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of dust suppressants available, (2) the interaction of the dust sup-
pressants with the properties of the roadway surface, and (3) the costs
and performance measures of the predominantly used dust suppressants.
Over 30 products were identified with a wide range of effectiveness
depending largely on the properties of the road base, subsurface, and
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found to depend on the application and maintenance procedures employed.
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as being predominant in the surface mining industry: petroleum resins
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field performance data, showed that the five suppressants ranked in the
order given, with water being one of the least cost effective. This
report also presents an analysis of applicable Federal and State
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FOREWORD

This report was prepared by the Midwest Research Institute's Air Qual-
ity Assessment Section located in Kansas City, Missouri, under USBM Contract
No. J0285015. The contract was initiated under the Coal Mine Health and
Safety Program. It was administered under the technical direction of the
Twin Cities Research Center with Mr. H. William Zeller acting as technical
project officer. Mr. R. J. Simonich was the contract administrator for the
Bureau of Mines. This report is a summary of the work recently completed
as a part of this contract during the period September 1978 to February
1981. This report was submitted by the authors on February 27, 1981.

Reference to specific brands, equipment, or trade names in this report is
made to facilitate understanding and does not imply endorsement by the
Bureau of Mines,

.
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1.0 EXECUTIVE SUMMARY

The purpose of this study was to evaluate the various techniques used
for mine roadway dust control. This evaluation included the assessment of
the types of dust suppressants available, their respective performance and
costs, and their interaction with properties of the roadway structure.

Vehicular traffic on unpaved roads is the largest source of particu-
late emissions within the surface mining industry. Emission inventories of
mining operations show that mine roadway dust emissions typically consti-
tute 50 to 90% of the particulate emissions. Due to the magnitude of the
emissions, many state and federal regulatory agencies have promulgated regu-
lations for the control of road dust emissions. The purpose of these regu-
lations includes the improvement of ambient air quality and the improvement
of operator safety. The most specific regulations are those from the Office
of Surface Mining. As a result of this agency's regulations, by March 1980,
operators of western surface mines were required to submit fugitive dust
control plans.

The research in this study was divided into two major categories:
(a) the researching of information concerning various dust control products
and (b) the assessment of the roadway structure to be controlled. Informa-
tion concerning these topics was obtained from a literature search, visits
to mine sites, contacts with trade associations active in the field, and
contacts with other researchers in the field of fugitive dust control.

From these contacts, over 30 products were identified as havirg been
used in one form or anmother for road dust control. These products work by
binding the loose surface materials together, reducing the amount of fines
available for vehicular entrainment. The effectiveness of these products
may last from 30 min to 1 year depending on product type, application pro-
cedures, the type of vehicles traveling over the surface, and the frequency
with which they travel.

Through the analysis of the roadway structure, it became evident that
the various properties of the road base, subsurface, and wearing surface
greatly affect the performance of a dust control program. Weak road struc-
tures invariably result in poor surfaces for vehicular travel and increase
the difficulty of maintaining the roadway for dust control purposes. A suc-
cessful roadway dust control program is usually associated with the proper
construction and maintenance of the road structure.

In addition to having a well-constructed roadway on which to work, a
dust suppressant must be applied and maintained properly. Important appli-
cation techniques for many dust suppressants include surface scarification,
adequate grading and smoothing of the surface, application of the dust sup-
pressant in quantities suitable for effective control, and proper finishing
procedures, which include the forming of the surface crown and the optimum
compaction of the roadway surface.



As a result of this investigation, five dust suppressants were iden-
tified as being predominant in the surface mining industry. An assessment
of these five dust suppressants was performed which included application
procedures, associated costs, performance, and cost effectiveness. These
five materials are presented in Table 1 by their respective annual expendi-
tures for a dust control program at a mine having 2 miles of haul roads and
3 miles of access roads.

TABLE 1. ANNUAL OPERATING COST

Materials Operating Cost
Calcium chloride v $188,000
Lignin sulfonate 141,000
Petroleum resins 97,000
Water 150,000
Wetting agents 124,000

These results are only approximate due to the lack of actual mine en-
vironment performance data. They are based on information derived from mine
personnel, product vendors, and specific assumptions by the authors. The
purpose of the table is to provide a general guide of the control costs and
for other assumed operating conditions the costs would be different.

The above analysis can be streangthened only by obtaining quantitative
field performance data on these dust suppressants. This would involve mea-
suring the decay of the dust suppressants' control effeciency versus time
and application procedure. From this field testing, observations could be
made of the advantages and disadvantages of the control measures. In addi-
tion, actual manpower, product, and equipment costs could be cbtained. As
a result, a more thorough cost-effectiveness analysis of these products
would be realized.
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2.0 INTRODUCTION

This chapter introduces the program objective and the various tasks
undertaken to meet this objective. Also, the magnitude of dust produced by
mine haul road traffic on unpaved roads is presented to demonstrate the
need to meet the program objective.

2.1 Program Objective

The overall objective of this project is to provide technical guide-
lines to the mining industry for selecting and implementing cost-effective

dust control for haul roads. The ultimate objectives of haul road dust miti-

gation are: (a) the improvement of air quality, (b) the reduction of vehicle
maintenance costs, and (c) the improvement of employee morale and safety.

2.2 Magnitude of Haul Road Dust Emissions

2.2.1 Introduction

Since the objective of this study is to develop guidelines for select-
ing and implementing cost-effective dust control for haul roads, it is ap-
propriate to demonstrate the magnitude of haul road dust emissions compared
to other sources at a surface mine. The following sections show that haul
read traffic on unpaved roads is by far the major source of dust produced
at mines. A review of emission inventories of various mining operations
across the country clarifies and substantiates this statement.

Virtually all of the particulate matter produced at surface mines is
generated in the form of fugitive dust, a broad term used to characterize
particles that become airborne through forces of wind, man's activity, or
both. Major particulate-emitting activities at mines include the follow-
ing:1

Conveying
Transfer points
Screening
Truck and train loadout
Open storage piles
Haul roads
Exposed areas
Refuse piles
Railroad facilities

Mine facilities

-



Overburden removal
Dragline operations
Truck/shovel pperatidns
Scraper operations

Drilling
Coal
Overburden

Blasting
Coal
Overburden

Topsoil removal
Scraping
Dumping

Crushers

Iron ore, coal, and copper mining emission inventories are discussed
below, and the importance of haul road emissiocns to the overall emissions
is reviewed.

2.2.2 Iron Ore Mining Emissions

A study of emissions emanating from the iron range mines in Minnesota
was undertaken by Midwest Research Institute (MRI)} in 1978.2’3 Emissions
for source categories at the iron range mines were calculated using 1976 as
the base year. Table 2 shows the emissions for several mines. Overzll,
emissions from loaded and unloaded haul vehicles on unpaved roads ranked
first in emission production. At the first eight mines shown in the table,
haul traffic on unpaved roads produced from 47 to 77% of all fugitive emis-
sions inventoried.

2.2.3 Coal Mining Emissions

Table 3 ranks emission sources at surface coal mines in the four prev-
alent combinations of mining operations.l Emissions for vehicular traffic
on haul roads constituted the major source of fugitive dust at the inven-
toried coal mines. Hauling of coal and overburden ranked either first or
second in fugitive dust production. Heavy duty vehicles traveling on un-
paved roads contributed from 64 to 87% of the total fugitive emissions at
the mines.

2.2.4 Copper Mining Emissions
MRI compiled a very detailed emission inventory of particulate sources

for various locations in Montana.? This study included an emission inven-
tory of sources at the Berkley Pit, a large copper mine located in Butte.

o
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Table 4 shows various source categories, their annual emissions, their
contribution in percentage of total emissions, and their rank in emission
production. Traffic on unpaved roads accounted for 78% of the total emis-
sions at the mine. Haul trucks traveling on unpaved roads ranked first com-
pared to other fugitive emission sources.

2.2.5 Summary

The importance of fugitive dust emissions generated by trucks traveling
on unpaved roads was reviewed for taconite ore, irem ore, cocal, and copper
mining operations. Table 5 summarizes the impact of haul road traffic on
the total fugitive emissions inventory of these mine operations.

Including all the mining operations surveyed, fugitive dust generated
by haul truck travel on unpaved haul roads accounted for 47 to 87% of the
total annual emissions and was first in fugitive emission production. It
can be concluded that fugitive dust emissions for haul roads constitute the
major particulate emission source of all mining activities.

2.3 Identification of Major Tasks

In order to meet the program objectives discussed in Section 2.1, this
program was divided into five major tasks. These tasks are outlined in
Table 6.

16



TABLE 4.

BERKLEY PIT EMISSIONS

BEmissions Percentage of
Source category (rons/vyear) Total emissions Rank
Unpaved roads
100-ton haul truck--overburden 2,900 19.0 1
. 100-ton haul truck—wood 1 Neg.
. 85-ton water truck 730 4.9 7
150-ton haul truck--overburden 360 2.4 9
. 170-ten haul truck--overburden 1,800 12.0 4
85-ton wrecker 230 1.6
. Plckups 780 3.3 -]
. Buses 15 0.1
. Truck bulldozer 10 6.1
.  Rubber-cired partrols 80 0.5
. Rubber-tired loaders 23 0.2
Fork 1lift Neg. Neg.
. Lube, powder and lime truck 260 1.7
. Utilicy cruck, 10 ten 240 1.6
Utility truck, 5 ton 52 0.4
Utilicy truck, 3 ton 530 3.6 8
. Emergency vehicles Neg. Neg.
« Hydroseeder Neg, Neg.
100-ton haul truck-—ore 1,300 8.7 5
. 150-ton haul truck--ore 160 1.1
170-ton haul truck--ore 2,300 15.0 3
Paved roads
. Pickups 64 ‘ 0.4
Buses Neg. Neg.
. Lube, powder and lime truck 18 0.1
. Utility truck, 10 ton 27 0.2
. Ueility truck, 5 ton Neg. Neg.
Utdility cruck, 3 ton 43 0.3
Emergency vehicles Neg. Neg.
Exhaust
. Drills 2,600 18 2
. All vehicles 67 0.4
Ore/overburden handling
Shovel loading Neg. Neg.
Truck dumping Neg. Neg.
Wind erosion
. Leach bed areas 7 Neg.
. Waste dump Neg. Neg.
Blasting 14 0.1
Point sources 280 1.9 10
Total 15,000 - 100.0

17



TABLE 5. FUGITIVE HAUL ROAD EMISSION IMPACT
AT VARIOUS MINING OPERATIONS

Haul Road Percentage

Mining Operation of Total Emissions | Rank.
Iron ore 471 - 77 | 1
Coal 64 - 87 1
Copper 78 1

TABLE 6. IDENTIFICATION OF MAJOR TASKS

Task 1

Task 2
Task 3
Task &

Task 5

Assess government regulations

Purpose: Summarize current and pending governmental regulations per-
taining to fugitive dust control in the surface mining
industry.

Conduct information search
Purpose: Gather all known information pertaining to dust control
measures for unpaved roads.

Characterize mine roadways
Purpose: Identify road categories for which specific dust control
techniques can be recommended.

Determine control effectiveness criteria
Purpose: Evaluate the cost effectiveness of road dust control
techniques.

Reporting

Purpose: Prepare written summary of the state of the art of unpaved
roadway controls.

18



3.0 GOVERNMENTAL REGULATIONS PERTAINING TO FUGITIVE DUST

Fugitive dust is a broad term used to characterize particles that be-
come airborne through forces of wind, man's activity, or both. Such fugi-
tive emissions contribute significantly to violations of federal and state
ambient air quality standards for total suspended particulates {TSP). As
mentioned in Section 2.2, mining activities produce a variety of fugitive
dust emission sources, and the most significant source is vehicular travel
on haul roads.

Because fugitive dust contributes to the violation of air quality stan-
dards, various federal and state agencies have promulgated regulations for
its control. As part of this study, a few of these agencies were contacted
and their fugitive dust regulations were requested. This section discusses
the fugitive dust regulations issued by selected state pollution control
agencies, the U.S. Environmental Protection Agency (EPA), the Office of
Surface Mining (OSM), and the Mining Safety and Health Administration
(MSHA). The relevance of these regulations to fugitive dust produced by
haul roads is detailed. Also, requirements by EPA, 0SM, and various states
for construction permits pertinent to air quality are reviewed.

3.1 State Regulations

The state air quality agencies of Alabama, Arizoma, California, Colorado,
Florida, Georgia, Indiana, Kansas, Kentucky, Maryland, Minnesota, Missouri,
Montana, New Mexico, North Carolina, North Dakota, Pennsylvania, West Virginia,
and Wyoming were contacted and asked to send pertinent current fugitive dust
regulations and State Implementation Plan (SIP) revisions relevant to fugi-
tive dust control. Permit information for new source comstruction was also
requested.

The states listed above were chosen so as to represent areas of the
country which have major mineral/ore producers. Some of the pertinent se-
lection criteria for choosing these states follow:

Distribution over a wide geographic expanse of the United States.

Inclusion of major coal mining states east and west of the
Mississippi River.

‘Inclusion of a wide spectrum of mining activities, both metallic
and nonmetallic mines, a variety of mine sizes, and underground
as well as surface mining activites.

A listing of air quaiity agency personnel who were contacted about their
state's fugitive dust regulations is given in Appendix A.

It should be cautioned that state regulations are in a state of flux
at present. Regulations that are presented in this report represent infor-
mation requested as of late August 1979. After this date, many states pro-
mulgated new SIP revisions, but this information is not contained herein.
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Other states have had SIP revisions approved which call for further analysis
and demonstration projects for their TSP problem. Their regulations for
fugitive dust will be formulated after the results of these analyses are
known.

Federal fugitive dust control recommendations were adopted as a model
for some state regulations. This model is shown in Table 7.°

TABLE 7. FEDERAL MODEL FOR FUGITIVE DUST ABATEMENT

The owner or operator of a fugitive dust source shall .

a. use, where possible, water or chemicals for control of dust in
the demolition of existing buildings or structures, comstruction
operations, the grading of roads, or clearing of land.

b. apply asphalt, oil, water, or suitable chemicals for control of
dust on dirt roads, materials stockpiles, and other surfaces
which create airborne dust problems.

C. install and use hoods, fans, and/or fabric filters to enclose and
vent the handling of dusty materials; employ adequate containment
methods during sandblasting or other similar operations.

d. cover at all times when in motion open-bodied vehicles transport-
ing materials likely to become airborne.

e. conduct agricultural practices such as tilling of land and appli-
cation of fertilizers so as to prevent dust from becoming airborne.

f. pave roadways and maintain the roads to minimize high surface dust
loadings.
g- promptly remove earth or material from paved streets onto which

earth or other material has been deposited by trucks or earth-
moving equipment or erosion by water or other means.

Several states have extracted some or all of this model for their own fugi-
tive dust control regulations. This model is referred to by some of the
states whose regulations are summarized in Appendix B. Appendix B reveals
that fugitive dust regulations exhibit a wide range of comprehensiveness.
Some states do not regulate any fugitive emission while others have strin-
gent regulations. Few specific regulations have been promulgated to control
fugitive dust from haul roads.

Colorado, Minnesota, New Mexico, North Carolina, North Dakota, and West
Virginia have specific regulations pertaining to haul roads. They generally
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require the control of dust by water, chemicals, or other dust palliatives,
imposing speed restrictions, or detouring traffic where necessary. Fugi-
tive control measures applicable to mining operations that were adopted by
Colorade and North Dakota are similar to the Final Regulatory Program of
0SM, which is discussed below.

5.2 Federal Regulations

This section reviews federal regulations that were promulgated to pro-
tect air quality from fugitive dust emissions. The OSM and EPA have both
adopted regulations that pertain to fugitive dust emissions sources in the
mining industry.

3.2.1 Office of Surface Mining

The Surface Mining Control and Reclamation Act of 1977 was passed to
protect the environment and the public from the potential damage of mining
activities. Specifically, Section 515(b)(4) of the Act, Environmental Pro-
tection Performance Standards, calls for the stabilization and protection
of all surface areas to effectively contrel erosion and attendant air and
water pollution.®

The final regulatory program, published in the March 13, 1979, Federal
Register,’ is much more specific about air pollution control. This program
became effective in March 1980, if the state had failed to submit a compar-
able plan by that time.

Section 780.15, Air Pollution Control Plan, sets forth the following
regulations:

a. For all surface mining activities with projected production rates
exceeding 1 million tons of coal per year and located west of 100th meridian
west longitude, the permit shall contain an air pollution control plan which
includes the following:

1. An air quality monitoring program to provide sufficient data
to evaluate the effectiveness of the fugitive dust control practices pro-
posed under Paragraph (2){2) of this Section to comply with federal and state
Air Quality Standards.

2. A plan for fugitive dust control as required in Section 816.95
{discussed below)}.

b. For all other surface mining activities, the application shall con-
tain an air pollution control plan which includes the following:

1. An air quality monitoring program, if required by the regu-
latory authority, to provide sufficient data to evaluate the effectiveness
of the fugitive dust control practices under Paragraph (b)(2) of this sec-
tion to comply with applicable federal and state Air Quality Standards.
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2. A plan for fugitive dust control as required in Section 816.95.
Section 816.95(a) Fugitive dust - each person who surface mines shall
employ fugitive dust control measures as a part of site preparation, coal
mining and reclamation operations. The regulatory authority shall approve
the control measures according to federal and state air quality in the area
affected by mining and the available control technology.

