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1. INTRODUCTION

This evaluation of fugitive dust air pollution from
mininq-oparations was undertaken to identify and compile
currently available information on emission sources, regu-
latory apgroaches, control technigues, and research programs
related to mining activities. An analysis of the assembled
information will then be used as the basis for recommending
near-term research and development programs which might be
implemented by IERL/Cincinnati to £ill gaps in the data Dbase
and further document effective control techniques for fugi-
tive dust from mining operations. For the more promising
recommended R & D efforts, proposed technical approaches
will also be developed.

The project is composed of three tasks, each of which
will have its own task report:

Task 1 - Identification of fugitive dust sources
‘associated with mining activities.

Task 2 - Assessment of current status of the
‘environmental aspects of fugitive dust.

Task 3 - Recommendation of promising research
.areas. .

The project is;similar in scope to a study recently com-
pleted by Monsanto Research Corpo::ation.1 However, the
intent of the present contract is to provide recommendations
for specific research programs while the Monsanto Research
study was designed to compile preliminary data on fugitive
dust emissions from open sources and to recommend other



sources for testing. Therefore, only the first of the three
tasks overlaps to any extent with this previous work; their
work has been utilized in preparing the Task 1 report.

The present Task 1 report sumnarizes current knowledge
concerning fugitive dust sources at mines and ranks the
identified sources in order of relative importance from the
standpoints »f air quality impact and need for further
research. Data for ‘the report were obtained from a litera-
ture search and from PEDCo's files on fugitive dust sources.
The literature search was not intended to be exhaustive, but
to be thorough enough to uncover all studies in which fugi-
tive dust emissions from mining operations were quantifiea
by a reasonably accurate procedure. In this task, primary
importance was attached to the identification of all mining
activities that are major dust sources and the estimation of
representative emzssxon rates from these various sources.
The scope of the project includes both surface and
underground mining plus related operations normally per-
formed at the mine sites, such as crushing and storage. It
does not include dust that is generated and remains under-
ground or in an enclosed.area--only emissions that affect
ambient air quality. Also, it does not include emissions
which occur off-site during shipping or at distant process-
ing plants. Almost all particulate emissions at mines would
be categorized as fugitive dust since they are generxally
emitted at ground level as a result bf equipment activity or
material transfer rather than from stacks.

This report is divided into three chapters Eollow;ng
the Introduction. Chapter 2 describes four major mining
industries (coal, copper ore, rock quarrying, and phosphate
rock) and the sizes and geographic distribution of their
mines. Chapter 3 describes 11 different mining operations
which are responsible for significant fugitive: dust emis-
sions in one or more of the major mining industries, and




presents estimates of emissions from each of these opera-

tions. The final chapter summarizes those operations which
have the greatest air quality impacts and tihose for which
additional emission data are most needed. '




2. MAJOR MINING INDUSTRIES

The four mining industries which are probably the
largest sources of fugitive dust nationally are coal,
copper, crushed stone, and phosphate rock mining. These
industries are each described briefly in this chapter to
provide a basis for evaluating the extent and impacts of
fugitive dust air pollution from mining operations.

All four of these materials are mined primarily in
surface mines, which have far more potential for fugitive
dust emissions than underground mines. 1In addition, the
tonnages removed from these mines are geaerally greater than
for other minerals and ores. Some other materials which
were also considered because of their large tonnages and -
surface operations are iron, oil shale, and sand and gravel.
Iron ore mining was eliminated because ferrous metals are
not within the purview of the Resource Extraction and Han-
dling Division of the Cincinnati Industrial Environmental
Research Laboratory, EPA, the sponsoring group for this
work. O0il shale was not included because there are pres-
ently no large~scale 0il shale surface mines in operation.
Sand and gravel nining was not included because much of this
material is mined and processed wet and is therefore non-
dusting. _

Mines other than the four types used as examples here
can certainly be major fugitive dust sources. They have the
same unit operations and points of dust release, so their |
emissions can be estimated by comparison with any one of the
four mining industries for which data have beem assembled.




2.1 COAL MINING

There were 603.4 million tons of bituminous coal and
lignite mined in the U.S. in 1974 in a total of 5,247 mines.
of these mines, 3,208 were surface mines and 2,039 were
underground. Production from surface mines surpassed under-
ground mines in 1974 for the first time, accounting for 54
percent of the total.z : :

The 50 largest coal mines and their 1973 and 1974
production rates are listed in Table 2.l1l. These mines, 34
surface mines and 16 underground, produced 24.6 percent of
the coal mined in 1974. Their locations are shown in'Figﬁre
2.1, They are concentrated in the ¢oal mining areas of
Appalachia, the Central states, the Northern Great Plains,
and the Four Corners area. All of the Western mines shown,
plus those in Indiana, Ohio, and most of those in Kentucky
are surface mines.

Although total coal production has been relatively
stable for several years, there has been a definite shift

from the East and from underground mines to the strip mines
of low sulfur coal in the West. This trend is expected to
accelerate in the future with the opening of giant new mines
in Powder River Basin, northwestern Colorado, the Four
Corners area, and the lignite fields of North Dakota and
eastern Montana. Many of these mines will be used to supply
coal gasification plants and mine-mouth power plants.

The most unigue aspect of surface coal mining is the
huge amount of earth moving asgociated with it. The over-
burden removal operations to get to the coal seams dwarf
previous major earth moving projects such as canals and
dams. A new generation of larger earth moving equipment was
developed to handle this task. _

Trucks are used at almost all surface ﬁénes to trans-
port the coal from the mine to the processing area or load-

ing ramp. For shipment to consumers, railroads are the most

5
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’ Table 2.1 LARGEST U.S. COAL MINES

M

Eat. groduction.

107 ton/yr
Company Mine State 1974 19
Utah International Navnjo' s KM €955 7389
Dacker. Decker No._l MT 6786 415%9
Peabody River King _ 1L 6474 6526
Peabody ’ River Quesn™' KY 4702 4172
Southwestern Captain® IL 4347 4451

Illinois " ’
Peabody No._10 IL 4132 4147
CsK rox* . PA 4000 2620
Peabody Black Mesa AZ 39133 3247
washington *  Centralia® WA 3890 3229

Irrigation Dist.

Clinchfield Div,, Moss No. 3% VA 3679 3903

Pittston ‘ . .

Peabody Sinclair® RY 3529 5291
Central Ohio Muskingum® OH 3367 3668
Amax Belle Ayr® WY 1313 g9g
Consolidation, Egypt Valley OH 3253 4257

Central Division )
Pezbody Lyrnville® IN 3232 4065
Western Energy Colstrip® N MT 3213 4254
Arch Minarals Seminoe No. 1 WY 3142 2865
Amax Leahy$ IL 2834 2942
Peabody Universal® IN 2833 3044
U.S.5teel Robena PA 2815 2871
Peabody Ken$: W KY 2793 3202
Pacific Pover & Dave Johnston® wY 2687 2897

Light ) s
Amax Ayrgam KY 2685 3206
Arch Minerals Seminoe Mo, 2% WY 2590 1498
Peabody Camp No. 1Y KY 2528 2620
Peabody Rayenta® AZ 2515 -
Monteray No. 1 1L 2480 ‘ 2695
Inland Steel Inland IL 2469 - 2588
Kemmerer Sorensen? WY 2437 2546
Amax Ayrshire a IN 2404 250
Consolidation, Robinson Run wv 2380 : 2401

Mountaineer Div.

014 Ben 018 Ben No. it IN 2345 2396
Peabody Big Sky MT 2229 1972
Peabody Homestmad® su KY 2194 2449
Island Creek Pevler No. 1 '“ KY 2189 1733
Consolidacion, Humphrey No. 7 L 2155 2692

Christopher Div. a
Consolidation, Loveridge wv 1985 2185

Mountaineer Div.

Rosebud Rosebud® WY 1963 1510
0ld Ben No. 24V u 1L 1960 2377
Freeman ) Orient No. 3 IL 1919 2207
Consolidation, Ireland% WV 1860 2343
3 . Ohio Valley Div. s
I . Paabody Vogue KY 1814 2412
Mathies Mathias PA 1809 2036
Peabody stack . KY 1808 1999
Amax ‘ Wright s IN 1790 2097
Amax Minnehaha s IN 1790 2012
% Mountain Drive Mountain Drive KY 1765 1663
¥ 0ld Ben ’ No. zs“u IL 1729 2100
Peabody . Baldwin 1L 1727 1291
Enife River Beulah® ND 1722 1726

strip mines
underground mines

Source: Bituminous Coal Data, 1974 Edition, National Coal
Association, wWashington, D.C., 1975.

6
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common means with 66 percent of the tonnage in 1974. Almost
40 percent of this amount was in unit trains. The remainder
of coal shipment is evenly divided amonq barges, truvcks, and
mine-mouth operations (with ll percent each). A1l other
modes of traansportation account for les; ~han one percent.2

2.2 COPPER MINING

Domestic mine production of recoverable copper in 1975
was 1.41 million tons, down sharply from the 1.60 million
tons in 1974 and 1.72 million tons in 1973 as a result of
decreased demand for copper products. The principal copper-
producing states were Arizona, with 56.6 percent of the
total, Utah (12.7%), New Mexico (10.4%), Montana (7.2%),
Nevada (5.6%), and Michigan (5.2%).3 The largest 25 copper
mines, which provided 89 percent of thé total production in
1973, are listed in Table 2.2. Their locations are shown in
Figure 2.2. ,

Open pit mines accounted for 83 percent of mine output
and underground mines for 17 percent. The production of
copper from leach pads and in-place leaching (mainly recov-
ered by precipitation with iron) was 160,000 tons in 1973,
or 9 percent of the output from the mines.3

As indicated from the above data, copper mining is
characterized by very large mines of relatively low grade
ore rather than many small mines in rich veins. The average
yield nationally of copper in copper ore was only 0.53
percent. This low grade ore necessitates the handling of
large quantitites of material in the mining and processing
steps. Also, wide variations in copper content within the
ore body may requike the mining and handling of additional
amounts of waste material that is too low in copper content
to justify recovery.
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Eannecott Copper 67,800 e Mexico crant
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nining 73,600 AZizORs ‘ pina
ouin Buttes '
halps podge : 43,800 Arizons i pima
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cpspiration Coppar 43,100 Arizcod ‘ Gila
Inlpulr.i.cn
46,600 Arizons ’ pims
nission ‘
Kupnecott Copper 50,000 sevada ] white Pine
rath
35,000 navada ‘ Lyoa
Yacrington
23,800 Arizons pima
silver seld
nA Hontand silvaxs Bov
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cities Sarv ce uh Arizona Gila
copper cicies
val HA Acizona nobhave
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Maghi Y Arizond pinal
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phelps Dodg® " Arizona Cochise
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v Induscrie” NA New Menico Grant
continents -
sagdad MA Arizona tavapsi
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al HA Arizona pima
gsparania

& chis tiguﬁ includes undl:g:nund as wall as open Pit
p:oducr..ton.

MA = not available
Source: preprint ¢rowm the 1973 Bureau of Mines Minerals

Yearpook. Coppet Q.5. Dcp&tr.n.n: of the incecior, puseau
of Hines, washingcos 0.C.» 1973, FP 2-5.

Sources yugicive pust fros nining ppazations. Monsante
Research corporation: Daytof. Ohio. prlp.:.d for U.5-
lnviran-cn:n protection AgencY . 1975-
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Approximately 94 percent of the ore is conceutrated
before it is smelted. The concentration (by froth flota-
tion) usually occurs at the mine site because of the reduc-
tion that can be obtained in the amount of material to be _
shipped to the smelter. The smelters are located in prox-
imity to the majox ore deposits; most of the concentrated
ore is shipped via unit trains on privata tracks owned by
the copper companies. The sdaller mining companies that do
not have their own smelters send their ore to custom smel-
ters, which may involve longer shipping distances.

2.3 STONE QUARRYING

pProduction of stone in 1974 totaled 1.044 billion tons
of which 1.042 billion were crushed.‘ Crushed stone was
produced in every state except Delaware, with the six states
of Florida, Illinois. Missouri, Ohio, Pennsylvania, and
Texas accounting for more than cne third of the national
total. The percentage of total crushed rock quarried in
each state with significant production is shown in Figure -
2.3.

There were 5,431 active quarries in the country in
1974. Of these, 228 mined at least 900,000 tons during the
year and accountad for 37 percent of the domestic produc-
tion.‘ Stone quarrying tends to be an industry of smaller
operations serving local and regional needs.

Almost all stone quarries are open pit mines. Blasting
is normally used in quarrying crushed rock. Other equipment
such as rippers and bhydraulic excavators may be used to
break the rock loose. Surge piles between the quarrying and
the crushing/sizing operations are also quite common.

Most of the crushed rock is used for construction-
related purposes such as roadbases, concrete aggregate, or
cement manufacture. In many cases, pits or quarries may be

11
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\

operated in conjunction with specific construction projects
and mined only intermittently. The crushing plants are
often portable and may be used to service as many as 10
different guarries. ‘

Because it is desirable to have quarries located close
to the points of usage for the stone, guarries are more
likely to be located in or near populated areas than are
other typas of mines. This proximity has also caused more
concerns about the environmental impacts of quarries than
the more remote mincl--noisc, dust, truck traffic, blasting.,
and inadequate site reclamation after mining have all
created local problems at sooa quarries. '

2.4 PHOSPHATE ROCK MINING

Marketable phosphate rock production in 1975 was 48.8
million tons, an increase from the 45.7 million tons of 1974
and 42.1 million tons of 1973. Mining of phosphate rock i
concentrated in Florida, which accounted for 717.7 percent ©<
the total output in 1975, and particularly in Polk County in
west central Florida. Locations of the largest 24 mines are
shown in Figure 2.4, and their estimated production rates
are presented in rable 2.3. Thase 24 mines accounted for 77
pcrcent_oflphosphate rock mined in 1975.5 ,

Mining procedures are somewhat different for the differ~-
ent types cf phosphate rock deposits found in Florida,
Tennessee, and the Western states. The Florida land pebble
deposits are contained in a matrix of sandy clay averaging
16 £+ in thickness, overlain by a 20 ft overburden of sandy
soil.6 Prior to mining, the land is drained and vegetation
is removed. Draglines with 35 to 55 cubic yd buckets strip
the overburden and mine the matrix simultaneously. The
overbu:den is dumped into an adjacent mined-out area or
astacked on natural ground adjacent to the cut. The matrix

13
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Table 2.3. LARGEST 01.957.5 PHOSPHATE ROCK MINES,

Estimated

uction,

Company/Mine . 109 won/yr

Stats

County

¢ 11.0
Clear Springs
Boralys
Bome land
Phoaphoria

Achan
Kingsford
Agrico 7.0
Palmgtto
Payne Creak

Saddle Creaak
fort Green

Mobil
Yort Meade L I
Bichols : 1.
Occidental 3
Suwannee

Swife 2.6
Silver City
vateon

W. R. Gracs o 2.9
boany Laks

Brewstar 1.8
Haynswarch

Gardinier 1.8
Fart Maada

UsSS-AgriChemicals 1.2
Rockland
Lake lancock

Texasqulf 0.5
Loe Creek

Borden 0.4
Tenosoc

Bekar 0.4
Manatas

Stauffer 0.4%
Vernal

rle;ida

Florida

flocida
Florida

rlorids

Florida

Florida

Flozida

H. Cazolina
Florida
Plorida

Ucah

Polk

Polk
Polk

Hasileon

Polk

Bgaufore

Billsborough

Manatee

Uintah

PP

This figure ia 1973 data, Preprint from +he 1973 Bureau

of Mines Minerals Yearbook, Phosphate Rock, 3=5.

