-hour sampling period. ‘Turner's (1970) method for
determining the Pasquill stability class was employed, for each hour, using
the Belle Ayr on-site meteorological data summaries mentioned above.
Holzworth's (1972) procedure was applied to estimate the depth of the surface
nixing laver. The resulting weteorclogical scenarios, used in simulating
Belle Ayr's activities during the six hour sampling periods, are summarized in

the appendices.
3.4 INKPUT FOR LONG-TERM VERIFICATION RUN

To compare -the ISC Model-predicted suspended particulate concentrations
with the annual arithmetic mean wmeasured suspended particulate concentratiouns,
the average annual particulate emission rates were calculated. The same

emission factors used in the short-term model verification run (tabulated in

. Table 3.4) were applied to the 1979 Belle Ayr production rates. The annual

production rates at Belle Ayr coal wmine, provided by AMAX, are summarized in
Table 3.5. Proration of the 1979 production data was unnecessary in
calculating the mine's average annual emission rates. When applicable,
however, the same information used in calculating’the six hour emission rates
for the short—-term verification runs were applied to the annual producﬁion
data. An emission inventory for particulate matter emitted from ccal mining
activities was generated from the 1979 production data tabulated in
Table 3.5. For the same source configuration defined earlier, illustrated in
Figure 3-1, was used with the inclusion of the dirt roads surrounding the BA-1
and BA-2 hi-vols.

Three dirt roads contribute to the suspended particulate concentrations
measured at the BA-1 and BA-2 hi-vols, as seen in Figure 3-4. The roads
impacting BA~l include the new Bishop Road, to the north, and county road T-7
South, to the east. Particulate emissions from the sco;ia road east of BA-2
contribute to the measured concentration. The travel on the Ba-2 dirt road is
generally restricted to deliveries to Belle Ayr and oill exploration east of
the surface coal mine. This road was opened during the entire 1979 calendar
year with no particulate emission controls applied to the road. Consequently,
an accurate estimation of the particulate emissions from travel onm this road

is possible. On the other hand, several major changes in traffic patterns and
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TABLE 3.5

AMAY'S BELLE AYR MINE'S 1979 PRODUCTION DATA

Overburden (yd3)
Coal Produced (tons)

' Topsoil Removed (yd3)
Administrative Travel (VMT)
Seraper hours
Grader hours, overburden and coal
01d Preparation Plant (hours)

New Preparation.Plant (hours)

Coal haul road length {(mi)

South road length (mi)

Overburden haul road length (mi)
Blasts/yr (60X cbal, 40% overburden)
BA-2 unpaved road (trips/day)

New Bishop Road (trips/day) March-July, 1979
July-December, 1979

T-7 South Road (trips/day) Jan.-February, 1979
: March-December, 1979

23,509,000

14,997,000

610,500 -

275,000
3,403
17,428
4,263
1,390
1.08
1.00
0.74
303
175

200
750

365
0
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configuration of the roads near BA-1 (new Bishop Road and T-7 South) make it
nearly impossible to determine the actual particulate emissions from travel omn
these roads. Actual travel on the new Bishop Road (an unpaved dirt road)
began in March 1979. 7This road, however, was subsequently paved (July 1979)—
significantly decreasing the vehicle related particulate emigsions.
Furthermore, with no available method to estimate the particulates emitted
from the constructiom of this road (prior to March 1979), the
construction~caused emissions are not included in the 1979 emission inventory,
Table 3.5, In summary, the particulates emitted at a high rate during a short
period of time on the new Bishop BRoad could only be simuiated as a
significantly lower emission rate evenly distributed throughout the 1979
calendar year. Likewise, it {s not possible to obtaln a realistic estimate of
the traffic related particulate emission rate from the T-7 South county road.
Official closing of the county road T-7 South occurred during the létter part
of February 1979. Although commuting to and from the Cordero mine was no
longer the main use of T-7 Seuth, travel on this portion of T-7 did continue
until the‘Belle Ayr coal pit advanced to this road. Since it was impossible
to estimate the actual amount of travel on T-7 South, no.particulates emitted
from this road subsequent of its official closiég could be included in the
emission inventory. Conseguently, again the particulates emitted at a ﬁigh
rate during a short period of time (2 wonths) could only be simulated at a
significanily lﬁwer emission rate evenly distributed throughout a twelve-month

pericd.

The required meteorological data imput to the ISCST and ISCLT programs
dlffer greatly. The. ISC Model short—-term program calls for hourly data. The
ISC Model long-term program, on the other hand, requires the annual wind and
stabilicy data to be summarized in STAR format {a joint frequency distribution
of wind speed, wind direction, and Pasquill stability claés). A S?gbility
ARray or STAR summary representative of the reglon surrounding the surface
coal mine 1s essential to accurately simulate the mine's activities. From
combining on-site wind data (direction and speed) with National Climatic
Center (NCC) supplied STAR summary a new stabllity array, specific to the
Belle Ayr mine, was generated. The STAR data for Moorcroft, Wvoming, a nearby

town with similar meteorological, topographical, and meso-scale weather
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characteristics as the Powdef River Basin, was chosen for use in generating
the site specific STAR data. It was assumed that the atmospherie stability
conditions in Moorcroft, Wyoming and in the Corridor were éimilar. The Belle
Ayr oﬁ—site wind direction’ (illustrated in Figure 3-3) and wind speed

distribution {is apportioned among thé Pasquill stability classes as described
by the Moorcroft, Wyoming STAR data. )

ISCLT requires annual wmixing height data for each wind speed and
stability category. In applying the ISC Model to the long-term operations at
-Belle Ayr, a constant waixing height was assumed for each wind speed class.
Variations of the mixing height do occur among the various Pasquill stability
classes. Using Holzworth's (1972) average annual wmoruning (minimum) and

average aonual afternoon (maximum) mixing heights, the following modification

for each stability class was applied:

PASQUILL ADJUSTED
STABILITY CLASS MIXING HEIGHT
A (1.5) (max. mixing height)
B {(max. mixing height)
C (max. mixing height)
D

(average of max. and uin.
mixing height)
10,000 m
10,000 m

i

3.3 SHORT-TERM VERIFICATION RUNS

Input data for the ISC Model short-term (ISCST) program were developed
for the 48 six-hour sampling periods collected by the peripheral hi-vol
network. Easterly winds prevailed during ten of the sampling periods and due
to location of the peripheral sampling network lictle or none of Belle Ayr's
emissions impacted the network. Consequently, only the 38 short~term
verification runs, where the mine's emissions were expected to have an impact
on the peripheral hi-vol network, were performed. From these model runs a
sample of 338 cases were obtained (the peripheral hi-vols were inoperative in
42 cases). A 'case' i3 defined as a hi—voi/receptor pair of measured/predicted
particulate concentrations. A possible 10 cases exist for each model run
(because 10 hi-vol samplers were located downwind of the mine). The results

from each of the verification runs are presented in the appendices.
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FIGURE 3-3

1979 ON-SITE WIND ROSE FOR AMAX'S BELLE AYR MINE (NUMBERS
REPRESENT PERCENT OF TIME WIND BLOWS FROM INDICATED DIRECTION)
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To quantify the performance of the ISC Model during the short~-term model
verification task, a standard “"wodel performance measure”™ {Bowyne, 1%80) was
used. After forming a ratio of the particulate concentration by ISCST to the
hi-vol measured particulate concentration (1.e., predicted
concentration/measured concentration), the values are tabulated into three
categories. A ratio value within the range 0.5 to 2.0 defines "verification

‘within a factor of two™. Similarily, “"verification within a factor of three”
occurs when the ratio value 1is between 0.33 and 3.0. All other values are
placed within the third category. Under the best of conditions, "model
verification within a factor of two" can be achieved omnly 63 percent of the
time. Similarily, “verification within a factor of three” will occur only
80 percent of Ehe time (Londergan et. al., 1981). Model verification this
good resulted only when the original gas tracer data, used to develop the
z2 was applied to the atmospheric
dispersion wmodels (the “"Prairie Grass" experiment), consequently this

Pasquill-Gifford curves for cy and 0o

represents the ultimate limit of dispersion models. [Under more reallstic
conditions (the "Hanford 67" experiment) the atmospheric dispersion models
verified “within a factor of two"™ 40 percenat of the time and model

verification "within a factor of three” only 58 percent of the time.

A problem arose when the above analysis was'performed on some of the
model runs. In a few instances, the '15C Model-predicted particulate
concentration was zero and the hi-vol measured value was small. Consequently,
the predicted/measured ratio value was zero. A method was developed to
include thesa cases. Hi-vols wused to measure the suspended particulate
concentration are accurate to within approximately 15 ug/mB. Cousequently,
if the ISC Model-predicted particulate concentration was zero and the hi-vol
measured (minus background) coancentration was less than or equal to
10 ug/ma, this was defined as “verification within a factor of two."
Likewise, if the predicted value was zero and the measured (minus background)
concentration was less than or equal to 15 ug/m3, the ISCST progran
"verified within a factor of three."

For the entire sample, the ISC Model-predicted the TSP concentration to
.be "within a factor of two" of the measured TSP concentration for 41 percent
of the cases. For 56 percent ' of the cases, the ISC Model-predicted

concentrations were "within a factor of three” of the measured concentration.
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Although excellent agreement between the model-predicted and measured
particulate concentration exists, a criticalrreview or screenlng of each case
(receptor pairs of predicted and weasured particulate concentrations) was
performed to obtain a2 more representative set of cases. The details of this

screening procedure are described below.

The ISCST Model-predicted TSP concentrations were subsequently compared
to the measured TSP concentration at each hi-vol comprising the peripheral

network. The following critical review (screening) was subsequently performed

on each case (receptor pairs of predicted and measured particulate

concentratiaons):

- Did the measured concentration pattern match the wind pattern
modeled?

Upon 1iuvestigation, due to Qome wind instrument outages experienced
during the course of the experimental program, the Belle Ayr
meteorological wind summaries were  sometimes comprised  of
measurements made at different locations. 1In some of these cases,
the winds reported in the Belle Ayr meteoroclogical summary did not
coincide with the measured particulate concentration pattern. Those
cases that did not match (50 cases) were withdrawn from the original

sample of cases.

-~ Was the WDEQ defined annual average suspended particulate background
level appropriate under the actual conditions present for each case?

With some other cases, especilally with high wind speeds, it was
ocbvious that the WDEQ defined background concentration was not an
appropriate value. When sufficient measured particulate data were
available to determine an appropriate background value different
from (either greater than or less than) WDEQ's background value, the
measured suspended particulate concentrations were readjusted to
reflect the actual background value. (In this situation no cases

were withdrawn from the sample).
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- Did the model calculate each predic;ed particulate concentration
correctly?

If a downwind receptor is within 100 m of a source, the ISC Model
does not calculate the contribution of the source to the receptor.
This 100 m restriction results since the Pasquill-Gifford curves

z
100 m. This 18 clearly a model deficiency and when it occurred the

for cy and 0J_  do not include downwind distances less than

model-predicted particulate concentration was clearly {m error;
those cases (7 cases) were withdrawn from the initial sample of

cases.

In summary, the above-mentioned s¢reening process performed om the
short-term verification runs resulted 1o some cases being withdrawn from the

initial sample of 338 cases and others being recalculated based on the revised
background levels.

Following the screening procedure outlined above, and summarized in
Table 3.6, the sample size was reduced to 281 cases. After‘screening, the IS8C
Model-predicted the wmeasured concentratiocns "withia a factor of two™ for
48 percent of the cases. This screening process also lmproved the percentage
of the sample that fell "within a factor of three” (predicted particulate

concentrations versus measured particulate concentration )-—63 percent of the
cases.

Comparing the short-term model-predicted particulate concentrations to
the measured particulate concentrations, the ratio values are well within the
bounds normally accepted for model verification purposes. 1In general, the ISC
Model-predicted particulate concentration values wera observed to be slightly
lower than the corresponding measurement. This can Se attributed to comparing
the model-predicted concentrations {(based on the Millipore filter-measured
particle size distributions) to the hi-vol measured particulate concentrations
(further discussed in the next section, Section 3.6). Although I15CST
consistently underpredicted the actual particulate concentration, due to the
input particle size discributionms, the short-term version of the ISC Model has

demonstrated that the impact from surface coal mining operations can be
accurately predicted.

;
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TABLE 3.6

SUMMARY OF SCREENING SHORT-TERM ISC MODEL VERIFICATION RUNS

EXPLANATION

CASES* WITHDRAWN

Easterly Winds
Hi-vols Inoperative
Wind Mismatch

ISC Model Deficiency

(480 Total Number of Cases)

100
42
50

;

(281 Cases After Screening)

* A "case'" is defined as a hi-vol/receptor pair of measured/predicted

particulate concentrations.
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3.6  LONG-TERM VERIFICATION RUNS

~To verify the long-term version of the ISC Model, the annual geometric

mean (plus background) model-predicted particulate councentrations are compared
to the geometric means of all the particulate concentrations measured during
the 1979 calendar year. The SLAMS hi-vol network at Belle Ayr provided the
independent data set for the loné—:erm ﬁodel compéfisou. ' Sinﬁe 'only four
cases (hi-vol/receptor pairs of measured/predicted particulate concentracions)
exist, a standard statistical anmalysis of model performance can not be used to
quautify model verification. Ideally, however, the ISC Model-predicted values
should edually (in quantity and magnitude) overpredict and underpredict the

hi-vol measured particulate concentratioms.

The ISC Model calculates arithmetic wmean particulate concentrations.
Consequently, to compare these values with the weasured particulate
concentrations, the model-predicted concentrations must be adjusted to reflect
geometric means with baékgrouud levels added in. This was. accomplished by
using the formula y = mxt+b, where y is the geometric mean plus background,
X is the ISC Model-predicted arithmetic mean, m is the coaversion factor from

arithmetic mean to geometric mean conceﬁtrations (0.75), and b 1is the

background concentration (15 ug/mB).