C. Control measures shall include the above criteria, and not be
limited to:

1. Periodic water on unpaved roads - minimum frequency must be
approved by regulatory authority.

2. Chemical stabilization of unpaved road with nontoxic soil
cement or dust palliatives.

3. Paving of roads.

4. Prompt removal of coal, rock, soil, and dust-forming debris
from roads, and scraping and compaction of unpaved roads to stabilize road
surface,

5. Restriction of vehicular speed to reduce fugitive dust.

6. Revegetation, mulching or stabilization of surface of all
areas adjoining roads.

7. Restriction of travel by unautherized vehicles.

8. Enclosure, covering, watering, or treating haul trucks and
railroad cars to reduce loss of material.

9. Conveyor systems in substitution for haul trucks and cover-
ing of such systems when subject to wind erosion.

10, Minimizing the area of disturbed land.

11. Prompt revegetation of regraded lands.

12. Use of altermatives for coal handling restriction on dumping,
wetting of disturbed materials during handling and compaction of disturbed
areas.

13. Windbreaks at critical points in the permit area.

14. Control of dust from drilling using water sprays, hoods, dust
collector, or other means.

15. Restriction of area to be blasted at any one time.
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16. Restriction of activities causing fugitive dust during periods
of air stagnation.

17. Extinguishing burning areas or smoldering coal and periodic
inspection for burning areas.

18. Reduction of time period between soil distribution and re-
vegetation or other surface stabilization.

19. Restriction of fugitive dust at spoil and coal transfer and
loading points with water sprays, negative pressure systems or baghouse fil-
ters, chemicals, or other practices.

d. Additional measures ~ if measures in paragraph {b) of this Sec-
tion are inadequate, the regulatory authority may require additional mea-
sures and practices as necessary.

e. Monitoring as required by Section 780.15.

The Final Regulatory Program has a mandatory fugitive dust control plan
that every mining operator is required to submit. The regulatory authority
may approve it, or, if not, recommend additional measures to control fugi-
tive dust. Fugitive dust control techniques included in the plan that mine
operators may choose for haul roads are:

Periodic watering, whereby minimum frequency must be approved by
the regulatory authority.

Chemical stabilization with nontoxic scil cements or dust palli-
atives.

Paving of roads.

Prompt removal of coal, rock, soil, and dust-forming debris from

roads and the scraping and compaction of unpaved roads to stabilize
road surface.

Restriction of vehicular speed to reduce fugitive dust.
3.2.2 Environmental Protection Agency

The Clean Air Act (1970) and the Clean Air Act Amendments (1977) were
passed by Congress to protect the environment from the harmful effects of
pollutants. The Clean Air Act Amendments of 1977, Section 169 require that
sources with "potential' to emit 250 toms per year be subject to a Preven-
tion of Significant Deterioration (PSD) review. In addition, 28 specific
industries are regulated in a similar manner if they have potential emis-
sions of at least 100 tons per vear.

PSD requirements as they apply to mining activities are at present lim-
ited to the imposition of Best Available Control Technology (BACT). EPA
Region VIIT proposed BACT practices for mining (given in Table 8),% the only
agency to do so.
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TABLE 8. BEST AVAILABLE CONTROL TECHNOLOGY (BACT) PRACTICES FOR MINING

. N . BACT control
Process operation BACT practice efficiency (%)

Topsoil removal - ‘ -

Topsoil stockpile Stabilize via:
a. Rapid revegetation, or 75
b. Mulch, or . 85
¢. Chemical dust suppressant. or 85
d. Establishment of wind breaks 50
Product loading a. Baghouse on silo
b. Retractable chute on loadout
¢. Minimizing number of openings 95
d. Spraying of material in s
rail cars
Haul roads a. Speed control, and ' -
b. Chemical stabilization worked 85
into road
¢. Restriction of off-road use 100
Access roads a. Paving or equivalent 85-100
stabilization
b. Speed control, and -
c. Restriction of off-road use 100
Road maintenance a. Removal of loose debris, and -

b. Chemical stabilization of -
roadbed after grading

Disturbed areas Stabilize via either:
a. Chemical dust suppressant, or 85
b, Mulch 85
¢, Revegetation one growing 75
season

d. Minimizing of area disturbed -

Conveyor Cover 100
Drilling Bag-type collector 90
Blasting . a. Minimizing area to.be blasted -

b. Prevention of overshooting -



TABLE 8. (continued)

BACT control

Process oberation BACT bractice efficiency (%)
Overburden removal Minimizing fall distance:of material -
Overburden stockpile Stabilization viﬁ either:

a. Temporary vegetation, or 75

b. Mulch, or "85

c. Chemical dust suppressant 85

Overburden shaping a, Leaving ridges -
b. Establishing windbreaks -
c. Rapid revegetation -
d Orienting piles perpendicular te -

_____prevailing wind

Product removal Minimizing full distance -
Product dumping ) a. Negative pressure, or 85
b. Spray system on dumped 50
material
Product storage a. Enclosure, or 99
b. Wetting 50
Transfer points a. Enclosed and vented to baghouse 80
b. Ducting to a central baghouse 80
Crushing Baghouse -
Screening Baghouse -
Transportation Bus service to employees -
Construction a. Chemical dust suppression of 50
~ disturbed areas ]
b. Confining traffic to specified 50
roads
c. Minimizing area of land =
disturbed

d. Prewvatering areas to be disturbed -



The Alabama Power Company v. EPA court rulimg on June 18, 1979, has
had ramifications on the PSD process. On September 5, 1979, EPA proposed
new regulations in response to the recent court decision. The important
proposed regulations that have significant impact on the mining industry
follow:

Calculation of potential to emit to determine if a source is major
and, thus, must undergo PSD review; was formerly based on uncen-
trolled emissions. The proposed regulations require that poten-
tial emissions be calculated by the maximum design capacity and
any control equipment that will be installed at the source.

Fugitive emissions and fugitive dust; formerly, fugitive emissions
were discerned from fugitive dust. In the proposed regulations,
there is no difference. Fugitive emissions including fugitive
dust are proposed not to be considered when determining the annual
potential emissions of a stationmary source, except when such emis-
sions come from "specified" industry types. Conversation with
Region VIII Office of EPA indicated that in the near future EPA
will seek an amendment to the proposed regulations that would
place surface mining in the source group with 100-ton per year
limit for PSD review and would include fugitive dust in the deter-
mination of potential emissions.

The existing regulations included a provision that exempted a source
from a detailed review if its increased allowable (with controls)
emissions were less than 50 tons per year. The proposed regula-
tions would require a complete review if the source is classified
as "major" (i.e., emissions after controls exceed 100 tons per
vear for specified source categories or for any source that emits
250 tons per year or more).

3.2.3 Mine Safety Health Administration

The Department of Labor established MSHA to provide for the safety and
health of the public who work at all mining activities.

Regulations have been promulgated to control dust at all mines. Dust
control must be applied to reduce the hazard of impaired visibility when
vehicles are moving or the safety of the workers involved is in jeopardy.
The men at mines are sampled on a regular basis with personnel monitors for
silica content. If the concentration of silica exceeds 0.10 mg/cu m, then
more stringent contrel of dust is required or else the plant must cease
operations.

Specifically, for emission sources, MSHA provides that haul roads must
be wetted and that drills must be equipped with either a water spray or a
dry collection system.
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3.3 Air Quality Permit Requirements

Permits are generally required for construction of new mines and their
operation. Operating and construction permits are required by the state
air pollution control agencies and OSM. Information pertinent to air qual-
ity requirements in permit applications are discussed in this section.

3.3.1 State Permits

The state air quality agencies that were contacted in this study were’
also requested to send mining permit requirements. Basically, there are
two levels of permit requirements. The first is a general permit which re-
quires specification of equipment, description of process operations, and a
map detailing the process and equipment to be comstructed. Nearly all states
require this general information. Second is a requirement for a detailed
air quality impact statement which includes an emission inventory, modeling
(either long-term annual or short-term 24 hr), and detailed output which
would indicate any violations of NAAQS or PSD increments. Table 9§ presents
the type of information required for air quality permits.

TABLE 9., STATE PERMIT INFORMATION

Information State Requiring
Required Description Such Information

Equipment Make, model, size, and type of equip- All
description ment, fuel type quantity consumed

annually, and sulfur and ash content.

Process Note of emission points, quantities All
description and types (stack parameters). Descrip-
tion of all control eqiupment and its
efficiency. Operating schedule,
materials input and output rate.

Drawing of all

facilities -- All
Air quality Emissions (fugitive and point) must Wyoming, Colorado,
impact be-calculated. Air quality modeling Missouri
(short- or long-term) of worst case
conditions.

3.3.2 OSM Permit

As discussed in Section 3.2, the Final Regulatory Program of the Sur-
face Mining and Reclamation Act (1977) requires the submission of a permit
of 2ir quality assessment. The information required on a permit that is
pertinent to air quality is reiterated here.
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For all surface mining activities with projected production rates
exceeding 1 million tons of coal per year and located west of the
100th meridian west longitude, the application shall contain an
air pollution control plan which inc¢ludes the following:

1. Air quality monitoring program to evaluate the effec-
tiveness of the fugitive dust control practices proposed

under (2) to comply with federal and state air quality
standards; and

2. A plan for fugitive dust control practices.

H

For all other surface mining activities the application shall con-
tain an air pollution control plan which includes the following:

1. An air quality monitoring program, if required by the
regulatory authority, to provide sufficient data to eval-
uate the effectiveness of fugitive dust practices to
comply with applicable federal and state air quality
standards; and

2. A plan for fugitive dust control practices.

3.4 Status of Governmental Regulations

At both the federal and state levels, regulations to achieve fugitive
dust control of nontraditional sources are at present in a state of uncer-
tainty. The complete lack of regulations or clder, nomnspecific regulations
are being replaced by much stricter fugitive dust regulations. At the same
time, these stricter regulations are being challenged in the courts and, at
times, remanded. In this section the ramifications of the state and federal
regulations presented in Section 3.0 and future trends are discussed.

3.4.1 State Regulations

At present, many states have submitted or will submit their SIP revi-
sions. SIP revisions must jnclude additional or more stringent regulations
and controls that will reduce particulate concentrations in nonattainment
areas to the level of the standards. Both primary and secondary standards
must be addressed in the SIP revisions. The plan must demonstrate attain-
ment of the primary standard by 1982 and the secondary standard as expedi-
tiously as practicable. Many states have addressed specific fugitive sources
in their SIP revisions and have mandated strict control of emissions. How-
ever, most of the major mining states did not propose regulations for mining
activities in their SIP revisions. States such as Colorado, Wyoming, Montana,
and North Dakota, which require a rigorous demonstraticn of attainment of
the standards by modeling and monitoring at surface mines have had such a
regulatory process for some time. But no state has strict emission limita-
tions specifically aimed at fugitive dust sources at mines. The typical
state fugitive dust regulation calls for (2) reasonable precautions to pre-
vent particulates from becoming airborne and {b) a visible emission limita-
tion, neither of which is source-specific at mining operations. It appears
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that no further regulations at the state level will be directed at mining
operations in the future.

3.4.2 Federal Regulations

0SM's Final Regulatory Program for surface mines was in force as of
March 1980. A stringent fugitive dust control plan and a monitoring net~
work are required for mines. Control of road dust is mandated either by
paving, themical stabilization, control of vehicle speed, or periodic water-
ing. This regulatory program is the most strict of all the federal regula-
tions. Industry, in 1979 and 1980, has argued in court the merits of the
regulations. Whether the OSM regulations will be modified due to the court
cases is unknown.

EPA requires the PSD for clean air areas, requires "major" sources to
secure a permit to construct, and requires permitted sources to have BACT.
Further impact analyses are necessary to demonstrate that clean air areas
will not deteriorate significantly. The Alabama Power/EPA court case ex-
empted surface mines from the PSD review process because of the difficul-
ties in quantifying fugitive emissions from these sources. However, EPA
will add surface mines to the list of major sources subject to review as
soon as reliable fugitive emission factors are developed. Currently, MRI
and PEDCo Environmental are attempting to establish reliable and valid emis-
sion factors. Fugitive dust sources at several surface coal mines are being
sampled to determine the emission factors so that in the near future EPA
will have the option to include surface mines in PSD reviews.!

EPA has also promulgated a draft of New Source Performance Standards
(NSPS) for the nonmetallic mineral processing plants. Sources such as
crushed and broken stone, sand and gravel, and products of many other non-
metallic processing plants are subject to NSPS. NSPS requires that process
fugitive emissions be visible less than 10% of the time over an observation
period of 1 hr. However, these standards do not apply to fugitive dust from
haul roads.

The MSHA of the Department of Labor does require the control of fugi-
tive dust to protect the safety and health of mine workers. Dust contrels
must be applied to reduce the hazard of impaired visibility when vehicles
are in movement and to provide health protection from hazards of dust in-
halation.

3.4.3 Qutlook--Now and the Future

At present, it appears that the state and federal regulatory programs
overlap each other. As a result, it is difficult to ascertain which regu-
latory agency, whether it be state, EPA, O0SM, or MSHA, has authority to
regulate mining activities. Future court cases may clarify each agency's
regulatory authority.
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4.0 DUST CONTROL INFORMATION SEARCH

The purpose of this task was to gather information on the identifica-
tion/characterization, and quantification of unpaved road dust controls. A
computerized data search and contact with trade associations, mining com-
panies, researchers active in the fugitive dust field, and various vendors
of dust suppressant materials were undertaken to achieve this goal. The
computerized data search and personnel contacts are discussed in the follow-
ing sectiomns.

4.1 Computerized Data Search

The project team conducted computerized literature searches with four
agencies: the Air Pollution Technical Information Center (APTIC), the
National Technical Information Service (NTIS), the Smithsonian Scientific
Exchange, and the American Geological Institute (GEQRAF).

The key words or phrases used in the search are as follows:

Haul rcad dust emissions
Unpaved road dust emissions
. Fugitive dust emissions
Fugitive particulate emissions
Service road dust emissions
Access road dust emissions
Open dust sources
Dust control techniques
Dust suppressants
Fugitive dust related air quality regulations
Fugitive emission factors
Environmental impact - fugitive emissions
Air quality impact
Air guality analysis
Fugitive emissions characterization and quantificaticn
Wind erosion and dust control
Classification - mine haul roads

Control techniques - costs

The resulting bibliography is shown in Appendix C.
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4.2 Trade Associations

MRI made an effort to identify the major trade associations who might
be aware of fugitive dust control techniques at mines by reviewing the
Encyclopedia of Associations.!® The National Coal Association (NCA) and
the National Crushed Stone Asscciation (NCSA), two organizations active in

air quality matters, were contacted. The two contacts are summarized in
Table 10.

TABLE 10. CONTACT WITH TRADE ASSOCIATIONS

Association Person Contacted
National Coal Association Charles Drevna
National Crushed Stone Association Frederick Renninger

MRI sent the program's scope of work and infermation needs to both
trade associations. Letters sent to NCA and NCSA are in Appendix D.

4.3 Mining Companies

Various mining firms were contacted about their experience in using
fugitive dust control methods. MRI made selections based on previous con-
tacts, results of the literature search, and recommendations of NCA and
NCSA. Summaries of contact information are in Appendix E.

4.4 Researchers in the Fugitive Dust Field

An effort was made to contact research scientists who have undertaken
investigations into fugitive dust control methods, their applicability, ef-
ficiency, and cost. Contact with mining companies, O0SM and previous MRI
experience provided a list of key individuals. The researchers contacted,
their affiliations, and the result of the contact are also in Appendix E.

4.5 Vendors of Dust Suppressant Materials

Through the computerized literature search and contacts with trade as-
sociations, mining companies, and researchers, a list of vendors who produce
dust suppressants was developed. Included were any vendors who actively
market any type of suppressant for fugitive dust control. Thus, the initial
list of vendors included those who might not necessarily market a specific
product for haul road dust control. From the contacts made and from previ-
ous MRI experience in assessing fugitive dust control techniques for haul
roads, the list was narrowed to only those vendors who currently sell con-
trol materials for haul roads. The entire list of vendors marketing dust
suppressants is presented in Appendix F. Section 6.0 presents those prod-
ucts specific to haul road dust control.
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5.0 MINE ROADWAY CHARACTERIZATION

This chapter presents the roadway properties which affect the effici-
ency of dust suppressants in controlling mine roadway fugitive dust. Sub-
sections detail: physical properties of the roadway aggregate, ideal and -
actual roadway construction techniques, and a general classification scheme
for mine roadways as a function of roadway strength.

5.1 Physical Properties of Roadway Aggregate

Aggregate is the part of a soil-aggregate mixture retaired on a No. 200
U.S. standard sieve. It is normally referred to as the granular fraction.
Aggregate is commonly separated into two fractions, coarse and fine. The
size difference between these fractions is determined by a No. 10 U.S. stan-
dard sieve with an opening of 2.00 mm (0.079 in.). Aggregate is the basic
material for soil-aggregate construction because the major portion of the
road body is made up of this element. It bears the main stresses in the
road and resists wear from surface abrasion. Since the behavior of a soil-
aggregate road is affected considerably by the quality and character of the
aggregate, careful selection of the material is necessary. This section
deals with methods of measuring these properties to ensure a high quality
aggregate.