Source: Particulate and Sulfur Dioxide Arsa Source Emission
Iavenctory for Duval, Hillsporough, Pinellas, and Polk Counties,
Florida, PEDCo-Eavironmental Spacialists, Inc., Cincinnaci,
ghio. prepared for U.5. Environmental Proteccion Agency, June

1s




is deposited in a ﬁ:éviously prepared sluice pit where
hydraulic guns slurry it. The slurry is pumped for dis-
tances up to six miles to a washing plant.

Phosphate rock ore in Tennessee is stripped and mined
from consolidated deposité with 2 or 3 cubic yd draglines,
then trucked to the brocessing plant. ) '

In Western states, all phosphate ore is strip mined
except for two underground mines in Montana. Mines in
southeastern Idaho use scrapers, bulldozers, or power
shovels to remove overburden and mine the ore. Phosphate
rock in Utah is quarried after an overlyihg limesc e layer
is drilled, blasted, and removed. Ore minod in Western
states is either hauled by truck or moved by rail to pro-
cessing plants. '

In the period 1971 to 1975, demand for phosphate rock
worldwide exceeded production capacity, reversing a condi-
tion of oversupply that characterized the industry for the
previous five years. Indications of reduced demand and

; resistance to higher prices were noted in 1975. Mining
capacity now appears capable of satisfying anticipated
demands. Florida output is projected to steadily increase
to a level of about 55 million tons per year by 1980 and
remain near that level for 10 to 20 years.

16
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3. MINING OPERATIONS WITH POTENTIAL FOR FUGITIVE DUST

There is no established classification of mining opera-
tions. The Council on Environmental Quality Report to '
Can:ess7 on coal surface mining and reclamation identified
nine discrete operations associated with surface mining:
construction of access roads, scalping or clearing of vege-
tation, drilling and blasting to fracture the overburden,
removal and placement of overburden, ramoval of the coal,
rehandling and grading of the overburden, revegatation,
water drainage control, and sediment basin construction. 1In
an air gquality study of m‘.ning.B Environmental Research and
Technology described the operations somewhat differently:
topsoil removal and placement, overburden removal and redis-
tribution, coal removal and transport, conveying, sosting,
crushing, storage, vehicular traffic on unpaved roads, and
coal fires.

The breakdown of operations used in this report is
oriented toward isolation of specific dust-producing activi-
ties. Por each of the ll operations identified (see Table
3.1), the cperation is described and all available emission
estimate. compiled and compared. Also, variables on which
the emission rate is dependent are discussed, e.g., climate
and size of material being handled.

All of the ll operations are not found in every type of
mine, and in some cases the operation is only a significant
dust source at one type of mine. The operations that are

. usually dust sources within a particular mining industry are
shown in Table 3.1. e

PRI

N L




Table 3.1. DUST-PRODUCING OPERATIONS BY
MINING INDUSTRY

Mining industry

rock

Operation ' Coal Copper Rock P,0g
Overburden removal x + + x
Blasting - + x x o
Shovels/Truck loading x x x o
Haul roads x x X o
Truck dumping + x x )
Crushing + + x o
Trangfer & conveying + + + X
Cleaning o o o o
Storage + + x x
waste disposal + X o +
Reclamation x ) + X

x = usually a major source
+ = a minor or occasional source

o = usually not a dust source

18
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In estimating the total fugitive éust emissions from a

mine, it is preferable to identify the du.st-producing activ-
emissions for each one separately
entire

ities present and estimate
rather than to use a single emission factor for the
mine. The former procedure permits direct determination of
the major source areas--the ones needing control--and results
in accurate assessments even if the mine has some atypical

processes.

3.1 OVERBURDEN REMOVAL

Description

Overburden removal is an operation in almost all
surface mining and entails removal of all topsoil, subsecil,
and other strata overlying the depos;t to be mined. Signif-~
icant advances in methods of surface mining have occurred in
recent years with the development of giant excavating and
hauling equipment designed specifically for these operations.

iIn 1965, coal surface mining was not considered feas-
ible unless the overburden depth to sean thickness was 10:1
or less--i.e., a coal seam five feet thick to justify
removal of 50 ft of overburden. With introduction of the
larger equipment, this range of overburden to seam thickness
has increased to as much as 30:1. Removal of up to 200 ft
of overburden is now feasible for coal mining, while the
average in 1965 was 48 ft.

There are three major types of coal strip mining~-area,
contour, and auger. Area strip mining is used where the
rerrain is relatively flat. Large-scale excavation egquip-
ment, usually draglines, remove the overburden material and
deposit it in spoil banks in a trench left by the previous

strip. Thus, only the initial strip producog wasta over-
purden that must be disposed of or stored for land
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reciamation. Trenches exéavated by draglines are normally
about 100 to 200 ft wide.

on land to be mined with slopes greater than about 15
degrees, contoul strip mining is usually employed. In this
mining metheod, the overburden is removed from the slope to
create a flat excavation, or bench, resulting in a vertical
highwall on one side and a downsliope pile of spoils on the
other side. The expcsed deposit is then mined and the land
reclaimed by packfilling the previously worked area with
newly removed overburden. If a pattern‘of packfilling to
the original or similar contour is carried out concurrently
with the mining and the packfilled land is revegetated, the
mined area can usually be successfully reclaimed. Leaving
the spoils on the downslope can result i. landslides and
prevent reclamation. ' !

The third type of strip mining--auger mining--is
usually done in conjunction with contour wmining. The
deposit exposed in the highwall by the contour method is
mined by using large drills or augers to pull the deposit
horizontally from the seam.

A national bill to regulate surface mining of coal has
been passed by the Congress on two different occasions.
However, because of steep slope performance standards con-
tained in both bills, the President has vetoed them. The
two states where the majority of contour and auger coal
mining metchods are used, Pennsylvania and West virginia,
have laws prohibiting spoils on downslopes. In Wast Vir-
ginia, all but the last 20 feet of the highwall must be
covered and in Pennsylvénia all of the highwall must be
re-covered. _ _ ' ‘

Increasingly, as demand for complete land reclamation
grows, the overburden material is segregated by removing
topsoil and other subsoil components suitabie for revege-
tation, storing them separately, and then covering the
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contoured spoil banks with these two layers during the
‘reclamation process. This greatly increases the ability t©
revegetate and reclaim the jand. It also increases the time
and cost of overburden removal, with the need for bulldozers
and scrapers for removing up to five feet each of topseoil
and other subsoil gtrata and transporting this soil to
storage areas. .

For other types of surface mining such as open pit
mining and quarrying. overburden removal may be only a one-=

time or occasional operaticn rather than ~ontinuous. For

N .
B T B

these types of mines, the deposit to pe removed is of the
same magnitude or larger than the overburden volume and the

jocation of the mining activity is relaﬁively f£ixed. There~
fore, the overburden is removead permanehtly and may be
transported off-site for disposal. ) _
in excavating ovg:butden. three kinds of equipment are |
used in typical surface mining operations: _ 1

° Draglines
. Shovels : ; 4
° Small mobile tractors. including

bulldozers. scrapers, and front-
end loaders

Most surface mining operations use these equipment items in
varying combinations.
praglines are electrically powered equipment capable of
moving large amounts of material with a bucket capacity
ranging from 30 to 220 cu yd (overburden has an average
density of 1.3 ton/cu yd). The dragline moves along the
surface or bench, positions its bucket on the overburden to
be removed, and loads it by dragging it toward the machine. by,
The ‘ocaded bucket is then lifted, the machime rctated, and !

the bucket dumped in an area that has alreaéy been mined.
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Alternately, the excavated material may be temporarily
stockpiled and moved to a final disposal site by loading-
ontc trucks. _ ‘

Shovels are 1arge diesel or electrically powered
stripping equipme@t used in surface mines for a number of
years and specifically designed for a particular 'mine oper-
ation. These machines proceed along a berch scooping up
fragmented overburden in buckets with cépacities of up to
130 cu yd. 1In the largest surface mineg, shovels are often
used in conjunction with draglines. -

Tractors are typically used either in small mines o: in
conjunction with larger, more specialized equipment in large
mines. The principal advantages of tractors are their
maneuverability, ability to negotiate steep grades, and
capability to dig and transport their own loads. They are
used for a variety of tasks, including clearing, topsoil
removal, preparing benches, and leveling spoil piles.

A fourth type of excavation equipment, the bucket wheel
excavator, is seldom used in this country. It has a rotat-
ing bucket wheel mounted at the end of a boom up to 400 ft
long. As the wheel rotates, the buckets along the pesrimeter
are loaded when they cut into the deposit with an upward
motion. Continuing rotation causes the buckets to be
inverted and empty onto a conveyor which then transports the
material to a disposal area. Only very large mines with
suitably soft overburden material can justify the expense of
this equipment.

Emission Estimate

The two primary fugitive dust sources associated with
overburden removal are:




. Dumping of dragline buckets Or shovels
full of overburden material into adja-
cent trenches Or spoil banks, as shown

in Figure 3.l. :
e Operation of scrapers and bulldozers in
topsoil and subsoil removal and transfer.

If the overburden ma&crial must be transferzred to trucks for
removal, the emissions from loading, travel on haul roads,
apd dumping are considered under these other mining operations.

No sanpling'specifically for either of these two
sources has been done. However, some emission estimates
have been made. Hittman estimated 0.002 1b/ton of coal
mined as the avaerage emission factor nationally for exca-
vation at coal surface mines where area stripping was used,
and 0.003 lb/ton of coal with contows st:ipping.9 For
uncontrolled mining in the Southwest (primarily the Four
Corners area), their estimate was 0.26 lb/ton of coal;'with
controls (assumed to be watering) , fugitive dust emissions
were estimated to be 0.009 1lb/ton of coal. Pattelle esti-
mated the total fugitive dust emissions from surface mining
of coal in Western states to be 0.1 lb/ton of overburden
removed and indicated that overburden removal was the larg-—
est emission source at these mines.lo Considering the
common ratios of overburden removed to coal mined (5:1 to
20:1), Battelle's factor appears %o be an ordar of magnitude
higher than Hittman's value. From both of these references,
it can be concluded that emissions from strip mining and
particularly the overburden removal process vary consider~
ably geographically, presumably because of the much drier
climate in the Western states.

PEDCo estimated that the dragline operation at a lig-
nite surface mine in North Dakota had an emission rate of
0.05 lb/ton of ovarburden removed, primarily resulting from

23




Figure 3.1. Overburden removal.

Source: Phosphate, Florida Phosphate Council, p 6.
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dumping of the excavated material from a height of at least
100 feet into the trench. For the particular mine surveyed,
this was equivalent to 0.42 lb/ton of lignite mined. 1In
addition, three scrapers stripping the topsocil and subsoil
layers were estimated to each produce fugitive dust emis-
sions of 16 lb/hr of operation, or a total of 0.03 lb/ton of
lignite mined on an annual basis. These estimates were made
by comparison with smission rates from similar fugitive dust -
sources, such as construction and aggregate handling, which
had been tested. The resulting emission estimates of 0.45
lb/ton of lignite or 0.054 lb/ton of overburden removed
compare well with Battelle's average factor if it is assumed
that about half of the total strip mining emissions result
from the overburden removal operation (the value was 63
percent for the particular mine that PEDCo survayed).

Engineering Research and Technology (ERT) has provided
inputa tc the Bureau of Land Management on the air guality
aspects of coal development in northwest Coloradeo f-r an
environmental impact statement.ll They proposed an emission
factor of 0.0024 percent of the material moved (0.048
lb/ton) for topsoil removal, overburden removal, or coal
removal, including a correction for climatic conditions and
control measures (watering) at the mines. This emission
rate was obtained by applying a published emission factor
for aggregate handling and storage to the overburden han-
dling operation, but reducing that emissicn rate by a factor
of three because the material at the mines is coarse broken
rock containing few fines rather than aggregate. This
emisgion rate was further reduced to account fof lack of
fugitive dust on wet or frozen days. The resulting factor
agrees quite well with the PEDCo value for mining in a
similar climactic area, especially cousidering the rather
crude methods of approximation used in btcth cases.

A
|

3
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Overburden removal for copper mining; rock quarxyiné.
and phosphate rock mining may be much less of a fugitive
dust source than inlcoallmining for seveﬁgl raasons:

. Much less overburden material is handled
in open pit mines and quarries. '
* 1f the overburden material is to be

removed permanently, no segregation and : e‘”
separate handling of topsoil fractions
is required.

° Phosphate rock deposits in Florida and

other Southeastern states are generally.
mined in areas where the waterftable is
near the surface and the overburdén has
a high moisture content and therefore
does not produce dust when merd. Aver-
age overburden depths in Florida are
about 20 ft. .

° If the overburden depth is fairly shallow,
the excavated material will not be dropped
as far from the dragline bucket or shovel
to the trench or spoil bank, creating less
of an impact and less opportunity for dis-
persion of airborne material.

PEDCO estimated particulate emissions from dragline

operations at an open pit copper mine in Butte, Montana to

be 29 ton/yr.13 No data were obtained on the amount of - |

overburden removed annually; the emission rate per ton of
ore mined was 0.0008 1b, almost negligible in comparison.
with the factor for coal mining. The excavation area was
aoted to be moist and nondusting; emissions were estimated

by assuming the active dragline operation off 2 acres to be

equivalent to an active construction site, using an emission
factor of 1.2 ton/acre/month.
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rhe Battelle: pEDCo, and EXT aata show that overburden
removal is potcntially one of the largest gugitive dust
gources at surface mines. ‘I% 3¢ also one of the nost

yariable. The dust losses from this opo:ation‘vary with the

moisture content, cxcavétion proccdu:es, equipment employed.
etc. FOF any lpccxiic mine., the enission rate i3 p:obably
most closely related tO the amount of overburder moved.