The long~term version of the ISC Model accurately predicted the annual
particulate concentrations at all of the hi-vol locations, as summarized in
Table 3.7 and 1illustrated ia Figure 3-4. As a result of the difficulty
encountered In determining the actual emissions from the dirt roads near Ba-1l
(new Bishop Road and T-7 South), these particulate sources could not be
simulated correctly by the ISC Model, as discussed in Sectiomn 3.4.
Consequently, the dirt road contribution to the total predicted particulate
concentration at BA-1 (Table 3.8) is unrealistically low. For comparison, the

dirt road east of BA~2 almost solely impacts that single hi-vol, as seem in
Table 3.8.
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TABLE 3.8

THE CONTRIBUTION OF PARTICULATE CONCENTRATION (ug/m3) FROM. EACH SOURCE TO
THE TOTAL PREDICTED ARITHMETIC MEAN CONCENTRATION AT EACH HI-VOL WITHIN
THE SLAMS NETWORK (ISC LONG-TERM MODEL VERIFICATION RESULTS)

SOURCE HI-VOL
BA-1 | BA-2 BA-3 BA~4
Coal Dump 0.26 3.57 20.41 3.67 |
Train Load-out 0.12 1.24 17.88 1.85 \.‘
Silo Exhaust o'.'o 0.01 0.08 0.02 I
West Overburden Haul Road| 2.34 2.11 3.44 1.73 |
East Overburden Haul Road| 1.41 2.66 4.97 | 2.28 /l
Coal Haul Road 1.14 4.4k 12.43 4.01
South Road 0.08 0.37 7.18 0.79 '
Coal Pit 0.16 0.21 0.36 0.18 . |
Cverburden Replacement | 0.20 0.53 1.06 0.45 ’
Stripred OQverburden, ) ‘
Topsoil and Overburden 0.96 | 0.64 0.99 0.54 |
Removal -
Reclaimed Land 0.04 0.19 1.08 0.25 ' |
T-7 South | 1.90 0.13 0.15 0.11 ' :
New Bishop Road 2.49 0.14 0.18 0.14 i
BA-2 Dirt Road 0.15 45.57 0.82 0.77 I ‘
, .
TOTAL 11.26 61.83 71.06 | 16.78 /' |
\
|
l\ ,
l
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TABLE 3.7

RESULTS FROM THE LONG-TERM ISC MODEL VERIFICATION RUN
ALL TSP CONCENTRATIONS ARE IN ug/m3

BELLE AYR HI~VOL # Ba-1 BA-2 BA-3 BA-4

Measured Geometric Mean TSP Concentratioms 37.00 53.90 54 .85 30.30

1SC Model—-Calculated TSP Coacentrations
(Geometric Mean Plug Background) : 23.45 - 61.37 '68.28 - 27.59

Although the traffic related emissions near BA~l could not be accurately
eétimated, the long~term version of the ISC Model has been successfully
verified, as seen in Figure 3-5. The successful verification of the ISC Model
has demonstrated that the surface coal wmining activities located im the

Glllette Corridor of the Powder River Basin can be accurately simulated.

3.7 VERIFICATION SUMMARY

In summary, both the short-term and long-term programs of the ISC Model
bave ylelded predictions of particulate concentrations ﬁery clese to the
actual hi-vol neasured suspended particulate concentrations in almost all
cases, When the short-term model-predicted particulate concentrations were
compared to the wmeasured particulate concentrations, the ratioc values of
predicted to measured concentrations were well within the bounds normally
accepted for model verificatiom purposes. The long-term version of the ISC
Model demonstrated that it could also accurately simulate surface coal mining
activities, even though the traffic related emissions near BA-1l could not be
rigorously quantified. This successful verification of the ISC Model (for
both the short-term and the long-term averaging periods) provides the
confidence needed to accurately simulate the surface coal wmining operations

that generate particulate matter within the Powder River Basim.
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4.0  MODEL RUNS

4.1  GENERAL DISCUSSION
)

To predict the air quality impact of the permitted mining activity south
of Gillette, Wyoming, the ISC long~term wmodel was applied to the region for
the year of expected maximum impact, 1988. The regional modeling included six
surface cosl mines, all within close proximity of each other (defining the
Corridor):

- CARTER MINING COMPANY's Caballo Mine;

-  AMAX COAL COMPANY's Belle Ayr Mine;

=  CONSOLIDATION COAL COMPANY's Pronghorn Miae;

- MOBIL OIL CORPORATION's Caballo Rojo Mine;

- SUNOCQ ENERGY DEVELOPMENT COMPANY's Cordero Mine; and
- ATLANTIC RICHFIELD COMPANY's Coal Creek Mine.

The modeling method, as developed and described in Section 3, was used
to predict the impacts of surface coal wmining in the Gillette Corridor.
Additionally, the model input parameters from WDEQ's lomg-term modeling were
applied to the ISC Model to enable comparison. As mentioned, long-term
modeling .of the Corridor was performed for the 1988 calendar year. 1In this
section, the two following topilcs will be discussed in detail:

~ input for long-term Corridor modeling; and

- results of simulating the Corridor for the long-term.

4.2 LONG-TERM INPUT

The year of expected maximum impact on the regiomal air quality in the
Corridor, includiné six coal mines, is the 1988 calendar year. Except for the
EDS emission factors and deposition input, all other model input data
duplicated WDEQ's simulation of the 1988 mining operaticus in the Corridor.
Iﬁ modeling surface coal mining activities in the State of Wyoming, the WDEQ
uses a wmodified form of EPA's UNAMAP Climatological Dispersion Model
(CDM)(EPA, 1973)--a rural, flat terrain, Gaussian plume dispersion model with
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no gravitatiomal settling or dry deposition of particulates--known as CDMW.
In applying the ISC Model to the long-term regional modeling, a rural, flat
terrain enviromment, similar to WDEQ's modeling, was assumed. As required by
both the CDMW and ISCLT, the meteorological imput data must be in STAR format
(sfatistical summary of wind and atmospheric stability conditions). The
“Central Cambell County"™ STAR data, provided by tﬁe WDEQ, meteorologically
represented the Corridor simulated. Figure 4-1 ‘1llustrates the wind rose
'associated with the STAR data used. The same source configuraton used by WDEQ
in their 19887modgl run was malntained and applied to the ISC Model (displayed
in Filgure 4-2).

To calculate the emission rates for each source displayed im Figure 4-~2,
the EDS-developed emission factors and particle size distributions were used
in conjunction with the permitted mining production rates for each mine.
Public documents (Permit Applications, WDEQ Permit Analyses), available at the
WDEQ, provided the required 1988 coal production rates for each of the sgix
surface mines in the Cor}idor and have been summarized im Table 4.1. The
equationsAwith the centrol factors and production rates, ﬁsed by WDEQ in their
simulation of the Corridor, are listed in the appéndices. The methods used to
compute the emission rates for each type of source are detailed below. Tﬁese
me thods duplicate WDEQ's Ewission Inventorles except for the emission factors
used and the éxclusion of WDEQ's “percent suspended” term. Instead, the
particle size distribution, discussed in Section 3.2, was input to simulate
the dry deposition and gravitational settling assoclated with the mining
activities.

To calculate the particulate emission rates for each of the surface coal
mining activities, the following WDEQ equations, adjusted for this task (as
described above), were used. The emission factors listed Table 3.3 have been

applied to these equations.

-8craper Operations

“"wet days
(0.50 control)(32 lb/scraper—hr)(0.726 ratio™)(# scraper—hr/yr)(0.126)* - g/
(8760 nr/yr) - E/sec

*The conversion factor from lbs/hr to g/sec is 0.126.
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12.02

S

. FIGURE 4-1 WIND ROSE ASSOCIATED WITH THE "CENTRAL CAMPBELL COUNTY"
STAR DATA PROVIDED BY THE WYOMING DEQ (NUMBERS REPRESENT
PERCENT OF TIME WIND BLOWS FROM THE INDICATED DIRECTION)
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TABLE 4.

1988 PRODUCTION DATA FOR CORRIDOR

(These Production Rates are Avallable from WDE(}) Public Documents)

CARTER

- I1T =

1.6762 x 10

AMAX MOBIL SUNEDCO CONSOL ARCO
Belle Ayr Caballo Caballo Rojo Cordero Pronghorn Coal Creek
Scraper Operations. (hr/yr) 2.36 x 10° 1.42 x 10* | 4.4 x 102 | 2.23 x 10% 2832 9.75 x 103
Overburden Removal (yd3/yr) 3.75 x lD7 26.6 x 106 30.2 x 106 50.1 x 106 11;597 X 106 4.3 x 106
. ] 6 6 ) 6 . 6 6
Coal Production (ton/yr) 25 x 10 12 x 10 15 x 10 24 x 10 5x 10 18 x 10
Wind Erosion (acre/yr) 130 200 226 283 310 815
Coal Haul Roads (mi) 6.1 7.1 53.26 4.98 4,98 3.7
. 3.36 for 8%
Overburden Haul Roads (mi) 0.8 1.0 1.2 0.8 1.50 for 92X | 1.14
. ) 3 3 K 3 4 4
llaul Road Repair (hr/yr) 8.53 x 10 8.53 x 10 5x 10 7.11 x 10 1.326 x 10 2,0768 x 10
Overburden Blasting (blastas/yr)]| 312 600 250 365 104 250
Coal Blasting (blasts/yr) 208 300 300 -365 104 250
. 3 5 b 5 5 " 5 5
Topsoil Removal {yd™/yr) 2,1676 x 10 5.23 x 10 4.75 x 10 6.104 x 10 1.58 x 10 3x 10
Access Road (trips/yr) 12727 x 10% | 1.625 x 10% | 1.5753 x 10° 4

8.558 x 10
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~0Overburden Removal

Truck/Shovel

{0.02 1b/ton)(l.74 tou/yds)(# ydBIYT)(0.126) - o/sec
{8760 nr/yr) g

Dragline

(0.04 1b/yd>)(1.74 ton/yd”)(# yd>/yr)(0.126)
(8760 hr/yr)

= gfsec

~Cpal Removal (Frontend Loader or Truck/Showel)

(0.003 1b/ton)(# ton/yr)(0.126)
(8760 hr/yr)

= g/aec

~Loal DumE

(control factor)(0.066 lb/ton)(# ton/yr)(0.126)
8760 hr/yr

= g/sec

50% control factor for Caballo Rojo, Pronghora, Coal Creek, and Belle AyT
85% control factor for Cordero and Caballo
-Wind Eroslon (assume 4.7 m/sec wind speed)

{0.38 tou/ac*e/yr)(ZOOO 1b/ton)(# acre/vyr)(0.126)
(8760 hr/yr)

= g/sec

~Coal Haul Roads (assume average watering for contrelling particulate emissions)

(5.6 1bs/VMT)(length of haul road-miles)(# ton/yr)(0.126) _ /sec
— (8760 Br/yT) g

~Overburden Haul Roads (assume average watering for ceatrolling
particulate emissions)

(5.6 1bs/VMT)(length of haul road-miles)(# yd3/yr)(0.l26)

3 = g/Bec
(8760 hr/yr)(# vd” /hauling wvehicle)
-Haul Road Repair
"wet days
(0.50 control)(32 lb/grader-hr)(0.726 ratio”)(# grader hr/yr)(0.126) _ /sec
i {8760 hr/yT) &
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~0verburden Blasting

{50 1b/blast)(f overburdea blasts/yr)(0.126)

(8760 hr/yr) ~ 8/sec
~Coal Blasting '
{35 .1bs/blagt) (# coal blasts/yr)(0.126) .y
(8760 hr/yr) g/sec

—Crushers (Primary and Secondary)

(control efficiency)(0.08 1lbs/ton)(# tons/yr)(0.126) - g/sec
(8760 hr/yr) g

-Train Loadin&

(0.028 1bs/ton)(# toms/yr)(0.126) _
(8760 hr/yr) g/sec

—0Overburden Replacement

(0.012 1bs/ton)(1.74 ton/yd’)(# yd>/yr)(0.126) _
(B/60 hr/yr) g/sec

~Access Road

(control efficiency)(8.44 1b/VMT)(# trips/yr)(# miles/trip)(0.126) = g/se
(8760 hr/yr) g/sec

-Topsoil Removal

(0.058 lbs/ton)(topsoil density)(# yd3/yr)(0.126) a g/
(8750 hr/yx) g/sec

—

.
iy au W am

TOPSOIL DENSITY PROVIDED BY EACH MINE

MINE TON/YD3
Caballe Rojo 1.40
Pronghorn 1.40
Cordero 1.76
Coal Creek 1.30
Belle Ayr 1.54
Caballo 1.54
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Table 4.2 summarizes the resulting 1988 Emlssion Inventory for each of the six
surface coal mines. The same distribution of the above described surface coal
mining operations as used in WDEQ's simulation of the (prridor has been
applied to the area source configuration illustrated in Figure 4-2.

4.3 LONG-TERM CORRIDOR MODEL RESULTS

The ISC Model results depicting the amnual period are to be compared to
the WDEQ dispersion amalysis for the Corridor. WDEQ's model analysis 1s
therefore included to facilitate this comparison. Figure 4-3 is the WDEQ
isopleth map of their calculated annual geometric mean ISP concentrations due
to the Corridor's mining activities. The important feature of Figure 4=3 is
that the annual ambient air quality standard for total suspended particulates
of 560 ug/m3 will not be exceeded due to the mining activities assoclated
with the six surface coal wmines. In particular, the WDEQ predicted maximum
annual average geometric mean TSP concentration due to 1988 mining operatioms,

plus background, within the Corridor to be 58 ug/ma.

Thé ISC Model long-term program predicts annual éri:hme:ic mean TSP
concentrations. In the Powder River Basin région, the background TSP
concentration has been derermined by WDEQ to be 15 ug/m3 with a 0.75
conversion factor from an arithmetic to a gecometric mean concentration.
Applying these coustants to the ISC Model-predicted TSP concentrations for the
long-term Corrider rum results in the isopleth map shown in Figure 4-4. The
values on both maps represent the annual geometric mean TSP concentrations due
to the 1988 wmining operations within the Corrider plus a background
concentration of 15 ug/m3. As a result of simulating the Corridor's mining
actlivities with a more sophisticated atmospheric dispersion model and using
slte specific emission factors for the varlous coal surface mining activities,
a general improvement 1s seen in the predicted 1988 air quality dimpact from
the six coal wmines. The EDS-predicted lower particulate impact is due to the
accurate simulation of dry deposition and gravitational settling. The
isopleth pattern in Figure 4-4 (EDS medel rum) i1s similar te the isopleth
pattern of Figure 4-3 (WDEQ model rum). The maximum annhual geometric mean TSP

concentration, including background, as generated by the EDS model, however,
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1988 EMISSION INVENTORY FOR CORRIDOR

TABRLE 4.2

Emission Rates (g/sec) Developed by Applying EDS Emission Factors to
Production Rates Available from WDEQ Public Documents (and Sugpmarized in

Volume II) Using the Equations Listed Above.