5.1.1 General Aggregate Classification

Considering the United States as a whole, there is a wide variety of
aggregates used in the construction of scil-aggregate roads. The American
Association of State Highway Officials has classified this material into
reasonable forms. A brief description of these materials is presented in
Appendix G. :

5.1.2 Necessary Qualities of Aggregates

In selecting granular materials for soil-agpregate roads, a good prac-
tice is to use aggregates from sources known to make good roads, or to pro-
cure them from reliable dealers. If it is necessary to use materials of
unknown quality, they should be examined and tested to make sure they are -
suitable for soil-aggregate road construction. Important physical proper-
ties that are commonly considered are (a) undesirable substances, (b) re-
sistance to wear, (c) soundness, (d) gradation, (e) maximum size, and
(f) particle shape. Each of these properties is discussed in the following
paragraphs.

Undesirable substances in aggregates include soft and unsound materials
such as shale, coal, mica, or other objectionable matter. An excess amount
of these materials in road surfaces or bases is not allowable because it
lowers the strength and durability of the road structure.
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An aggregate, to make a good roadbuilding material, should be composed
of stones that are hard and tough and, therefore, will not readily disinte-
grate under traffic. The ability of an aggregate to resist wear and break-
down under traffic is indicated by abrasion tests. The most common one is
the Los Angeles Abrasion Test. Standard procedures for performing this test
are given in Ref. 11.

An important quality of aggregates is their ability to withstand cli-
matic forces. An aggregate is considered to be physically sound if it is
strong enough to resist weathering without disruption or decomposition.
Aggregate particles are regarded as unsound if they are physically weak,
extremely absorptive, easily cleavable, they swell when saturated, or are
susceptible to breakdown through exposure to natural weathering processes.

The soundness of an aggregate can best be determined by its service
record. However, it is commonly evaluated by accelerated soundness tests
using either sodium sulfate or magnesium sulfate or the freezing and thaw-
ing method. The latter method is recognized as the best test.

The distribution of particle sizes throughout an aggregate is known as
the gradation of the aggregate. It is determined by separating a representa-
tive sample of the aggregate into various size groups or fractions by shaking
it through a series of sieves of decreasing size. This process is called a
mechanical analysis. The method for determining aggregate gradation is given
in Ref. 12. :

An aggregate which contains a good representation of particles of sev-
eral sizes ranging from coarse to fine is called well-graded. If all the
particles of an aggregate are approximately the same size, the material is
called poorly graded. Field experience has shown that the most desirable
aggregates for soil-aggregate roads are those which are well graded from
coarse to fine. Well-graded materials can be more readily compacted than
poorly graded mixtures, and they generally have greater stability after
compaction. For this reason, well-graded aggregates are generally required
by specifications for scil-aggregate construction.

There is considerable variation as to the maximum size of aggregate.
Experience indicates that it is undesirable to use aggregate larger than
1 in. in a surface course. Roads built with aggregates larger than this
are usually rough and difficult to maintain. The grader blade catches on
the large aggregates and tears up the surface, leaving loose material and a
rough fipish.

The performance of a soil-aggregate road is dependent, to a certain
degree, on the shape of the aggregate particles. Stability, demnsity and
durability are all promoted by good interlocking of the aggregates. The
more angular and rough-surfaced particles am aggregate contains, the more
effective interlocking is between the particles, and the better suited the
material is for soil-aggregate construction.
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5.1.3 Silt and Clay Materials

The stability of a soil-aggregate mix depends upon particle size dis-
tribution, particle shape, relative density, internal friction, and cche-
sion. A granular material designed for maximum stability should possess
high internal friction to resist deformation under load. Internmal friction
and subsequent shearing resistance depend to a large extent upon density,
particle shape and grain size distribution. Of these factors, the size
distribution of the aggregate, particularly the proportion of the fine-to-
coarse fraction, is considered to be most important. Figure 1 shows three
physical states of soil-aggregate mixtures.l

Silt and clay materials constitute the fine soil fraction of a soil-
aggregate mixture. Both silt and clay pass the No. 200 U.S. standard sieve.
Silt includes the coarser grains of the fine soil fraction and can be readily
distinguished from clay by its grittiness. 8ilt alone can become spongy
and very unstable when wet but does not produce a sticky mud. Clay par-
ticles are smaller than silt and give no sensation of grittimess. They be-
come cohesive when wet and, therefore, produce sticky mud.

The function of silt and clay materials in a soil-aggregate mixture
are to fill the voids within the aggregate and to bind the aggregate into a
strong durable mass. As filler, they are helpful in producing high density,
impermeability, and high load-carrying capacity. As binder, they supply
cohesion, or the resistance of soil particles to being separated or pulled
apart. They also diminish the loss of materials by wind or water erosien
or traffic abrasion when the soil-aggregate mixture is used as a surface
course.

Silt and clay materials are stable when relatively dry and are uastable
when wet. Small amounts of water apparently serve as an effective binding
agent for soil grains, while excessive quantities act as a lubricant. Fur-
thermore, material containing highly active clays may swell to several times
their dry veolume in the presence of water and destroy the proper arrange-
ment of aggregate particles. For these reasons, both the amount and the
nature of silt and clay materials must be carefully controlled.

An aggregate which contains little or no fines and is well-graded gains
its stability from grain-to-grain contact. An aggregate which contains no
fines (material which passes a No. 200 U.S. standard sieve) usually has a
relatively low density but is pervious and nonfrost-susceptible. HNowever,
this material is very difficult to handle during construction because of
its noncohesive nature.

An aggreggle which contains sufficient fines to fill all the voids be-
tween the aggregate grains will still gain its strength from grain contact
but with increased resistance against deformation. Its density is high,
its permeability is low, and it may be frost-susceptible. This material is
moderately difficult to compact but is ideal from the standpoint of stabil-
ity, for it has a relatively high shearing resistance in either confined or
unconfined conditions.
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(a)
{a) Aggregate with no

€3

Crain-to-grain contact

Variable density
Pervious

Nonfrost susceptible
High stability if confined,
low if unconfined

Not affected by adverse:
water condition
Difficult to compact

(b
(b) Aggregate with Sul-
ficient Fines for Maxi-
mum Density
Grain-to-grain contact
with increased resistance
against deformation
Increased density
Low penneability
Frost susceptible
Relatively high stability
i,n L‘UIanl.'d ar unc‘()ﬂﬁlll:t.l
conditions
Not greatly affected by
adverse water conditinn
Moderately difficult to
compact

(c)
{c}) Aggregate with Great
Amount of Fines

Crain-to-grain contuct de-
stroyed, aggregate “Hoal-
ing” in soil

Decreased density

Low permeability

Frost susceptible

Low stability

Greatly affected by ad-

verse water condition
Not difficult to compact

Source: Yoder, E. J., Principles of Pavement Design, John Wiley and
Sons, Inc., 3rd Edition, Salt Lake City, Utah, 1959, p. 285.

NTIS is autherized to reproduce and sell this
copyrighted work, Permission for further re-
production must be obtained from the copyright
owner.

Figure 1. Aggrepate propertles as function of amount of fines present.
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At the other extreme, a material which contains a great amount of fines
has no grain-to-grain contact, and the aggregate merely "floats" in the soil.
Its density is low, it is practically impervious, and it is frost-susceptible.
In addition, the stability of this type of mixture is greatly affected by
adverse water conditions. Paradoxically, the material at times is quite
easy to handle during construction and compacts quite readily.

5.1.4 Quality of Silt and Clay Materials

The amount of silt and clay materials used in a soil-aggregate mixture
should be sufficient to supply adequate cohesion so that the quantity re-
quired may be kept within desirable limits.

Two tests are used to measure the degree of cohesion possessed by the
fine soil materials: the liquid limit test and the plastic limit test.
The results of these tests are used to compute the plasticity index. The
plasticity index is the numerical difference between the liquid limit and
plastic limit, The liquid limit of a soil is the smallest moisture content
at which the soil exhibits liquid properties. The plastic limit is the
smallest water content at which a soil exhibits plastic properties.!?

The most common application of the test results to highway problems is
in soil classification. Those soils with comparable limits and indices are
classed together. Generally, soils with high liquid limits are clays with
poor engineering properties. A high plasticity index indicates a granular
soil with little or no cohesion and plasticity. Both the liquid limit and
the plasticity index are used to some degree as quality measuring devices
for pavement materials in order to exclude those granular materials with
too many or not enough fine-grained particles that have cohesive plastic
qualities.

5.1.5 Quantity of Silt and Clay Materials

The quantity of silt and clay materials is controlled by the quality
of the materials. The higher the plasticity index of the silt and clay
materials, the smaller the amount that should be used in the soil-aggregate
mixture. The grain size distribution of a material can be represented by
the following equation:

n
= Q)
p = 100 (D

In this expression, p is the percentage by weight finer than the sieve, d
represents the sieve opening dimensions (opening width in inches), and D is
the maximum size of aggregate (diameter in inches). Maximum density gener-
ally occurs when the exponent, n, equals 0.5. For example, this expression
yvields 4.4% passing a No. 200 mesh sieve for materials which have a maximum
grain size of 1.5 im.
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In the above discussions of soil quality, fines were not segregated
into their silt and clay portions. In discussing plasticity, the clay frac-
tion of the fines is meant.

The physical properties of the binder soil have a great effect on sta-
bility especially when grain-to-grain contact is destroyed (Figure 1(c)).
Specifications limit the liquid limit for base courses to a maximum value
of 25% and the plasticity index to 6%. For surface courses, it is desir-
able to use more binder to provide some cohesion to the mass. When used
for this purpose, plasticity is extremely critical.

5.2 Roadway Construction

This section presents information on haul road and access road construc-
tion techniques. The section presents the ideal or recommended procedures
for constructien and the procedures cbserved through mine visits by the
project team.

5.2.1 1Ideal Roadway Comstruction

The information presented in this section represents the established
procedure for ideal unpaved roadway construction. By applying these prin-
ciples, a safe, durable, and comfortable road will result. Building a safe,
durable, and comfortable road will cost more than simply clearing a path
over existing terrain. But the benefits of such a road will far outweigh
the added cost factors. One example of a benefit is that less maintenance
is necessary on ideally constructed roads. Alsc, as discussed subsequently,
if dust suppressants are to be used on the road, good road construction will
increase the longevity and efficiency of the suppressants.

This section deals briefly with the major principles involved in road-
way construction of soil-aggregate pavements. For more details the reader
is encouraged to comsult a good text on soil-aggregate roadway construction.
Two good references are Eugene Y. Huang, Manual of Current Practice for
Design, Construction and Maintenance of Soil-Aggregate Roads, University of
Illinois Engineering Experiment Station Circular No. 67, Urbana, Illinois,
1959, and E. J. Yoder, Principles of Pavement Design, John Wiley and Somns,
Inc., New York, 1959.

Principles of Construction

Regardless of what kind of material is used, the principal requirements
for the comstruction process are relatively uniform. Major road construction
procedures include preparing the subgrade; excavating, hauling, and stockpil-
ing the materials; pulverizing the fine-grained soils, if necessary,; propor-
tioning materials in accordance with the laboratory design; blending the
materials together; adding the specified amount of water and, if desired,
admixtures; mixing all materials to a high degree of uniformity; spreading
the mixture in a thin layer of uniform thickness; and compacting and shaping
to the desired cross-section. The various steps may be performed separately,
or certain of the steps may be combined into one operation, depending upon
the method of construction and the equipment to be used.
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Subgrade Construction

The strength of the subgrade is as important to the stability of a haunl
or access road as a strong foundation is to the stability of a house. The
entire load of all the vehicles traveling the road is ultimately borne by
the subgrade. The fact that these loads are not only large in some instances
but alse cyclic in nature, makes the preparation of the subgrade important.

The subgrade supports a load via two mechanisms: internal friction
and cohesion. Internal friction occurs when the angular edges of the larger
subgrade particles interlock. Cohesion occurs when variocus adhesive forces
act between the fine subgrade particles.

Supporting power of subgrade soils can be measured by numercus methods.
One well-known and much-used is the California Bearing Ratio (CBR) test.
Basically, the pressure needed to deflect a sample of the subgrade a given
amount is measured. This value is then divided by the pressure needed to
deflect a standard sample {crushed stone of a specific size gradation) the
same distance. This ratio is then expressed as a percent.

The two techniques most important to maximizing subgrade strength are:
compaction at optimum moisture and installation of adequate drainage. Most
subgrade soils will compact to their maximum density at a given moisture.
Below or above this moisture, maximum compaction will not be achieved. The
subgrade soil should be scarified and the proper amcunt of water needed to
achieve optimum moisture added before compaction with a steel roller or other
type of compactor begins. The subgrade should contain a crown so that water
runs off to the sides of the road and does not collect in pools on the sur-
face. The side of the road should have properly sloped drainage ditches to
carry the water away.

If the subgrade is comprised of clay-sized particles over its entire
surface or only in selected spots, the strength of these areas can be up-
graded by mixing in the larger silt and sand particles. This strengthens
weak areas in the road during wet conditions. This strengthening of the
subgrade permits a thioner base to be applied, as described in the follow-
ing subsection.

Base Construction

Roads which are built on subgrades with inadequate CBR's require that
a thicker aggregate base be placed over the subgrade, assuring that a given
surface load will be distributed over a larger subgrade area (see Figure_Z).
The pressure on the subgrade in Figure 2(a) is F/L® where the base thickness
is T, while the pressure on the subgrade in Figure 2(b) is 9/25 F/LZ (less
than half) where the base thickness is 2T. Thus, a doubling of the base
thickness produced more than a twofold reduction in pressure on the subgrade.
This fact has often been neglected in the past, and, comsequently, incor-
rectly constructed roads have deteriorated rapidly.

The base course material should be well graded; that is, it should have

particles in each size range and should not be biased toward any one size.
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Figure 2. Effect of base thickness on subgrade load distribution.
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The base course should also have a maximum size not exceeding 3 in. Often,
the maximum size of an actual base course may be 1-1/2 in. for roads carry-
ing mainly light duty traffic.

The well-graded base course should be compacted at optimum moisture to
achieve maximum strength. A well-graded base course with enough fines just
to fill the voids between the larger particles will provide maximum strength
when compacted. '

Wearing Surface Comstruction

The wearing surface must display three properties: resistance to grind-
ing, resistance to weathering, especially the freeze-thaw cycle, and resis-
tance to large particle displacement from the road. The AASHO standards
specify a Los Angeles Abrasion Loss, a measure of grinding resistance, of
not more than 50%. This value was developed for light duty traffic. One
might expect that it should be less for heavy duty haul truck traffic. The
AASHO also specified that the materials should not break up when alternately
frozen and thawed or wetted and dried. Finally, a well-graded surface mate-
rial should be used. Enough fipes to fill the voids between the larger par-
ticles will minimize large particle loss.

The surface, like the base and subgrade, should be compacted at optimum
moisture to achieve maximum strength. A proper crown should be preserved
to carry water to the drainage ditches.

5.2.2 Actual Roadway Construction Techniques and Materials

wWhile ideal construction techniques and premium types of construction
materials can be defined, their higher initial costs usually result in the
use of techniques and materials which are less than ideal. For example, if
no adequate wearing surface materials exist on the mine site, it is usually
less expensive to use less than adequate on-site material than it is to pur-
chase adequate off-site material from another company.

The following subsections list the actual construction techniques and
construction materials at six mines (two coal mines and four stone quarries)

visited during the course of the project.

Belle Ayr Mine (Amax Coal Company - Gillette, Wyoming)

Detailed information on the construction of the paved road providing
access to the main office of the Belle Ayr Mine was available. The construc-
tion of the paved access road was contracted to an outside rcad comstruction
company. The procedure for road construction consisted of the following:

1. Clay subgrade graded and compacted

2. Pit run sand added (6 to 8 in.)

3. Soil binder (lignin sulfonate) added to sand
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4. Binder allowed ﬁo cure for 10 days

5. Chip (minus 3/8 in. limestone) and soil seal added; put on in two
1-1/2 in. lifts.

The haul road construction at the Belle Ayr Mine consisted -of grading
the natural shale-clay material and adding scoria {(naturally scorched sand-
stone) to the surface for traction. There were two practical reasons why
the classic rules for ideal road comstruction were nmot folleowed. First,
there was no adequate road construction stone available on site. Second,
the cost of purchasing the stone from an outside source was thought to be
prohibitive by mine personnel, especially in view of the fact that pit rocads
are rerouted frequently (estimated at once per month) in the mine's moving
pit operation.

Bridger Ccoal Company - (Rocks Springs, Wyoming)

Bridger Coal Company has approached haul road construction using clas-
sical engineering techniques. Core samples from the subgrade along proposed
haul routes were analyzed for physical size .distribution, plastic limit,
liquid 1limit, plasticity index, in-place density, natural water content,
small load-bearing capacity, and optimum moisture to achieve maximum com-
paction. Proposed base and wearing surface materials were analyzed to
quantify the Los Angeles Abrasion ratio (resistance to grinding}, the Sodium
Soundness (resistance to weathering), and the CBR. Some example values for
proposed base and wearing surface materials are shown in Table 11.