3.2 BLASTIHG
Descrigtion

prilling and plasting are done o gracture® nard.
consalidated material 89 it can be cemoved moré easily and
o!ficiently py the excavating cquipnnnt. plasting may be
needed for certain inpcnot:able overbuzden or f£oF partings
betveen the seanms peing mined, put more cammonly ro loosen

the deposit itself. This opc:acion is a joutine part of

with phosphate grock mining.

The plastholes are arilled from the gurface of the rock
jayer OF deposit to the depth t© which the deposit is to be
proken- shelves of 30 ©O 50 ft depth are often ysed if 3
deposit of greater thickness is beind mined. A ¢1at bench
ijg first p:epared for the drillind rig. which 5 mounted on
a tractor or truck. The holes are drilled in a p:edete:—

mined pattern py anp electxically—powe:ed rotary arill 4 ©°
15 inches in diameteX - Larger holes (containing more explo~
sives) are grilled for gracturing rock than for preakingd

coal- Typical plasting patterns range fxom 20 £t bY 20 £t
co 50 £% py 100 fr, with che plasthole gpacings varying with
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the material to be fLactured. When a particularly resistant : 7
rock formation is en&ountered. a pneumatic drill may be
required. i

Normally, the exploéive is a mixture of ammonium
nitrate and fuel oil, Either dynamite or metalized mixtures
such as ammonium niﬁrate and aluminum can be used when i
more powerful exploéive is required. From 300 to 11,000 1b
of explosives are cﬂirged into each hole, depending on its
depth, location in é e pattern, and the material encountered
in drilling. Millisecond delays in the blasting sequence
are programmed to m%ximize the breaking eifect and to mini-
mize seismic shock. ' Mats may be used with small blasts to i 3
reduce the scatte:inh of rock fragments during the blast. 4 %

The frequency of blasting is rarely more than once per
day and may be much less often. For reasons of safety and
to minimize disruption of other mining activities, blasting
is usually conducted between work shifts. The area to be
blasted must alsuv be cleared of equipment and workers during
the time that the holes are being charged and wired for
detonation, so drilling and blasting are generally as iso-
lated from the other active mining operations as possible.

Emission Estimate

Sampling of drilling and blasting oéerations at one
granite quarry indicated emission rates of 0.0008 lb/ton of
granite quarried for drilling and 0.16 lb/ton due to blast-
ing.14 Of 11 different processes sampled at the quarry (not
the same 11 mining 6perations described herein), blasting
produced the most emissions, accounting for 63 percent of
the total fugitive dust emissions from the quarry and crush-
ing plant. More explosive charge is required for blasting
granite than other ore. Based on the results,of this study,
the research firm that conducted the sampling, Monsanto
Research, has scheduled further field testing of emissions

from blasting.
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PEDCo estimated emigsions from daily;blasting at a
large open pit copper mine to be about 209 1b of guspended
material per blast, or about p.o00l 1b/ton of ore. This
estimate was based on visual observation and was noted tO be
only an order of magnitude value. The large difference
between the two available emission factors could be due tO-
unreliability of the PEDCO estimate oI to actual differences
petween the amounts of dust generated by the two blasting
operations. The additional scheduled testing may resolve
this question. )

Blasting is a difficult operation t0 sample because nf
its short duration and the danger of plaéing sampling equip-
ment Or men close enough toO the area of cthe expected plume
priozr to the blast. Also, the force of the blast throws
much material into the air that is larger in particle size
than suspended particulate. pistinction of this gettleable
material (which may have a much greater mass) from the sus<
pended fraction may nhot be possible at the time of the
sampling: pacticle sizing aaalysis on the collected sample
and correction for the percnt by weight of saettleable
particulate may be necessary. Observation of £ilm footage
of blasting shows that much of the fine‘dust that remains
airborne is actually generated as “he blasted rock returns
to the surface after being lifted by the force of the blast,
not by the initial explo:ion.ls The drilling part of this
operation is amenable to conventional:open source sampling
methods, but these emissions are p:obébly negligible com-~
pared to emissions from blasting.

The dust plume from a blasting oberation is shown in
Figure 3.2. Blasting is not simila:‘to any other fugitive
dust source, 30 development of an emiSsion factor cannot be
accomplished by comparison or extrapolation of data from
other operations.

This operation is an obvious dust source wherever it
occurs. Wwhile its appearance indicates that it is a major
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Desc:igtion

In WO8T surface wmines the ore or mate:ial being mined
is 10aded cnto oifﬁbighway rrucks for transport grom the

point where it is :emoved to a central cransfer jocation or

processing area atﬁthe mire site: The material can also9 pe

as 3 slurzy chrough & pipeline ro the grocessinq area.

Another seldom used alte:native to shovel and truck opera~
vion i3 the mobile storage pin into which material can be
1oaded directly-by aragline. then crushed and 1oaded into

tured depositjloose, scoops the pucket gull of materials

The newer haul crucks at mines usually nave 10ad capac”

0 to 200 tons and are diesei}electric powered-

ing or the gondola-shaped
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bottom dumping. dependxng on the conf;guratxon of the tipple,
or dumping area. The same trucks may also carry low grade
ore Or unmarketable mate:xal in the deposit to 2 separate
dump area for disposal. The loading operation and fugitive
dust potential for ecoopxng and loading thzs waste material
is jdentical to that for the material being mined.

A small frontqend loader may be as xgned to the area
being worked by the shovel to remove spxlled material that
could cause damage to truck tires and to move materials that’
cannot be easily reached py the less maneuverable shovel.
For irregular deposxts and smaller mines, 3 front-end loader
may be used instead of an electric powered shovel.

The area vhere the shovel is working is normally
fre:. .Y exposed, so the material has almost the same mois-
ture content as the unexposed deposit. However, the posi-
tion where the trucks are loaded may dry rapidly as a result
of the traffic mevement. It is difficult for water;ng
trucks or other control equipment to gal in access to truck
loading areas pecause of the danger of driving near the
mining equipmwent OX haul trucks (Wthh have poor close range
visibility) and becauseé the shovel, the deposit, @ and the
power line for the shovel often plock access from all but
one direction. '

Emission Estimate

pust is generated at many points in the truck loading
operation, but mainly BY the ecwoping of loose material Dby
the shovel, dumping from the shovel pucket into the truck
ped, and movement of trucks into position to pe loaded.
pust generatxon from truc kx loading is shown in Figure 3.3.
Several emission estimates have been made for he entire
operation. Midwest Research Institute sampled the loading
of crushed rock by front-end loaders and determined an
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average emission rate of 0 05 1b/ton of rock. 12 7his emis-
sion factor was also applied by PEDCO to loading of copperl
ore by shovels as the differences in the two operations were

thought to offset one another:

° the shovel must break the fractured rock
loose instead of just scooping it out,
result;ng in higher emissions than for
1pading of aggregate; .
° the shovel is not as maneuverable as a
front-end loader and therefore drops the
rock a greater distance into the truck;
° the crushed rock tested was Very dry and
contained a substantial amount of fines.
in comparlson with moderate moisture con<
: tent and few fines for the shovel opera<
{ tion; and , . :
g ° the crushed rock loading was exposed to

higher wind speed conditions than the.

copper orsa loading.

The effect of the shovel's larger nucket size on emission
rate could not be determined. l ' |

The PEDCO emission factor estimate for loading lignite i
coal in North pakota is 0. 02 lb/ton joaded. This lower |

estimated emission rate was based on comparison with loading

of crushed rock, considering the hxgher moisture content and
fewer fines in the lignite. The jower value also appears,
reasonable in comparison with emissions from other operac~
tions at the lignite mine., such as truck dumping and grader
operation. |

The ERT air guality analysis for Colorado coal mines
cited in gection 3.1 proposed the same emission factor for

coal removal and loading as for overburden removal, 0.048
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J/ton. This value is almost the same as those developed
for crushed rock and copper ore, and may be a function o:
jower moisture content in ¢he coal peds in northwest Colo-
rado than in North Dakota lignite. ;

Monsanto Researcd's sampling at 2 crushed granite plant
jpndicated chat joading onto naul trucks produced negligible
emissions, 4 repo:tedl& pecause of the large aggregate size.,
j.e., tne absence of fine granite dust.

The Hittman report included an emission factor of 0.04
percent due to *windage josses” 1in truck hauvling at coal
mines.9 1t vas indigated that most of these emissions
occurred at the two ends of the hauling t:ip--loading and
dumping-—and chat most of the weight loss was probably as
airborne particulate. However , much of the airborné partic-
ulate could still be due to settleable material. 1¢ it is
assumed that half of the total "windage 1osses” of 0.8
1b/ton (0.04 pe:cent) occur during joading ané that 25
percent of this material remains suspended. the emission
estimate for truck 1cading would be 0.10. 1lb/xen- tis is
higher than the other estimates, but certainly close enough
ro confirm the relative magnitude of these otherl values.

B Independent emission estimates for the tzuck loading
operation cover a fairly wide range, possibly jpdicative of
the many variables involved in this operation. The mOSt
important of these variables are the moisture content and
amount of fines in the material being joaded, the number ané
types of equipment working in the loading area, and climatic
conditions at the mine.
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3.4 HAUL ROADS

Descrigtion

Haul roads, mostly temporary unpaved roads between the
active mining areas, tipple, waste disposal areas, and
equipment service areas, are common to all surface mines.

In a typical mine, these roads constitute about 10 percernt
of the total area directly disturbed by the mining.1

Because of the size of the trucks and crawler-mounted equip-
rent that use these roads, they are normally constructed at
least 40 ft wide. In mines opened in recent years, particu-
larly those in the West that use 100 to 200 ton capacity
trucks, the roads may be as wide as 100 ft.

Some of the haul roads at the mine lead from bench
level at the bottom of the deposit to undisturbed surface
elevations, which may be 200 to 300 £t higher. Therefore,
these haul roads either have a steep grade cr follow a
circuitous route to the higher elevation. 1In areas where
contour mining is practzced and lighter equxpment is used,
the roads generally exhibit poor alignment and drainage, low
durability, and marginal maintenance. Where area mining is
practiced with its attendant heavy nquxpment, roads are
necessarily better engineered.

Road surfaces vary according to the terrain, type of
operation and size of equipment used. Road surfaces may be
graveled but more commonly they are just graded. In areas
of flat open terrain, the roads are graded with berms
thrown up at the road edges from excess material generated
during grading or maintenance. In Eastern states, where
mine operations are located in hilly or forested terrain,
the use of berms is often prohibited or discouraged because
of its adverse drainage effect.
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Haul roads are normally cleared of spilled material and
regraded frequently while in use. Heavy“equipment tends tO
rut and compact the surface. Continuous maintenance of haul
roads for the heavy equipment makes higher speeds possible
and provides greater usage time of the rwads. Generally.
the haul roads are huilt and maintained as cheaply as possi-
ble while still Bot slowing down production from the mine.
At any given time, ohly a portion of the roads at the nine
site will be active, but the abandoned roads are l1eft as is
for possible reuse when the active mining area moves again.
In the igte:im period, they serve a definite purpose in
providing good access throughout the nine. )

1In addition €O the haul trucks., other vehicles use the
haul roads regularly--water trucks, fuel and gervice trucks
pickup rrucks, motor graders, pulldozers, and explosives
trucks. The vehicle miles traveled (VMT) per day on haul
roads can be estimated from the numbers of each type of
vehicle in operation at a mine and their respective driving
patterns (e.g., round trip distance from loading area to
tipple and number of loads per shift per truck). Alterna<
tively, the VMT can be estimated Irom total gasoline and
diesel fuel usage and average fuel consumption rates for the
different vehicles.

saul roads at mines are routinely watersed for dust
suppression during all periods when water on the road sur-
face does not create a safety hazard (generally when temper-
atures are abové freezing) . The water is usually applied DY
large tank trucks equipped with a pump and directional
nozzles which spray the road surface and adjacent shoulders
and berms. rixed pipeline spray systems have also been used
on main haul roads that are relatively permanent. various
chemicals may be added to the water OF applied separately tO
the road surface to improve binding ancé reduce dusting. "4

over loo_dust'suppressant materials are now marketed, and
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many of them have been proven effective for short periods in
tests on mining haul roads. As a resul£ of the frequent
watering, heavy pearing loads on the roadisurfaces, and
chemical applications. mining haul roads ?sually have the
appearance of oiled or crudely paved roa@B rather than rural
gravel roads. | | '

Emission Estimate

There have peen several studies during the past few
years of emission rates from unpaved roads. However, as
indicated above, emissions from mining haul roads may be
much different than those fxom normal unpaved roads because
of the larger vehicles, compacted surfaces, and frequent
watering. Figuxei3.4 gshows a large-capacity truck on a
well-controlled haul road. Close observation of well-
controlled haul roads reveals that much of the dust is
generated near the edges of the roads, where the surface is
composed of locser material; and in areas where the surface
has dried. Alsa, haul roads have fugitive dust emissions
that result from movement other than traffic--road construc-
tion and repair,: 1088 of fines from the open ped trucks
during transit, and wind erosion on abandoned and seldom
used roads. vehicle exhaust contains particulate emissions.,
put it is not considered to pe fugitive dust and is therefore
not included in the emission estimates.

There have been at least three different emission esti-
mates made specifically for traffic on unpaved haul roads.
The first of these was by PEDCo. It was developed from
EPA'S published emission factor £or_unpaved roads:
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EF = (0.60)(0.81)(5)(5/30)(l—W/365) (eq.1)

where EF = emission factor. 1b/VMT

0.6 = average fraction of emitted particulate
in the suspended particulate size range
(Less than 30 ¥ diameter)

3 = silt content, percent
§ = average vehicle speed, nph

W = days with 0.01 inch or more of precipi-
tation or reported snow cover

This émission factor was modified to account for the much
, larger surface areé‘of the road in contact with the truck
: tires. It was assumed that the relative emission rates for
off-highway trucks, even though they have only four tires,
would be two and one-half times as great as for light duty
vehicles, pased on the comparative widths of tire faces.
Other input data used to calculate the emission factors for
two different mining operations are summarized below:

For open pit For lignite
surface mine

parameter copper mine

Average vehicle speed, mph 15 20

pays/yr with no rain or SnowW 274 166
cover

Emission reduction due to 80 50
watering and chemicals,
percent

Emission factors,
1b/annual VMT

gaul trucks 1.1 2.2
pickup trucks 0.4 0.9 i

In addition, an uncontrolled emission factor of 32

1b/hr was proposed for grader operations in these PEDCO
stpdies, and the same control efficiencies were assumed for ' i
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haul roads as for the truck
thought to be
oad sur-

the graders working on the
eraffic. Windage losses in transit were

in comparison with emissions from the
but for some materials the

1d be significant. Wind

negligible
faces in these two instances,
emissions from the poving trucks cou
erosion emigsions from the haul roads were assumed to be

wind erosion of other exposed areas

indistinguishable from
source

at the mines and werse therefore considered in another

category.
Monsanto Research's study of a g

emission rates from »yehicular movement on unpaved roads” of

0.048 lb/ton of material processed, OX about 2.4 lb for each

assuming 50 ton capacity trucks

e roads. A conscientious

portedly being implemented

since the dimensions

, it

ranite quarry showed

round trip to the crusher,
and only haul truck traffic on th
haul~-road watering program was re
at the mine during the test program.
of the quarry and hauling freguency were not described
is not possible to compare this value directly with the

other available emission factors. However, it appears to be

somewhat lower.