If no Emission Rate is

Listed, WDEQ did not Include the Source in Their Analysis of the Corridor.

AMAX CARTER MOBIL SUNEDCO { CONSOL ARCO
Belle Ayr | Caballo | Caballo Rojo | Cordero i Pronghorn jCoal Creek
Scraper Operations 3.95 ‘ 2.37 0.74 3.73 0.47 1.63
Overburden Removal 18.77 17.75 15.12 25.07 5.89 21.52
Coal Removal 1.08 0.52 0.64 1.03 0.21 0.78
Truck Dump 11.87 6.21 7.12 12,42 2.37 8.54
Wind Erosion 1.42 2,19 2.47 3.10 3.39 8.91
Coal Haul Roads 102.36 19.06 52.96 56.63 11.80 17.88
Overburden Haul Roads 35,04 14.62 31.05 33.04 16.85 40.41
Haul Road Repair 1.43 L.43 0.84 1.19° 2.22 3.47
Overburden Blasting 0.23 0.43 0.18 0.26 0.08 0.18
Coal Blasting | 0.10 0.15 0.15 0.19 0.05 0.0l
1.01 2.59

Crushers 2.39 0.18 1.57 0.29 1.03
Train Loading 6.04 2.01 7.25
Silo Storage 0.30 0.58
Barn Storage 1.16
Trough Storage 0.52
Total Prep Plant 1.89
Sampling Statiom 0.30
Topsoil Removal 0.28 0.67 06.55 .90 0.18 0.33
Overburden Replacement 11.26 8.00 9.07 15.04 3.48 12.92
Access Road 76.65 30,34 3.19 B4 .45 10.65 70.48

/ ’ .
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FIGURE 4-3 ANNUAL GEQMETRIC MEAN TSP CONCENTRATIONS (JJS/NB) DUE TO

1988 MINING QPERATIONS PLUS BACKGROUND AS MODELED BY
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1s .only 46 ug/m3. The mnaximum concentration of 46 ug/m3 is predicted by
the ISC Model to occur at a grid location near the curreant BA-3 SLAMS hi-wvol.
This value 1s lower than current annual average measurements, see Figure 3-4,
mainly due to the receptor grid size and due to the changing mine pit geometry
and location as modeled by WDEQ, 1llustrated im Figure 4-2. Table 4.3 lists
the output from the long-term Corridor rum. Also included in Table 4.3 is the

calculated TSP concentration contributed by separate sources at each

receptor. These separate sources are!

=  CARTER MINING COMPANY's Caballo Mine;

-  AMAY COAL COMPANY's Belle Ayr Mine;

= MOBIL OIL CORPORATION's Caballo Rojo Mine; and
=  ATLANTIC RICHFIELD COMPANY's Coal Creek Mine.
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5.0 INTERPRETATIONS AND CONCLUSIONS

Part 2 has involved a wmodel (the ISC Model) with a level of
sophistication above prior EPA approved atmospheric -diépersion models. In
verifying both the short-term and long-term programs of the ISC Model, site
specific data were employed. Accurate production information, field developed
emission factors and particle size distributions, and on—site meteorological
data comprised the d1nput for both programs of the ISC Hﬁdel. The
model-predicted particulate concentrations were compared with an independeat
set of data composed of site specific hi-vel measurements for both the
short-term and long~term simulations of the surface coal mining activities at
AMAX COAL COMPANY'S Belle Ayr Mine. By comparing these data sets, the ISC
Model has verified very well. Verification of the WDEQ-modified CDM model

(CDMW) with input and output data specific to the Powder River Basin 1is
unknown.

The  ISC Model-predicted impact of particulate matter from the 1988
pertitted mining activities within the Gillette Corridor show maximum annual
geonetric mean concentrations to be 14 ug/m3 lower than the Wyomiag Air
Quality Standard and 12 ug/m® below the WDEQ's CDMW-predicted TSP
concentrations. An important observation from the long-term ISC Model rum, is

the 1limited areal extent cf the pafficulate impact, i1.e., the maximum

particulate impact from each mine 1s confined to separate regilons {a the
izmediate viecinity of the uine.

Evident from both the ISC Model verification rums and the Corridor model
run, the EDS developed emission factors accurately describe the surface coal
wining operations measured. The successful ISC Model verificatiom rums
(short-term and long-term) are attributable to emission factors specific to
the coal mining activities. If the developed emission factor; were not
accurate, the ISC Model would not have verified——even though this wmodel
represents state—of-the—-science dispersion thecry. The surface c¢oal mine
specific emission factors enabled an accurate simulation of the particulate

lmpact from the Gillette Corridor of mines.
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From the various applications of the long-term and short-term programs
of the ISC Model, it is appareat that the technical capabilities of this model
are greater than other atmospheric dispersion models. All of the predicted
particulate conceantrations obtained from the ISC Model applicationms appear to
simulate the mining operations in a physically sound wmanner~—with the
exception of the 100 m radius surrounding each source. The correct simulation
of observed phenomena results from a combination of site specific input data
and an accurate model of various processes associated with atmospheric

dispersion.

The modeling has shown that application of the EDS developed emission
factors requires an exact simulation of the large particle behavior.
Therefore, if these developed emission factors are to be used in atmospheric
dispersion models, then these factors wust be used in the ISC Model or a model

that handles gravitational settling and dry deposition im an equivalent manner.

From the modeling performed during this task, there 1s strong evidence
that the high volume air sampler 1s indeed biased when coliecting particulates
larger than 100 um in diameter. Consequently, -if the measurement technique
used to collect the particle size distributions to be inpﬁt into the
dispersion model is mnot equivalent to the technique (hi-vols) wused in
collecting the field data for comparison to the model-predicted particulate

concentrations, the model results will be biased accordingly.

In summary, the validity of the modeling exercise described in Part 2 is

critically dependent upon three factors:

- the accuracy/representativeness of the EDS emlssion factors;

- the realistic simulation of gravitational settling and dry
deposition in application of the developed emission factors;

~ application of an atmospheric dispersion model sophisticated enough
to accurately simulate real processes (the ISC Model).
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A.0  DERIVATION OF THE SOURCE DEPLETION FACTOR

A.l INTRODUCTION

Hi-vol - measured particulate concentrations result 1in a calculated
-"apparent” emission rate which is lower than the actual emission rate since
the largest particles settle out of rhe athSphére between the particulate
source and the hi-vol receptor. Chamberlain (1953) has described a method for
computing a source depletion relationship based on deposition velocity. 1In
the original derivation of this relationship, deposition velocity was treated
as a constant because suspended particulates and gases were considered. The
EDS data, however, indicated significant gravitational settling causing the
resulting deposition velocity to be a decreasing function with increasing
distance from the source. The remainder o¢f Appendix A describes a derivatiom

of a new source depletion factor-—-a modification of Chamberlain's method.

A.2  MATHEMATICAL DERIVATION

Utilizing the method of Chamberlain, (Slade, 1968) the source depletion

or deposition factor is derived as follows:

From Volume I, Part 1, Section 3.2, equation (3.1), the deposition rate
is given by,

D{x,y) = V,(x) X (x,¥,0) (A.1)
- _Q(x) w202
and x(x,¥,0) '%%;;E: exp(-y IZGYJ (A.2)

where Q(x) = “apparent” emission rate as seen at distance x
The exponential terms with receptor height (z) and source height (H) have been

neglected in (A.2) because they are very small relative to the yz term when

considering surface measurements of surface mining operacions.
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The rate of change of “apﬁarent“ emission rate with distance frow the

source is equal to the deposition taking place across the plume, i.e.,

J . 2[ D (x,y)dy (4.3)
o ,

Substituting (A.l) and (A.2) into (A.3) and integrating,

Jﬂ?vdcm Q(x)

aQé(;:) = — {A.4)
ucz(x)
Rearranging (A.4)
x Xy (X)
dQ(x) _ #Ziﬂ (A.5)
0 Q(x) o CXJ )

By. substituting analytical expressions for Vd and g, as a function of x
and integrating the result, the result 1is an analytical expression for
depletion of the source Qo with distaﬁcg- The expression for Vd(x) has
been derived from weasurements, Volume I, Part 1, Section 3.3,
equation (3.9). An expression of similar form for.cz has been developed by
Smith (1873).

o, = cx (A.6)

where ¢ and f are constants which depend upon stability class.

Substituting (3.9) and (A.6) into (A.5), the resulting expression cam be
integrated and yields

b-f+1

z géx) - ( ) =y (A.7)
0




Equation (A.7) applies to a point source only. However, the expression
may be modified to be utilized with an extended source by moving the point
source upwind of the real source a given distance. The extended scurce is
thus simulated by a wvirtual point source at a distance, Xotrt? upwind of the

actual source. This virtual distance is a function of the size of the source
and the atmospheric stability.

The viftual distances are computed utilizing equatiomn (A.6). Firse, {1t
is estimated that the average height of the sources being simulated is 10 £t
or 3.05 m. Next, it is assumed that the source height is 2.15 9, Thus,

3.05
20 = 315 1.42 m (4.8)

The wirtual distances, X,qipre aTe then computed for each stability class

utilizing equation (A.6), e.g.,

(Rpyze)” = 9,00 | (a.9)

The values for the constants and the virtual distances are given in the
Table A.l.

TABLE A.l

VIRTUAL DISTANCE WITH THE APPROPRIATE
CONSTANTS FOR EACH STABILITY CLASS

STABILITY CLASS c £ Xyire (D)
A 0.2793 0.90 6.08
B 0.2255 0.85 8.70
c 0.2229 0.80 " 10.10
D 0.1994 0.76 13.21
E 0.1485 0.73 22.00
F 0.1173 0.67 41.27
A-3
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Equation (A.7) may now be modifed to apply to the extended sources by

changing the limits of integration to x

1ln Ax) |

virt

p—

(x + x

virt)

and (x + x

b-f+1 _

Q

<]

and

27

Dx + X

b-£f+1

e

virt)

bef+l _

EE

b-f+1

A=d

(A.10)

(A.11)
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B.0 ISC MODEL AS APPLIED TO THE EDS STUDY

B.1  GENERAL DESCRIPTION OF THE ISC MODEL

The Industrial Source Complex (ISC) Dispersion Model has been recently.
- ‘relgased by the Eavironmental Protection Agency (EPA) to perform complicated

air quality impact asnalyses for a wide variety of source typas, including

surface coal mines. The ISC Model combines various analytical dispersien

modeling techniques in two computer programs, a short-term version and a .

long-term version. The ISC Model short-term program (ISCST) 1s an updated
version of the EPA Single Source (CRSTER) Model. The ISC Model long-term
program (ISCLT), a sector-averaged model, updates and combines the features of
two EPA UNAMAP models: (Climatological Dispersion Model (CDM) and Air Quality
Display Model (AQDM). Both programs (ISCST and ISCLT) of this comprehensive
model include the same features. The feature options exercised for this

modeling task, each to be discussed in detail, include:

- . plume rise due to momentum and buovancy.as a function of
dovnwind distance;

- emissions from a combination of point, area, line, and volume
sources with physical separation of the multiple sources;

- - application~defined receptor grid;
- effects of gravitational sectling and dry deposition;
= dispersion coefficients and mixing depths for a rural enviroament;

- simulation of site specific atmospheric conditionms.

The same bzsic dispersion model assumptions apply to both programs (ISCST and
ISCLT). The steady-state Gaussian plume equation for a continuous source is
used to calculate ground-level particulate concentrations for point, volume,
and line sources. The area source model {s based on the dispersion equation
for a continuous and finite cross-wind line source. This extremely flexiblae
model calculates particulate concentrations using sequential  hourly
meteorological data for the short~term (6 and 24 hour) and a joint frequency

digtribution of wind speed, wind direction, and Pasquill stability class for

I} .




the long~term (annual) values. A technical discussion of each of the model's
features, as well as the required input, and the requltiﬁg output format is

included in the remainder of this Appeadix.
B.2 -PLUME RISE

The ISC Model calculates the plume rise, using & generalized form of
Briggs (1971, 1975) equations, as a function of downwind distance, momentum,
and thermgl  buoyancy. Separate plume rise equations exist  for
heutral/unstable and stable atmospheric conditions, For applications
iovolving stack emissions the effective stack height of a plume is a
combination of the physical stack height and the plume rise. For simulation
of surface coal mining activities, however, only the physical height of
fugitive dust emissions, e.g., height of the stockpile and height of wake from

haul trucks, are of concern.
B.3 SOURCE TYPES

The ISC Model programs (ISCST and ISCLT) accept the followlng source
“types: point, area, and volume:; line sources are simulated by multiple volume
sources. The dispersion of particulate emissions from “stacks” (point
sources) are determined using the steady-state Gaussian plume equation for a
ccﬁtinuous elevated source. The area and volume source options are used to
simulate the impact of particulate emissions from a variety of the surface
cozl wmining operations, such as reclaimed land and stripped overburden (area
sources) and coal and overburden haul roads (volume sources). The area source
model is based on the equation for a continuous and finite cross-wind line
source. Slnce each area source must be square, the effects of an irregular
shaped area source can be simulated by a series of wnultiple sguares
approximating the source's actual geometry, as 1llustrated in Figure B-l.
Note the size of the individual area sources variles; the only requirement is
that each area source must have the same north-south and east-west
dimensions. In general, no plume rise exists with area sources; consequently,
the effective emission height is equivalent to the physical height of the

_source of particulate emissions.
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FIGURE B-1 REPRESENTATION OF AN IRREGULARLY SHAPED AREA SOURCE
BY 11 SQUARE AREA SOURCES (ISC DISPERSION MODEL

USER'S GUIDE, 1979).
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'The steady-state Gaussian plume equation for a continuous source is also
used to calculate ground-level particulate concentrations contributed by
volume source emissions. As with the area source model, the north-south and
east-west dimensions of each volume source must be the same. & coal or
overburden haul road (line source) is represented by a series of multiple
volume sources. To represent a line source exactly, equally divide the linme
source into N volume sources, where N is given by the length of the line
source divided by its width. This, however, is usually not practical—so a
haul road is simulated by an approximate representation, as illustrated iam
Figure B-2. In spacing 2 smaller pumber of wvolume sources at equal intervals
(not to exceed twice the width of the line source) an approximate
representation of the line source 1s achieved. As suggested in Figure B-2,
setting the user specified initial lateral dimension, cyo, equal to 2W/2.15,
where W is the width of the source, results in overlapping Gaussian
distributions for the individual sources assuring a reasonable representation
of the haul roads. As with area sources, gemerally no plume rise occurs from
volume sources. Consequently, the effective source emission height is set

equal to the physical heilght of particulate emissions.