TABLE 11. PROPCSED BASE AND SURFACE MATERIALS

Los Angeles

abrasion Sodium
CBR (grading B) soundness
(%) (%) (%)
Mine scoria 50 - 65.2 21.22
Qutside scoria 56.3 51.5 3.2
Leucite 80+ 30.1 1.8
Parting 35 74.0 79.6
Cemented sandstone N/A 28.4 3.9

3 Only material retained on No. 4 screen.

Given the engineering data above, leucite was obviously the best choice
since there was not enocugh cemented sandstone. Unfortunately, the leucite
has to be brought in from outside whereas the mine scoria was available on
site. The cost differential (a factor of over 3) forced the mine management
to choose scoria, but this material could be chipped apart by just rubbing
two pieces together, as the Los Angeles Abrasion loss of 65.2% shows. Be-
cause this road is traveled by 120-ton haul trucks, the scoria is ground
very rapidly.
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This is the only company visited that owned its own compactor, a sheeps-
foot roller and a cylinder roller.

. Pomona Granite Quarry (Aggregate Division of Martin Marietta -
Raleigh, North Carolina)

As with most mines which do not backfill their pits, Pomona Quarry has
relatively permanent roads into the pit. Many hard stone quarries have a
definite advantage over other mining operaticns in that their product is
ideal for roadway construction. But Pomona Quarry tries not to use its mer-
chantable product for roadway construction. They prefer to use stone which
is nonmerchantable because it is beyond consumer specification limits.

Ashboro Slate Quarry (Aggregate Division of Martin Marietta -
Raleigh, North Carolina)

Unlike Pomona Quarry, Ashboro Quarry does use some of its merchantable
product to surface roads. A 3-in. depth of aggregate base coarse (ABC)
crusher run material is used to surface the road (see Table 12).

TABLE 12. SIZE DISTRIBUTION FOR AGGREGATE BASE COARSE MATERIAL

U.S. Series Percent
sieve size passing
1.5 in. . 100
1.0 in. 94
0.5 in. 71
No. 4 48
No. 10 33
No. 20 17
No. 200 10

The liquid limit of the material is 18%, and the material is nonplastic.
The Los Angeles Abrasion Loss (grading A) is 21%.

Texas Limestone Quarry (Flintkote Stone Products - Texas, Maryland)

As in many quarries, the access and the haul roads in the Texas Lime-
stone Quarry are relatively permanent. There are many stretches of road
which have solid stonme as a subgrade and consequently have high lcad-bearing
capacity. ‘

In addition to properly constructed roads, this quarry used a number
of other means to reduce dust emissions from vehicles and stockpiles. Un-
paved roads were regularly watered and access roads not normally traveled
were oiled. Customer trucks entered a water spray system upon exiting the
plant to mitigate wind loss. Open fine material stockpiles were wetted
automatically by a water spray system when wind erosion conditions were
prevalent.
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Monarch Cement Company (Humboldt, Kansas)

Monarch Cement Company has approximately 10 miles of unpaved roads 20
to 30 ft wide at its plant in Humboldt, Kansas. The roads are constructed
with limestone mined in the quarry. Nearly all the unpaved roads are trav-
eled by haul trucks with occasional medium duty (service trucks) and light
duty (cars and pickups) traffic.

Road construction consists initially in the placement of minus 5-in.
limestone, which is the gyratory crusher product, over the subgrade to fill
the holes and raise the road level approximately another 3 in. above the
highest point in the subgrade. Another 2 to 3 im. of minus l-in. limestone,
which is the hammermill product, is placed over the base as a surface layer.
A size distribution for the surface materials is shown in Table 13.

TABLE 13. HAMMERMILL PRODUCT SIZE DISTRIBUTION

U.S. Series Percent
sieve size passing
1 in. 100
3/4 in. 98.2
1/2 in. - B6.6
3/8 in. . 73.2
No. 4 ' 52.9
No. 8 40.0
No. 14 : 30.5
No. 30 22.7
No. 48 ‘ 17.3
Ne. 100 12.5

Water is added to the material after it is placed down. Compaction is
achieved only by the truck and grader traffic involved in the road construc-
tion and the subsequent traffic that utilizes the road. Grading is performed
to maintain a proper crown in the center of the roads, which provides proper
water drainage.

The subgrade in the pit is blue limestone, and the subgrade in the shale
areas is white limestone. The white limestone surface is very uneven. The
low spots are filled with silt and clay materials that cannot be removed by
the grader, which leads to weak spots in the shale area of unpaved roads.
The pit roads on blue limestone are relatively strong. The blue limestone
deposit surface is fairly smooth, and, consequently, there is less accumu-
lated material to require grading.

General maintenance consists of patching heoles that form with additiocnal

minus 1-in. surface material and regrading the surface to maintain a proper
crown in the road.
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Problems in recad construction include the silt and clay deposits as-
sociated with the subgrade white limestone deposit serving as subbase for
the shale area roads; the lack of proper compaction equipment; and the lack
of an optimum moisture content in the road material to promote maximum com-
paction. ’

5.3 Effect of Road Comstruction on Dust Suppressant Performance

As a vehicle wheel passes over an aggregate road, certain forces are
developed within the entire road structure. Two of these forces, horizontal
shear stress and tire-road surface friction, are unimportant from the stand-
point of dust suppressant performance related to road construction. The
third force, normal shear stress, is very important, however, for two reasons.
First, it determines the load carrying capacity of the road; and second, it
directly affects the crushing and/or abrasion of large aggregate particles
into smaller ones, which form dust.

Normal shear stresses are cyclic in nature. As the vehicle wheel passes
over a section of road surface, the entire structure is put in compression.
When the wheel has passed, the roadbed and surface spring back to their ini-
tial position, due to the elastic properties of the system. However, if
the road is not designed to carry the load, the design elasticity is exceeded
and permanent deformation occurs. This causes surface pot hole formation,
¢racking, or rutting.

A roadway dust suppressant agglomerates the fine particles that are
easily entrained by vehicle wheel action. Therefore, any force which tends
to break down these agglomerated particles after their initial formation
will decrease the dust suppressant's longevity.

In summary, structural failure of the roadbed will decrease the perfor-
mance of a roadway dust suppressant in two ways: (a) by increasing cyclic
action and normal shear stress, which will likely cause the dust suppressant's
bonding strength to be exceeded in a short period of time, and (b) by enhanc-
ing the abrasive action between aggregate particles, which will cause new
dust particles to form. Therefore, the ability of the constructed rcadway
to withstand structural failure is directly related to roadway dust suppres-
sant performance.

5.4 Roadway Property Classification

The purpose of this section is to provide a rcadway property classifi-
cation system so that mine personnel can determine what dust control tech-
niques are most appropriate. Currently, there is no detailed classifica-
tion system available, and much on-site testing would be required to quantify
the effects of road construction techniques and vehicle characteristics on
the effectiveness of various dust control strategies. This section presents
a general classification system derived mainly from road construction ex-
perience.

There are three general properties which should be estimated in order
to classify a road in terms of strength and longevity: (a) the combined
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strength of the subgrade and base, (b) the surface material silt and clay
content, and (c) the surface material Los Angeles Abrasion Loss. The clas-
sification system is shown in Table 14. The subcategories for roadway
strength are: weak, average, and strong. The subcategories for surface
silt and clay content and surface Los Angeles Abrasion Loss are: low,
medium, and high. The range of values associated with each subcategory is
not exact and is listed only to give the reader a general idea of what con-
stitutes each subcategory. ~

TABLE 14. GENERAL ROAD CLASSIFICATION

Road property classification

1. Combined subgrade and CBR strength
Weak (< 60%)
Average (60-80%)
Strong (> 80%)

2. Wearing surface silt and clay content
Low (0-4%)
Medium (4-8%)
High (> 8%)

3. Wearing surface Los Angeles Abrasion Loss
Low (< 15%)
Medium (15-30%)
High (> 30%)

In Section 8.2, this classification system is related to the types of
dust suppressants determined by the project team to be qualitatively com-
patible.
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6.0 IDENTIFIﬁATION AND USAGE OF DUST SUPPRESSANTS

This chapter presents those dust suppressants identified in the pro-
gram information search as being used in some form for mining dust control.
Also, this chapter discusses the equipment and application technigues neces-
sary for a successful roadway dust control program.

6.1 Classification of Dust Suppressants

Table 15 presents a classification scheme of the various dust control
products identified as being used in the mining industry. Seven major cate-
gories are identified. These include salts, lignin sulfcnate, wetting
agents, latexes, plastics, petroleum products, and fabrics. For each cate-
gory, various companies and respective products are presented. Product com-
-position and a few physical properties of the products upen purchase are
identified. The use of the product within the mining industry is also pre-
sented.

In Section 7.0, the products most commonly used in the mining industry
for road dust control are evaluated.

6.2 Road Surface Preparation Procedures

Equipment that is necessary for the application of dust suppressants
to unpaved mine roads can generally be classified in twe categories:
(a) equipment for the application of liquid suppressants and (b) equipment
for the application of solid suppressants. The four major types of equip-
ment for the application of liquid suppressants are storage tanks, graders,
distribution trucks, and compactors. For the application of solid dust
suppressants, the equipment is similar; however, there are differences in
the hardware of the storage tank and the manner of distribution.

To apply liquid suppressants, a storage tank is needed. Most storage
tanks for dust suppressants are of carbon steel, have welded seams, and range
in capacity between 5,000 and 25,000 gal. They can be stored either above
or below ground and can be placed horizontally or vertically depending on
the configuration of avajlable space.

The choice of tank size usually depends on the amount of suppressant
to be used per season, the difference in price between small and bulk ship-
ments of the suppressant, and the money available for the purchase of 3
storage tank. The tank size should be selected to minimize the amount of
suppressant remaining at the end of a season, (especially in areas of ex-
treme climates), but should allow enough surplus suppressant to remain in
case delay in shipment occurs. The difference in costs between small and
bulk shipments of a suppressant is a function of the transportation distance
and the costs of the particular product. The most important factor in de-
termining tank size is the amount of capital available for its purchase.
The average price for the 21 above-ground tanks listed in Table 16 was 29¢
per gal.; and for the 32 below-ground tanks listed in Table 17 31¢ per gal.
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TABLE 16,

ABCOVE-GROUND STORAGE TANKS

Tank size

Capacity Diameter Length Wall thickness Current price

Company name (gal.) (ft) (ft) (in.) ($) [5/22/79]
Airmark 1,055 6 > 0.135-0.0752 647
4,136 8 11 0.135-0.0758 1,494
7,500 10 12 0.135-0.1054 3,566
15,000 11 21 0.188-0.105a 4,934
29,600 12 35 0.25 -0.1354 7,924

Richmond

Engineering 15,000 10.5 23.33 0.25 3,196
20,000 10.5 31 0.25 3,968
25,000 10.5 39 0.25 5,053
30,000 10.5 46,5 0.25 5,921
We-Mac . 1,000 5.33 6 0.105-0,0752 339
3,005 8 8 0.135a 927
6,000 8 16 0.179-0.1358 1,477
12,000 11 17 0.179-0.135a 2,396
25,380 12 30 0.25 -0.1358 4,638
Highland Tank i
and Mfg. Co. 4,000 8 10.5 0.25 =0.313 1,512
5,000 8 16 - 0.25 -0.313 1,961
10,000 10 17 0.25 -0.313 2,697
15,000 10 25.5 0.25 -0.313 3,919]
20,000 10 34 0.25 -0.313 4,841
25,000 10.5 38.75 0.313 6,426
30,000 10.5 46.5 0.25 -0.313 6,667

8Thickness calculated assuming a density of &40.8 1b per sq ft

per inch of thickness.



TABLE 17. ‘ENDERGROUND STORAGE TANKS

Tank size

Capacity Diameter Length ' Wall thickness Current price
Company name (gal.) (£t) (ft) (in.) (8) [5/22/79]
Airmark 1,060 5.33 6 0.135a 595
2,500 6 12 0.188 1,282
4,000 5.33 24 0.188 ' 2,004
6,000 8 16 0.25 2,886
16,000 8 27 0.25 _ 4,170
12,000 8 32 0.25 4,812
15,000 11 21 0.313 6,128
20,000 11 28 0.313 7,600
34,120 11 48 0.375 12,948
Richmond
Engineering 5,000 8 13.5 0.25 1,619
10,000 8 26.5 0.25 2,685
15,000 10.5 23.33 0.313 3,932
20,000 10.5 31 0.313 4,962
25,000 10.5 39 0.375 6,803
30,000 10.5 46.5 0.375 8,305
We-Mac 520 4 5.5 0.075a 120
2,500 5.3 15 0.135% 676
5,000 6 24 0.1798 1,392
7,000 g9 15 0.25 2,113
8,250 8 22 0.179a : _ 1,833
11,750 10 20 0.1792 2,395
20,000 i1 28 0.25a 4,422
Faubion 5,000 18 7 0.25 1,650
10,000 27 8 0.25 2,800,
20,000 28 11 0.313 5,300
Highland Tank
and Mfg. Co. 5,000 8 13.3 0.25 1,580
10,000 10 17 0.25 2,390
12,000 10 20.5 0.25 2,850
15,000 10 25.5 0.313 4,200
20,000 10 34 0.313 5,075
30,000 10.5 46,5 0.375 8,390

3 Thickness calculated assuming a density of 40.8 1b per sq ft per iﬁch anthickness. 



After a decision is made on the size of tank to be used, it must be
determined whether the tank is to be placed above or below ground. Above-
ground tanks are much less expensive to purchase because they are usually
constructed of thinner material and require less effort to install. Also,
above-ground tanks are easier to repair when a leak occurs. Below-ground
tanks are, on the other hand, advantageous in extreme climates where the
suppressant must be protected from freezing and whenever ground space is
not available for an above-ground tank.

In addition to the tank itself, hardware pertaining to the operation
of the tank must be installed. Hardware for a typical storage tank consists
of a pump, miscellaneous pipe fittings, a level indicater, and a filler hose.
The pump should be capable of pumping 500 to 1,500 gal/min directed against
20 to 40 psi impedance. Pumps of this size cost from $5,000 to $6,000. The
remaining hardware is specific to an operation and cannot be generalized.

For an effective control program utilizing a liquid suppressant, a
grader is needed. Most mines already have graders that can be incorporated
into a chemical dust suppressant program. If such a grader is not avail-
able, purchased graders should have at a minimum a 150-hp rating, not less
than a 12-in. blade, and should be equipped with a scarifier capable of a
6 in. deep cut. Table 18 gives specifications and prices for several graders.

Another piece of equipment for implementing a program of liquid sup-
pressant dust control is a distributor truck. For most applications any
0il or water distributor will suffice. But for an efficient distribution
it is recommended that the truck be of the pressure feed type rather than
gravity feed. Such pumps should be capable of not less than 250 gal/min at
an impedance of approximately 50 psi. It is also recommended that the tank
be not less than 2,000 gal. although capacity is a function of the amount
of road to be controlled. Table 19 lists a variety of distributor trucks
and their specifications for use in any applicationm.

The final piece of equipment for the application of a liquid suppres-
sant is a compactor. ¥For most applications a multiple-wheeled, rubber-
tired compactor is recommended, but it should be realized that any compactor
capable of applying a dynamic force of not less than 20,000 1b is adequate.
In many applications, satisfactory compaction can be achieved with heavy
duty vehicles such as haul trucks. Table 20 provides information on compac-
tors that could be used for compaction of a dust suppressant into an unpaved
road.

For the application of a solid chemical dust suppressant, much of the
equipment needed is the same as that for liquid suppressant. Since the tech-
niques for road preparation are similar for each procedure, the grader recom-
mended for liquid suppressants could also be used for dry suppressants.
Similarly, compactors recommended for liquid suppressants may be used for
dry suppressants.
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For most applications, however, a storage tank is not necessary for
solid dust suppressants. Dry warehouse space is sufficient for storage be-
cause most solid suppressants are shipped in bags weighing between 50 and
100 1b. In some instances, however, storage tanks may be desired for dry
suppressants that are mixed with water and applied in liquid form. An ex-
ample would be a solid suppressant such as calcium chloride. The distribu-
tion of a dry dust suppressant is also different. In most cases a mechan-
ical spreader is recommended. However, when any water-soluble solid sup-
pressant is to be mixed with water, a distributor truck should be used.

Although some of the equipment listed may seem unnecessary and some of
the specifications excessive, they represent the most effective equipment
for the application of chemical dust suppressants to unpaved roads. The
above recommendations represent a substantial initial investment but in the
long rumn they will contribute greatly toward a cost-effective roadway dust
control plan. '

6.2.2 Dust Suppressant Application Techniques

At the present time, chemical dust suppressants are most effective when
applied in a systematic fashion. This entails the mixing of materials thor-
oughly into the soil-aggregate surface by means of a blade grader or, prefer-
ably, by a mixing machine. Construction of stabilized road surfaces does
not present any unusual problems so long as several techniques and principles
are thoroughly understood. Usually, a train of ordinary construction equip-
ment is used, including scarifiers, graders, pulverizers, water distributors,
and compaction equipment. Depending on the type of dust suppressant, there
are two basic types of application techniques, those for spraying water-based
chemicals and those for the mechanical spreading of solid suppressants.