ERT used a bas
study of fugitive dust emission sources)
rface mines in

e emission factor of 3.7 1lb/VMT (obtained
from an early for

both haul trucks and light duty vehicles at su
This factor wzs then reduced by

northwestern Colorédo.
the fraction

multiplying by a cligpati
of days when the surface was not wet or frozen, and a con-~
trol tactor of 0.50 to account for watering of the roads on
dry days. The resulting net emission factor was 0.8 1b/VMT
for total annual travel at the mine. This value is near the
weighted average of emission rates for the copper mine and

ed the same rationale as the PEDCo study ia applying
rences between emis-

c correction of 0.44,

employ
correction factors to account for diffe

‘sion rates from normal unpaved roads and miping haul roads.
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The available emission factors for this hining opera-
tion are in fairly close agreement. Using any of these
values, haul roads are shown to be a major fugitive dust
source at all surface mines, even with the relatively high.
control efficiencies obtained with frequent watering and use

of chemical dust suppressants. The calculation procedures
used to derive the factors indicate that variables which
affect emissions from this operation most are vehicle speed,
estimated control efficiencies, and climatic conditions at

the mine.

3.5 TRUCK DUMPING

Description

Truck dumping is the simplest operation at the mine to
describe--it involves only the dumping of the mined material
from the truck into a tipple or receiving hopper for the
primary crusher. The same operation may also occur at the
edge of a spoils slope if the truck is dumping waste mater-
ial or overburden. While the operation is quite simple, it
has been identified as a significant fugitive dust source at
many different mines,l3'19 as shown in Figure 3.5.

Emission Estimate

Dust is generated as the material tumbles from the
truck bed and strikes the ground or side of the hopper.
Three different estimates ©of the emission rate from this
operation were located. Midwest Research Institute, in a
sampling study of aggregate handling operations, estimated
that dumping of crushed rock or gravel onto storage piles
accounted for about 12 percent of theitotal emissions of
0.33 1b/ton from nandling, or 0.04 lb/ton. The truck dump-
ing operation was not saﬁpled in isolation from the other
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handling operations and the estimate of 12 percent was

partially subjective. This emigsion factor for dumping of
aggregate onto storage piles was recently published in

supplement 5 of EPA's compilation of AiriPollutant Emission
Factors. l

Monsanto Research determined an emiﬁsion rate of
0.00034 1b/ton for truck unloading at th@ hopper of a pri-
mary crusher.14 The material being haniled was quarried
granite with very little ¢ine material present.

For two separate studies, PEDCo used an emission factor
of 0.02 lb/ton for truck dumping. This, value was derived by
taking half the published EPA emission factor for dumping of
aggregate because of the much larger size of the broken ore
and coal being handled and its higher moisture content. The
50 percent reduction was pased on the estimated control
efficiency of watering,17 which is probably comparable to
the effects of higher moisture content and larger material
size.

Intuitively, it seems that emissions from truck dumping
should be less than for the truck loading operation because
dunmping does not include the activity of the shovel or
front-end ljoader in loosening and scooping the deposit. In
comparison with the values presented in Section 3.3 fox
emissions from truck loading, the MRI and PEDCo factors for
truck dumping appear to be quite reasonable. However, as
with most of the mining operations, there may be a widé
range of emission rates for mines of different minerals or
in different climates.

3.6 CRUSHING

Descrigtion

The crushihg operation is a fugitive dust source at
both underground and surface mines. The material is charged

a4




to the primary crusher bf means of a receiving nopper- At
large mines, there maj be more than one hopper OF dumping
pin serving separate primarcy crushers placed in parallal.
primary crushers are jaw crushexrs, get to act upon rocks
large:'than about six inches and to pass smaller sizes.
pepending on the ultimate size requirements of the product,
the material from the primary crusher may be gcreened with
the undersize going directly to the screening plant and the
orersize tO gecondary crushing, ©F all maqbrial £rom primary
crushing may pe routed to the secondary cﬁﬁsher. The secon=
dary crushers are of the cone or gyratoryjtype. _

As the material is crushed, much more surface area is
created. If the incoming material has 3 nigh internal
moisture content (such as lignite coal), Lhe new surfaces
will be moist and nondusting- However, if the material has
a low internal moisture content, the erushing greatly
increases the potential for airbeorne dust gene:atian. The
new surfaces tend to dry out as the material contirues
through the process on conveyor belts and through the secon-<
dary crushers and screens. As the rock or coal becomes more
finely ground and d-ier, the in-process dust releases become
greater- ‘ :

One method of suppressing the in—pfocess dust is by
adding water to xeep the material moist at all stages of
processing. 1f the use of water can be tolerated, it is
usually sprayed at the crusher locations and shaker screens.
The addition of water may cause plinding of the finest size
screens, thereby :educing their capacity.

The crushing/sc:eening operation ig either fully
enclosed or the dust emission points are hooded, with-a
local exhaust system, control device, and stack. This is
the only operation at the mines that would not pe strictly
defined as 3 fugitive dust source, since che emissions are
confined and emitted at a single point (as.shown in Figure
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3.6). However, most crushing operations?still have some
fugitive dust losses that escape the hooﬁing system at
points such as thefFrushgr dischgrges‘ana conveyor transfer
points. At rock quarries, most of the crushers are port-
able, are not well enclosed, and therefore usually have
particularly high fugitive dust emissions. One emission
estimate for coal preparation assumed that half the dust
generated went thrpdgh a collection system to controls and
half escaped.a |

Emnission Estimate

For coal crushing, EPA's published compilation of
emission factors does not include a quantitative estimate,
but states that "the crushing, screening, ©r sizing of coal
are minor sources of dust.“zo The writeup on coal crushing
also indicates that 95 percent control can be achieved by
use of water sprays and 99+ percent control is possible with
sprays followed by mechanical dust collectors. The Hittman
report9 also states that dust emissions from coal prepa-
ration plants are negligible.

Based on some data from coal procéssing for coke pro-
ducticn, PEDCo'estimatele that the uncontrolled emission

rates for the three major emission points in the operation
would be:

Primary crushing = 0.02 lb/ton
Secondary crushing = 0.06 lb/ton
Secondary screening = 0.10 lb/ton

In combination with “he estimated control efficiencies cited
above, these values appear to substantiate the non-quantita-
tive evaluations that coal crushing is only-a minor dust-
producing source. - ’
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In contrast, the current EPA emission factors for rock )
, 20 ‘

crushing are quite high, as shown below:

0.5 1b/ton total | -
0.1 1b/ton suspended particulate

Primary crushing

L]

Secondary crushing
and screeriing

1.5 1lb/ton total
0.6 lb/ton suspended particulate

It has been noted that even the lower of the two sets of
emission factors often overestimates annual emissions from

rock quarries in regional emission inventories, indicating
that these factors are most applicable to uncontrolled
portable crushers or must be combined with very high control
efficicncies to produce reasonable values. It cannot be
determined from the source descriptions whether the EPA
emission factors include just stack emissions or both stack

‘
Crushing operations at a granite quyarry have been

emissions and fugitive dust losses.

sampied by Monsanto Research.14 Their results, which
include both stack emissions and fugitive dust, are more
consistent with expected emission rates than the EPA values:

Primary crushing = negligible
0.018 lb/ton
0.026 lb/ton

Secondafy crushing

Secondary screening
3.7 TRANSFER AND CONVEYING

Description

Although conveyor systems may be used to transport
material from the active mining area to the processing area
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Figure 3.7. Transfer and conveying.
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mines, there are no belt conveyorc or similar transfer
processes; the material is moved by truck to the tipple and
loaded directly onto trains. At other mines, extensive
networks of unenclosed conveyors are used, such as with
bucket wheel excavators. Also, the emissions from conveying
different materials vary greatly, depending in part on size
distribution and moisture content.

ERT proposed a éinqle emission factor fur the combined
processing sources at coal mines in northwestern Colorado--
0.44 lb/ton (0.044 percent of material processed with half
of these emissions fugitive dust). The ﬁ:ocessing sources
at these mines were identified as transfer and conveying,
crushing, and storage. Since other emission estimates are
available specifically for the crushing and storage opera-
tions at coal mines, a value for conveying can be determined
by subtraction from the overall ERT emission factor. Using
the higher of alternative emission estimates for crushing
and storage of 0.18 lb/ton and 0.054 lb/Eon, respectively,
the indicated emission rate for conveying would be 0.20
l1b/ton. This seems to be excessive in comparison with
estimates for conveying other material, and may be an indi-
cation that other unidentified particulate sources are also
included in the ERT emission factor for the processing area.
The value of 0.20 lb/ton does not account for the relatively
high control efficiencies, usually at least 90 percent,
associated with enclosed transfer and conveying systems.

The Hittman report stated that coal conveyor systems
"are either covered or operated at such a speed that dusting
does not Qccur to any great extent.” Also, it was pointed
out that only a small proportion of coal transport is done
by this method. However, the same report used a value of
0.04 percent, or 0.8 lb/ton, loss through spillage at con-
veyor transfer pcints. Even if only a few ;ércent of the
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spillage losses are in the form of dust, emissions from coal
conveying would be comparable to those from coal storage
piles. i

Monsanto Research sampled conveying operations at a
granite quarry and determined that fugitive dust emissions
from conveying crushed granite are also negligible.l‘ The .
report did not mention whether the conveyor was enclosed.

Monsanto Research also sampled storage and handling
operations for phosphate rock and derived an emission factor
of 0.35 lb/ton for the combined operatiOns.23 With a stated
emission factor of 0.20 lb/ton for storage, the indicated
emission rate for handling (conveying and loading onto
railroad cars after drying) is 0.15 lb/ton. It is assumed
that all the handling following drying is in enclosed,
controlled systems.

PEDCo developed an emission factor for transfer and
loading of dry phosphate rock which agrees well with Monsanto
Research's factor. The PEDCo emission estimate of 1.5
1b/ton uncontrolled, with average control efficiencies of 90

to 95 percent, was developed from source test data and

company estimates provided by six phosphate industry plants
in Flordia.

3.8 CLEANING

Description

Cleaning or beneficiation of the ore iﬁproves the
quality of the mined material by separating undesired compo-
nents at the mine site. This operation greatly reduces the
amount of material which must be shipped to the processing
plant and also decreases solids handling and disposal prob-
lems in all subsequent refining steps (or 'the combustion
process in the case of coal).

52




L TR s
-z

[PVPL T

the most commen
o
of reagents whi

By far

£lotation.
n in cthe presence
al bein

where a siurry of the crushed -

aeratio
ate the miner

In order for
must be ecrushed oI gro

being extracted.
48 mesh and
inec.

separ
deposit-

liberate
generally
metallic ores S

in flotatio
a \oading of 15 to 3
mechanical agitaeion.

g:ound finer
hould be
n machines.
5 percent
gurfaces of
called promoter

20 mesh OF £

make “he pa:ticles
tinued agration OF agita
a layer of foam forms 3t th
mineral pa:ticles become attache

the surface, and are skimmed off.
poccom area and are dral

cion and

4 to air

The valuable conce
the froth product or th
gides of coppers lead,
collect in the froth.
The initial 1ow~grade
ghrough 2 second wcleaner”

1 extraneous material.
ulated ghrough

vional cells.
ores.

e underflow P
zinc, nickel.,

concen:.rate

tiona
cells are recirc
n adai
ary in many
fiotation machi
The £

sepa:ately i
dlings is necess
material from the
form for easier transport.
watered in thickeners and fi

Well over 9Q percen
concen:rated bBY groth flotation prio

53 -

und %mal
ﬁ?tallic ores
)

;coal and most

the ore is susp
solids bf?maan
the minera
s OT collector
hydrophobic.
the additiom ©

a water gurface-

untre
ined off

m froth £lotaci

roduct.
mercury. and mol

gflotation cel
The tailings
the system or
Regrinding
The taill

ne a
inal concentrat

jters prior
t of non-ferrous

i g
O St N
- A W 1 ;Y
1 TR v L -
NG - 1y AR TR 7 el
ey 4
I O Y L S W
L e— - iy,

are
non=

ended in water at
g of air or

1 particles are
s which

With con=
f a frotherl .

The treated

pubbles, rise tO

ated components
as underflow.

on may be eitherl

Metallic sul-
ybdenum

may be processed

1 to
grom the
concentrated
of these mid-
ngs ©F waste
slurry

remove addi-
cleaner

re discarded in
g is de-~

tg‘shipment.
metallic ores are

r to smelting. Most




of the phosphate rock fines in Florida are recovered by
flotation. About 70 percent of the coal from underground
mines and 30 percent from surface nines aré subjected to
some type of mechanical cleaning--by jigs., concentrating
tables, dense media, Or flotation. of thefcoal that is
cleaned, about 20 percent is thermally drigd. '

Emission Estimate

Em1sSi00 == ————==

1

Much of the cleaning operation is pefformed in water,
and even after the concentrate or cleaned material is
dewatered it is still wet and non-dusting. only if an
unusual cleaning process such as magnetic separation, dry
tabling. mechanical clagsification, Or air blowing is used
does this operation have any potential for fugitive dust
generation. '

Thermal dryers at coal cleaning plants are significant
particulate air pollution sources, but they would not be
categorized as fugitive dust sources. Emission estimates
for the common types of coal dryers are presented in EPA'S

Compilation of Air pollutant Emission Factors, along with

estimated efficiencies of various control devices:

Uncontrolled emissions,

Type dryer - lb/ton
Fluidized bed 20
Flash 16
Multilouvered 25

Cleaning has been included as a mining operation with

potential for fugitive dust emissions mainly for complete-

ness. At most mines, there are RO emissions associated with

this operation. No emission factors were found in the
literature for sources other than the thermal coal dryers.
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3.9 STORAGE

Description

mined material that is

prior o or 2

piles may be
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Frequently
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means of 3 tipple 2

Figure 3.8.
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Fugitive dust aﬁilsions from the gtorage area occur as
a result of seve:ai‘éctivities. According t° sampling data
compiled and evaluatkd by Midwest Research Institute,l che
four major enission{p:oducing activities and their approxi~
mate relative contributions gor crushed rock storage are:

Loading onto piles 12%

_Equipmnnﬁ and vehicle 40%
mnvemsnt’in gtorage area

wind erosion ) 33
Loadout from piles ! 15%

Althcugh the percentage contributions ¢xom these activities
may vary for storage of different mate:ials or for specific
gtorage ared confiqu:ations. the same activities are prob-
ably the major dust sources £oF all types of open storage-

The MRI study produced emission gfactors applicable to a
wide range of aggregate gtorage operations, possibly includ-
ing crushed ore gtorage. These values are summa:ized in
rable 3.2. MRI also developed a climatic factor toO correct
the emission egtimates shown in Table 3.2 for aifferent
geographic areas: (100/?2)2, where PE is the annual precipi-
tation—ev;po:ation index.a EPA has adopted the MRI emission
factor pased on ronnage throughput for storage piles with a
normal mix of activity for publication in the latest supple~
ment tO their gggpilation of ALT Pollutgant Emissien Factors:
0.33/(93/100)2 1b/ton.