It is important to note a peculiaritylaf the ISC Model. 1If the distance
between a receptor and a downwind source is less than 100 o, a‘warning nessage
is printed in the output and ‘no suspended pﬁrticulate concentrations are
calculated for that source-receptor combination. No other receptors are
affected however. . The ISC Model consistently underpredicts the ground-level
particulate concentration at a receptor within 100 w of a source. This 100 n
restriction arises from the fact that the Pasquill-Gifford curves begin at
100 m. All source types (point, area, volume, and line) are affected by this
limitation.

B.4 RECEPTCR GRID
Selection of a Cartesian (x,y) or a polar (r,®) receptor grid system

allows the user to design the ISC Model output for the specific application.

Since a combilnation of multiple sources, not located at the same point,

A-8
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comprise surface coal mines, the Carteslan co-ordinate system was chosen. In
the Cartesian grid system, the x-axis 1s positive to the east JE the origin,
user defined for each application, and the y-axis is.pdsitive to the mnorth.
Discrete (arbitrarily placed) receptor points can supplement the Carteslan
grid. In applylng the ISC Model to the coal mines in Gillette, Wyoming,
discrete receptor points corresponded to the locations of high volume air

samplers (hi-vols) surrounding the mimes.
B.5 SETTLING AND DEPOSITION

The effects of gravitational settling and dry deposition on ambient
concentrations can be neglected for small particulates (diamerers less than
about 20 ypm). The small particulates tend to remain suspended in the
atmosphere for long distances. The larger particulates, however, are brought
to the ground surface by a combination of gravitatiomal settling and
atmospheric turbulence. Additionally, small particulates are generally
reflected from the ground surface, whereas the large particulates that come in
coutact with the surface, usually are completely or partially retained at the
surface. The ISC Model ipcludes the effects of both dry deposition and
gravitational settling. The Dumbauld, Eiﬂil' {1976) dry deposition model,
used in the ISC Dispersion Model, assumes that a user specified fraction eof
the material that comes into contact with the ground surface is reflected from
the surface back into the atmosphere. The reflection coefficient, analogous
to the deposition velocity in other deposition models, is a function of the
gravitational settling velocity. This relationship 1s {llustrated in
Figure B-3. Figure B~-4 illustrates the vertical concentration profiles for
complete reflection from the groumd (Y= 1.0), 50 percent reflectiom (Y= 0.5),
and complete retention at the surface (Y= 0.0). Gravitational settling of the
large particulates results in a tilted plume with the plume axis inclined to
the horizeontal. Using McDonald's (1960) technique the graviational settling

velocity can be determined for all particulate sizes.
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SETTLING VELOCITY Vg, (m sec™!)

VELOCITY AND THE REFLECTION COEFFICIENT SUGGESTED

. BY DUMBAULD et al. (1976) (ISC DISPERSION MODEL

USER'S GUIDE, 1979).
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For each source of particulate matter, the total eumissions are
subdivided into several size categories. The particle size distribution can
be described by three parameters, input into the ISC Model computer programs,
for each category:

—~ mass fraction of particulates;
- reflection coefficient; and

~ gravitational settling velocity for the mass
wean diameter of the particulate size range.

The total particulate coocentration from each socurce is computed by summing

over the array of size categories.

B.6  RURAL MODE

Both computer programs of the ISC Model have one Rural and two Urban
options. In simulating the surface coal mines in the Powder River Basin, the

rural mixing heights and dispersion coefficients were used in calculating the
particulate concentrations.

Determination of the mixing heights is based on the currently accepted
procedure developed by Holzworth (1972). Since the morning (minimum) and
afternoon (maxigpum) mixing heights, developed by Holzworth, were determined

from data representing urban environments, the ISC Model adjusts the mixing
layer depths for the Rural mode.

Onlike the two Urban modes, that account for the enhanced turbulence
often associated with urban areas, the Rural wmode's lateral and vertical

dispersion coefficients (o _ and a, respec:ivély) are determined using the

actual Pasquill stability category. (Note the ISC Model's redefinition of
extregely stable "G" category to the very stable “F" category.) The
disperison cocefficients, a function of downwind disténce. are calculated using

equations that approximately fic the Pasquill-Gifford curves (Turmer, 1970).
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B.7 SITE SPECIFIC

To assure the ISC Model conforms as closely to a specific site as

possible, the user may input site specific values of the wind-profile exponent

and the vertical potential temperature gradients—-for each combimation of wind

speed and Pasquill stabilicy

category.

When an 1insufficient gquantity of

on-site meteorological data to determine site specific values, the ISC Model
uses the default values given in Table B.1l.

TABLE B.1l

DEFAULT VALUES FOR THE WIND-PROFILE EXPONENTS
AND VERTICAL POTENTIAL TEMPERATURE GRADIENTS

PASQUILL STABILITY WIND-PROFILE VERTICAL POTENTIAL TEMPERATURE
CATEGORY EXPONENT GRADIENT (°K/m)
A 0.10 0.000
B 0.15 0.000
c 0.20 0.000
D 0.25 - 0.000
E 0.30 0.020
F 0.30 0.035

B.8  INPUT

Applying the ISC Model to the coal wmines near Gillette, Wyoming, the

following data are required for each source:

- Cartesian x,y coordinates of the source with

respect to the user—-defined origin (m);

- source elevation (meters above mean sea level);

- particulate emission rate (g/sec);

- mass fraction of particulates in each size category;

= gravitational settling velocity for the particulates
in each size category (m/sec); and

- surface reflection coefficient for particulates

in each size category.
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In addition, polnt sources require the stack parameters (height, diameter,
exit veloclty, and exit taemperature) for the plume rise calculations. The
effective particulate emission height and dimensions (width of square area

source and the initial horizontal and vertical dimensions of volume sources)

are required for each area and volume source.

Each program (ISCST and ISCLT) of the 1ISC Dispersion Model have
different meteorological input requirements. The short~term program (ISCST)
calculates particulate concentrations using sequential hourly meteorological
data; whereas the long-term program (ISCLT) uses an annual statistical
meteorclogical éummary to determine the annual average concentration.

Consequently, the following meteorological data are required for ‘each hour
ISCST is applied:

~ mean wind speed (m/sec);

- direction wind is blowing toward (degrees);
-~ —-ambient air temperature (OK);

- depth of surface mixing layer {(m); and

~ Pasquill stability class.

Regular annual- STAR (STability ARray) data are the primary meteorological
ioput required by the ISCLT program. STAR data, staristical tabulation of the
jolnt frequency of occurrence of wind speed, wind direction, and Pasquill
stability class, are available from the National Climatic Center (NCC) in

Asheville, North Carolina. Parameters alsc raquired by ISCLT include:

- annual mixing height (m) for each wind speed
and stability category; and

annual mean ambient air temperature (°K)
for each stability category.

A=13
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3.9 QUTPUT

The extremely flexible ISC Model has several butput format optiohs
available to allow the user to tallor the data presentation to each specific

application. For the ISCST and ISCLT model runs that were discussed in
Volume I, the following tables were included:

- program coatrol parameters, source data, and receptor data;

- meteorclogical data (hourly values for each day for
shoert-term, and annual STAR data for long-term); and

- particulate concentrations calculated (6 or 24 hour for
short-term and anpual average for loug-term) for the
desired combination of sources for all receptors.

Several sources of different types simulate the wvariety of operations
associated with a surface coal mine. To evaluate the impact of the entire
mine operation (all the mines in the region) on the surrounding receptors, the
ISC Model allows the sources comprising each mine or type of mine operation to
be reported separately for each receptor. This output format is valuable in
evaluating the impact of each type of mine operation simulated in the model

verification runs and each individual mine wmodeled in the 1988 Gillette
Corridor rums.
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. VECTOR SPLED HEIGHT TEHP. ~ (DEG. X STABILITY  PROFILE  COEFFICIENT

HOUR (DCGREES) . (¥PS)_ (HETERS) (DEG, K)_PER METER} _CATEGORY __EXPONENT  (PER SEC)
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HOUR

oW LD N e

-

wou FALL 8 THOWTB 10AM-4PM

FLOW
VECTOR
{DEGREE S

- e e e

-

WIND

S PEED
t vP3)

1.34
MUR
«89

1,19

4.47

5.36

# MCTEOROLOGICAL DATA FOR DAY 312 »

POT. TEMP.

MIXING GRADIENT

HETGHT TEMP. (DEG. K S TABILITY
{METERS) (DEG. K1 PER METER} CATEGORY
1200.70 287.,0 +0000 3
1200.0 289.,0 .0000 3
1200.0 289.0 .2000 3
1200.0 291.0 «a000 3
120G.0 291 .0 .DTDO 3
1202.0 289.0 .0000 3

p

LE R I

WIND
ROFILE

E XPONENT

2000
2000

«2000

<2000
«2C00
«»2000

DECAY

COEFFIC IENT
(PER S EC)

- ok o e W g, - -

«0C000C
«g0ooac
«D000DC
«000030
«00000C
.0¢c000C

T




vas FALL 9 7-8NOVTE 1NPM-4AH . ey
% METEOROLOGICAL DATA FOR DAY 312 ¢

- POT. TEMP. '
FLOW WIND WIXING GRADIENT WIND DECAY

77V

VFCTOR SPEED HEIGHT TEMP. (DEG. K S TABILITY P ROFILE COEFFICIENT
HOUD {DEGREES) t MPS) (METERS) (DEG. K} PER HETER) CATEGORY € XPONENT (PER S ECI
1 1640 1.79 25L.0 281.0 .acan 4 2500 000D C
2 36.0 2.24 25G.0 281.C .0000N 4 «2500 .angaoc
3 56.0 2.68 25G.0 282.0 «0000 4 +2500 «20000C
4 90.0 2.24 250.C 282.0 0000 y 2530 .00000¢C
5 158.0 l.34 250.0  281.0 0000 y 2500 .apooocC
6 . SE.D . P 250L.0 281.0 0000 4 2500 .00p00C




ST-v

HouP

NS N

#xs FALL 10 BNUVTS 10AM-4PH

LE X
¢ MCTEOROLOGICAL DATA FOR DAY 311 #
POT. TEMP.
rLow WIND MIXING GRADIENT WIND DECAY
VFCTOR S PEED HEIGMT TENP, (DEG . K S TABILITY P ROFILE COEFFIC IENTY
(DEGREES) { #PS) (METERSY (DEG. K! PER METER) CATEGORY E XPONENT (PER S EC)
16.0 49 12G0.0 290.0 .00D0 3 2000 .30000¢C
356,0 .29 1206.0 292.0 .0000 3 .2000 .00go00
9.0 1.34 1200.C 292.0 .0000 3 .2000 .D0000 0
124,0 2.24 120040 292.0 D000 3 2000 . «00000C
147.0 1.34 120040 292.0 ,0000 3 .2000 000000
353.0 24 1200.0 299.0 .0000 3 «2009 +000000




s99 FALL 12 9NOGV?S 1CAM-4PH | ' O

¢ METCORODLOGICAL DATA FOR DAY 114 #

POT. TEHP, :
FLOW wIhD MIXING GRADIENT WIND DECAY
vVECTOR SPEED HETIGHT TEHP. (DG K STABILITY PROFILE COEFFIC JENY
' HOUR (DEGREEES) (KPS ) {METERS) {UEG. K) PER HEJER) CATEGGRY E XPONENT {PER S EC)
rlu - m M e w w m w e m m e m E oEm @ = e o w e wm e O m m o W o W w e @ owm m w e m = e - - - e = -
PO
1 104.0 2.24 12006,.4 211.0 0000 i .250C -jooooc
2 124.0 L 1200.0 276.0 0000 4 «2500 .00030C
3 191.0 by 1200.0 213.0 « 0000 4 «2500 .0C0000
4 259.0 4,47 1200.0 2712.GC +0000 | «2500 «0CcoooaQ
5 25%.1 8.05 1200.0 271.0 - 0000 4 «2500 00000 G
& 232.0 2.94 1200.0 271.0 G000 4 +2500 .0C0CDCL

- -\ —’— ) -_\ -‘ -.— — _‘ - - -'
- - - - - ~ - - - ) - - s : = - i - i



*o0 WINTER 1 31 JAN 79 1030AH 430PHM LLE ]

¢ METEOROLOGICAL DATA FOR DAY 31 »

POT« TEHP.
FLOW WIND YIXING GRADIENT WIND ODECAY
vrCror ~SPEED HETGHT TENP. (DEG. K S TARILITY PROFILE COEFFIC IENT
. HOUR (OCLREESY { Hi*S ) {METERSY (DEG. W) PER WETLR) CATEGORY E XPONENRT {PER SEC)
5 e e e e e e = e = e % e % m e m @ e e m e oemeE e m e m oaoememeEem e o em .= meam = m o= & o= o=
~J .
1 o 2.24 1en0D.0 257.0 .0000 3 2000 DConpc
2 « 1.79 100G.0 257.0 «0N00 3 .2000 .0C0DOC
3 «0 1.34 1000.0 257.0 0000 3 «27900 000000
4 23.7 1.79 1000.0 257.0 .0000 3 «20C0D .00000C
5 RN 2.6 1000.0 257.0 0coon 3 «2000 «300000
6 b .13 1°000.C 257.0 .0cgo l 2000 .00000C