Scarification

When a road surface is so irregular that traffic cannot use it in safety
and comfort, scarifying and resurfacing may be necessary. Ceonditions which
require these operations are: a large mumber or large area of pot holes or
deep ruts, serious corrugations or washboard formations, and extensive areas
of disintegration. The usual procedure is to scarify the entire surface to
the full depth of the surface material. Some engineers prefer, however,
that the depth of scarifying be sufficient only to correct the irregularities
or to get to the bottom of the irregularities, and care should be taken to
loosen no more of the existing compacted surface than is necessary.

Scarifying or loosening of the old surface is usually done by a blade
grader and sometimes by suitable farm equipment such as a disc, plow, and
toothed harrow. Deep scarifying to the subgrade must be avoided. Undesir-
able material from the shoulders should not be mixed with the surface mate-
rial. The loosened material must be processed until the lumps are adequately
broken, and any oversized aggregate or objects from the scarified material
must be removed. Sometimes additional material, either fine or coarse or
in combination, may be required to improve the surface material. For in-
stance, a fine grained soil is added to road sections having an excess of
coarse aggregate to lessen corrugations. Likewise, where an excess of fine



material exists, the addition of angular coarse material and a reduction of
fine grained material tend to alleviate this condition. When additional
material must be added, it should be selected with care. Usually, the selec-
tion of new materials is based on visual inspecticn and a knowledge of local
materials. Laboratory and field testing of the materials is generally neces-
sary if the extent of road to be repaired is considerable.

Application of Suppressant

Calcium chloride and other solid type suppressants are commonly applied
dry, using mechanical spreaders. The best times to apply the material are
following a rain and after any necessary blading or patching operations are
completed. If it is necessary to apply this type of suppressant during dry
weather, good results can be obtained by making the application at night or
in the very early morning. Water may be added toc the surface before appli-
cation if suitable equipment is available.

Actual steps that have produced high quality surfaces are:

1. Scarify and blade the road (discussed in previous section) to elim-
inate corrugations and pot holes and to loosen the road surface material to
the depth that penetration is desired. All materials that will not pass
through a 1-in. ring should be bladed to one side. The final aggregate should
consist of a good gradation of sizes. Some roads work easier if a light
application of water is applied before the first grading to soften the sur-
face of the road.

2. Blade most of the loose material into windrows on both sides of
the road to prevent runnoff and to assure uniform mixing of the chemical.

3. After the windrows are formed, apply the solid suppressant to the
road surface material and mix it in thoroughly. The rate of application
should follow the product manufacturer's specifications in conjunction with
proven examples.

Emulsified petroleum by-products and other water-soluble suppressants
are commonly applied wet by using a sprayer-equipped tank truck. Steps that
have produced high quality surfaces are:

1. Perform the first two steps above.

2. After the windrows are formed, apply the liquid by spraying from
a tank truck. The rate of application can be regulated either by valves if
the truck is equipped with a pump, or by adjusting the speed of the truck
if gravity-flow equipment is employed. Best wetting and dispersinmg action
is obtained with the product manufacturer's recommended solution concentra-
tion. The concentration generally used depends on the moisture content of
the soil. High concentrations are more practical for sand and very moist
soils. To obtain best results, it should be mixed thoroughly with the soil.

a. Spray cone-third to one-half of the liquid suppressant, speci-
fied total treatment, between the windrows.
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b. Blade windrows to center, spreading evenly.

c. Spray approximately one-third of total specified roadbinder
on surface and blade or mechanically mix the sclution and the aggregate with
a grader or pulverizer. Save part of roadbinding solutiom for final top-
dressing treatment.

The remaining steps in the actual road building process are common to
both liquid and solid chemical suppressants.

1. The best type of crown is a modified A-type cross-section with a
uniform side slope of about 1/2-in. per ft from the center lipe to the edge
of the road. The rounded crown commonly used on concrete pavement is not
suitable for these roads as it allows pools of water to collect on the rel-
atively flat center part of the road. Standing water can increase the plas-
ticity of the road material to the point that traffic causes pot holes to
develop. The importance of a proper A-type crown or equivalent cannot be
stressed too much.

2. After the final shaping and formation of the A-type crown, a top
dressing of liquid type suppressant should be used to touch up any dry spot
that might have been exposed during grading. The spray should be relatively
light especially when the soil is wet, in order to avoid excess surface plas-
ticity and runoff of valuable roadbinding material.

3. The final step in compaction. This is best done with a multiple-
wheeled, rubber-tired roller, but satisfactory results can be obtained by
letting traffic do the compaction. Compaction must be done before the road-
binder dries, while the road material is still plastic.

4. A few dust suppressants require time to cure. No traffic should
be allowed on the roadway during this process.

The information discussed in this section represents a mixture of much
research and practical experience. Although the application procedure may
be time consuming, it should produce maximum efficiencies for chemical sup-
pressant performance. By incorporating the suppressants intec the road sur-
face, a more stable road surface will be effected and less generation of
additional dust will occur over time.
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7.0 EVALUATION OF DUST SUPPRESSANTS COMMONLY USED
IN THE MINING INDUSTRY

The following sections present a discussion of the various roadway dust
suppressants which are prevalent in the mining industry. Information is
presented pertaining to specific application procedures; associated costs;
performance, which includes product advantages/disadvantages, durability,
and control efficiency; and cost effectiveness. The dust suppressants
which will be discussed include: (a) lignin sulfonate, (b) petroleum
resins, (c) salts, (d) water, and (e) wetting agents.

7.1 Lignin Sulfonate

7.1.1 Introduction

Lignin sulfonate has been utilized as a dust suppressant since the
early 1900's. At that time the suppressant was used in Sweden to reduce
rural roadway dust. Because it was a by-product of the country's paper
mills, the supply of suppressant was abundant. The use of lignin sulfonate
in this country dates to the 1940's. Its use on roadways started as another
outlet to dispose of lignin sulfonate as a waste product.

Lignin is a generic term referring to the natural binder in trees which
holds together the cellulose fibers. Lignin sulfonate is derived in the
following manner. The sulfonate sclution is formed during the paper mill-
ing process. After the tree has been debarked, it is placed in a sulfonate
solution which absorbs the lignin from the wood. This process produces wood
fibers which are in a 10% lignin sulfonate liquor solution. The 10% solu-
tion is concentrated by evaporation to a 50% solution, which is the usual
state in which lignin sulfonate is marketed.

As a waste by-product from more than 110 sulfite pulping mills in the
United States, lignin sulfonate is a readily available commodity. Over 30
million gallons per day of the lignin liquo: is produced.

7.1.2 Application Procedures

Tables 21 and 22 present application procedures for various lignin sul-
fonate products. Initial application procedures apply to previously un-
treated roadways, or to roadways in need of major repair; and subsequent
application procedures apply to normal road dust control maintenance proce-
dures. The information contained in the tables was obtained from four rep-
resentative vendors. The products reviewed are: (a) calcium lignin sul-
fonate from the Arthur C. Trask Company, Flambeau Paper Company, and American
Can Company; and (b} ammenium lignin sulfonate from Crown Zellerbach Corpora-
tion.
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TABLE 21.

Road surface pPiluction ratio

Density (gal.

LIGNIN SULFONATE INITIAL APPLICATION PROCEDURES

prepatation (gal. HoO:gal. Finishing
Company/product product) solution/sqg yard) procedures
Arthur C. Trask Co.
Trastan (M50 1. Blade surface to 4:1 (QM50) a 1. Mix and reform
. Trastan CM51 elther crown or 5:1 (CM¥51) the road surface
slope. ’ with a grader.
2. Scarify 5 in.
Crown Zellerbach Corp. 1. Moisten and blade 2-5:1h 1.0 a
. Orzam AL50 surface to a modi-
« Orzano GL50 field crown.
2. Windrowing all
loose material.
american Can Co. d
. Norlig & 1. Blade surface, wind- 3-4:1° 1.6-2 1. Blade windrows
. Norlig G rowlng all loose onto road mix-
material, ing soil with
2. Scarify to 2 in. Norlig.
2. Form modified
A crowm.
3. Compact.
Flambeau Paper Co.

Flambinder 1. Blade surface, wind- ﬁ:le 2-2.4 1. Blade windrow
rowing all loose onte road mix-
material. ing aggregate

2, Scarify to 3 in. with flambinder.
2. Form a modl-
fied A crowm.
3. Compact.

2Data not available from vendor.

2.1 very porous material - minimum clay content.

J:1 moderately porous - somewhat less than sufficient ¢clay content.

4:1 normal compacted gravel road - average penetratiom.
5:1 Tight surface - very slow pemetration

®Graded soil 3:1, clay 4:1,
95raded soll 1.6 gal/sq yérd, clay 2.0 gal/sq yard.

€5.1 for access roads.
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7.1.3 Associated Costs

Table 23 presents example cost data for lignin sulfonate. Information
given is basic purchase cost and the total cost, which includes railroad
transportation. The product in this example is originating from the Flambeau
Paper Company located in Park Falls, Wisconsin. The cost data are current
for spring of 1980. The three geographic locations were chosen to illustrate
costs to the western coal region (Gillette), the eastern coal and stone re-
gion (Louisville), and the southwestern copper region (Phoenix).

TABLE 23. LIGNIN SULFONATE COST DATA

Total Costb

a Gillette, Louisville, Phoenix,
Purchase Cost Wyoming Kentucky Arizona
Product ($/gal.) (§/gal.) (8/gal.) ($/gal.)
Calcium lignin
sulfonate 0.12 0.30 - 0.27 0.35

a Cost based on 20,000-gal. purchase.
b Includes purchase cost and rail transportation from northerm Wisconsin.

7.1.4 Performance

Advantages/Disadvantages

The following product advantages are associated with lignin sulfonate.

1. Because it is a waste product from a large industry, it is usu-
ally available.

2. It is noncorrosive.
3. Because the product is water-soluble, it will wash off vehicles.

4. The associated LDgy is 20,000 mg/kg. The product is relatively
nontoxic.

The following product disadvantages are associated with lignin sulfonate.

1. It can cause problems with ore processing, namely, the flotation
process.
2. Because it is water-soluble, it will wash away from the road sur-

face with large amounts of rainfall. This may be minimized by the addition
of clay-sized particles to the road surface. These particles are tightly
held by the product, thus the bonds are less likely to be broken by rainfall.
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3. Once roadways are treated properly, over a period of years the
roadway can become quite compacted, making reclamation of the roadway diffi-
cult.

Durability

When properly applied, lignin sulfonate has kept access roads rela-
tively dust free for periods from 6 months to 2 years.15'16 Pperjodically,
the road surface should either be watered to rejuvenate the lignin sul-
fonate or sprayed with a light application of solution to bind loose sur-
face material,

It is reported that lignin sulfonate can keep mimne haul roads rela-
tively dust free for periods of 3 to 4 weeks.15717 After this time period,
it is recommended that the original application strength solution be applied
to the road surface to bind loose surface materials. If the road surface
is in poer condition, it is recommended that the surface be scarified and
graded during application of the suppressant.

Control Efficiency

Very few test data are available pertaining to the control efficiency
of lignin sulfonate in reducing dust emissions. Limited control efficiency
testing of a haul road treated with lignin sulfonate after 1 day of appli-
cation was performed by MRI. Figure 3 presents the results.l® Because of
the lack of control efficiency data, approximations of control efficiencies
as determined by the project team have been utilized.

For this study, control efficiencies were assumed identical among the
various products assessed. This assumption was made because control effi-
ciency variations among products is not known. The project team believes
that these products would have essentially the same control efficiencies,
given the application densities associated with them.

It is estimated that over a period of 1 year on mine access roads lignin
sulfonate can achieve a control efficiency of 70%. This control efficiency
is related to an annual application density of 2.4 gal. of 12% solution per
square yard of roadway.

On mine haul roads over a period of ! year, lignin sulfonate can achieve
a control efficiency of 75%. This control efficiency is based on an appli-
cation density of 2 gal. of 15% solution per square yard of roadway applied
six times per year on an as needed basis.

7.1.5 Cost Effectiveness
The cost effectiveness of applying lignin sulfonate to mine roadways
is presented in the following section. The following cost-effectiveness

analysis is based on a hypothetical coal mine near Gillette, Wyoming, hav-
ing 2 miles of haul roads and 3 miles of access roads within the plant.
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The following data are utilized in the cost-effectiveness analysis:

Emission Factor

1. Figure 4 presents the emission factor equation which is used to
determine annual uncontrolled mine emissions from unpaved roadways.!®

where for haul roads: s = 10%
S = 15 mph
w = 8 wheels
W = 140 tons, truck weighs 80 tons

unloaded and 200 tons loaded

d = 265 dry days/year

where for access reoads: s = 10%
5 = 30 mph
w = 4 wheels
W =235 toms
d = 265 dry days/year

2. The fine particle (< 5 pym diameter) emission factor for the haul

vehicles is 15 1b/VMT {vehicle mile traveled). This is determined by mul-
tiplying the emission factor presented in Figure 4 by the fine particle
ratio of the emission factor, 40%.29°21 The fine particle emission factor
for vehicles traveling on atcess roads is 2.0 1b/VMT.

Source Extent

1. There are 2 miles of mine haul roads which are 75 ft wide (88,000
sq vards) and 3 miles of access roads which are 25 ft wide (44,000 sq yards).

2. Haul roads have an ADT (average daily traffic) of 360. Access
roads have an ADT of 480.

3. This amounts to 720 VMT/day for haul trucks or 262,800 VMT/year.
For access roads, this amounts to 1,440 VMI/day or 525,600 VMI/year.

Uncontrolled Emissions Data - Fine Particulate

Haul Roads: 15 1b/VMT x 262,800 VMT/year = 1,971 tons/year.
Access Roads: 2.0 1b/VMT x 525,600 VMT/year = 526 tons/year.

Control Efficiency - Lignin Sulfonate

Haul roads: 75% annual, apply product to road surface six times
a year.

Access roads: 70% annual, apply product to road surface once a’
year.
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on unpaved roads.
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Emissions Reductions

Haul roads: 1,971 tons/year x 75% = 1,478 tons/year reduced.
Access roads: 526 tons/year x 70% = 368 tons/year reduced.

Annual Operating Cost

Haul Roads

1. An equivalent of 1 man-year is estimated to be devoted to the
application and maintenance of the dust suppressant. This annual cost is
estimated to be $30,000 with 80% of the cost related to haul roads and 20%
related to access roads ($24,000 and $6,000).

This 1 man-year of effort consists of activities by the following mine
personnel: (a) a distributor truck driver to apply a total of six applica-
tions per year of dust suppressant as well as infrequent roadway watering
(once per week), (b) a grader operator to prepare and maintain the road sur-
face treatment, and (c) a supervisor to procure the dust suppressant and
see that it is stored and applied properly.

2, Application cost for haul roads:

2 gal. of 15% solution per square vard is recommended for
haul roads.!®

2 gal/sq yard x 88,000 sq yards of haul roads = 176,000 gal.
of 15% solution required per applicatiom.

A dilution ratio of three parts water to one part of 50% solu-
tion by weight is recommended for application.l®

1 gal. of 50% solution equates to 4 gal. of 15% solution.
176,000 gal. of 15% solution = 44,000 gal. 50% solution.
It is estimated that six applications are required per year
or 44,000 gal. x 6 = 264,000 gal./year of 50% solution re-

quired.

Product cost to Gillette, Wyoming is $0.30/gal. of 50% solu-
tion. '

264,000 gal. x $0.30/gal. = §79,200.
Manpower costs = $24,000/year.

3. Total annual operating cost = $103,200. (Note: This includes
only the cost of the preduct and the associated manpower costs.)
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Access Roads

1. From the previous annual manpower cost assessment for the haul
roadways, the annual manpower cost for application and maintenance of the
dust suppressant to access roads is $6,000/year.

2. Application cost for access roads.

2.4 gal. of 12% solution per square yard is recommended for
access roads.l®

2.4 gal./sq vard x 44,000 sq yards of access roads = 105,600
gal. of 12% solution is required per application.

A dilution ratio of four parts of water to onme part of 50%
solution by weight is recommended per application.l®

1 gal. of 50% solution equates to 5 gal. of 12% solution.
It is estimated that one application is required per vear.

Product cost to Gillette, Wyoming, is 5§0.30/gal. of 50%
solution.

105,600 gal. x $0.30/gal. = $31,680/year.

Manpower costs = $6,000/year.

3. Total annual operating cost = $37,680.

Annual Operating Cost Effectiveness

Haul Roads

$103,200 expended per year for haul road dust control.

1,478 tons of fine particulate emissions reduced per year
due to dust control (2,956,000 1b}.

$103,200 + 2,956,000 1b = $0.035/1b.

50.035 expended per pound of fine particulate emissions
reduced.

Access Roads

$37,680 expended for haul road dust control.

368 tons of fine particulate emissions reduced per year due
to dust control (736,000 1b).
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$37,680 + 736,000 1b = §0.051/1b.

$0.051 expended per pound of fine particulate emissions
reduced. : '

Total Mine Roadway Dust Control

$103,200 expended annually for haul roads.

§ 37,680 expended annually for access roads.
$140,880 total expenditures.

2,956,000 1b of haul road fine particulate reduced.
736,000 1b of access road fine particulate reduced.