The Hittman report contained emission estimates for

aboveground coal storage for only twe coal mining areas, the

a p pational map showing PE values for all parcts of the

country can pe found on P 99 of EPA'S Ccompilation of Air
pollutant Emission Factors. supplement No. 9.
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rable 3.2. EMISSION FACTORS FOR CRUSHED ROCK
_STORAGE PILES

Emission factor

: ' . 1lb/acre of 1b/ton placed
} Activity rating storage/day : in storage
| Active® 13.2 f 0.42
Inactive (wind . 3.5 0.11
erosion only)
Normal mix® 10.4 ' 0.33

a Eight to 12 hours of activity per 24-hr pefiod.'

b Five active days per week.

Source: Development of Emission Factors for Fugitive Dust
Sources, U.S. Environmental Protection Agency, Research
Triangle Park, North Carolina, publication Number EPA 450/

3-74-037, June 1974.
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Northwest (Powder R;ver Bagin) and the SQuthwest (Four
Corners area). In tho Northwest, emissions were assumed to
be "minimal”" because of the rapid turnover of coal in stor-
age. The emigsion ‘factor for coal storage in the Southwest
was 0.0235 lb/ton, based on the average wind erosion rate '
for arid portions df the Great Plains, 428 lb/acre/yr. The X
coal at the single’ nxnn for which this estimate is appli-

cable is stored in.piles 90 ft wide, 800 £t long, and 30 £t . -
high, containing about 30,000 tons of blended coal. ' '

A coal storage pile was sampled for dust lossas by

Monsante Research. ' On two separate Iuss, the coal pile
producad emissions at rates of 0.00s -nd 0.016 lb/ton in the
pile (static rate); theie were converted to an annual emis-
sion rate of 0.054 lb/ton placed in storage by use of addi-
tional information on the storage throughput rate. It

was indicated that no loading or unloading took place in the
storage area during either of the sampling pericds.

Monsanto Research performed a similar sampling study
for a phosphate rock storage pile and developed an average
emission factor of 0.20 lb/ton of “wet" rock in open stor-
age. The phosphate rock may be shipped wet to the chemical
processing plant or it may be dried at the mine site.
Because of the difficulty in handling the material after it
has been dried, the trend is toward locating the driers and
grinders at the chemical processing plant rather than at the
mine. However, if the phosphate rock is dried on=-site, then
subsequent storage prior to shipment is a major fugitive
dust source even though the dry phosphate rock must be
stored in an enclosure. EPA's published emigsion factor for
transfer and storage of dry rock is 2.0 lb/ton uncon-
trolled.zo Source test data and company estimates of mater-
ial loss collected by PEPCo for nine phosphate industry
plants and mines in Florida indicated exactky the same
average uncontrolled emission rate as the EPA value--2.0

L
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ib/ton. overall contrpl efficiencies for storage puildings
of 90 to 95 percant can be obtained by use bf paghouses or
gcrubbers ©O vents and at transfer points wdthin the building.
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3.10 WASTE DISPOSAL .

Descrigtion

in the wmining and peneficiation of minerals_and ores,
iarge amounts of waste material are often gene:ated.
gxamples of this waste material are 1ow grade Ore. slack
coal, extraneous unmarketable rock of reletively large size,
tailings, coal sluriy. and mud slime. The waste may have
the same handling charaeteristics as the raw meterial'being
mined and be dispoaed.of in a £ill guch as shown in Figure
3.9 (e.g., @ waste:dump. jeach pad, ©of gob pile),'o: the
waste may be 3 slurxy resulting from a cleaning oF separa-
tion process which requires ponding- '

The waste disposal operation is distinguished from
overburaen disposal pecause in most cases the area used for
wastes 1is not reclaimed. The wastes are segregated and
saved for future reprocessing, for byproduct recovery, OF
pecause they contain higher concentrations of toxic mater=
jals than the overburden. 1f the waste contains no poten-
tially recoverable material and its toxic components do not
create a leaching:problem, it can be puried in the spoils
for disposal. _

some of the‘aetivities agsociated with waste disposal
are the same as for the mining of the ore, i.e., truck
loading and dumpdng, haul road traffie. scraper operation,
and grader operation. For purposes of estimating emissions
by unit operation at the mine, movement of waste material
should not be considered a distinct operahion from the
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Figure 3.9. wWaste disposal.

Source: Environmental Protection in Surface Mining of Coal,

U.gé Environmental Protection-Agency, LPA 670/2-74-093, 1974,
p 66. _
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primary activity (e.g., shovel/truck loading) unless it
employs different equipment or occurs at a separate location
such as the dump site. ?

The other aspect of waste disposal 15 the disposal s;te_
itself. If berms or dikes are coastructqd to contain a
slurry waste, this ?ctivity is part of the waste disposal
operation. Also, dried or inactive ponds of fine waste
material, particularly copper tailings, are subject to
severe wind erosion if they are not stabilized.

. Waste disposal at coal mines creates another potential
particulate air pollution source--spontaneous combustion of
coal refuse piles and gob piles. However, burning coal '
waste piles are not fugitive dust sources, so they are not
included within the scope of this reportl

" Emission Estimate

Excluding the disposal site, most of the fugitive dust-
producing processes associated with waste disposal utilize
the same equipment and activities as used in other mining
operations. Therefore, their emissions can be estimated by

comparison with these operations and appllcatzon of appro-
priate emission factors.

The equipment activity which occurs at the disposal
site, such as berm construction or grading of a leach pad,
can generally be categorized as heavy earthwork.construc-'
tion. - It may be appropriate to apply the emission factor
for heavy construction from Supplemant of EPA's omgilatlon
of Air Pollutant Emission Factors--1.2 ton per acre of
active construction per month. However, this value is
applicable only in arid Western areas in which the sampling
to develop the emission factor was done.12

Emission estimates for dried tailings ‘have been devel-

‘ oped by PEDCo with use of the U.S. Departmerit of Agriculture's
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3.11 LAND RECLAMATION

Description

All surface mlnlng causes considerable alteration of
the land on which 1; occurs and a certaxn amount of the
surrounding area as. well. Experience has shown that the
most successful land reclamation results where programs are
pPreplanned by the mine operators and become a concurrent
part of the daily oéeration of the mine.]T6 Segregation of
the various strata in overburden removal is critical so that
inferior spoil can be buried under clean f£ill, with tbpsoil
returned to the surface to ensure successful revegetation. -

This practice of continuous reclamation has already
been introduced in Section 3.1 where the earth moving
aspects of overburden removal were considered. In area
strip mining, draglines fill mined strips with overburden
removed from succeeding strips and topsoil is placed on top
to prevent rehandling. In contour mining, the reclamation
follows a pattern of grading and backfilling the bench
between the highwall and the downslope. 1In this type of
surface mining, the topsoil can be stockpiled for a limited
time and replaced after the mining and grading have been
completed. In contour mining by the block cut methed,
topsoil is removed and placed on graded areas in a single
operation. ‘

Success in reclaiming mined land is determined to a
large extent by geographic location and climatic conditions.
Each location has its own inherent problems to be dealt with
if an area is to be returned to the original topography. .[In
contour mining operatzons in the East, careful practices of
grading and backfilling can return natural drainage patterns
and contour to the land. Use of trees alone to revegetate
these areas was found to be unsatisfactory, due to the
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length of time required for the trees to establish thecm-
selves and the loss of soil by erosion in the interim.
Presently, herbaceous species are preferred to stabilize the
land rapidly and plant covers suitable to the area are
selected to control erosion, giltation, dust, and acid
formation. In addition, seeding is no longer limited to the
spring. Selecting species appropriate to the seascn when
planting is needed and following with a perennial species in
spring or fall provides optimum conditions for revegetation.
In these Easte:n!htates. as well as those Central states
where contour mining is used, a period of two to three years
is required to reach this condition.9

In Flo:ida,;area mining is practiced where phosphate
rock is mined. Draglines strip overburden and fill the
previous strip with this material in a single operation.
The overburden is approximately 20 £t deep, with phosphate
deposits of scme 16 £t lying below. Land reclamation gener-
ally results in an area being €illed and then graded to a
level somewhat less than the original topography. Since the
water table is comparatively close to the surface, this

depression usually creates lakes but the process is completed

and the area stabilized in one to two years.

Area mine reclamation in Midwestern states poses the
fewest reclamat;on problems. These lénds can be returned to
their original topography by spoil sedregaticn, backfilling,
and grading as deposits are removed.  Compaction of the scoil
can be controlled with conventional equipment, and this
ground preparation for revegetation is aided by a climaté
<hat provides sufficient annual precipitation.

Reclar.tion in the West is another matter. Here the
seam thickness of deposits mined is much greater and the
original elevation cannot be restored. If a pattern of
continuous reclamation is used at these mines, the over-
burden is deposited by draglines parallel to the strip being
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mined; smaller draélines or bulldozers thca level these
deposits to reduce slopes. This returns the are: to a
topography that will meet proper conditions for land sta-
bility, drainage control, and maintenance of vegetation. A
recently regraded area is shown in Figure 3.10. The process
of reestablishment is estimated to require a minimum of five
years. Due to the arid or semiarid climate, successful
reclamation to native climax vegetation is questionable.

The extreme climatic conditions, with a seasonal variation
of -60 to 120° F and an annual precipitation for 75 percent
of the area of less than 20 inches, create a soil of highly
saline condition that contributes to a 1eck of adequate
topsoil. Wind also erodes this unp:otecied soil, adding to
the problems of reestablishment. It is possible to regrade
this disturbed land but knowledge for successful seed;ng and
procedures for revegetating the area are not yet adequate.
In certain areas.'shch as the rimrock country in eastern
Montana, it has been recommended that no mining be permitted
in certain deposits. Here it would be 1mpossxb1e to restore
the original drainage patterns and slopes.

The amount of s0il loss due to wind erosion of the
barren land prior to revegetation is a function of the
surface s0il type, roughness of the surface, windspeed,
average surface mozsture content, and unsheltered distance
across the regraded area. Obviously, the total wind erosion
losses from a reclaimed area are dxrectly proportional to
the length of time to establish protective vegetation on the
surface. While these wind erosion losses are low level

except during wind storms, they occur fdirly continuously
over the entire reclamat;on area and therefore may produce
more fugitive dust ‘than the mining and processxng operations
in some high wind eros;on areas of the country.







Emission Estimate

For continuous reolanation. the earth moving bY the
dragline and scrapers produces a large amount of‘fugitive
dust., but these emissions are already included as part of
the overburden removal operation. 1£ the topsoil is stored
and later redistributed or if a smaller aragline ©F pull-
dozer i3 used to grade the spoils area before applying the
topsoil layer. emissions from these activities can be esti-~

mated with the game emission factors as for overburden

All other emissions associated with the reclapation '
operation are due to wind erosion over the anreclaimed ©f
partially reclalmed;land. Emissions ¢rom wind ercsion
across cleared OF unprotecred soil gurfaces nave been asti-
mated bY use of the v.S. Department of Agriculture's wind
erosion equation in geveral recent studies. The wind ero~
sion equation was originally developed to estimate soil
josses from cropland, put has been adap_ted12 go predict the
guspended particulate graction of total soil josses and has

been applied to evaluate exposed soil surfaces other than
The modified wind,erosion equation js as follows:
E=al KcL' v* : (eq.2)

where E = emission factor, ton/aere/yr

a = portion of total wind ercgion losses
that would be measured as suspended
partioulare _

o]
]

soil erodib@lity, ton/acre/yr

=

= gurface roughness factor

c= climatic factor . '
L'~ unsheltered field width-faotor
V' = vegetative cover factor
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In this equation, x, C, L', and V' are all dimensionless.
soms recent work 7 was indicated that the variable "a,"
as well as I, is rcl@ted vo soil type. values for *a® and 1
which might be apprqb:iate to surface mined areas during or
following regradingipre summarized belowzg' |

surface soil type a Iﬁ ron/acre/YE
RockY s gravelly 0.025 : 38
Sandy 0.010 ‘ 134
Fine : 0.041 52
Clay loam ‘ 0.025 ! 47

values for K can vary between 0.5 and 1.0, with 0.5
denoting a gurface with deep furrows and ridges, which
protect against wind erosion, and 1.0 denoting a smooth
erodible surface. Unless the surface of a regraded spoil
area has been ploﬁed or roughened, 2 K factor of 1.0 should
be used in the wind erosion equation. |

climatic factors (C) for use in the equation have been
determined for most parts of the country by USDA, as shown
in Figure 3.11 (the values in the figure should be multi-
plied by 0.01). For exposed areas greater than about 2000
ft wide, the field width (L) no longer affects the emission
rate and L' = 1.0. For smaller reclamation areas in irregu~
lar terrain whefe the field width is only about 1000 £t, the
L' value is approximately 0.7. Since there is little or no
vegetation on the recently regraded surfaces, V' in the
equation is almost always 1.0. '

BY substituting the appropriate data into the wind
erosion equation, the annual emission rate for any specific
gituation can be calculated. This estimated emission rate
(E) is then multiplied by the number of barreh acres at the
mine during a particular year to determine total fugitive
dust due toO wind erosion. For a mozre detailed explanation
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of the modified wind erosion equation, seeﬁAppendix A of.
pevelopment of Emission F2Gtors for Fugitive Dust Sources.
While this method of estimating wind erosion emissions
is acknowledged to have limited accu:acy,;no other method
has been proposed. All efforts to quantify wind erosion
emissions which were found in the literature used some

published USDA data on annual soil losses per acre ‘as their
basis. Because the emission rates per unit time from wind
erosion are very 'ow and highly variable, it is not possible
to check the accuracy of the estimates by comparison with
source sampling results. |




4. SUMMARY

 Eleven different mining operations were evaluated for

their potential a

operations
or in all mining

to identify ocperations that may

mines.

s fugitive dust gources.
do not have the same

Although these
emission rates at all mines
jndustries, the jntent of this report was

be major dust sources at

Emission estimates for the mining operations are summa~

rized in Table 4.