“«2a WINTER 2 31JAN 1FEBT9 9PH 3AH - 4k
* HETEOROLOGICAL DATA FOR DAY 31 #

POT. TEHMP,

FLOW - MIND MIXING GRADIENT NIND ODECAY
VFCTOR SPLED HEIGHT TENP, tUEG. K S TABILI1TY P ROFILE COEFFIC IENT
o HOUR {DEGPEES) t MPS) (METERS) (DEG. K1 PER METER) CATEGORY £ YPONENT (PER S EC)
2 138.0 T.67 3InGc.0 255.0 L0000 4 .2500 .000000
3 .0 T.60 3100.0 25640 .0FDD Y «2500 .00000C
4 .N €.20 30G.0 256.0 .0000 y .2500 00000 D
5 23.0 - 1.58 300.0 257.0 .0coa 4 .2500 00000 C
b 9C. 0 .13 in0.0 256.0 0000 Y 2500 .00000C

- an iy S S PP W W Ny W
- mpy T w e A B ] -y -
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R
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sue LINTER 3 1FEBT9 9AM 3PN ' P
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* METEOROLOGICAL DATA FOP DAY 32 »

POT. TEMP,
FiLOW WIND Y IXING GRADIENT LIND OECAY
vECcTOR SPELD HEIGHT TEMP, (DEG. K S TABILITY P ROFILE COEFFIC IENT
o HOUR (UFGREECS) {¥PS) {YETERS) (DEG. K} PER METER} CATEGORY E XPONENT (PER S EC)
'1’ e m m e e e e m e m e m s m e m e e e m m m e e o wm o e m w w M dm W e o e e e o e w e
(X} .
1 113.°7 .09 1600.0 .251,.0 .000N 3 2600 00000 ¢C
2 158.0 1.79 10CU.C 253.0 .0N00 3 .2000 .00000¢C
3 135.0 1.79 1000.0 254.0 0000 3 .2000 .0poooc
y 203.0 3.13 1000.0 255,0 .0000 3 .2C00 .00000C
5 203.0 1.79 1000.0 255.0 .C00n 3 »2000 .qooon e
6 113.0 134 1000.0D 255.0 0000 3 .2000 «00000C
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ge-v

wtd LINTER 7 3IFEB79 9AM 3IPM ' P

* METEOROLOGICAL DATA FOR DAY 34 »

POT. TEMP.
rLou WIKD MIXING GRADIENT, WIND DECAY
vLCTOR SPCED HETGHT TEMP. (DEG. K S TABILITY PROFILE COEFFIC IENT
HOouR {DEGREES) {¥PsS) (METERS) (DEG. K) PER METER) CATEGORY E XPONENT {PER SEC)
1 LeE. " .13 16C0.0 263.0 0003 3 «2000 .000000C
2 Gre”N 2.68 1cao.0 263.0 <0000 3 +2000 «000O0DC
] or.nr 4, 22 .1003.0 263.0 +0000 3 «2000 000000
4 Yr.n 4,02 1000.C 263.0 07100 3 »2000 «00003C
5 23.7 2+21 1000.0 Z64.0 -0000 3 «2000 «000000Q
3

€ 23,1 2.069 iCOu.l Zb4.D -0000 2000 .00000C




wx» WKINTER B 3~4FFET9 9PH 3IAH

* METEONROLCGICAL DATA FOR DAY , 34 »

POT. TEHP.
FLOW WIND HMIXING v GRADIENTY
VFCTOR S PEED HETGHT TEHP. {UEG. K
- HOUR {DEGREES) { HPS ) {YETERS) (DEG, K} PER HETER)
Jﬁ‘ - — - - - - - -— - - - — - - - - - - - - - - - - - - - - - - - - -
=~ .
1 o0 1.79 3no.c 263.0 .0000 g
2 .0 2.68 300.G 262.0 .0000 y
3 «0 313 ing.C 262 .G 0000 y
4 33a.0 89 300.0 262.0 .0000 4
5 158.0 . <89 300.0 263.0 .DODD Y
6 1568,0 .45 300.0 263.0 0000 | 4

STABILITY
CATEGORY

vk
WIND DECAY

PROFILE COLFFIC IENT

E XPONENT (PER SLC}
«2500 +00000C
+2500 «00000C
«2500 Jnooao
«25%00 -Q0000C
«2500 «00000C
«2500 «00000¢C




B W R WE DR S e B Gh Ak GF WS DN SR SO ar am @R @

sao LINTER 9 UFCBT9 9AH 3PHM Ll

* BMETEOROLOGICAL DATA FOR DAY 3% #

POT. TEHP,
FLOW ~END YIXING GRADIENT ¥IND DECAY
vector SPEED HEIGHT TEMP. (DEG. K S TASILITY  PROFILE  COEFFICIENT
. HOUR  (OFGRCEST  (MPS) (METERS)  (DEG. K) PER HETER)  CATEGORY € XPONENT  (PER SEC)
M oS-/ - - - 7 - s s T T T TETEEEEEEESEEEEEEIET
Lh
1 15040 3.58 1000.0 263.0 .0000 3 2000 .00000¢C
2 15,1 .02 1000.0 263,0 .GOUD 3 .2000 000000
3 135.C 4,92 1000.0 263.0 <0007 3 .2000 000000
4 135.7 .13 1000.D 263.0 0000 3 .2000 .000000
5 4E. P .89 1000.0 263.0 .0N00 3 «2000 .00000¢
3 4sen 2.68 1000.0 263.0 .GNO0 3 2000 .oooo0¢




yae WINTER IC 4-5FEBT79 9¢H 3JAM
¢« METEOROLIGICAL DATA FOP DAY
POT., TLEHP,
FLOW LWIHD HIX1IHG GRAODIENT
_ vicion SPELD HETIGHT TEMP. {0EG. K
lp HouR tOCGRELCS) ({PPS) (METERS) {DEG. K) PER HETERI)
tL - - - - am - - - - e a e W e - - E w w wm ey o e = m -
P
1 6E. 0 T 300.0 260.0 000N
2 CELC S«3¢C InD.n 260.0 .0non.
3 ebi.C 5+3¢ 3cu.0 «60.0 002
4 9.0 £.21 3jon.0 260.0 «Qcop
5 92C.0 T.60 jea.o 260.0 +ocon
t 9L.C 1C.73 300.0 261.0 LTCN

L2

3¢t =

W1NMD
P ROFILE
£ XPONENT

S TASILITY
CATEGORY

.2500
2500
2500
«2500
+2500
2500

I S g g

DECAY ,
COEFFIC IENT
{PER SEC)

- o wm wm w  o-

.0og0ooc
+00000C
-0000C
«00000C
+ 000000
00006 C
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BE-V

swy WINTER 12 z-6FEB79 SPH 3AM : %

* METEOROLJIGICAL DATA FOR DAY 3& «

POT. TCHP,
FLOW WIND MIXING GRADIENT %IND . DECAY

vFCToR SPEED HE TGHTY TEMP, (DEG. K S TABILITY P POFILE COEFFIC JENT
HOUR {UECREES) { MPS ) (METERS) (DEG. KY PER METER) CATZGORY E XPONENT (PER SEC)

| 4s,C 2.¢8 30G.0 268,0 Q000 Y 2500 .aooscc

2 90. 0 2.08 3053.0 267.0 .0000 y .2530 .00000¢C

3 135,.0 4.92 39G.0 267.0 .3000 Y 2500 .J00030

Y4 135.0 4,02 306.0 268.0 0000 Y 2500 .anooon

5 156.0 W92 370.0 268,0 0000 y «2500 .000Q0c

6 156.0 4.02 30G.C 269 .0 .0N00 y .2530 .00000C




B WE PR SR B WS W W OB W G e WS SN SR S e em e
|

ses  SPRING] Z7APRT9 JDAM-4PH  eas

* METEOROLOGICAL DATA FOR DAY 117 *

[N

POT. TEMP,
FLOW WIND MIXING GRADIENTY WIND DECAY
VECTOR S PCED HETGHT TEMP, {GEG. K STABILITY - PROFILE  COEFFIC IENT
o HOUR {DEGREES) { MPS) (METERS) (DEG. K) PER HMETER] CATEGORY E XPONENT (PER SEC)
l‘l\, - m @ m m e om w m om = owm om o Em e m e wm e e om oem o e e e o e m m - m e m W e de m e e e e o = =
(Vs )
i 130.0 1.13 1400.0 280.0 .00DD 3 2000  .go0000C
2 140.0 2.68 1400G.0 282.0 .GL000 3 .2000 .000000
3 15040 2.68 1400.0 283.0 +0000 3 .2009 .ooepo s
4 14C.D 4.92 140G, 0 284.0 .0080 3 .2000 .0CGDOD G
5 13C.0 5.36 1400.0 284,.0 .0000 3 .2000 .3P0Co0
6 148 .0 5.58 1400G.0 285.0 L0000 3 .2000 .00000C




see SPRINGZ CT7-2B8APRTY9  9PM-3AM ' TN

4 HETEOROLOGICAL DATA FOR DAY 137 »

POT. TEHP. .
FLOW VIND HIXING GRADIENT WIND DECAY
VECTOR S PELD HEIGHT TEHP, (DEG. K STABILITY  PROFILE  COEFFIC JENT
» | MOUR  IDEGREES)  (MPS) (METERS) (DEG. K) PER HMETER)  CATEGORY  E XPONENT  (PER § EC)
3 A STttt
1 270.0 .13 400.0 217.0 .0000 y 2500 .00000¢C
2 345.0 2.68 400.Q 276.0 .0000 4 +2500 30300 C
3 Z0.0 1.79 400.0 275.0 0000 4 2503 000000
q 350.0 4.02 400G.0 274.0 .acoo 4 2500 00002 C
5 .0 4,92 400.0 273.0 . 0000 4 «2500 .Dogoe C
6 45.0 3.58 40C.0 273.0 0000 4 «2500 .00000¢

e m e ————————
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skz PRING & 29APRTY 10AH-4PH e

¢« METEOROLOGICAL DATA FOR DAY 119

ey-v

POT. TEHP.
FLOW WIND MIXIKNG GRADIENT WIND -DECAY
VECTOR SPEED HETGHY Tenb, (DEG. K STABTILITY PROFILE COEFFIC IENT
HOUR {DEGREES) L HPS] (METERS) (DEG. X1} PER METER]) CATEGORY E XPONENT (PER S EC)
1 14C. T €.20 14CV.0 285.0 «0C00 4 «2500 «000g0ocC
2 145.0 T.60 1400G.0 286.0 «0000 L] «2500 -goaooc
3 160.0 - 8.94 1400.G 287.0 <0000 Y «2500 000006 C
L 15C. 0 1C0.73 1406,.0 286.0 «0000 L] «2500 «QCcGooc
5 165.0 1C.73 140GC.0 285.0 +0000 4 22500 . -0cDooo
3 14C.0 9.62 1400.G 283.0 0000 ]

2500 +00000C




w3 LPRING T ICAPRTO 10AH-Y4PH ‘ e x

*» HETEOROLOGICAL DATA FOR DAY 12C »

POT. TEMP.

FLOwW WIND MIXING GRADIENT WIND DECAY
VECTIOR SPEED HEIGHT TEHP. (DEG. K S TABIL1TY PROFILE COEFFIC IENT
o HOUR (UEGREES) { MPS) {HETERS) (DEG. K) PER HETER) CATEGORY E XPONENT (PER SEC)
|ﬁ - s Em am  dr o W o e Em owm m o e gn A S wmk Gk ew e em e ms wm ms wm oam - ey e ms W as = wme = - e e e W W E e W
' | s, 7.15 1400.0 286.0 .0000 4 «2500 .00000¢C
2 2.0 6.T1. 140G.0 287.0 0000 4 2500 «000GD C
3 £ 0 €026 140C.0 267.0 .0000 4 2500 000060
y 5.0 5.81 1400.0 289.0 . LGCOoD 4 «2500 .gogaoc
5 N €.26 1400.0 289.G .000D Y 2500 .00000C
6 3155,.0 6.2¢ 140540 289.0 .0000 4 «2501 .00000C
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ses  SPRING §  IMAYTY 1UAM-4PH : ey

¢ MLTCOROLOGICAL DATA FOP DAY 121} ¢

. POT. TEHP,
rica WIND MIX1NG GRADIENT WIND DECAY
viCTOR - SPLECO HETGLHT TENP, {DEG. K S TABILITY P ROFILE COEFFIC IENT

. Houn {DEGREL € { MPS) (METERS)] (DEG. K) PER HLTER) CATEGORY E XPONENT iPFR S EC)
& |

1 217.0 T 1470.0 284 .0 .0000 3 2000 .00000C

Iy 200, n 4,92 1400G.0 284.0 .0coo 3 .2000 000000

3 0.0 Yot 7 1400.0 285,0 .0009 3 .2000 .00008 0

y 26C.0 Neth 2 14ng,.0 285,0 .0000 3 .2000 .000000

5 23%. G 5.36 1403.0 206.0 0000 3 +2000 .00000C

G 21G. ¢ 5.36 1403.0 286.0 0000 3 .2000 .00000C

e cm e man]



.

w2g  SPRING 1D 1-2nAY19 IPH-3AHM %k

* METEORCLOGICAL DATA FOR DAY 121 =

fLow WIND MIXING GRADIENT WIND DECAY
vrEcrTon S PEED HCIGHT TEMP, (DfG. K S TABIL1TY P ROFILE COEFFIC IENT
. HOUR {UEGREES) { ¥Ps) (METERSY (UEG. K)  PLR HETER) CATEGORY € XPONENT (PER SECI
1 L T . I B e T S T T S I T O I .
|
1 2l0.0 .25 400.0 219.0 3000 " «2500 .aopodc
’ 195.0 B.49 4Nu.0 217.0 »0N00 y 2509 000000
3 190.0 9.39 W0D.0 21640 0000 4 2500 .00o0Cc 0
y 19G6.0 9.219 40p.0 275.0 .0000 4 22500 .0C000C
5 195.0 8.914 400.0 275.0 0000 4 «.2500 .00060C
b 200.0 9.39 40U0.6C 274.5 «0NDO 4