3,692,000 total pounds reduced.

$140,880 + 3,692,000 = $0.038/1b.

The annual operating cost effectiveness of using lignin sulfonate to
reduce total mine roadway dust emissions is:

$0.038 expended per pound of fine particulate emissions
reduced.

7.2 Petroleum Resins

7.2.1 Introduction

The petroleum resin product most commonly used in the mining industry
for dust control is Coherex® manufactured by Witco Chemical Corporation.

The use of Coherex® for dust control dates to the early 1950's. It
was originally developed as a mitigation measure against wind erosion. By
the 1960's the product was used to reduce dust emissions from unpaved roads.

Coherex® is an emulsion of petroleum resins. The parent petroleum resins
are high boiling by-products of lubrication o0il manufacturing. These parent
materials include petroleum residuals, solvent extracts, and acid sludges.
The emulsified product is stable and nonvolatile and consists of approxi-
mately 60% semiliquid natural petroleum resins and 40% wetting solution.

7.2.2 Application Procedures

Tables 24 and 25 present information pertaining to mine roadway appli-
cation procedures for Coherex®, including initial and subsequent procedures.
Initial application procedures apply to previously untreated roadways, or
te roadways in need of major repair; subsequent application procedures apply
to normal road dust control maintenance procedures. The information con-
tained in the tables was obtained from Witco Chemical Corporation.
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TABLE 24. PETROLEUM RESIN APPLICATION PROCEDURES

Dilution ratio

Road surface (gal. H,0: gal. Density {gal. Finishing

Company/product preparation product) solution/sq yvard procedures
Witco Chemical Co. 1. Grade 4:18 2b 1. Compact

Coherex® surface to road surface

remove pot- '

holes, etc. 2. ¢

2, Scarify

to 1 in.

4 For haul roads, initial dilution ratio can range from 4:1 to 7:1. For access
roads, initial dilution can range from &4:1 to 10:1.
b 41 dilution, 2 gal/sq yard density.
7:1 dilution, 1/2 to 1 gal/sq yard density.
10:1 dilution, 1/2 gal/sq yard density.
t

Ideally the treated surface should be left to cure for 24 hr before it is ready
for vehicular traffic. This procedure mitigates the raveling of the treated
surface.

——

TABLE 25, PETROLEﬁM RESIN SUBSEQUENT APPLICATION PROCEDURES

Dilution ratio

Road surface (gal. HZO:gal. Density (gal. Finishing
preparation product) solution/sq vard) procedures
1. None if surface 10:1 0.25-0.5b a
is in good con-
ditiocn.

2. Grade and scari-
fy i1f surface
is worn. ' x

8 Tdeally the treated surface should be left to cure for 24 hr before it is
ready for vehicular traffic. This procedure mitigates the raveling of
the treated surface. Lo L

b pccess roads, 0.25 gal/sq yard; haul roads, 0.5 gal/sq yard.
: 89 -
I



'7.2.3 Associated Costs
Table 26 presents example cost data for Coherex®.

7.2.4 Performance

Advantages/Disadvantages

The following product advantages are associated with Coherex®.
1. The product is noncorrosive.

2. The material is not water~soluble; it will not be displaced by
rain; and it will not evaporate or percolate away.

3. It is relatively nontoxic; LDgg is 16 g/kg of body weight.
4. It will not adversely affect plant growth.
5. It is relatively nonflammable. Flashpoint is 400°F.

6. Product is distributed from several locations throughout the
country.

The following product ‘disadvantages are associated with Coherex®.

1. The treated road surface is not amenable to vehicular traffic
until approximately 24 hr after application.

2. The product will not tolerate boiling or freezing conditions.
3. Travel by tracked vehicles will destroy the treated surface.

4, The material is not water-soluble; it requires a solvent to re-
move it entirely from clothing, building walls, or vehicles.

5. The price may rise significantly with decontrol of American oil
prices.

Durability

When properly applied, Cobherex® reportedly has kept access roads rel-
atively dust free for periods of 6 months to 1 year, on an initial applica-
tion of 7:1 dilution of 1 gal/sq yard.22

For haul roads, Coherex® reportedly has kept roadways relatively dust
free for periods of 3 to 4 weeks during the dry periods of the year. This
is based on an initial application of 4:1 dilution of 2 gal./sq yard. Sub-
sequent monthly applications of 10:1 dilution of 0.5 gal./sq yard are recom-
mended. 2
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Control Efficiency

Very few test data pertaining to the control efficiency of Coherex® in
reducing dust emissions are available. MRI has performed limited control
efficiency testing of an unpaved road at an iron and steel plant. The road- .
way was tested 1 day after an initial application of Coherex® 10% strength
solution in water.?% Figure 4 presents the results of the testing.

Because of this lack of control efficiency data, approximations of con-
trol efficiencies, as determined by the project team, have been utilized.

It is estimated over a period of 1 year that on mine access roads
Coherex® can achieve a control efficiency of 70%. This control efficiency
is related to an annual application density of 1 gal./sq yard of 7:1 dilu-
tion Coherex® and water.

On mine haul roads over a period of 1 year, Coherex® is estimated to
have a control efficiency of 75%. This value is dependent on an initijal
annual application density of 2 gal/sq yard of 4:1 dilution and five sub-
sequent applications of 10:1 dilution at 0.5 gal/sq yard. These subseguent
applications are performed on an as needed basis,

7.2.5 Cost Effectiveness
The following cost effectiveness analysis for Coherex® is based on a
hypothetical coal mine near Gillette, Wyoming, having 2 miles of haul roads
and 3 miles of access roads within the plant.

The following data are used in the cost-effectiveness analysis:

Emission Factor

The same uncontrclled fine particulate emission factors that were used
in Section 7.1.5 are used in this analysis: (a) 15 1b/VMT for vehicles
traveling on haul roads and (b) 2 1b/VMT for vehicles traveling on access
roads. :

Scource Extent

The source extent data are also similar to the data used in Section 7.1.5.
The data include: (a} 262,800 VMI for haul roads and (b) 525,600 VMT for
access roads.

Uncontrolled Emissions Data - Fine Particulate

The annual emissions determined in Section 7.1.5 for the mine roads

are: (a) 1,971 tons/yvear for haul roads and (b) 526 tons/year for access
roads.
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Control Efficiency

Haul roads = 75% annual, apply product to road surface six times
a year.

Access roads = 70% annual, apply product to road surface once a
year.

Emissions Reductions

As per Sectiom 7.1.5:
Haul roads = 1,478 tons/year reduced.
Access roads = 368 tons/year reduced.

Annual Operating Cost

Haul Roads

1. An equivalent of 1 man-year is estimated to be needed for appli-
cation and maintenance of Coherex®. As per Section 7.1.5, $24,000 is ex-
pended for haul roads and $6,000 for access roads per year.

2. Application cost for haul roads:

. 2 gal. of 4:1 dilution per sq yard for initial annual
treatment. ’

2 gal./sq yard x 88,000 sq yards of haul road = 176,000 gal.
of 4:1 dilution required annually.

1 gal. of concentrate = 5 gal. of applied solution.

176,000 gal. of solution = 35,200 gal. of concentrate.

In addition, five subsequent applications throughout the year
are required at a dilution of 10:1 and an application density

of 0.5 gal./sq yard.

0.5 gal./sq yard x 88,00 sq yvards x 5 = 220,000 gal. of 10:1
dilution required per year.

1 gal. of concentrate = 11 gal. of solution to be applied
five times per year.

220,000 gal. of 10:1 dilution = 20,000 gal. of concentration.
35,200 gal. of concentrate (initial) + 20,000 gal. of con-

centrate {subsequent) = 55,200 gal. of concentrate required
annually for haul road dust control.
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55,200 gal. x $1.10/gal. = $60,720/year.
Manpower costs = $24,000/year. 7
3. Total annual operating cost = $84,7200.
Access Roads

1. As stated above, the annual manpower cost for the access road
program is 56,000/year.

2. Application cost for access roads:

An annual application of 7:1 dilution of 1 gal/sq yard is
recommended.

1 gal/sq vard x 44,000 sq yards of access roads = 44,000 gal.
of solution required annually.

5,500 gal. of concentrate required for access road program
annually.

5,500 gal. x $1.10 = $6,050/year.
Manpower costs = $6,000.
3. Total annual operating cost = $12,050.

Annual Operating Cost Effectiyeness

Haul Roads
$84,720 expended per year for dust control.

2,956,000 1b (1,478 tons) of fine particulate emissions re-
duced per year.

§84,720 + 2,956,000 1b = $0.029/1b.

50.029 expended per pound of fine particulate emissions re-
duced.

Access Roads
$12,050 expended per year for dust control.
736,000 1b of fine particulate‘(368 tons) reduced per year.
$§12,050 + 736,000 1b = $0.016/1b.
50.016 expended per pound of fime particulate emissions

reduced.
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Total Mine Roadway Dust Control

$84,720 expended annually for haul roads.
$12,050 expended annually for acceés roads.
§96,770 total annual expenditures.

2,956,000 1b of haul rcad dust reduced.
736,000 1b of access road dust reduced.
3,692,000 total 1b reduced.

$96,770 + 3,692,000 = $0.026.

The annual operating cost effectiveness of using Coherex® to reduce
total mine roadway dust emissions is:

$0.026 expended per pound of fine particulate emissions
reduced.

7.3 Salts
7.3.1 Introduction

The type of salt used most commonly in the mining industry for dust
control is calcium chloride. The use of calcium chloride for roadway main-
tenance and the reduction of dust from unpaved roadways has been prevalent
in this country since the 1920's. Calcium chloride was originally used to
treat rural secondary roadways.

Calcium chloride is produced from natural brine deposits found under-
ground. It is a deliquescent; that is, calcium chloride is able to absorb
and retain moisture from the atmosphere at relative humidities as low as
40%. Once the calcium chloride has absorbed all the moisture it can hold,
it dissolves and spreads as it changes phase into a liquid state. This
phase change is exothermic which explains its use as a deicer on roadways.

7.3.2 Application Procedures

Tables 27 and 28 present information pertaining to mine roadway appli-
cation procedures for calcium chloride. The tables include initial and sub-
sequent application procedures. As stated in earlier sections of this report,
initial application procedures apply to previously untreated roadways, or
to roadways in need of major repair. Subsequent application procedures apply
to normal road dust control maintenance procedures. The information con-
tained in the tables is for the products distributed by Dow Chemical USA.Z2%

7.3.3 Associated Costs

Table 29 presents example cost data for the various Dow Chemical products.
All tramsportation for the product is by rail.
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TABLE 28, CALCIUM CHLORIDE SUBSEQUENT APPLICATION PROCEDURES

Dilution

Road surface ratio (gal. Density (gal. Finishing
Product preparation H20:gal. product) solution/sq vard) procedures?
Liquidow® Scarify 3-5 in - 0.2-0.3b
if needed.
. _ 1. Blade to a
Dowflake® Scarify 3-5 im. - 0.8-1.3 1b/ modified
if needed. sq yard "A" crown.
2, Compact
Peladow®  Scarify 3-5 in. - 0.7-1.0 1b/
if needed sq yard

2 If required.

b 30z strength solution.

.n
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7.3.4 Performance

Advantages/Disadvantages

The following product advantages are associated with calcium chloride.

1. It is a deliquescent and as such absorbs moisture from the atmo-
sphere, keeping the road surface moist.

2. It acts as a deicer; thus, in freezing conditions it can thaw snow
and ice on the rocadways.

3. It does not require time to cure after application.

4. It can be applied in either a liquid or a dry state.
Disadvantages

1. The material is potentially corrosive.

2. The product is water-soluble; under heavy rainfall it may wash
away.

3. The material will‘affect plant growth.
o 4, If it comes in contact with eyes or skin, 30% solutien can be in-
jurious.

5. The liquid solution is potentially hard on pumps in distributpr

trucks.

Special precautions must be taken in applying the material.

Durability

Calcium chloride has been used for many years to treat rural secondary
roadways. Mine access roads, having somewhat similar travel characteris-
tics to the characteristics of rural secondary roads, can be expected to
evidence similar degrees of durability. When properly applied, calcium
chloride is reported to keep rural secondary roads dust free for a period
of 1 year.

Members of the project team visited the Western Energy Company mine in
Colstrip, Montana, and assessed a test segment of access roadway treated
with calcium chloride. The road was also being watered two or three times
daily because the daytime relative humidities in the summer in Colstrip
typically are < 30%, and at this low relative humidity, the deliquescent
effect of the calcium chloride is not activated. Road watering supplies
the moisture necessary for the material to become effective. With this
occasional road watering, there were no visible dust emissions from the
traffic after a treatment period of 3 months. This performance was
achieved by applying Peladow® dry to the scarified surface at a rate of
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2.5 1b/sq yard, which is equivalent to 0.6 gal/sq yard of 30% solution.Z2®
A water truck ran over the treated surface to activate the treatment.

The project team estimates that calcium chloride, when properly applied
on mine access roads, can keep these roads relatively dust free for a period
up to 1 year. This performance is based oo applying a 30% solution of calcium
chloride at an application density of 0.6 gal/sq vyard.

For haul roads, calcium chloride reportedly has kept roadways rela-
tively dust free for perieds of 4 to 6 weeks, based on an initial applica-
tion of 30% solution of calcium chloride at an application density of
1.0 gal/sq yard. Subsequent monthly applications of 0.3 gal/sq yard are
recommended on an as needed basis.27

Control Efficiency

Very few test data pertaining to the control efficiency of calcium chlo-~
ride in reducing dust emissions are available. MRI recently performed limited
control efficiency testing of the access road in Colstrip, Montana. However,
the results of this testing are not yet available. Because of this lack of
controcl efficiency data, approximations of control efficiencies determined
by the project team have been utilized.

It is estimated that over a period of 1 year on mine access roads, cal-
cium chloride can achieve a control efficiency of 70%. This control effi-
ciency is related to an annual application density of 0.6 gal/sq yard of
30% solution. In addition, road watering is required at least once a day
during periods of dry weather. "Dry" is defined as days having no rainfall
and an average relative humidity less than 40%.

On mine haul roads, over a period of 1 year calcium chloride is esti-
mated to have a control efficiency of 75%. This value is based on an ini-
tial application density of 1.0 gal/sq vard and five applications of
0.3 gal/sq vard of 30% solution during the year on an as needed basis. To
achieve the stated control efficiency, road watering should be performed in
the manner of the previously mentioned access roads.

7.3.5 Cost Effectiveness
The following cost-effectiveness analysis for calcium chloride is based
on a hypothetical coal mine near Gillette, Wyoming, having 2 miles of haul
roads and 3 miles of access roads within the plant.

The following data are used in the cost-effectiveness analysis:

Emission Factor

The uncontrolled fine particulate factors that were used in Section 7.1.5
are used in this analysis: (a) 15 1b/VMT for vehicles traveling on haul
roads and (b) 2 1b/VMT for vehicles traveling on access roads.
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Source Extent

The source extent data are also similar to the data used in Section 7.1.5.
The data include: (a) 262,800 VMT for haul roads and (b) 525,600 VMT for
access roads. '

Uncontrolled Emissions Data - Fine Particulate

The annual emissions determined in Section 7.1.5 for the mine roads
are: (a) 1,971 tons/year for haul roads and (b) 526 tons/year for access
roads. .

Control Efficiency

Haul roads = 75% annual; appiy product to road surface six times
a year. Infrequent road watering may be required.

Access roads = 70% annual; apply product to road surface once a
yvear. Road watering may be required.

Emissions Reductions

As per Section 7.1.5:
Haul roads = 1,478 tons/year reduced.
Access roads = 368 tons/year reduced.

Annual Operating Cost

Haul Roads

1. An equivalent of 1 man-year is estimated to be needed for the ap-
plication and maintenance of calcium chloride. As per Section 7.1.5, $24,000
is expended for haul roads. Because of the addition of water to the road
surface for proper effectiveness, an additional $1,000 is added to the $6,000
manpower figure for access roads that was presented in Section 7.1.5. To
perform this task, 72 man-hours of road watering is estimated to be required.

2. Application cost for haul roads:

1 gal. of 30% solution per square yard for initial annual
application treatment.

. 1 gal/sq yard x 88,000 sq yards of haul road = 88,000 gal.
of 30% solution required annually.

1 ton of Dowflakes® produces 475 gal. of 30% solution. Dow-
flakes® are mixed with water for this example analysis.

88,000 gal. of solution + 475 gal/ton of flakes = 185 tons
of flakes required for initial application.
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In addition, five applications are required during the year
at an application density of 0.3 gal/sq yard of 30% solution.

0.3 gal/sq yard x 88,000 sq yards of haul roads = 26,400 gal.
of 30% solution required for one subsequent application.

26,400 gal. of 30% solution x five applications + 475 gal/ton
of flakes = 278 tons of flakes required for subsequent applica-
tions.

185 tons of Dowflakes® (initial) + 278 tons of flakes (sub-
sequent) = 463 tons of Dowflakes® required annually for haul

road dust control.

463 tons X $302.00/ton = $139,826 of Dowflakes® required per
year.

Manpower costs = §24,000/year.
3. Total annual operating cost = $163,826
Access Roads

1. From the previous haul road discussion, annual manpower cost for
the access road program is $6,000/year.

2. Application cost for access roads:

0.6 gal/sq yard of 30% solution for annual application treat-
ment.