1. These estimates should be used only

after reviewing the descriptions in Chapter 3 relevant to

their development and applicability.
typical production

estimates and
that

the approximate ranking of operations

From these emission
rates, it can pe determined

in order of

decreasing emission rates ig:

l.
2.

3.
a.
5.
6.
7.
8.
3 9.
; 10.
11.

overburden I

Overburden removal
Haul'roads
' Reclamation
Storage
Shovels/Txuck loading
Transfer and conveying
~ Truck dumping '
Blasting
Crushing
Waste disposal
Cleaning

emoval is much more of a ‘dust problem at

surface coal mines and phosphate rock mines than at copper

v
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mines and rock quarries pecause of the greater amounts of

overburden material handled in the former mines. Fugitive
dust from.reclamation is also associated primarily with coal
mining and phosphace rock mining, and results from regrading
of the spoils and wind erosion across tﬁe regraded surfaces.
Haul roads are a major dust source at alﬁcst all mines., even
though they are normally kept watered. The remaining opera-’
tions generate dust through the handling or processing of
the material being mined. Because of this. emission rates
for most of them are highly dependent on the characteristics
of the material as mined, i.e., moisture content, amount of
fines, hardness. ,

some of the operations create dust only in a few
instances, guch as copper tajilings as.a waste disposal
gource O air blowing as a cleaning process for coal. Waste
disposal and -cleaning operations generally are not signifi-
cant fugitive dust sources at nmines.

in order to estimate the fugitive dust emissions that
stay suspended, an attempt has been wade to express the
emission factors in terms of the fraction 1egs than 30
microns diameter wherever possible.-ASince data were not
available to do this in all cases, some of the reported
emigsion estimates may overstate the impact of those opera~
tions on a regional scale. '

rable 4.1 also notes those operations for which more
sampling or emission data are needed pefore reliable emis-
sion factors can pe developed. More than half the opera~
tions, including those jndicated to pe the three largest
sources at mines, are on this list. Many of these operac<
tions have not been sampled previously pecause of extreme
difficulties in defining a representative process for sam=
pling oF pecause ©f gpecial technical problems such as those
encountered with measuring blastiﬁg or wind erosion emissions.
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1. INTRODUCTION

This evaluation‘of fugitive dust air‘bollution from
mining operations was undertaken to identify and compile
currently available information on emission sources, regu-~-
latory approaches, mbnitoring techniques, éontrol tech-
niques, health and welfare effects, and research programs
related to mining acéivities. An analysis_of the assembled
information will then be used as the basis for recommending
Near-term research aﬁd development programs which might be
implemented by IERL/Cincinnati to fill gaps in the data base
and further document effective control techniques for
fugitive dust from mining opertions. For the more promising
recommended R & D efforts, Proposed technical approaches
will also be developéd.

The project is composed of three task#, each of which
will have its own task report:

Task 1 ~ Identification of fugitive dust sources

associated with mining activities,

Task 2 - Assessment of current status of the

environmental aspects of fugitive dusz,

Task 3 -~ Recommendation of Promising resedrch

areas,

i
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The project is:éimilar in scope to a study recentiy
completed by Monsanto Research Corporation.> However, the
intent of the preseht contract is to provide recommendations
for specific research programs while the Monsanto Research
study ﬁas designed to compile preliminary}data on fugitive
dust emissions from‘open sources and to récommend other
sources for testing:‘ Therefore, only the?first of the three
tasks overlaps to aﬁy extent with this prévious work: their
work has been utilizéd in preparing the Tésk 1 report.

The scope of the project includes bdfh surface and
underground mining élus related operation% normally per-
formed at the mine sites,. such as crushin; and storage. It
does not include dusﬁ that is generated aﬁd remains under-
ground or in an enclosed area--only emissions that affect
ambient air quality:_ Also, it does not include emissions
which occur off-site‘during shipping or at distant proc-
essing plants. Almost all particulate emissions at mines
would be categorized as fugitive dust sinée they are gen-
erally emii.ted at ground level as a resu1£ of equipment
activity or material transfer rather than from stacks.

The Task 1 report summarizes current:knowledge con- ’
cerning fugitive dust sources at mines and ranks the identi-
fied scurces in ordeé of relative importance from the
standpoints of air quality impact and ueed for further
research. This Task 2 report assesses the mining activities

i
I
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identified in the T&sk 1 report for the current status of
information and technology concerning the major environ-

mental aspects associated with their fugitive dust emis~

sions. Included in this evaluation and listed by chapter
numbers are:

2. Existing regulatory policies of federal, state,
and local agencies directly or indirectly af-
fecting the control of fugitive dust from mining
sources. -

3. "State-of-the-art" control technologies for each
mining fugitive dust source. ‘

4. "State-of-the-art” of techniques and equipment for
measuring 'and monitoring ambient levels of fugi-
tive particulates, \

5. Effects of fugitive dust from nmining sources on
health and welfare.

6. A compilation of on-going and planned R & D
studies related to mining fugitive dust sources.

Data for this report were obtained from a literature
Search, including PEDCo's files on fugitive dust sources, Co
and from observations and personal contacts made on field
trips during this study.

REFERENCES

1. Fugitive Dust from Mining Operations, Final Reporet,

Task No. 6. Monsanto Research Corporation, Dayton,

Ohio. Prepared for U.S. Environmental Protection
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2.0 REGULATORY POLICIES

Regulatory polxcies for the specific control of fugi-

tive dust from mining sources are pract;cally nonexistent.

State Implementation Plans (SIP's) for most states contain

very general fugitive dust emissions reguletions which are
often difficult to enforce, while some states have no
regulations for fugitive dust at all. The‘Mining Enforce-~
ment and Safety Administration (MESA) indirectly regulates
fugitive dust emissions through enforcement of personal
respirable dust exposure standards. Some state s mining
safety and reclamation laws also indlrectly provide fugitive
dust control through their overall safety end erosion
Prevention measures. '

2.1 STATE AIR POLLUTION REGULATIONS

Because fugitive emissions from mines‘end other sources
cannot be easily measured to provide contrﬁi officials with
estimates of the relative magnitude of thei} emissions, the
potential improvement'in air quality that mey result from
control of these sourees cannot be easily astimated. This

deficiency has been the major reason for the lack of at-

tention given to fugitive emission sources in tne past.

2-1




Primarily duefto the magnitude of stack emissions from
poorly ecentrolled eources, (i.e., emissions from stacks of
power plants and oﬁher industrial sourcges), but also because
' of the lack of available emission estimates for fugitive
emission sources, few such sources were‘included in source
emission inventories. Hence, the emission control regula-
tions that were ultimately adopted by the sState and local
air pollution control agencies primarily addressed control
of non-fugitive emission sources, 1In other wprds, the mass
emission lxmitatxons (i.e., those that limit emissions to
"no more than X poueds per hour™) adopteQ by States are not
directly applicable to fugitive emission%sources. This is
bezause compliance_with suzhi regulations. can only be de-
termined by measuring the total emissions from the process,
5jenerally through a stack. As previouslg indicated, this is
extremely difficult for process scurces &ith fugitive
emizsions. 1In cases where fugitive emiseidns ¢an be mea-
sured it is generally ‘tco expensive for %ource Q) erators to
rely upen the measurement technique to determine source
compliance.1

Scme states did, however, acupt gener sl regulations to
address the fugitive emizsi.us problem. Four general tech-
niques have been used to rinimize fugitixe nissions, two of
which are of limited valge. The first anolves the general

’

nuisance provision which most pollution control agencies

1
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have included within their regulatory scheme. Under the
nuisance provisions,jgmissions from a sourpe are not allowed
if they cause any person to suffer health or welfare ef-
fect{. Nuisance regﬁlations can be usefu} in SOme cases
when the responsible‘saurces can be speciéically identified,

]

and when such source is agreeable to minidize emissions.

Generally, :omprehenéive source emission control programs do

not result from action taken under nuisance regulations.
The second regulatorf approach which'algo has limited value
requires source operations with fugitive emissions to take
"reasonable precautibns to prevent fugitiée emissions from
becoming airborne.” These regulations are generally dif-
ficult to enforce sihce regasonable precautions are not
specifically defined.

The difficulties associated with use of the two re-
gulatory approaches described above have led to the develop-
ment of the third and more successful regﬁlatory approach
for the control of fugitive emissions, the requirement for
the source operator to install, operate and maintain spe-
cified equipment to capture and control fugitive emissions
from becoming airborne. "Equipment standards," as they are
termed, are enforceable and are believed to be effective for
the semi-confined control of many fugitive dust sources;
however, these types of regulations are not in general

applicable to the widespread nature of mining sgurces.' The
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fourth regulatory:technique used by control agencies is the

visible emissions‘fegulation. Such regﬁlations generally do

not permit the presence of visible emissions beyond the

source's property‘line. With the exception of rock quarries

located within_poﬁulation centers, this .type of regulation

is not amenable to most other mining sources, considering

the expansive areas and remoteness typical of most mines.

The Missouri Air Conservation Commission's fugitive

dust regulation prohibits fugitive dust or particles larger

than 40 microns beyond the source's property line. The

Commission employs microscopy to "fingerprint” the fugitive

dust particles from samples taken adjacent to the source's

property line in establishing the origin of the particles,

i.e., the sample particles are compared under the microscope

with dust taken from potential source/s to identify their

origin. Enforcement of the regqulation via this approach has

been implemented at rock quarries, grain mills, and other

fugitive dust sources.

Table 2.1 presents a nationwide suﬁmary of particulate

ambient air quality st..

!
«ards and fugitive dust regulations

by state.

As ca2n be faen, none of the regulations spe-
cifically requlat:

tugitive dust from mining sources.
MESA R¥JLATIONS

Dus: regulations enforced by the Department of the
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Interior's Mining Enforcement and Safety%Administration are
designed to protect the mine worker fromfexposure to haz-
ardous duyst concentratiohsl The regulations are primarily
applicable to underground mines, where t%e confined at-
mosphere tends to concentrate the dust generated, however,
dust emissions from the surface mining activities can also
be excessive at tlmes, and are therefore also covered by the
MESA requlations. The most significant aspect of these
laws, which indireéfly regulate fugitive dust emissions as
well, involves maintenance of the average concentration of
regpirable dust in the mine atmosphere below the threshold
limit values adopted by the American Conference of Govern-
mental Industrial Hygienists (ACGIH) in their 1973 edition
of "TLV's Threshold Limit Values for Chemical Substances in
Workrcom Air Adopted by ACGIH for 1973". For example, MESA

enforces a coal mine respirable dust limit of 2.0 mg/m3*,

the TLV specified by ACGIH.

36CFR 12213, Mineral Resources - Dust Standards, Sec.
70.100 (b) June 29, 1971.
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3.0 CONTROL METHODS '

The applicability of. the various mefhods for cont. L~
ling fugitive dust emissions from individﬁal mining oper. -
tions has been discqssed in the Task 1 Report ~ "Identifica-
tion of Fugitive Dust Sources Associated Qith Mining”. This
section discusses each of these control méthods, and sum-
marizes their efficiencies and costs. |

Unlike control methods for particulate emissions from
conventional stationary and mobile sources, those for fugi~
tive dust have not been researched and developed apprecia-
bly; consequently, they are not extensively documented in
the literature. With few exceptions, all of the fugitive
dust controls identified in the literature and observed
first hand during minlng operation visits in this and pre-
vious studies, were applications of one or a combination of
three basic techniques: watering, chemical stabilization,
and reduction of suﬁface wind speed across exposed sources.
3.1 WATERING .

Watering generally requires a‘low first cost, but
provides the most ténporary dust control. Depending on the

nature of the dust-producing activity, water mﬁy be an

2
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effactive dust suppressant for only a feﬁ hours or for
several days. In édditibn to the direct cohesive force of a
film of moisture iﬁ holding surface particles together,
watering is also effective in forming a thin surface crust
that is more compact and mechanically stable than the

material below and which i3 less subject to dusting even

after drying. However, this crust and its dust-reducing

capébility are easiiy destroyed by movement over the surface

or by abrasion from loose particles blown across tha sur-

face. Therefore, watering must be repeated frequently to

re-form the moisture film or surface crust.
An in-depth dikcussion of the effect of surface solil
moisture on soil crédihility can be found in USDA Technical {

Bulletin No. 1185, Soil Conditions That Influence Wind Erosion.l

It should be pointed cut that fugitive dust problems
teom aining are WOt prevalent in areas of the country with

arid climates and lack of nRatural surface moisture. As a

corollary to this, ﬁate: is a scarce resource in these

areas, and not readily available as a material for air
pollution control.

Agglicabiligx

Watering in the mining industry is primarily employed

to control dust emissions from haul roads. Watering can be

used to control dust emissions from overburden ??moval,
]




crushing, storage, End waste disposal, but its use for these

operations is not widespread.

Haul roads at ﬁines are routinely watered for dust
suppression during ;11 periods when water on the road sur-
face does not create a safety hazard (genérally when temp-
eratures are above freezing). The water is usually applied
by large tank trucks equipped with a pump and directional
;ozzles which spray the road surfaca and adjacent shoulders
and ber®3. Fixed pipeline Spray systems have also been used
on main haul roads that are relatively permanent. At some
western mines, runoff from haul roads is diverted to set-
tling ponds placed at intervals along the roadway.

If the use of water can be tolerated, it can be sprayed
at crusher and shaker screen locations to keep the material
moist at all stages of‘processing.. The addition of water
may, however, cause blinding of the finest size screens,
thereby reducing their capacity.

Watering alone is seldomly used to suppress dust from
overburden removal, storage, and waste disPosal operations
because of the vast area and quantities of material which
must be covered and because of the logistics and related
costs of supplying the required amounc:s of water tc the
remote areas in which these operations are usually located.

Control of overburden removal dust emissions by watering is
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also hampered by the continuous exposure of dry material

surfaces associated'with.this operation. Much research has

beer done on the stabilization of waste tailings to prevent

air and water pollﬁtion by mining companies and the Bureau

of Mines' Salt Lake City Metallurgy Research Center. ' . L]
Radically different methods -- chemical, physical, and
vegetative -~ have been tested, often successfully, on
inactive tailings éiles. Active tailings_generally have a
moist surface from hew deposits and therefore are not
susceptible to wind erosion.