«2500 «0FD0DGC

P




gh-v

aay  SPRINGI1 2MAYTY9 (1GAU-4PH ' Ty
* METEOROLOGICAL DATA FOR DAY 122 »

POY, TLCHMP,

FLow RIND MIX1NG GRADIENT WIND DECAY
vicionr SPELD HEIGHT TEHP, {UEG. K STABILITY P ROFILE COEFFIC IENT
HOour tol GREES) (¥PS) (METERS) (DEG, K} PER METCR] CAVEGORY E XPONENT {PER SECI]

1 SN g8.05 1403.C 272.0 L0nnn 4 «2500 «Q0opac

2 230.0 .39 1400.0 Z13.0 -0000 y «2500 «00000C

X JuC.l 6.26& 1400.0 213.0 +0C0N y «2509 »00000C

4 19G. C S.11 1400,0 213.0 .0N90 q «2500 «000000

5 chl.C f.3¢ lano.r 213.0 . <0002 4 2500 -Qaagace

6 2a5.0 4.92 l1s0p.C 273.0 «0NGN y «2500 «go00Q0C




vae  SUMMCRI  TRHULYTO 1GAH~4PM ¥

* WETEOROLOGICAL DATA FOR DAY 2010 *

POT« TEMP.
FLow kIND H1XING - GRADIENT WItD DECAY
vVFCI0P SPEED HETIGHT TEMP. (DEG. K S TABILITY P ROFILE COEFFIC IENTY
o HOUR (LEGVFEES) {HPS ) (METERS) (DEG. K) PER HETER} CATEGORY £ XPONENT {PFR SEC)
5
] « 0 4.92 1550.0 jas.o «3000 3 «2C00 000000
2 1c.0 4.u47 1550.0 3p2.0 0000 3 «2C00 .Ghooo L
3 t.0 4.92 155G.0 - 302.0 0000 3 «2000 000000
] 35.10 S.1¢ 1550.0 l02.0 1000 3 2000 - «JC0000
S S5C.N 4.47 1550.0 ilpz2.o 0000 3 «2000 +00008 0
t thaD 4,02 1550.0 302.0 «0000 3 «2000 000000




wdd SUMMER 5 22JULYTY 10AM-4PH &
* METEOROLOGICAL DATA FOR DAY 2012 «

' POT. TEMP, .
FLOW WIND MIXING GRADIECNTY WIND DECAY

VFCTOPR SPELD HEIGHT TENP, (DEG. K S TABILITY  PROFILE  COEFFIC IENT
. | wour  torerrESY  Cmps) (METERSY1 (DEG. K1) -PER METER) CATEGORY € XPONENT  {PER § EC)
- S mmmnmnm
i 395, 0 B.94 1550.0 305.0 .0000 3 2000 .DCO00C
2 395.0 8.49 1553.0 306.0 0000 3 .2€00 .00000C
3 390.0 . 8.05 1550.0 307.0 0000 3 »2000 .00000 ©
4 4s.C 1.60 1550.C 308.0 . .0000 "3 2000 .0OD0D
5 5C. 8.94 1550.0 307.0 .000n 3 2000 .00000C
6 A 1.15 1550.0 308,0 0000 3 2000 .DD00D (
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vax SUHMER 7 23JULYT9 10AH-4PH kR

* HETEOROLOGICAL DATA FOfR DAY 204 «

; POT. TEMP. ' .
FLOW WiND MIXING GRADIENT wIND DECAY
‘ vrcior SPEED YEIGHT TEHP, {DFG. K STABILITY  PEROFILE COEFFI1C IENT
. HOUR {BEGREESY i 1P {METERS) (DEG. X) PER MCYER} CATEGORY £ XPONENT (PER S EC)
‘51 - - - - e e e 2w - - - - S e we A e o - - @ e g da = o o - - - - - - - - - - e = - W L] e - - -
N \
1 10545 B.94 155G.C 291.C .0D00 y 2500 «OC00DC
2 17¢.0 8.CS 1550.0 300.0 .0000 4 .250a0 .000000
3 166G.0 B.W9 1550.0 296.0 0000 4 2500 00000 C
u 175.0 8. 49 1550.0 297.C .00aa 4 «2500 +0000D 0
5 175.0 7.15 1550.0 297.0 0000 4 .2500 .00000¢C
b 17C. 0 7.15 1550.0 297.0 .DNODD y .2500 .00600 L

o



. .

£e-v

was SUMMER 8 23-20JULY 9PM-3AM T3

* METEOROLOSICAL DATA FOR DAY. 209 »

: POT. TEMP,
FLOMW WIND MIXING GRADIENT W1ND DECAY
VECTOR SPLED HETGHT TEMP . {DEG. K S TABILITY PROFILE COEFFIC IENT
HOUR {DEGREES) i MPS) {METERS)Y (DEG. K} PER HMETER) CATEGORY E XPONENY (PER SEC}
1 160.0 2.68 ing.o 291.0 «000D 4 «2500 +0C0C000
2 185.0 1.79 ino.U 292.0 0000 4 «2500 000000
3 155.0 Z2.68 3no0.D 291.0 <0000 y «2500 «0ND0D 0
Yy 195.0 1.79 Joo.0 290.0 - «0000 ] «2500 .0poaac
5 o1 1.79 ing.0 289.0 -0000 Y «2500 +0Cco000
6 5C.0 3.58 300.0 209.0 -0pao y «2500 .goceoC




LR

FLCM
vrcton
H DUR (LEGREE

- - - - .- - -
7

Vil

2a3.0
227.¢C
242.0
202.C
223.06
2290

N o B

* SUMMER 9

LRI
SPCLD
S { MPS)

- - . - e s

2.68
2.t8
.13

LD

Y I N+

1.58
3.13

cq4uLvyie

13AH-~-4PH

* METEOROLOGICAL DATA FOR DAY 2065 »
R )

HIXING
HEYGHT
{METEREL]

1550.0
1550.0
155C.0
155L.0
1550.0
1550.0

1EHP.
(DEG. K)

POT. TCHP.
GRADBIENT
(0EG. K S

PER METER)

- o e o ma Em am o mm E o e

299.0
3oy.C
3jn2.0
323.0
503.0
333.0

«L000
<0000
-Lo0n
000N
«0000
0000

TABILIYY PROFILE

Ty

WIND

CATEGORY E XPONENT

£ £ L 85 LT L

»2500
2500
2500
.2500
.2500
+2500

DECAY

- e e

L00000¢C
Q0000 ¢
.00B32C
.00004¢C
.000cOC
.0D00DC

COEFF1C IENT
(PER S EC)
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SHORT-TERM 1SC MODE], VERTFICATION RESULTS

. Ap21.59
FALL 2 . (-)
NOV 4, 1978 * P2 suMmMER 1.59 )
10am - 4pm 10.21 N
’ K P1SUMMER * Pl (=) 7.78
OVERBURDEN HAUL ROAD 10.21 A PA(-)
& 1 OVERBURDEN 7.78
BLASIING | {_ HAUL ROAD
SRIPPED | | S
OVERBURDEN 21.87
& _ . _ A P3 (234,0)
TOPSOIL REMOVAL] , , RECLAIMED (AND 21.87

& —
OVERBURDEN | SN QA 4y,
REMOVAL | =t po,)
| : T 79.07 |
COALPT | R _E?NDUMPSLBO * P4 52962)

T
3 *p5 (<)
52,80
IRAIN LOAD-OUT
REPLACED RECLAIMED tAND ’
OVERBURDEN
] 13.54
SOUTH ROAD * py (109.7)
KEY FOR SIX HOUR CONgENTRATIONS . 13.54
VALUES 1 -
(ng/m™) 1.27 6.03
* Before Screening A po(46.0) *paéll;f;iﬂ)
(Measured Hinus Background) 1.27 0 *
After Screening (5;13)
W = Withdraw Case kP10 g 49
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SHORT-TERM 1SC MODEL VERIFICATION RESULTS

: A p21.12
FALL 5 (60.8) ’
NOV 5 - 6, 1981 * P2 sumMMeR 1.12 ' .
10pm - 4am 0.27 N
. *P‘S{MMER *‘"(72.1) 28.78
OVERBURDEN HAUL ROAD 0.27 * P4 (gg';’; J
& 7 OVERBURDEN )
BLASTING | | HAUL ROAD
SIRIPPED - | I
OVERBURDEN | _ 9.87
& , ) A P3 (0.0)
TOPSOIL REMOVAL] , _ RECLAIMED LAND 9,87
& \ : :
OVERBURDEN | ==llcoy Hay
REMOVAL | 1 == Roap
z ' . ) ) 0.0
o COAL PIT COALDUMP . 1,  *P6 ((1)569)
* P5(217.6) '
16.12
TRAIN LOAD-OUT
REPLACED RECLAIMED LAND '
OVERBURDEN
e, 0.0
SOURT ROAD * P7 (46.5)
KEY FOR SIX HOUR CONgENTRATIONS 0.0
VALUES - :
(ng/m?) 0.0 0.0
* Before Screening #pe(0.0) * P83 (1068)
(Measured Minus Dackground) 0.0 0.
After Screening (g'g)
W = Withdraw Case *P10 0",
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SHORT-TERM J.SC MODEL VERIFICATION RESULTS
FALL 10 A g 9093
AL (120.0)
ggv 8, §978 A 2 SUMMER W
am -~ apm 132,26 ' N
* PYSUMMER * Pi (0.0) 31.91
OVERBURDEN HAUL ROAD v * (64;1)
& [ OVERBURDEN
BLASTING { HAUL ROAD
STRIPPED
OVERBURDEN 120.35
& A P3 (15.9)
TOPSOIL REMOVAL _ RECLAIMED LAND w
&
OVERBURDEN S==llcoy Hag,
REMOVAL 4= Rosp
‘\'\\A

£9-v

KEY FOR SIX HOUR CONCENTRATIONS

VALUES (pg/m3)
Before Screening

After Screening
W = Withdraw Case

Apig (28.7)
W

I 0.83
COAL PIT \__E(‘m DUMP ¢ 0o A P6 (-)
* PY0.0) v
w
IRAIN LOAD-OUT
REPLACED RECLAIMED LAND
OVERBURDEN
L T P a— - 30.03
SOUTH ROAD A Px2.2)
A w
11.42 18,98
*pg (0.0) *pg (25.1)
(Measured Minus Rackground) w w
2,05




SHORT-TERM ISC MODEL VERLFICATION RESULTS

FALL 12 P2 0.0 .
NOV 9, 1978 " (4.1) : ‘
* L)/ -
'10am - 4pm IMMER 0.0 . N
0.0
A P SUMMEA * P4 (0.0) 0.0
' * P4 (5.
OVERBURDEN HAUL ROAD : 0.0 (3 (5])
& 1 1 OVERBURDEN '
BLASIING : i hAauroAD
SIRIPPED | |
OVERBURDEN | 11.90
& _ A P3 (0.0)
TOPSOIL REMOVAL . _ RECLAIMED LAND 11,90
& ‘ . -
=l C
OVERBURDEN ll Coy,
. REMOVAL =<t po,,,
1 } T .
S = 1%.}0
~—: . kpy &
COAL PIT ,\EOALDUMP 162.10 13.10
*P5 (13.3)
162.10
TRAIN LOAD-OUI
REPLACED RECLAIMED LAND '
OVERBURDEN
e e i i 80.92
: A SOUIH ROAD * P7 (19.9)
KEY FOR SIX HOUR CONCENTRATIONS _ ' 80,92
VALUES (pg/m3) :
44.0 41.30
* Before Screening * Pg (86.3) A P8 (23.2)
{Measured Minus Dackground) 44,0 41.30
After Screening 26.68
W = Withdraw Case ' 26.68




- - . ) -

SHORT-TERM ISC MODEL, VERIFICATION RESULTS

WINTER 1 ' A pz(zgg.(z)z)a .
JAN 31, 1979 . ,
10:30am — 4&:30pm kP2 sunamn gi.;g _ A N
. LYY * P1 (276.0) 3.92
OVERBURDEN HAUL ROAD 81.95 * P4 (g-g;
& [ (1 OVERDURDEN .
BLASTING 1 HAUL ROAD
STRIPPED |
OVERDURDEN | ‘ 37.32
& ‘ , kP3(64,6)
TOPSOIL REMOVAL _ , RECLAIMED LAND 17.32
& . )
OVERBURDEN =llcoy My
REMOVAL T Roy
T 0.0
a COAL I r __EOAL DUMP . o *Po (2(7}.(2])
hpPs (=) '
24,20
IRAIN LOAD-OUT
REPLACED RECLAIMED LAND
OVERBURDEN
- — i e SOOI | 0.0
SOUTH ROAD * r7(0.0)
KEY FOR SIX HOUR CONCENTRATIONS ' 0.0
VALUES (ug/mj) - 0.0
0.0 P
* Before Screening P9 (-) * P8 0.0
(Measured Hinus Background) 0.0 0.0 . .
After Screening . (2'2)
W = Withdraw Case * P10 0.0




99-v

SHORT-TERM ISC.MODEL VERIFICAT1ON RESULTS

|
I

—E TS ol N AN T e W an

48.24
WINTER 2 *P?(]m 0)
JAN 31 - FEB 1, 1979 X P2 SUMMER 48. 24 T
9pm - 3 am 59'42 : lv
P SUMMER . * P1(201.0) 8.17
OVERBURDEN HAUL ROAD 39.42 * P"(gzi;)
& '] OVERBURDEN ’
BLASIING | 1 HAUL ROAD
STRIPPED
OVERBURDEN 45.37
& ‘ A P3 (109.0)
TOPSOIL REMOVAL| _ RECLAIMED LAND 45.37
& .
OVERBURDEN 'NJ%W
REMOVAL .wb .
' ' 38.81
COAL A COALDUMP 5 g3 *PASLD)
*P5(76,7) *
31.93
. TRAIN LOAD-OUT
REPLACED RECLAIMED LAND '
OVERBURDEN
T 5.30
SOUTH ROAD * P7(7.4)
KEY FOR SIX HOUR CONCENTRATIONS 5:30
VALUES ..
(vg/m?) 0.0 0.05
* Before Screening *p9(3.5) A P8 30())5
(Measured Minus Background) 0.0 .
After Screening 0.0 =
(1.5)
W = Withdraw Case AP0
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SHORT-TERM TSC MODEI, VERTFTCATION RESULTS