0.6 gal/sq yaid X 44,000 sq yards of access roads = 26,400
gal. of 30% solution required amnnually.

26,400 gal.. of 30% solution + 475 gal. of 30% solution per
ton of Dowflakes® = 56 tons of flakes required annually.

56 tons x $302.00/ton = $16,912 of Dowflakes®/year.
Manpower costs = §7,000/year.
3. Total annual operating cost = $23,912/year.

Annual Operating Cost Effectiveness'

Haul Roads
$163,826 expended per year for dust control.

2,956,000 1b (1,478 tons) of fine particulate emissions re-
duced per year.
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$163,826 + 2,956,000 1b = $0.034/1b.

$0.034 expended per pound of fine particulate emissions re-
duced.

Access Roads
$23,912 expended per year for dust control.
736,000 1b of fine particulate (368 tons) reduced per year.
$23,912 + 736,000 1Ib = $0.032/1b. |

$0.032 expended per pound of fine particulate emissions re-
duced.

Total Mine Roadway Dust Contrel

$163,826 expended annually for haul roads.
§ 23,912 expended annually for access roads.
$187,738 total annual expenditures.

2,956,000 1b of haul road dust reduced.
736,000 1b of access road dust reduced.
3,692,000 total pounds reduced.

187,738 + 3,692,000 = $0.051/1b.
The annual operating cost effectiveness of using calcium chloride to
reduce total mine roadway dust emissions is:

$30.051 expended per pound of fine particulate emissions re-
duced.

7.4 Water
7.4.1 Introduction

Roadway watering is the most commonly used method of reducing dust emis-
sions in the mining industry. Nearly all mines in the nation apply water
at some time during the year to their unpaved roads to reduce fugitive dust
emissions. Water usually must be removed from surface mines for efficient
material extraction. Many surface mines must pump out water which collects
from runoff and seepage into the mined areas. Many operations in the pro-
cessing plants discharge water as a waste by-product. The water pumped out
of the mines or discharged from processes usually has a high suspended solids
content. Because of this, settling ponds are constructed on mine sites so
the large particles may settle before the water is discharged from the plant
property. These settling ponds are usually the scurce of water for roadway
dust control.
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7.4.2 Application Procedures

The required amount and frequency of applying water to unpaved roads
is dependent on a number of factors primarily related to evaporation phe-
nomena. A few of these include cloud cover, ambient temperature, relative
bumidity, wind speed, days since last rainfall, density of roadway wearing
surface, particle size of wearing surface, frequency of roadway traffic,
and types of traveling vehicles. TFor example, hot, dry, windy days will
require a greater commitment toward roadway watering than cloudy, cool days.
Roadways with a densely compacted surface may require more water than a sur-
face of less compaction due to the reduction of the ability of water to
penetrate through a well-compacted surface. Also, road surfaces with a high
clay content will require less water since clays swell when wet, disturbing
both the wearing surface and creating a slippery road surface.

Table 30 presents an equivalency table relating inches of rainfall to
the identical amount of water which must be applied by a water truck ex-
pressed on a gallon-per-square-yard basis. From this table, one can deter-
mine the application density of water required to equal a rainfall amount
that is known to reduce dust emissions for a certain time period during the
year.

Table 31 presents the number of gallons of water (or any other dust
suppressant) required for a given application density per road mile for
various road widths. This table illustrates the amount of water required
per road mile to achieve the equivalent rainfall amounts presented in Table

30.

Most mines typically water roads at an application density of less than
0.03 and up to 0.5 gal/sq yard. Application densities below this range are
marginally effective, while application densities above the ramge result in
either water running off the surface or water pooling on the surface, which
in time will weaken the road structure.

A mine visited during this study had a road watering program objective
of applying 0.056 gal/sq yard or the eguivalent of 0.01 in. of rain hourly
to the road surface during the dry periods of the year.2® This application
effort provided a high control efficiency. The mine was using two 12,000-gal.
water trucks to cover approximately 4 miles of haul roads. Both trucks op-
erated during the day and evening shifts while one truck operated during
the midnight shift. It was estimated that overall the mine watering pro-
gram was 70% effective in reducing dust expressed on an annual basis.

7.4.3 Associated Costs

Since water is a relatively "free" product at mines, mo product cost
data are presented.
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TABLE 30. EQUIVALENCY OF RAINFALL TCO APPLICATION BY WATER TRUCK

Inches of rain Equivalent gallons/sq yard
0,005 - 0,028
0.01 - 0.056
0,02 0.112
0.03 0.168
0.04 0.224
0.05 0.281
0.06 0.337
0.07 0,393
0.08 0.449
0.09 0.504
0.1 0.561
0,2 0.112
0.3 0.168
Outh 2.24
05 2.81
0.6 3.37
0.7 3693
0.8 4449
0.9 504
1.0 5«61
1 in. of raim = 1l in. of rain x 7.48 gal/cu ft = 9 sq ft/sq yard - 5.61 gal/sq yard
. 12 in/ft
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7.4.4 Performance

Advantages/Disadvantages '

The following advantages are associated with roadway watering:
1. The water usually is a free commodity at the mines.
2. The water has no detrimental effect on humans or plants.

3. The water aids in the compaction of the road surface.

4. Roadways are easier to grade when wet.
5. Water .does not adversely affect the mined materials as they are
processed.

The following disadvantages are associated with roadway watering:

1. Roadway wearing surfaces may swell and become slick with the appli-
ration of water because they have a high percentage of clay materials.

2. This control measure is effective only over a short time period.

3. It is labor intensive, involving regular watering and grading per-
sonnel.

4. Vehicles will track mud onto paved surfaces, creating a subsequent

fugitive dust problem.

5. If watered in the winter, roads are potentially hazardous due to
ice formation.

Durability

Road watering is a short-lived control measure. At best, a single ap-
plication can be effective for a day if it is accompanied by a cool, cloudy
day and high relative humidity. At worst, it can be effective for only a
half-hour on & hot, dry day with low relative humidity.

Typically, roads need to be watered hourly during the day in summer
and during part of the spring and fall. During the winter, depending on

ambient conditions, heavily traveled roads may need to be watered only once
a day.

Control Efficiency

Very few test data pertaining to the control efficiency of road water-
ing in reducing dust emissions are available. One source reports a control
efficiency of 50% for unpaved road watering based on watering construction
site roadways twice a day but the determination of the value is vague.3°
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Because of the lack of control efficiency data, approximations of con-
trol efficiencies, determined by the project team, have been utilized.

It is estimated over a period of 1 year on mine access roads that water-
ing can achieve a control efficiency of 70%. This control efficiency is
related to an annual application density of 0.05 gal/sq yard. Water is
applied every 2 hr during the summer, every 3 hr during the spring and fall,
and once every 2 days in the winter. This application rate is specified
for the hypothetical ccal mine near Gillette, Wyoming.

On mine haul roads, over a period of 1 year watering is estimated to
have a control efficiency of 75%. ' This value is dependent on an initial
annual application demnsity of 0.05 gal/sq yard. Water is applied to the
haul roads once an hour during the summer, once every 2 hr during the spring
and fall, and once a day during the winter.

7.4.5 Cost Effectiveness
The following cost-effectiveness analysis for watering is based on a
hypothetical coal mine near Gillette, Wyoming, having 2 miles of haul roads
and 3 miles of access roads within the plant.

The following data are used in the cost-effectiveness analysis.

Emission Factor

The same uncontrolled fine particulate factors that were used in Sec-
tion 7.1.5 are used in this analysis: (a) 15 1b/VMT for vehicles traveling
on haul roads and (b) 2 1b/VMT for vehicles traveling on access roads.

Source Extent

The source extent data are also similar to the data used in Section 7.1.5.
The data include: (a) 262,800 VMT for haul roads and (b) 525,600 VMT for
access roads.

Uncontrolled Emissions Data - Fine Particulate

The annual emissions determined in Section 7.1.5 are: (a) 1,971 tons/
year for haul roads and (b) 526 tons/year for access roads.

Control Efficiency

. Haul roads = 75% annual; see '"Control Efficiency” section above.

Access roads = 70% annual; see "Control Efficiency" section above.
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Emissions Reductions

As per Section 7.1.5:
Haul roads = 1,478 tons/year reduced.
Access roads = 368 tons/year reduced.

Annual Operating Cost

From the previous discussions, it is evident that the haul road water-
ing program requires more effort than does the access road program. The
split of this effort is estimated to be B80% haul and 20% access. On an
annual basis, for the day and evening shifts, one water truck driver and
one accompanying grader operator are needed for the overall dust comntrel
program. For the midnight shift, an equivalent of one operator is required.
This equates to five annual full-time employees required for the watering
dust control program. At $30,000 a year cost per employee, the total is
$150,000. Of this amount, approximately $120,000 is attributed to the haul
roads and $30,000 is attributed to the access roads.

Annual Operating Cost Effectiveness

Haul Roads
$120,000 expended per year for dust control.

2,956,000 1b (1,478 tons) of fine particulate emissions reduced
per year. :

$120,000 + 2,956,000 1b = $0.041/1b.

$0.041 expended per pound of fine particulate emissions reduced.
Access Roads

$30,000 expended per year for dust control.

736,000 1b of fine particulate (368 tons) reduced per year.

§30,000 = 736,000 1b = $0.041/1b.

$0.041 expended per pound of fine particulate emissions reduced.

Total Mine Roadway Dust Control

$120,000 expended annually for haul roads.

$30,000 expended annually for access roads.
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2,956,000 1b of haul road dust reduced.
736,000 1b of access road dust reduced.
3,692,000 total pounds reduced.

$150,000 + 3,692,000 = $0.041/1b.

The annual operating cost effectiveness of using water to reduce total
mine roadway dust emissions is:

$0.041 expended per pound of fine particulate emissions reduced.

7.5 Wetting Agents

7.5.1 Introduction

Wetting agents or surfactants can be used to extend the effect of road-
way watering. By itself, water is poor as a dust suppressant due to its
high surface tension. However, through the additions of wetting agents,
the surface tension of water is reduced, thereby promoting the following
advantages.®?!

1. Allowing particles to penetrate the water droplet and, thus, ex-
posing a large water surface.

2. Agglomerating particles in the droplet.

3. Increasing the number of droplets per unit volume, the surface
area, and the contact potential through increased efficiency of atomization.

4. Causing the liquid to wet faster and deeper and to spread farther,
the main advantage of using wetting agents with water for rcadway dust control.

None of the mines contacted in this study were currently using wetting
agents. A few mines had used these products briefly in the past, however,
and reported satisfaction with the products. The main reason given for
dropping them was that the -wetting agents .did not reduce the cost of the
roadway watering effort emough to be a viable control measure.32

The following analysis of wetting agents is brief and only approximate,
due to the limited information available on the subject.

7.5.2 Application Procedures

Table 32 presents the application procedures for two wetting agents.
The product SC-100, distributed by Compaction Engineering, is currently being
used in California to reduce dust from logging roads and construction site
roadways .33 Sanafax 299, manufactured bz Oxford Chemical Company, was used
briefly to treat stone quarry roadways.3
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7.5.3 Associated Costs

Table 33 presents example cost data for the two wetting agents.

TABLE 33. WETTING AGENT COST DATA

Purchase cost

Company product ($/gal.)

Compaction Engi- a
neering SC-100 5.40

Oxford Chemical a
Sanafax 299 8.10

a Product is shipped in 55-gal. drum.
No shipping costs were provided by
the vendors.

.7.5.4 Performance

Advantages/Disadvantaggg

The advantages associated with wetting agents are listed in the Intro-
duction of this section. The primary advantage is their ability to penetrate
and wet the road surface to a greater extent than water. Instead of wetting
only the road surface, the treated water also wets a few inches of the sub-
surface. Evaporation can quickly remove the surface moisture; however, with
the treated subsurface, capillary action between the moist subsurface and
dry surface layer replaces the lost surface moisture. Thus, the penetrat-
ing characteristic of the wetting agent aids in producing a water reservoir
effect, keeping the road surface moist. ‘

It is also reported that once a road has been treated with wetting
agents, the residual agent effect on the road surface can incorporate the
moisture from morning dew into the road surface.3®

Product disadvantages are similar to those for water.

Durability

Very little information could be obtained on assessing the relative
durability of wetting agents. One individual mentioned that the addition
of wetting agents can extend the usefulness of road watering by 33%,32 while
another individual stated a value of 50%.32 However, no test data were pro-
vided to substantiate these claims.

92



Control Efficiency

No test data have been reported on assessing the relative control ef-
ficiency of wetting agents. For this study, no attempt has been made to
judge the control efficiency directly. However, because of the ability of
the material to replenish reduced surface moisture by capillary action from
the subsurface, it is assumed that fewer watering trips are needed to achieve
the control efficiencies presented in Section 7.4.4 for roadway watering.
This reduced manpower effort is reflected in the following cost-effectiveness
analysis.

7.5.5 Cost Effectiveness

The following cost-effectiveness analysis for wetting agents is based

on a hypothetical coal mine near Gillette, Wyoming, having 2 miles of haul
roads and 3 miles of access roads within the plant.

The following data are used in the cost-effectiveness analysis:

Emission Factor

The same uncontrolled fine particulate emission factors used in Sec-
tion 7.1.5 are used in this analysis: (a) 15 1b/VMT for vehicles traveling
on haul roads and (b) 2 1b/VMF for vehicles traveling on access roads.

Source Extent

The source extent data are also similar to the data used in Section 7.1.5.
The data include: (a) 262,800 VMT for haul roads and (b) 525,600 VMT for
access roads,

Uncontrolled Emissions Data - Fine Particulate

The annual emissions determined in Section 7.1.5 for the mine roads
are (a) 1,971 tons/year for haul roads, and (b) 526 tons/year for access
roads. :

Control Efficiency

Haul roads = 75% annual.
Access roads = 70% annual.

Emissions Reductions

As per Section 7.1.5:
Haul rocads = 1,478 tons/year reduced.

Access roads = 368 tons/year reduced.
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Annual Operating Cost

Manpower Costs

The same basic rationale used for determining road watering annual op-
erating costs is used to assess wetting agents. However, because of the
effect wetting agents have on extending the ability of water to keep the
road surface moist, it is assumed for the purpose of this analysis that no
midnight shift road watering is required with the use of wetting agents.

This reduces the number of annual full-time employees required for the
watering program from five to four. As a result, an overall amnual reduc-
tion of $30,000 is achieved relative to the road watering program. Thus,
$120,000 is spent annually for the entire program, of which $96,000 is at-
tributed to haul roads and $24,000 to access roads.

Product Costs

Annually, 710 and 203 gal. of wetting agent SC-100 are needed to con-
trol haul roadway and access roadway dust emissions, respectively. The
annual cost at §5.40/gal., exclusive of tramsportation costs, is §3,834 for
haul roads and $1,096 for access roads.

Total Annual Operating Cost

Haul roads = $98,834.
Access roads = §$25,096.

Annual Operating Cost Effectiveness

Haul Roads
$98,834 expended per year for dust control.

2,956,000 1b (1,478 tons) of fine particulate emissions reduced
per year.

$98,834 + 2,956,000 1b = 50.033.

$0.033 expended per pound of fine particulate emissions reduced.
Access Roads

$§25,096 expended per vear for dust control.

736,000 1b of fine particulate (368 tons) reduced per year.

$25,096 + 736,000 1b = $0.034 1b. _

$0.034 expended per pound of fine particulate emissions reduced.
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Total Mine Roadway Dust Control

$98,834 expended annually for haul roads.

$25,096 expended annually for access roads.

$123,930 total annual expenditures.

2,956,000 1b of haul road dust reduced.
736,000 1b of access road dust reduced.

3,692,000 total pounds reduced.

$123,930 + 3,692,000 = $0.034 1b.

The annual operating cost effectiveness of using a wetting agent to
reduce total mine roadway dust emissions is:

$0.034 expended per pound of fine particulate emissions reduced.
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8.0 COMPARATIVE EVALUATION OF DUST SUPPRESSANTS

This chapter outlines recommended roadway dust control strategies as a
function of road structure classification. In addition, a summary of the
cost-effectiveness of the most commonly used roadway dust suppressants is
presented. :

8.1 Dust Control Strategies for Various Road Classifications

Table 34 presents a brief description of the recommended types of road
dust control techniques which should be used as related to specific properties
of the reoad structure. These properties include: (a) combined subgrade
CBR, (b) wearing surface silt and clay content, and (c) wearing surface Los
Angeles Abrasion Loss. Because of the lack of quantifiable background data,
these recommended strategies should be considered as general guidelines.

The following points form the basis for the recommendations in Table 34.

1. Longevity and effectiveness of control technology is enhanced by
(a) a strong combined subgrade and base (CBR > 80), (b} a medium wearing
surface silt and clay content (4 to 8%), and (c) a low abrasion loss (Los
Angeles Abrasion ratio < 15%).

2. Dust suppressants used to form long-lasting adhesive bonds in the
surface material display minimal effectiveness after a short time when applied
to roads with a weak combined subgrade and base strength.

3. Wearing surfaces with a low silt and clay content provide a mini-
mal surface area for adhesive bonds to perform properly and are expected to
provide limited effectiveness.