!
The effect of watering on dust emissions from storage

piles and surroundiﬁq areas at mine sites ié quite tem- gf
porary, due to continucus turnover of material which exposes
new surfaces to wind erosion.. Watering sometimes reduces
ability to handle the material easily. In addition, it is
difficult to enforce watering regulations for thigs type of
source.

A planned Bureau of Mines research project.2 discussed
in detail in Section 6, will evaluate the effect of water
infusion of coal beds on respirable dust during mining
coperations. ' '

3.2 CHEMICAL STABILIZATION

Several types of chemicals have been found effective in

; reducing -dusting when applied on mining fugitiqg dust

sources. These chemicals utilize different properties for
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dust suppression and are generally categofized by their
composition -=- bituminous, polymer, resin, enzymatiec,
emulsion, surface-aétive agent, ligninsulfonate, latex, etc.
It is estimated that over 100 chemical products are pres-
ently marketed or are under development specifically as dust
control agents.3 Mépy of these are by-products or wastes
from the productian of other materials. A partial list of
commercially availabie chemical stabilizers is presented in
Table 1. . ‘

With the wide range of Characteristiés available in
commercial products, a chemical stabilizer can be selected
with maximum efficieﬁcy for each dust control application.
Some of the materials "heal™ if the treatéd surface is
disturbed, but many do not re-form. The life of the treated
surface under natural weathering also varies widely with
different chemicals. Selection of the appropriate material
may require that several other criteria be checked for
compatibility, including effect on vegetative germination
and growth, applica;ion method, possible contamination of
material being protécted from Austing, and correct chemical
for texture of specific soil or materia1.  Although no
single comprehensivé summary of dust suppressant chemicals
and their properties was found, several eﬁaluations have
been prepared for different chemicals on A single type of

fugitive dust source.




Applicability
Chemical stabilizers have been used to a limited extent

to control dust from mining haul roads, storage piles, and
inactive cailings'piles.

Various chemicals may be added to ghe water or applied
separately to the haul :oad surface to imp:ove binding and
reduce dusting. Application of a surfaée chemical treatment
for dust suppression from haul roads is a relatively in-
expensive contr01 method. However, initests on public roads
conducted by several different highway departwments, no
compercial material has been found which retains its effec~-
tiveness over a reasonable period of time, i.e., two months,
under traffic conditions. Most of the treated surfaces
abrade badly to the depth of penetratién of the chemical,
whiech would be more of a factor with heavy bearing loads
experienced by mining haul roads; others which maintain a
stabilized surface with traffic are water-soluble and lose
their effectiveness after rains. Several surface treatment
chemicals are presently under development or are being
tested. Available technology for this method may increase
greatly within the next few yeirs.

A few successful special applications of surface treat-
ment have been found. On non-traffic surfaces such as
roadway shoulders, chemical soil stabilizaﬁiqq has proven

highly effective in reducing the dust produced by air tur-
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bulence from passihg vehicles; however, this type of control
would not be very effective for haul road berm stabiliza-
tion, since these berms are continuously disturbed by the
passing trucks. _

Another chemicﬁl dust suppressant method involves
working the stabilization chemical into the roadbed to a
depth of two to six.inches. This construction technique has
been used extensively on rural unpaved roads in parts of the
country where locally available petroleum by-products pro-
vide a cheap material for oiled earth roads. Many highway
departments are teséing this type of road to reduce dust
problems, but it has found limited application thus far for
mining haul roads. Actual paving of haul roads with a
bituminous material has also found limited application and
is restricted econaﬁically to haul roads which are per-
manent. Savings in haul truck tire wear are reportedly
achieved with paved haul roads, in addition to dust control.

Chemical stabilizers react with dry inactive tailings
pPiles in the same manner they react with soils to form a
wind-resistant crust or surface layer. Of 65 chemicals for
which test results have bee; recorded, the resinous, poly-
mer, ligninsulfonate, bituminous base, wax, tar and pitch
products have broven most successful in stabilizing mineral
wastes.d Most of the chemicals have demonstrated a long-

term effectiveness in this application. Application can be
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accomplished by truck, piping spray systems, or plane--1000
acres of the inactiv# Kennecott copper tailings area west of
Salt Lake City have sean successfully stabilized by aerial
applicationr of chemicals.

Recently, several tailings piles have been successfully
Planted by use of a combination chemical-vegetative tech-
nique. fThe chemical stabilizers alleviate the problems of
sandblasting and high;y reflective iurfaces and hold more
water near the surface of the otherwise porous tailings,
thus creating a more favorable environnantifor vegetation
growth. Chemicals are selected which do not have an in-
hibitory effect on the plants.

An effective, long lasting method of dust contzrol from
storage piles is the addition of chemicals to the water
sprays. Rather than acting as chemical soil stabilizers to
increase cohesion between particles, most 61 these chemicals
work as wetting agents to provide better wetting of fines
and longer retention of the moisture film. . Some of these
materials remain effective without rewatering on piles
stored for weeks or nénths. The system of épplication can
be a continuous spray onto the material during processing or
a2 water truck with hose and spray nozzle. The limiting

factor here'is the possibility of contaminating the stored

material with the chemical dust suppressant. ¢
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3.3 REDUCTION OF WIND SPEED

Wind can contribute significantly to all of the mining
fugitive dust sourcek, both by erosion of the exposed sur-
faces of storage areis. tailings piles, and reclaimed areas
and by direct transport of the dust generated by the other
mining operations. Therefore, reduction of surface wind
speed across the source is a logical meanﬂ‘of reducing
emissions. This takes such diverse forms‘gs windbreaks,
enclosures or coverihqs for the sources, ahd planting of
tall grasses or grains on or adjacent to eiposed surfaces.
The vegetative techniques all need a soil which supports
growth == containing;nutrients. moisture, proper texture,

and no phytotoxicants. These requirements, especially

adequate moisture, are often not available in rnining areas
and are often the reason that natural protection against
wind erosion is insufficient.

Applicability

The large size of most of the mining fugitive'dust i\
sources precludes the widespread use of enélosures or wind i
barriers from practical considerations. Exceptions are: %
mats used for safety purposes during blasting at construc- |
tion areas could be émployed on a limited, site-specific
basis for small blasts at mine sites adjacent to populated
areas to help retard dust transport; silos and qther en-

closed storage facilities are sometimes employed for storage
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of relatively small quanitities of mined material; enclosed
conveying systems with hooding connected to control devices
such as scrubbers or :baghouses have been u#ed: and hooding
can also be cnployed to control the fugitivu dust from truck
dumping, crushing, and cleaning operations. A natural wind
barrier is usually c:qatcd for overburden removal and
shovel/truck loading by the depressed location of these
operations. j

Reclamation of.hincd areas is both a source of and a
control technique £or fugitive dust, 1.0.,thc short-term
reclamation opc:ations such as regrading qnd revegetation
which produce fugitive dust are designed ﬁo ultimately
result in an area which is stabilized and ptotocted over the
long=term from the erosion mechanisms of yind and runoff.
paclanation processes have besn discussed in detail in the
Task 1 Report.

Many saterials have been tried for physical stabiliza-
+tion of fine tailings. The material most often used is rock
and soil obtained from areas adjacent to the wastes 0 be
covered. Scil ptov@dcl an effective cover and a habitat for
encroachment of loéyl vegetation. However, it is not always
available in a:eas.contiguous to the tailings piles and,
even where available, it may be too costly to apply. Crush-
ed or granulated smelter slag, another waste product, has

been used to stabiiize tailings. Another physical method of
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control which has béen employed is covering with bark or
harrowing straw into the top few inches of tailings.

Successful vqutative stabilization produces a self-
parpetuating grounijcover or fosters entrapment and germina-
tion of native plant seeds that will grow without the need
for irrigation or special care. Several mining companies
have planted old tailings ac:umulations in efforts to ac-
hieve both wind erosion control and an atEractive site.
Resistance to vegetative growth was encountered in these
efforts due to exce;sive salts and heavy metals in the
tailings, windblown sands destroying the young plants, high
temperatures, and lack of water on the tailings piles.

The effectiveness of vegetative cover in reducing
windblown dust is dépendent Primarily on the density and
type of vegetation that can be-qroun on tﬁe resistant tail-
ings. In a recent étudy, Bureau of Hines.researchers were
able to grow wheat and other small grain at a density of 2.4
plants per square foot on tailings.s This is equivalent to
1000 to 1500 1lb perjacre of stubble. Substituted into the
wind erosion equatidn with a soil type of sand, unridged
surface, and an unsﬁéltered length of 2000 feet, the above
vegetaﬁive densities reduce calculated emissions by 50 to 80
percent. An average control of 65 percent is proposed, with
possibla moditicatiops'ot this value based on the density of
growth on the tailings.




3.4 CONTROL EFFICIENCIES AND COSTS

Estimated pcrceht reductions achieved by the fugitive
dust control techniqu@s found to be effective for mining
operations and their related costs are pre#ented in Table

Control ef!iciohcy references listed ?s "PEDCo Esti-
mates” are based on observations during mine visits and/or
conversation with personnel associated with mining, both
private and govn:ﬁnnntal.

It should be emphasized that each of the control
methods has a wide range of efficiencies and costs rather
than the sinélo avnrign value discussed here. Recent cost
data represent %otal costs, including application. The
source of the cost data is also identified. Numbers shown
in the cost “"Reference” column refer to publications from

the refarence list,
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4.0 MEASURING AND MONITORING TECHNIQUES

This section suhmarizes the state-of~-the-art in ambient
air monitoring of fugitive dust emissions sources. Prelimi-
nary monitoring to determine emission factors for surface
mining operations has been accomplished.l This work, how-
ever, was not extensive and it did not include specific
monitoring of many of the sources characterized as being the
most significant fug;tive dust sources in the mining in-
dustry. A PEDCo study’ indicates that the four mining
industries that are probably the largest sources of fugitive
dust Qre coal, coppet. crushed stone, and phosphate rock
mining. The same study summarized the major sources of
fugitive dust emissions within each mining industry and
identified the source:potential for fugitive dust emissions.
Table 4.l summarizes that information for surface mining.

Although surface mining operations have not been moni-
tored extensively the technigues used to ménitor other
fugitive dust sourceé and consequently to derive emission

2,3,4 apply to monitoring mine

factors for those soﬁfces
operations. The nature of the particulates and operations
of most of the fugitive dust sources previously studied is

similar to that of the sources in the mining industries.

4~-1




Table 4.1 DUST-PRODUCING OPERATIONS 3Y_MINING INDUSTRY

Mining industry

Operation ; ' Coal Copper Rock PZOS rock
Overburden removai _ x + + x
Blasting EA + x x -]
Shovels/Truck loading x x x ' o
Haul roads : x x x o
Truck dumping + x x o
Crushing : + + ® o
Transfer and conveying + + + x
Cleaning o o .o -
Storage : + + . x
Waste disposal ; + x - +
Reclamation : x o+ x

X = usually a major source
+ = a minor or occasional source

o = usually not a dust source

Each fugitive dust source has special characteristics
that influence: .
e "monitor siting,
e sampling schedules and technique,
* choice of monitoring equipment.
Some of the important source characteristics typt may

t
ltffect sampling schemes are:

4-2
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° physical characteristics of the particles emitted,

¢ controls apélied to the source,

° source acti#ity levels,

° local meteorological conditions,

° proximity of sources within the industrial site
boundaries,i |

° plume develépment and particle transport prop-
erties. |

A previous studys docﬁmented the relationships between these
characteristics; the éource type, and the sempling pian. A
comprehengive summary of techniques or guidelines for
monitoring fugitive d#st emissions is not available.
4.1 MONITOR SITING

Several monitors are required to adequately monitor
fugitive dust emissions from surface mining sources. Work
performed to date has been oriented toward development of
emission factors and the collection of technical data
necessary to characterize the plume pevélopment and particle
transport properties éf emissions from various fugitive dust
sources. The quantitétive éstimation of the number and size
of particles that are considered to be suspended particu~
lates, i.e. those that do not settle withiﬁ a short distance
from the site, has been a primary goal of many of the
emission factor studiés. This is especially important,

since the suspended particle fraction includes the smaller




particles (Avg. = 3.5 um digmeter) and these particles,
being the respirable :raéfzén. have the most direct impact
on public health. ‘Wbrx has not been published regarding the
optimal placement of monitors throughout an area that
includes surface mininq operations. The techniques de-
scribed here are sﬁmmarized from previous studies and they
apply to monitoring individual sources.

Monitors are ﬁsually located along a line from the
source in the mean wind direction. An upwind monitor is
usually used to determine background concentrations from
from sources upwind of the primary source (the source being
monitozed).l's One monitor is placed downwind and as near
the primary source as possible without interferfing with
source activity, i,e. movement of equipment, etc. This
nonitor should re¢éive the full impact, including the
larger, settleablé particulates, of the source enissions.
A seccnd monitor should be placed downwind from and in line
with the first monitor. This monitor should receive pri-
marily the impact‘frcm the smaller particles, i.e. those
that do not readily settle, and it will provide the best
esimate of the emissions that will impact the ambient air
quality from this source. The distance of this monitor,
which is referred to as a boundary site, from the primary
source can be estimated by considering the source type.

Several particle deposition rate studies® and cbrrelations
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Figure 4-1. Overhead view of dust plume from

moving point source.
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from emission factor work3 are the best available sources
for determining the'optimal placenment of the boundary- site.
Two or more additional boundary sites may‘be necessary to
compensate for fluctuations in the wind direction component
downwind from the source. These monitors are usually on a
circle whose radius is the distance from the primary source
and the first boundary site. A mathematical formula was
applied in one studyl to determine the placement of these
additiocnal boundary sites. Increased sampler height may be
substituted:for distance at the boundary sites.’

Some sources, ﬁnpaved roads for example, may be treated
as moving point sources that emit dust atha relatively
constant rate duzin§ vehicle movenents. Figure 4.13 shows
the gene:il movement of the dust plume from this type of
source. The sampler must be placed‘at a Qufficient distance

from the source to allow for adequate plume development.

The plume characteristics depend on the vehicle speed.
Monitoring of individual static and mobile fugitive
dust sources represents the work completed to date. Guide-
lines are not available to assist with determining the
number of sites necéssaxy, the height of the sampler above
ground, and the soﬁrce-sampler distanc?. A review of much
of the previous work on fugitive dust emigsions, however,

can provide some informal guidelines. A recent publications

provides guidance for monitoring industrial prccess fugitive
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particulates by three b&sic methods:

(1) Quasi—stack sampling.