1,0
WINTER 3 *P2 02y ..
FEB 1, 1979 - 0.0 1
Qam ~ 3Ipm ' : .
0.0
* P1 SUMMER * P1 (18.6) 0.0
OVERBURDEN HAUL ROAD 0.0 * Pd(25,4)
& 1 OVERBURDEN 0.0
BLASING | 1 HAUL ROAD
SIRIPPED | .
OVERBURDEN | | 9.13
& | | A P3 (94.0)
TOPSOIL REMOVAL _ , RECLAIMED LAND 9.13
& - A
OVERBURDEN | S=xllcoy e
REMOVAL | TS

12.41
COAL PIT COAL DumP 112,38 *P6(132.0)
112.38
TRAIN LOAD-OUT
REPLACED RECLAIMED LAND ’
OVERBURDEN
. . v H - . H 92.64
KEY FOR SIX HOUR CONCENTRATIONS 92,64
VALUES (uglmj) . . ' 52.60
. 56.66 Apal23.3)
* Before Screening * P9 (125.0) 5260
(Measured Minus Background) 56.6634.23
After Screening (76.7) '
W = Withdraw Case AP0 34,23
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SHORT-TERM ISC MODEL VERIFICATION RESULTS

1.99
WINTER 4 A P2 a7.1)
FEB 1 - 2, 1979 X P2 SUMMER 1.99
9pm - lam 29.99 N
X P1SUMMER * P1(31.9) 75.65
OVERBURDEN HAUL ROAD 29.99 * PA(~)
& ] [} OvERBURDEN 75.65
BLASIING | | HAUL ROAD
SIRIPPED
OVERBURDEN 93,87
_ & ' bk P (129.0)
TOPSOIL REMOVAL] , , RECLAIMED LAND 93.87
& A ] .
OVERBURDEN | ==Ly Hay
REMOVAL § TR0,
1 247.30
COAL PIT COALDUMP gg 12 *P6(55.4)
' ~» 247.30
X ps (101,0). .
98.12
TRAIN LOAD-OUT
REPLACED RECLAIMED LAND :
OVERBURDEN
A ——— 187.19
SOUM ROAD * P7 (126.0)
KEY FOR SIX LIQUR CONgENTnATmNS 187.19
VALUES -
(ug/n) 85.97 89.09
* Before Screening xp9 (178.0) * P8 g;)og
(Measured Minus Background) 35-3; 12 *
After Screening (14;3_0) ’
W = Withdraw Case

*P10 37,32
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SUORT-TERM ISC MODEL VERIFICATION RESULTS
WINTER 7 AP2 46,43
FEB 3, 1979 : (130.0) 1
9am — 3pm A P2 sunmen 46.43
63.43 N
X P1SUMMER * P1(235,0) 25.60
OVERBURDEN HAUL ROAD 63.43 * PA(162.0)
& 1 - [ OVERBURDEN 25.60
BLASTING . | HAUL ROAD
SRIPPED | 1 . B
OVERRURDEN : 48.88
& _ _ A P3 (301.0)
TOPSOIL REMOVAL| , _ RECLAIMED LAND 48.88
& : . :
OVERBURDEN | =l ooy My
REMOVAL | §—=3LRoqp
e g . . : -
. 65.80
(=
COAL PiF COALDUMP 41, /0 *PS (g?ég)
* p5 (70.0) '
70,44
TRAIN LOAD-OUT
REPLACED RECLAIMED LAND :
OVERBURDEN
16.37
SOUTH ROAD A P7 (9.5)
KEY FOR SIX HOUR CONGENTRATIONS 16.37
VALUES / -
(ug/m-) 0.0 0.91
* Before Screening *Pe(17.4) *pao(gi
(Measured Hinus Background) 0.0 '
0.0
After Screening (7.7
W = Withdraw Case * P10 0.0
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SHORT-TERM ISC MODEL VERIFICATION RESULTS

. 3.42
WINTER 9 * P2 4. 2)
FEB 4, 1979 A P2 SUMMER 3.42
9am - 3pm 6.69
*P‘SWMER *P1(£|.9) 21.33
.5
OVERBURDEN HAUL ROAD 6.69 * P4 :(zioa 3)
& 1 1 OVERBURDEN "
BLASTING ] HAUL ROAD
SIRIPPED
OVERBURDEN 49.40
& _ & P3 (30.8)
TOPSOIL REMOVAL , _ RECLAIMED LAND 49.40
& _ .
OVERBURDEN | \r‘ S
REMOVAL | T Roap |
. ' ' 5.54
COAL PIT _ (?OAL ouMP 12.01 * P6 gzgz)
‘ *P5(13.2) .
12,01
TRAIN LOAD-OUT
REPLACED RECLAIMED LAND :
OVERBURDEN
A 155,23
SOUTH ROAD * P7(26.7)
KEY FOR SIX HOUR CON%ENTRATIONS 155.23
VALUES {(pg/m?) -
(e 17,73 61.58
* Before Screening A pe (39.4) P8 (-)
(Measured Minus Dackground) 17.7311 07 61.58
After Screening (18.3)
W = Withdraw Case * P10 11.07
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SHORT-TERM ISC MODEL VERTFTCATION RESULTS

10,41
WINTEI. 12 * P : |
FEB 5 - 6, 1979 K P2 SUMMER 10,41 : . ,
9pm - 3am 29,14 PJ
K P1SUMMER * P1(25.0) 12.70
OVERBURDEN HAUL ROAD 29.14 P ;2553) .
& 1 [1 OVERBURDEN ‘ '
BLASTING | | HAUL ROAD
SIRIPPED | |
- OVERBURDEN [ | 37.94
| 10PSOIL REMOVAL| . . : RECLAIMED LAND 37.94
| OVERBURDEN | S=llcoy
- REMOVAL ] ==
> |
4 i . _ — 113,82
| { coam | _COALDUMP 3¢ 4, *P6 (931)32
| ' : F *Ps5 (144.0) 113.
l i ) 36.34
| ! ' TRAIN LOAD-OUT
| REPLACED RECLAIMED LAND '
| OVERBURDEN
. ) e s T e | 104.19
. f SOUTH ROAD * P7 (22.1)
KEY FOR 'SIX HOUR CONCENTRATIONS 104.19
'VALUES (pg/m3) - '
49.70 63,55
Befiire Screening *P9 (-) *P8 (-)
(Meiisured Minus Background) . 49.70 63.55
. 31.76
After Screening (=)
W = Witlidraw Case KP4y 76
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SHORT-TERM ISGC MODEIL. VERTFICATION RESULTS

68.44
SPRING 2 kP2 (50.0)
APR 27" - 28, 1979 K P2 SUMMER 68,44 T
9pm - 3 am 104.33 ,q
* Py SUMMER * P (69‘0) 54.98
OVERBURDEN HAUL ROAD 104.33 * P4 gzz ;g)
& 1 [] OVERBURDEN )
BLASTING | | HAUL ROAD
|
f SR
IPPED
| OVERBURDEN 82.17
& ‘ A Py (122.,0)
! TOPSOIL REMOVAL] RECLAIMED LAND 82.17
. & .
| OVERBURDEN ==ll.coy, Hay,
E REMOVAL T no,
4 2,73
f COAL PIT _COAL DUMP 24.71 *Pb(;Q;g)
! *P5 (-) .
| 24,71
| TRAIN LOAD-OUT
’ REPLACED RECLAIMED LAND '
| OVERBURDEN
' SOUTH ROAD wpr 0
KEY FOR'SIX HOUR CONCENTRATIONS 0.0
| VALUES (ug/m3) .
l 0.0 0.0
* Before Screening *p9(77.0) *F8 (-)
(Measured Minus Dackground) 0.0 0.0 0.0
Aftier Screening (63.0)
W = Withdraw Case AP0 0.0

|
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SHORT-TERM ISC MODEL VERIFICATION RESULTS

0.0
SPRING 5 * P2 (3)
APR 29, 1979 * P2 summen 0.0
10am - 4pm- 0.0
A P1SUMMER *P1 (0) 0.0
OVERBURDEN HAUL ROAD 0.0 * P4 (()"3)
& ] ( OVERBURDEN :
BLASTING | | HAUL ROAD
SRIPPED
OVERBURDEN .0
& _ A P) (1)
TOPSOIL REMOVAL] RECIAIMED LAND 0.0
&
OVERBURDEN =xllCoy K
REMOVAL = roa,
' 0.0
COAL PIT _(;OAI. OUMP 0.0 * P§ (20.0)
A P5 (78.0) 0.0
0.0
TRAIN 1.OAD-QUT
REPLACED RECLAIMED LAND : )
OVERBURDEN
I Do 2,21
SOUTH ROAD * p7 (53.0)
KEY FOR SIX HOUR CONCENTRATIONS 2.21
VALUES (pg/m :
(vg/m?) 0.77 1.89
* Before Screening A py (58.0) *PB(Zg'O)
(Measured Minus Background) 0°770 77 1.89
After Screening (46.0)
W = Withdrawv Case * P10 0.77
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SHORT-TERM 1SC. MODEL VERIFICATION RESULTS

AMm 0.0 .
SPRING 9 (2.1)
MAY t, 1979 kP2 SUMMCR 0 : ;
10am - 4pm ‘ 0.8'
K P1SUMMER xp (0) 0.0
OVERBURDEN HAUL ROAD 0.0 * P4(10.0)
& |  OVERBURDEN : 0.0
BLASTING |, 1 HAUL ROAD
SIRIPPZD | | I
OVERBURDEN | ‘ 0.0
& | : * PA(3)
TOPSOIL REMOVAL|, , _ RECLAIMED LAND 0.0
: & : :
OVERBURDEN | %‘;%ﬂtw
. ' REMOVAL | { == Rroap
' . . - . h -
@ : . 0.0
I
! COAL Pt _COAL DUMP 0.0 *Pé(zg.g)
. * PS5 (75.0) :
0.0
TRAIN LOAD-OUT
REPLACED RECLAIMED LAND '
OVERBURDEN
' . ) e aramrmera B e e 0. 54
[ ~ SOUIH ROAD % P7 (26.‘0)
KEY FOR SIX LOUR CONCENTRATIONS . 0.54
| VALUES (pg/m3) x
. 52.93 0.0
* Before Screening *po (137.0) * P8(7.0)
(M2asured Minus Dackground) 52-38 16 . 0.0
After Screening (36 0)
W = Withdraw Case *P10 36,16
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SHORT-TERM ISC MODEL VERTFICATION RESULTS

X (.0 :
SPRING 11 P2 (0) :
MAY 2, 1979 * P2 SUMMER 0.0 : .
10am - 4pm 0.0 ) N
K P SUMMER * Pt (0) ’ 0.0
OVERBURDEN HAUL ROAD 0.0 * Pa(0)
& [ ] OVERBURDEN 0.0
BLASIING | 1 HAUL ROAD
SIIPPED | |
OVERBURDEN | _ 0.0
& _ _ % P3 (1)
TOPSOIL REMOVAL] , _ RECLAIMED LAND 0.0
L & ' ]
! OVERBURDEN | = Cfmt.m
o . REMOVAL | [Ty,
&’ ! . N T
o ; ' A 0.0
COAL DUMP *P6 (0)
| COAL PIT -5 0.0 0.0
| * P5 (14) .
| 0.0 '
1 TRAIN LOAD-OUT
| REPLACED RECLAIMED LAND '
| OVERBURDEN
|
!
4,59
_ ~ SOUTH ROAD % p7 (0)
KEY FOll SIX HOUR CONCENTRATIONS : 4.59
| VALUES (pg/m3) - ‘
| 73.60 0.0
* Bei'ore Screening * Py (0) *xp8 (0)
(Mi:tasured Minus Background) 73.60 68.0 : : 0.0 -
After Screening (['))
W = Wiijhdraw Case *P10 (8 0
'\
|
|




SHORT-TERM ISC MODEL VERIFICATION RESULTS

SUMMER 1 38.01 * P2 .
JULY 2, 1979 (18) & P2 sUMMER : i T
10am - Apm' 38.01 : Pd
71,32% P summEr * Pt 30.18
6
OVERBURDEN HAUL $OAD 71.32 * pg(().is J
& ] OVERBURDEN
BLASTING | {_ HAUL ROAD
STRIPPED
OVERBURDEN 65,71
& _ | ik P3 (147.0)
TOPSOIL REMOVAL] : _ RECLAIMED LAND 65.71
& ‘ , . )
OVERBURDEN | S==rlcoy
REMOVAL | =M ron,
v | =%
® : 13.20
COAL PIT _COALOUMP  ,, ,c  *P6(28)
%P5 (110.0) 13.20
w
TRAIN LOAD-OUT
REPLACED RECLAIMED LAND '
OVERBURDEN
0.0
SOUTH ROAD * p7 (27)
KEY FOR SIX HOUR CONCENTRATIONS _ 0.0
VALUES (pg/m3) .
0.0 0.0
* Before Screening Ape (19) ) *pg (37)
{Measured Minus Background) 0.0 . 0.0
After Screening 0.0
apig (47
W = Withdraw Case P10 0.0




h
|
|

cfcoem{. 9SE) MBIPYITM = M
%@h . . Sutusorodg 1933y
0°0 . 0°0 (punoadyoeq snuyy pPainse )
(0°L) ga ¥ (G) 6d ¥ Suyussang 210 [aq *
0°0 0o ,_
- (gw/31) sanva
- 0°'0 , SNOLLVHINIONOD ¥MAOH XIS 104 xdan
(0)2d ¥ Qvod 1uNos i
NIQUNFIIAD
. OGNV Q3ANVID3Y QDY
1NO-QvO1 Nival . | | .
£L°¢ . | .
80°0 mmh.vnﬁ* . :
(D 9dx dNQ V0D 14 V00 v o
80°0 P
. X | 4
IR | 1 Ivaonway "
o ny 1 N3Qunguino ,
ﬁWHHHU . ) C
8027 ANV Q3WIvIOR) . : .,.ﬁ<>0—2m~_ NQSdOL :
(TT) ed ¥ _ . 3
80°Z | [ N3QuNayano
. i Q3ddris
QvOu NVH | { onisvg
19T chzbmzwﬂu; ; L]
©) vax . 70 * T OYOY NVH NIQuNgan0
T ¥ UINANG 19 &.ANMV .
7‘ . mw.m wdy — megy
h : YIS 24 X () 6L6T ‘7z xIAC
: Zd ¥ ¢L'0 S WS

SI'INSAY NOILVOI1Jd1¥AA THAON ST WH3I-1¥oNs



10°0 Old ¥ 3SE) MEAPYITM = M
mwmw dutusaing 1233y
60°2 €z'0 (punoxlxoeq snuy) Paanseay)
(9S) 8d X (sg) 6d¥ Buyuasiog axojag *
602 s2°0
(¢w/31) sanva
gy SNOTLLVHINZONOD MAOH XIS u0od AHN
(YTIT) td ¥ avou HINOS
' : N3IQUNBUIAO
. ANV Q3IAIVIDIY Q3IOVIdAY
. 1NO-QvO1 Nivy)
M
18°2 (0°69¢€) Sd ¥ . .
(z91) 9dx %576  gwngwod" Id WO
18°¢ ‘o
— &
YOy S.§+ | WAOWIY
VoS NIGUNBIIAQ
o) ] _ 9
120 ONVT A3NIVID R : A _ |TVAOWRI 110SdOL
(%07) €d ¥ B
o NIQUNBYIAO
QRIS
avOU WH | 1 SNIUSVIg
. N3QUNAHIAO | 9
Hmowv 4 x 0 *0QVOY INVH NIQUNAIINO
2 Ld (0)
Z €0 ¥ YIS L e o
0°0 ueg — wdg
,_ YINNIS ¥ (1) 6£6T ‘€2 ~ 2T AINC
. id ¥ : 0°0 9 UUHNNS

SLINSIY NOTLVOIATUIA ‘TAUON DST WI4L-~LHOHS




SHORT-TERM TSC HODEL VERIFICATION RESULTS

SUMMER 7 0.0 * P2
10am - 4pm 0.0 N
0.0, Pt SUMMER APt . .0
(0) * PA ?—)
OVERBURDEN HAUL ROADOD. o 0.0
& 1 OVERBURDEN
BLASTING | 1 HAUL ROAD
SIRIPPED | | I 0
OVERBURDEN | _ s 3 (()i)
‘ & i .
| TOPSOIL REMOVAL| . . RECLAIMED LAND 0.0
& A
| OVERBURDEN | S=Coy Hay,
o REMOVAL ~=H ROy A
: :
8 . : 0.0
. (45)
* pg110).
0.0
. : ; : | TRAIN LOAD-OUT
! ' 1  REPLACED RECLAIMED LAND '
. OVERBURDEN
|
T 218,21
- SOUTH ROAD . * P7 (161)
KE‘J! FOR SIX HOUR CONCENTRATIONS _ 218.21
VALUES (ug/mJ) g 257.08 : 152,77
| . :
' Before Screening wpo (177) * PO (43)77
- 257.08 152,
(Measured Minus Background) 168.95
"After Screening (117)
W =w Withdraw Case * P10 168.95
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SHORT-TERM ISC -MODEL, VERIFLCATION RESULTS

* P .
SUMMIR 9 0.0 2
JULY 24, 1979 (0) w2 sunamace : )
0.0
10am ~ 4pm 0.0 N
(lé) * Pt SuMMER * P1 0.0
. ‘ . . 0
OVERBURDEN HAUL ROADQ, 0 * Pd(g.()]
& [TOVERBUI?DEN |
BLASTING | HAUL ROAD
—
SIRIPPED ‘ 1 .-
: OVERBURDEN | _ 0.0
& _ | k P3 (11)
J TOPSOIL REMOVAL! . _ RECLAIMED LAND 0.0
| & | !l o
‘ OVERBURDEN || | T e,
N ; REMOVAL | =Lk
It } i i - . e : 0,0
f | —] * ps(35) 0.0
0.0
- TRAIN LOAD-OUT
: ! ' ' REPLACED RECLAIMED LAND '
: ! ' 1 OVERBURDEN-
L 0.0
_ - SOUTH ROAD & p7 (0)
KEY FO]i S5IX HOUR CONCENTRATIONS . 0.0
VALUES (ng/m3) - '
88.40 0.0
* Be'‘ore Screening Apy (0) ol (()12)
(HIIEHSIJI'E(] Minus Background) 88'4057.71 )
Afler Screening (0)
W = Wil hdraw Case *P10 57,71
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SHORT~TERM 1SC MODEL VERLFLCATION RESULTS

SUMMER 11 144 .4 * P2 .
JULY 25, 1979 (27) % 2 summen ' 1
10am - 4pm 1444 : N
* P
(61) A pa (1)
OVERBURDEN HAUL ROAD 199,92 0.0
& 1 1 OVERBURDEN ‘
BLASTING | | HAUL ROAD
SIRIPPED | : |
- OVERBURDEN | | : 34,34
& ‘ . bk p3 (43)
TOPSOIL REMOVAL| . . RECLAIMED LAND 34.34
& 3 .
OVERBURDEN | =l Coy Ha
» REMOVAL | % roap
\o . B . h
o 0.0
conL i _COALDUMP ) * P6 {()8())
*P5 (4.4) '
0.0
» TRAIN LOAD-OUT
REPLACED RECLAIMED LAND :
OVERBURDEN
0.0
SOUTH ROAD * p7 (7)
KEY FOR SIX HOUR CONgENTRATIONS 0.0
VALUES (ug/m”) - 0.0 _ 0.0
* Before Screening *x Py (14) *P8 (16)
(Medsured Minus Background) 0'00.0 0.0
After Screening (3
W = Withdraw Case AP0 g p







TABLE E, 1
CARTER MINING COMPANY
CABALLO MINE

1. Scraper Operations - 50X Control

£0.50)(32 1b/scraper-hr)(.726)(5 scrapers))(2840 hr/scraper)
(8760 hr/yr)

2, Overburden Removal

Trka/Shovel ~ 75% Suspended

(0. 02 1b/ton)(0.75)(26.6 x 106 yd /yr)(l 74 ton/yd )(2)
| (8760 hr/yr)(3) .

l
Dragline ~ 75% Suspended

{
0. 34 1b/yd*)(0.75)(26.6 x 10% ya3/yr)(1.74 tonsyad) (1)
(8760 hr/yr)(3)

Vi

5
\
1
|
i

3. Coa! Removal - 70X Suspended

Froutend Loader or Truck/Shovel

(0.403 1b/ton)(0.70)(12 x 108 ton/yr)
(8760 hr/yr)

4, Truc% Dump -~ 85% Control
; 15% Suspended

(0. 017 1b/ton)(0.75)€0.15)(12 x 10° ton/yr)
. (8760 hr/yr)

s g U Wm WS N

o WE W

lb/h{_

18.8

52.8

52.8

2.9

g/se

2.37

6.66

6.66

0.36

0.33

= 2.6
S h mE BN = S N ==



TABLE k.1 (Cont'd)
1b/hr g/sec

5. Wind Erosion

{0.25 tonfacre/yr) (2000 1b/ton) (200 acre/yr) - il.4 1.44
(8760 hr/yr) . . .

6. Coal laul Roads - 50% Control
62% Suspended

Emission Factor:

2

(0.62)(2.5)(0.81)(8.6) (%9> (%93119%) = 3.48 1b/VMT

2 . 30 365
Tires Silt

(0.50)(3.48 1b/VMT)(7.1 mi)(6 x 10° con/yr) - 4.0 5. 93
(8760 hr/yr)(180 ton/vehicle) | _ ’ §

g6-v

7. Overburden Naul Roads - 50% Control
62% Suspended

Emigsion Factor:

2
(0.62)(2.5)(0.81)(8.6) (%%) (%Eggégg) = 1.96 1b/VMT
Tires . Silt

(0.50(1.96 1b/VMT) (1.0 mi)(26.6 x 10° ya/yr)(1.74 ton/ya?)(2) - 0.3 2 56
(8760 hr/yr)(170 ton/vehicle){3) ’ :

8. Haul Road Repair - 50% Control

(32 1b/grader—he)(0.50)(.726)(8.53 x 10° he/yr) . 1.3 143
(8760 hr/yr) ) .




TABLE E.1 (Cont'd)

9. Blaiting - 75% Suspended

Ove;'burden

(50 1b/blast)(0.75)(600 blasts/yr)
' (8760 hr/yr)

Coaﬁ

(35 ib/blas:)(o.vs)(3oo blasts/yr)
' (8760 hr/yr)

10. Primiry and Secondary Crushing

(12 3; 10% ton/yr) (47 1b/hr)
(8710 hr/yr) (3400 ton/yr)
!

|
|

11. Sampling Station

96-v

(12 x;lO6 ton/yr)(6 1b/hr)
(8760 hr/yr) (3400 ton/hr)

|
12. Silos‘

(12 x '10% ton/yr)(6 1b/hr)
(8760 hr/yr)(3400 ton/hr)

1b/hr

2.6

18.9

2.4

2.4

g/sec

0.32

2.39

0.30

0.30



B6-¥

TABLE E.2 (Gont'd)

Wind Erosion

(0.25 tonfacre/yr)(2000 ib/ton)}(130 acre/yr)
{8760 hr/yr)

Coal lUaul Roads - 530% Control
62X Suapended

Emission Factor:

2
(0.62)(2.5)(0.81)(8.6) (%9) (?92119g> = 3.48 1b/VMT
; 4 30 365

Tires Sile

(0.50)(3.48 1b/VNT) (6.1 mi)(25 x 10° ton/yr)
(8760 hr/yr)(120 ton/vehicle)

Overburden Haul Roads - 501 Control
+ 62X Suspended

Emission Factor:

2 -
(0.62)(2.5)(0.81)(8.6) (12} (2822199) - ) 96 1b/wMr
. . 3 365
Tires Sile .

(0.50){(1.96 1b/VMT)(0.8 mi)(25 x 10° ton/yr)(1.74 ton/ydj)(l.5 ydalton Stripping Ratio)

1b/hr g/eec
= 7.4 0.94%
= 251.4 31.83
58.7 6.14

(8760 hr/yr){120 ton/vehicle)

Haul Road Repair - 501 Comtrol

(32 1b/grader-hr){(0.50)(.726)(8.53 x 103 hr/yr)

(8760 hr/yr)

= 11.3 1.43
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TABLE E.4 (Coat'd)
1b/hr g/seq

5. WinJ Erosion .

(0.'5 ton/acre/yr) (2000 1b/ton)(226 acre/yr)

(8760 hr/yr) = 12.9 1.62

6. Coa'. Haul Roads - 60% Control
62% Suspended

Eminsion Factor:

' 2

(0.112)(2.5)(0.81)(8.6) (22} (363-100) _ 5 48 1b/vmr

: . 30 365
Tires Silc

(0.410)(3.48 1b/VMT)(5.26 mi)(15 x 10° ton/yr)
(8760 hr/yr)(120 ton/vehicle)

= 104.5 - 13.18

0T~V

7. Overburden llaul Roads - 60% Control

| 62X Suspended

Emitsion Factor:

1 . 2
(0.€62)(2.5)(0.81)(8.6) [+ 365-100) _ ) 96 1b/wmT
: . 30 365
Tires Silc

(0.20)(1.96 1b/VMT) (1.2 i) (30.2 x 10 ya3/yr)

3 = 34.5 4.35
i (8760 hr/yr){(94 yd /vehicle)

8. llaul: Road Repair - 50% Control

(32 1b/grader-hr)(0.50)(.726) (5000 hr/yr)
! (8760 hr/yr)

= 6.6 0.84
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TABLE E£.5 (Cont'd)
1b/hr g/sec

3. Wind Exosion ‘

(0.25 ton/écre/yr)(ZOOO 1b/ton)(283 acre/yr) -
(8760 hir/yr) _ i6.2 2.04

6. Coal Hail Roads - 60X Control
627 Suspended

Emission Factor:

2
(0.62)(2.5)(0.81)(8.6) (%g) (%Eijég%) = 3.48 1b/VMT
Tires Silt

(0.40)(3.48 1b/VNT)(4.98 mi)(24 x 10° ton/yr)
(8760 hr/yr)(170 ton/vehicle)

= 111.7 14.09

LOT-V

7. Overburden Haul Roads ~ 60% Control
62% Suspended

Emission Factor:

2
(0.62)(2.5)(0.81)(8.6) (+2) (2957190) _} 96 1p/wr
: : 30 385
Tires Silt

(0.40)(1.96 16/VMT)(0.8 mi)(50.8 x 10% ya3/yr)(1.74 ronsya’)
(8760 hr/yr)(170 ton/vehicle)

= 36.7 4.63

8. Haul Road Repair - 50% Control

(32 1b/grader-hr)(0.50)(.726)(7.11 x 103 hr/yr) _
(8760 hr/yr) ' = - 9.4 1.1%9
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60T-V

TABLE E.b
ATLANTIC RICHFIELD COMPANY
COAL CREEK MINE

Scraper Operations - 502 Control

(0.50)(32 1b/scraper-hr)(.726)(9750 hr/yr)

(8760 hr/yr)

Overburden Removal

Truck/Shovel - 75% Suspended

(0.02 1b/ton){0.75)(4.30 x 10° ya3/yr)(1.74 ton/yd)

(8760 hr/yr)

Dragline - 75X Suspended

(0.04 1b/yd>)(0.75)

(8760 hr/yr)

Coal Removal - 70Z Suspended

Frontend Loader or Truck/Shovel

(6.003 1b/ton)(0.70)(18 x 106 ton/yt)
(8760 hr/yr)

Truck Bump - 50% Control
75% Suspended

(0.017 1b/ton)(0.75)(0.50) (18 x 106 ton/yr)

(8760 hr/yr)

1b/hr

- 12.9

128.1

4.3

13:1

g/sec

1.63

16.16

0.54

1.65
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