(2) Roof monitor sampling.

{3) Upwind-downvznd samplinge however, only the
upvlnd-dounwind technique has any application to
mining processes.

4.2 MONITORING EQUIPHENT

Fugitive dust studies have used five types of sampling
equipment, most of which are adaptations of the high volume
(hi vol) sampler: |

° hi vol

d wind directioﬁ hi vol

° vertical profiler

° hi vol with Andersen modification

*  beta q&,}c

4.2.1 BHi Vol Samplers

The hi vol sampler is an apparatus fbr collecting a
relatively large voiume of air (1.5 to 2.0 cubic meters per
minute) and capturing its suspended -particulate matter on a
filter. The sampler consists of a motor-driven blower and a
supporting screen for the filter ahead of the b}ower.

During the sampling operation the sampler is supported in a

protective housing so that the 8% x 10" surface of the

filter is in a horizontal position. The sampler incor-

porates a continuous flow device for recording the actual
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air flow over the ;nti:e sampling period. A 7-day clock
switch starts and!;:opl the sampler. .

The major lim?tation of this samplér ig that it samples
large diameter parﬁicles with low ctficfency.7 Consegquently,
modifications of this sampler may be required for selected
source nonitoring,ic.g. scil or unpaved roads where the

majority of the particles are large particles.

4.2.2 Wind Direction Hi Vol

This is a standard hi wvol activated by signals from a
wind instrument. tﬁc sampling occurs only when the wind is
in the predeternin;d direction. A recent developmanta has
potential for providinq more combrehensive wind directional
data than the conventional directional hi vol. ihis instru~-
ment uses a standard hi vol sampler and collects samples on
filter slides by drawing air through a porting arrangement

activated by an associated wind vane. This instrument is

currently being tested.

collect data that would help identify siajor contributing

pollutant sources.

4.2.3 Vertical Profiler

One study3

Midwest Research Institute (MRI) to sample emissions from
unpaved roads. The profiler shown in FPigure 4.2 is a

vertical array of hi vol filtration devices attached to a

mcbile support tower,

The intake area of each filtration

iy
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It was developed specifically to

useﬁ a vertical profiling tower developed




unit is reduced to ailow isckinetic sampling. A flexible

hose (4 in. diametar) connects each sampler to a suction
manifold. Each leg of the manifdld is fitted with a cal-
ibrated orifice and a butterfly valve for flow control. The
vacuum source is a Z-hp centrifugal blower. Electrical
power is supplied bj a gasoline engine generator.

4.2.4 BHi Vol with Andersan Head Modification

A modification of the standard hi vol sampler has been
developed for dctocting size distribution_of total suspended
particulates. The Andnrson cascade impactor is designed to
fit a standard hi vol. It has five, glass fiber, impaction
surfaces followed by a glass fiber back-up filter. The
impactor design separates particulate matter into five
aerodynamic size ra@gcs: 7 um or larger, 3.3 to 7 um, 2.0
o 3.3 ym, 1.1 to 2.0 um, and 0.01 to 1l.l um. Several types
of cascade impactors cxist.’ Sot all of the available types
give comparable results. The principal of impaction varies,
as does the size ranges of the particles collected.
¢.2.5 Beta Glake’

A beta q&sbo sampler consists of a two-stage collection
system for respirable dust measurenents and a beta absorp-
tion unit. The first stage is a cyclone ﬁrecollector for
retention of the non-respirable fraction of the dust. The
precollector rctaiai particles larger than about 10 ym in

diameter. Particles not retained by the cyclbh& are

-
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collected by the second stage, which is a circular nozzle
impactor-beta absorption assembly with an impaction disc.
Particles collected by impaction on a plastic disc £ilm
increasingly absorb béta radiation reaching a Geiger de-
tector from a carhon-;d source. The penetration of beta
radiation relates diréctly to the mass per unit area of the
disc. Beta qgebes ha@e been applied in sampling programs
where short-term, i.e. a few minutes as-opposed to several
hours, measurements.of respirable dust fractions is de-
sirable. g |
4.3 SPECIAL CONSIDERA*&ONS

Monitoring fugitive dust sources like those identified
for surface mining involves some special problems. These
problems relate to thé nature of the emission sources, to
changes in source activity, and to variations in meteoro~
logical conditions and the influence of those conditions on
particle transport. No single publicagion summarizes the
special problems associated with the fugitive dust sources
that have been mentioned. Reports from individual source
studies provide the bgst source of information.

Special problems associated with the nature of the
) emission sources can affect the sampling schedules, the
choice of monitor for these sources, and the choice of
monitoring site. The degree of control at the source may

preclude the necessity to monitor the soufce. For example,
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experience shows tha£ agg£egato storage piles that are wet
are not subject to wind erosion effects. QOnsequcntly.
monitoring around unéistoraq. piles is not;needed. Ex-
perience also shows that loading and unloading operations
are the major sources of cmissfons around storage piles.
Thus, scheduling monitoring to include periods of reasonable
activity is 1nportan€.

Other sources, such as unpaved roads, might require
isokinetic sampling to trap larger particles that might be
missed by conventional hi vol methods. Sampling rates,
sampling time, and wipd speed are key factors in a case like
this. l

Data incerprltagion will be influenced by variables
such as mnteorologicai conditions. Wind efosion effects are
influenced by wind speed, for example. In addition, wind
direction and activities at other sources will influence
monitoring results at a particular site. Rainfall and other
precipitation will alter the emissions from these sources,
and time averaging may not be possible.
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5.0 HEALTH AND WELFARE EFFECTS

1

5.1 FUGITIVE DUST

The existence of fugitive dust has been known for some
time, however its impﬁct on air quality Qas not quantifizd
until 1972. At that time, emission factors were developed
which indicated tha; fugitive dust represents a significant
portion of the total particulate matter emissions in soms
Southwestern AQCR's. For example, in the Phoenix AQCR, it
has been estimated that fugitive dust emissions contribute
approximately 90% of the total suspended particulate (TSP)
emissions in the AQCR. Control strategies based upon
emission inventorie@ which include fugitive dust emissions
indicate that in order to attain national standards, unpaved
roads need to be paved and windblown dust from exposad soil
needs to be reduced by scil conservation measures or be
stabilized such that soil erosion (i.e., windblown emis-
sions) is minimized. Such measures are in addition to the
more traditional stationary source contrﬁls.

The specific health impact of fugitive dust on human
health is generally unknown. No epidemiological studies
have been conductediin areas where the TSP conééntration is
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high due to fugitive dust. Specific information on the
chenical make-up of TS? in these areasg is ﬁot available;
however, the toxic frgction of the TSP is #ery likely to be
small. On the other hand, dust from unpavéd roads may
contain high concentratiéns of lead and other heavy metals
from automobile eihauit. Further, windblown dust from
farmlands may contain various pesticides and herbicides that
may be potentially to*ic. Dust from tdilihgs piles near |
smelters may also be high in heavy metals..

Since no informa;ion exisﬁs to say there is no health
problem due to fugiti&e dust, nor is there information to
define a special parﬁéiculate matter standard for these
areas, the current ndiional standard, thouéh imperfect,
provides the best availablé standard to protecﬁ public
health. Hence attainment of the current national standard
should be the goal everywhere including fugitive dust areas.
It should be noted that any attempt to develop a new stan-
dard for any pollutaﬁt is a long-term project (i.e., 5 to 7
years); hence, such aﬁ activity does not alleviate the
current problems associated with fugitive dust. Curréntly,
EPA is investigatingiﬁhe need for nationalfstandards for
various toxic components of TSP, such as sQlfates and
nitrates, which may have some impacﬁ on apgroaches to TSP

control in fugitive dust areas.




§.2 FUGITIVE DUST FROM MINING

The effects of the particulate emissions from surface
mining fugitive dust?sources may be similar to the effects
of particulates fro@ natural fugitive dust emission sources.
Neither type of p&rﬁicles has been studied extensively to
characterize the imé?cts on public healti or welfare. Urban
particulates have bégn studied more extenéively and cor-
relations Letween aﬁpient particulate concentrations and
morbidity and mortality rates have led to the establishment
of ambient air criteria.

For some of th§ fugitive dust source types for which
emission factors have been derived, partiqle gize deter~
minations were made §s part of the emissién testing studies.
A significant portién of the emissions fof these sources
were determined to be in the size range of particles that
are transported ouefidc of the souzce bouhdnriol. If the
mining operations in an area are subatantial, and other
types of industry are medium or light in comparison, then
the emissions from the mining coperations might be expected
to have a considerable impact on the local air quality.
Thus, the respi:ablé portion of those emissions would be
expected to contribute to pulmonary problems among the local
population., Directional sampling and tracer studies could
provide the necessary data to determine the total particu-

late impact from source mining on regional heal=h and welfare,
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6.0 RESEARCH AND DEVELOPMENT PROGRAMS

This section briefly describes the research and de-
velopment programs involving fugitive dust from mining which
are either on-going or in planning stages. Information on
these R & D programs was obtained by contacting the various

.- L
agencies which are concerned with mining activities - Bureau

of Mines, Mining Enforcement and Safety Adﬁinistration,
various EPA laboratories, and others. Brief desériptions of
these programs appear below.

Open Source Assessment, part of EPA Contract 68-02-1874

with the Resources Extraction and Handling Division of

the Industrial Environmental Research Laboratory/

Cincinnati, by Monsanto Research Corporation.

The objective of this project is to provide the data
necessary for planning EPA future action in developing
control techrology for open sources of emissions. Effects
on public healtﬁ arenemphasized through f£ive major cirl'teria.
These are source severity, source contribution to national : f'.
emissions burden, contribution to individual state's emis-
sions burdens, population-affected and industrial emissions
growth or decline using current technology. Cpen mining

sources include sand and gravel, coal storage, clay mining,

phosphate rock mining, open coal mining, crushed traprock
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and stone, crushed granite, crushed qua:tziie and refractory

stone, crushed 1imest§ne, and coal refuse piles. Other
sources are planned. ‘ ‘

Quantification of Fugitive Process Emissions, EPA

Contract, QOffice of Air Quality Planning and Standards,

Research Triangle Park. by PEPCo Environmental Special-

ists, Inc. .

EPA has issued a task order for approximately two man
years of effort to identify industries which have a signifi-
sant amount of fugiti?e emissions emanating from their
pProcesses (through roéf vents, off conveyor belts, from
material storage areas, from unhocoded reaction vessels,
etec.). The work planihas not been prepared yet, but it is
expected that several of the unit operations found in mines
will be investigated ﬁs part of this study. BHowever, no
sampling will be conducted and it is doubtful that infor-
mation from the literature search will uncover any addi-
tional emission factors for mining operations beyond those
given in the Task 1 report of this project. Emission data
from similar processeﬁ used in other industries may be
adapted for application to mining operationms.

Water Infusion of Coalbeds, RFP No. Jo366051, U.S.
Bureau of Mines.

This study will evaluate the effect of water infusion
cf ccalbeds on respirable dust generated during mining
cperations. Infusion work will be conducted on either

development sections (less than 500 feet wide) o; longwalls.
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Surface Envirodﬁent and Mining (SEAM) Studies, by the
. Porest Service's Intermountain Forest and Range Ex-
periment Station, Ogder, Utah. ‘

Three SEAM mining researcd studies a#e either underway
or in planning stagis. EPA is funding seiected portions of
these studies which are energy-related thfouqh Subagreement
778ED. These studies are briefly described below:

Methodology !of Assessing the Environmental Impacts of

Mining Roads and Road Construction cn Water Quality,

Bydrologic Effects, and Fugitive Dust, by grant to

Montara State University.

This SEZAM study 16 currently active to identify and
assess the cnvi:onn*ntal irpacts of four mining-related
transportatio. systqﬁs: haul roads, railroads, pipelines,
and electrical traninission lines. This research effort has
been reoriented to coucentrate on the effects of roads and
road construction on the water resource and the fagitive
dust problem. The study will identify characteristics of
the road system and relate these to on-site data on climate,
soils, topography, vegetetion, etc. by means of mathematical
relationships whenever possible. The result will be gquanti-
tative estimates of the impact of road construction on the
quality, quantity, and peak flow of both ground water and
surface water, and estimzi{es of the amount of fugitive dust
that may be expected.

Impact Assessment of Roads on the Hydrologic Regimen of

Streams, including Sediment Loads. In-house research
effort by the Forest Service, '
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S proposed SEAM study would measure the effect of
» the sediment loads, streamflow peaks, and channel 1

sy of streams that cross haul roads, both off-sjite
i0ads and on-site mine roads. This effort would
‘ ‘ate on the effect of roads because this is the most
ransportation mode associated with coal and oil
rface mining.
ermination of the Erodibility of Raw Spoils and
'50il by Wind and Measurement of Pugitive Dust from
iing Roads, by grant to Montana State University.
.3 SEAM studyfis proposed in response to the interest
n wind erosiﬁn of spoil and topsoil materials and in
tive dust prdblem from mining toads. The erodi-
f raw spoils and topsoil material subject to wind
will be measured. 1In addition, other measurewments
made of the fugitive dust from mining roads.
* Pollution Research in Western Surface Coal Mining
:as - planned project for the Resources Extraction
! Handling Division of the Industrial Environmental
iearch Laboratory/Cincinnati, by Mathematica, Inc.
:h ambient sampling by Hittmann Associates.
.S project would monitor fugitive dust levels at four
ider varying climatic conditions, a@d use the results
iop and validafe mathematical models that can be used
ate dust levels as a function of élimatic, topog-
and geologic factors. Ambient dust levels in
1 geographic areas will be compared with the dust

‘n active surface mining areas, thereby determining
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the extent and magnitude of the fugitive dust conditions
caused by mining. Effectiveness of existing dust control
procedures as they are eﬁployed-at active mines will be
evaluated. New dusﬁ <ontrol procedures for surface mining
cperations will be recommended if needed. Analytical tools
will be developed that can be used to estimate dust levels
as a function of various physical factors. :
Development of a Manual of Testing for Fugitive Dust
Sources and Related Fugitive Dust Assessments, for
EPA's Process Measurements Branch, Industrial Processes
Division., Industrial Environmental Regearch Lab,
Research Triangle Park, by the Research Corporation of
This on-going ﬁulti—madia study will assess fugitive
dust emissions from;both process and cpen scurces. The
study will take three years and is budgeted for $250,000. A
manual of testing methodology will be developed, including
quasi-stack monitoring, roof monitoring, and upwind-downwind
technicues. In addition, the feasibility of employing
remote sensing techpiquos to replace upwind-downwind sampling

will be explored in several scurce areasi