4, Wearing surfaces with a high silt and clay content are expected
to flex to such an extent that adhesive bonds formed by chemical dust sup-
pressants will be quickly broken.

5. VWearing surfaces with a high silt and clay content can become
slippery if overwetted.

6. Wearing surfaces with a high abrasion loss, and consequently, a
low resistance to grinding will fracture and will produce high silt and clay
contents. Treating such a road with a chemical dust suppresssant to reduce
dust will be circumvented in a short time by the production of & new un-
treated dust layer.

As a general rule, the weaker the road structure the less effective
the longer term binding properties of materials such as lignin sulfonate or
petroleum resins will prove. This is due to the weak road structure caus-
ing destruction of the stabilized roadway surface. The only materials use-
ful in these weak structures are water or salts. A greater degree of appli-
cation intensity and road maintenance is associated with weak road structures.



TABLE 34. RECOHMENDEb ROADWAY DUST CONTROL TECHNIQUES AS A FUNCTION
OF VARIOUS ROADWAY PROPERTIES

Road property

Recommended control techniques

1. Combined subgrade and base
CBR
Weak (< 60%)

Average (60-80%)

Strong {> 80%)

2. Wearing surface silt and
clay content
Low (0-4%)

Medium (4-8%)

. High (> 8%)

3. Wearing surface Los Angeles
Abrasion Loss
Low (< 15%)
Medium (15-30%)

High (> 30%)

Avoid chemical treatments such

as lignin sulfonates or petroleum
resins. Use water, wetting
agents, and salts.

Use most cost—effective con-
trols for the given area where
the mine is located.

Avoid chemical treatments such
as lignin sulfonates or petroleum
resins. Use water only.

Use most cost effective controls
for the given area where the
mine is located.

Avoid chemical treatments such
as lignin sulfonates or
petroleum resins. Use water,
wetting agents, and salts. Do
not overapply water or wetting
agents.

Use most cost effective controls
for the given area where the
mine is located.

Avoid chemical treatments such
as lignin sulfonates or
petroleum resins. Use water,
wetting agents, and salts.



In summary, it should be emphasized that a successful road dust con-
trol program is directly related to the performance properties of the
roadway structure.

8.2‘ Road Dust Suppressant Cost Effectiveness

The relative annual operating cost effectiveness was the measure used
in this study to quantify the differences between the roadway dust suppres-
sants used most commonly in the surface mining industry. 'Table 35 presents
the information as developed in Section 7.0.

TABLE 35. DUST SUPPRESSANT COST EFFECTIVENESS

Annual c>peratinga Annual
cost effectiveness operating cost
Haterial ($/1b) (§/kg) (s
Calcium chloride 0.051 0.0231 188,000
Lignin sulfonate 0.038 0.0172 141,000
Petroleum resins 0.026 0.0118 97,000
Water 0.041 0.0186 150,000

Wetting agents 0.034 0.0154 124,000

a Dollars expended per unit weight reduction in fine
particulate (< 5 pm in diameter) emissions.

b The annual operating cost (manpower and product costs)
necessary to control dust from 3 miles of access roads
and 2 miles of haul rcads.

Because the information presented in the table is based on approximate
data, the results must be reviewed in that light. However, the information
presented does show a spread of about a factor of 2 in cost effectiveness
between the various materials. Although in this analysis the petroleum
resin product is the most cost-effective dust suppressant, future decontrol
of American oil prices would most likely influence the cost of this petro-
leum by-product dust suppressant. Besides product cost changes, other fac-
tors such as shipping costs, specific road conditions, traffic conditions,
climate, and different application procedures could affect the cost effec-

tiveness of all these materials both in an absolute sense and relative to
each other.

This analysis does show that roadway watering is one of the least cost-
effective control measures due to its ineffectiveness over a reasonable
length of time and its labor intensity.
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9.0 CONCLUSIONS

The following conclusions have been derived from this investigation.

1. Roadway dust emissions constitute the largest source of particu-
late at surface mines. Emission inventories of mining operations show that
mine roadway dust emissions range from about 50 to 90% of the particulate
emissions.

2. Governmental regulations regquiring the control of fugitive dust
at surface mines are not well developed. The most specific regulations are
those from the Office of Surface Mining, requiring that fugitive dust con-
trol plans be submitted.

3. Although over 30 products have been used for road dust control,
sparse quantitative data are available for the assessment of rcadway dust
control techniques.

4, Criteria for selecting a proper roadway dust suppressant are
strongly related to the performance properties of the road structure. A
well constructed road is necessary to realize optimum control from a dust
suppressant. Poorly constructed roads do not favor use of even the most
effective dust suppressants.

3. Road watering was shown to be one of the least cost-effective con-
trol measures. -

6. A successful road dust control program is related to:
a. The performance properties of the road structure.
b. The knowledge the mine operator has pertaining to dust sup-

pressant performance characteristics.

c. The manner in which the dust suppressant is applied to the
roadway and maintained.

d. The type and frequency of vehicular traffic over the road
surface.
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10.0 RECOMMENDATIONS

The generation of dust from vehicles traveling on unpaved mine road-
ways is the largest source of particulate emissions at surface mines. Al-
though a number of control techniques are used to mitigate this dust,
little quantitative information is available to assess the merits of the
various control techniques. This chapter presents recommendations to al-
leviate the problem of inadequate assessment data.

10.1 Additional Research

The cost-effectiveness analyses presented in Section 7.0 can be strength-
ened only by obtaining valid quantitative field performance data on the dust
suppressants used in the mining industry. The acquiring of this information
could be performed by: (a) close monitoring over a period of time a number
of mine dust control programs throughout the industry, and (b) field testing
to quantify the decay rate of the control efficiency of the various control
measures.

10.1.1 Field Monitoring of Dust Control Techniques

During this study, it was evident from the site visits and telephone
conversations with mining personnel that a wide range of information con-
cerning dust contrel programs exists within the industry. Information con-
cerning these programs, however, has not been properly documented within
the industry, which leads to problems in assessing control programs.

One measure proposed to alleviate this problem is to request periedic
information from a number of mines concerning their roadway dust control
programs. This request would be in the form of a monthly questionnaire
mailed to at least four mines with similar products {coal, crushed stone,
taconite, copper). Information requested on the monthly questionnaire
would be related to the amount of dust suppressant placed on their roadways
during the previous month, the costs associated with the program during that
month, and observed product performance characteristics.

Before beginning the monthly questionnaires, the initial survey of the
roadway control program at each mine would be performed. This survey would
seek information concerning: (a) the extent of roadways within the mine,
{b) the type and frequency of vehicles traveling on the roadways, (c) physi-
cal properties related to the construction of the mine roadways, and
(d) equipment and application procedures associated with the control method
utilized at the mine.

The collection of this type of information over a period of at least
one year is necessary to strengthen future cost-effectiveness evaluations.
By requesting information from a number of different types of mines, a more
thorough data base across industry lines will be realized.
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10.1.2 Control Efficiency Testing

The parameter which currently has the least confidence associated with
it in the cost-effectiveness analysis is the actuwal control efficiency of
the dust suppressants. Little work has been performed in the past to quan-
tify this parameter.

While data relating to labor, equipment, and product costs can be docu-
mented by mine perscnnel, the determination of control efficiency through
quantitative means requires an effort which most mines would not be willing
to perform. The effort would require periodic dust measurements downwind
of a treated roadway to measure the decay in dust suppressant control effi-
ciency versus time and application procedure.

Through the exposure profiling source quantification technique, emission
factors can be determined at different levels throughout the control effi-
ciency decay period. These emission factors can be made specific te a number
of particle sizes. In addition, the properties contrelling dust emissions
from the roadway wearing surface can be measured in the field. These proper-
ties include: (a) combined subgrade and base CBR, (b) silt content of wearing
surface, and (c¢) Los Angeles Abrasion Loss of the wearing surface.

This control efficiency information is necessary to adequately quan-
tify the effectiveness of dust suppressants. In additiocn to improving con-
fidence in future cost-effectiveness analyses, this information is neces-
sary to quantify the contribution of haul roads to the annual emissions
emanating from surface mines. This information is useful for emission in-
ventories, air quality modeling, PSD review, and for air quality permits.
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APPENDIX A

GOVERNMENTAL CONTROL AGENCY CONTACTS

This appendix summarizes the contacts made concerning governmental
regulations pertaining to fugitive dust. Table A-1 lists the agency
contacted, the person in that agency who was contacted, their telephone

number, and the course of action taken.
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APPENDIX B

SUMMARY OF STATE FUGITIVE DUST REGULATIONS
AND HAUL ROAD REGULATIONS AS OF AUGUST 1979




Alabama

General regulations: Owner or operator shall take reasonable precau-

tions to prevent dust from becoming airborme. Visible fugitive
emissions are not permitted beyond property line. Abatement by
A, B, C of federal mocdel.

Haul road regulations: None

Arizona

General regulations: Owner or operator shall take reasonable precautions

to prevent dust from becoming airborne. Abatement by A, C, D, E,
G, of federal model plus wetting or covering of loads in trans-
port.

Haul road regulations: None

California

General regulations: Fugitive regulations are at the discretion of each

air quality control regibn (AQCR). Study projects are currently
being evaluated to determine applicable fugitive dust regulation
in each AQCR.

Haul road regulations: None

Colorado

General regulations: For open mining a permit must be submitted which re-

quires description of sources, fugitive dust control plans, time
schedule for implementation thereof, and description of monitoring

methods.



Haul

Dust contrel plan: For mines, requires wetting, landscaping, and

replanting with native vegetation, covering, shielding or enclosing
the area, paving, chemical stabilization of mud-carryout onto im-
proved streets, disturbing less topsoil and reclaiming as soon as
possible, sequential blasting, and haulage equipment to be washed,
wetted down, or covered to minimize dust. -

Other sources: Twenty percent opacity may not be exceeded when

observed sights along a line not crossing the property line. Un~
paved roads with ADT greater than 165, must apply above control
measures. Earth and construction material moving, same as above.
Demeolition, wrecking, and explosives—-permit and dust control plan
as above.

road regulations: Fugitive dust control plan above which includes

paving, chemical stabilization, detouring or speed control. Also,
haulage equipment must be covered or washed. These regulations are
similar to those of OSM (see next section).

Florida

General regulations: Owner or operator of resource must meet PSD require-

ments {see federal regulatiomns) and visible emissions of fugitive
dust are not permitted past property line for existing or new

sources.

Haul road regulations: None
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Georgia

General regulations: Owner or operator shall prevent dust from becoming
airborne. Abatement by A, B, C, D, and G of federal model.

Haul road regulations: Nomne

Indiana

General regulations: An allowable particulate standard and respirable

particulate standard may not be exﬁeeded and visible restrictions

are placed on fugitive emissions. Mobile sources may not cause fugi-
tive dust. Exceptions are: adverse meteorological conditions;
publicly maintained unpaved roads; demolition and construction if
reasonable precautions unﬁertaken; agricultural activities; plumes
from stacks or chimneys; and uncombined water.

Haul road regulations: None

Kansas

General regulations: Dust may not exceed 20% opacity, and ground-

level particulate concentrations at the property line may not ex-
ceed 2.0 mg/cu m above background for any time period aggregating
more than 10 min during any hour.

Haul road regulations: None

Kentucky

General repgulations: Owner or operator shall take reasonable precautions

to prevent dust from becoming airborme. Abatement by all of federal
model plus: (1) open bodies trucks must be covered when in motion;

(2) agricultural activities shall not create a nuisance to others in




the area; (3) numbers (1) and (2) do not apply to temporary blast-
ing or construction; and (4) no one shall allow mud-carrycut onto
a paved street.

Haul road regulations: WNone

Maryland

General regulations: COwner or operator shall take reasonable precautions

to prevent dust from becoming airborne. Abatement by federal model,
with agricultural practices exempt.

Haul recad regulations: None

Minnesocta

General regulations: Owner or operater shall prevent avecidable amounts
of particulate from becoming airborne. Abatement by paving or
frequent cleaning of roads, dri&eways, or parking lots; and planting
and maintenance of vegetative groundcover.

In the Minneapelis-~St. Paul, Duluth, and International Falls areas,

the following must be done (nonattainment areas):

1. Materials transport - watering, application of dust suppres-
sant, or covering the load.

2. Building opening - may not exceed 5% opacity.

3. Storage piles - if greater than 100,000 tons/year of mate-
rial, then must enclose and spray with water or dust sup-
pressants; and utilize telescopic chutes to minimize fall

of materials or use spray systems.
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4. Access areas, roads, or parking facilities - all areas and
roads paved or treated with dust suppressants. All paved
roads cleaned to minimize dust.

5. Materials handling - use of water or dust suppressants; mini-

mize disturbance of the pile.

6. Materials transfer - visible emissions may not exceed 10%
opacity.

7. Any other operation - may not exceed 107 opacity.

8. Sand blasting - reasonable measures such as water injec-

tion, enclosing, or vacuuming.

9. Construction and demolition - reasonable measures such as
watering or treating with dust suppressants.

10. Exemption - Numbers (6) and (7) above do not apply when
average l-hr wind speed.exceeds 25 mph.

Haul road regulations: Control fugitive dust by paving or treating with

dust suppressants as required by (4) above.
Missouri

General regulations: The following standards may not be exceeded:

fugitive dust may not be visible at property line and particulate
matter not permitted larger thanm 40 um in diameter. Abatement
by: frequent cleaning of recads; application of dust-free sur-
faces; application of water and planting and maintenance of

vegetative groundcover.
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Haul road regulations: None

Montana

General regulations: No "controllable" particulate matter may be

emitted. Abatement by specific measure ordered by the Director.
New Mexico

General regulations: None

Haul road regulations: Haulage roads are to be sprayed or treated where
reasonably necessary to prevent particulate matter from becoming
airborne.

North Carolina

General regulations: None

Haul road regulatioms: All sand, gravel, and crushed stone plants and

light-weight aggregate process access roads must be maintained by
paving, oil treatment, or other suitable measures; crushers must
employ water spray. No ;mbient air quality standards may be ex-
ceeded at the property 1ine.

North Dakota

General regulations: Reasconable precautions must be taken by the owner

or operator to prevent dust from becoming airborne and particulate
matter may not exceed 240 ug/cu m 8 hr average above background at
property line; or may not exceed ambient air quality standards at
property line; or éxceed PSD increments; or exceed visible restric-

tions; agricultural practices exempt.



Abatement by specifié source category:

1. Unpaved roads and parking areas - freﬁuent wetting, addition
of dust palliatives, detouring, paving, closure, speed con-
trol, or surface treatment with penetration chemicals is
required.

2. Demolition, wrecking, earth and construction, mining and excava-
tion: (a) wetting down, (b) lands;aping, (c) covering,
shielding or enclosing, (d) paving, (e) treating, use of
dust palliatives or chemical stabilizers, (f) detouring, (g)
speed restrictions, (h) prevention of mud or dust carryout onto
paved roads, (i) m;nimize topsoil disturbance and reclaim
as soon as possible, {(j) sequential blas;ing employed, (k)

A revegetation, surface comﬁaction and sealing, (1) haulage

equipment washed or wetted down, treated or covered when

necessary to minimize amount of airborne dust, (m) stockpiled
materials treated or contained in enclosures, (n) waste dis-
posal sites operated and constructed to prevent airborne par-
ticulates, (o) conveyor and tramsfer peints, crushers, and
screeéns and dryers treated to prevent airborne particulates,
and {p) .ppropriaté~neasures uéed.duriﬁg nonwork days.

Haul road regulatioms: As in (d), (e), (f), and (g) above in mining

regulations, owner may either pave, treat with chemicals, detour,

or restrict speed of the haul trucks.
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Pennsylvania

General regulations: Ounmer or operator shall prevent dust ffom becoming
airborne. Abatement by use of water or chemicals for control of
dust in demolition, construction, grading of roads or clearing of
land; application of asphalt, o0il, or water; paving and maintenance
of roadways; and prompt removal of earth from paved streets; agri-
cultural activities are exempt.

Haul road regulations: None

West Virginia

General regulations: None

Haul road regulatioms: For coal and coal handling operations, owners
or operators must have fugitive dust control system and demonstrate
dust control of the premiges and roads h§ paving or other suit-
able measures. Good operating practices shall be observed in rela-
tion to stockpiling, car loading, breaching, screening, and general

maintenance to minimize dust generation.

Wyoming

General regulations: Owner or operator shall prevent particulates from
becoming airborne. Abatement by federal model.

Haul road regulations: Surface coal mines are required to show and

calculate all emissions; demonstrate air quality impact by model-
ing; and show all control equipment. Haul roads are traditionally

controlled to prevent modeling from showing any violations.
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APPENDIX D

PROGRAM SCOPE OF WORK AND TINFORMATION NEEDS

This appendix presents the content of the pregram scope of work and
information needs requested from trade associations, mining companies, and

researchers as detailed in Sections 4.2 to 4.4.
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Program Title

Program Sponsor

U,S. B,M, Project Officer
Contractor
MRI Project Leader

Project Objective

Phase I

Task 1

Task 2

Task 3

'PROGRAM SCOPE OF WORK

"Dust Control For Haul Roads"

U.S. Bureau of Mines
Twin Cities Mining Research Center

H. William zeller (612) 725-4600
Midwest Research Institute (MRI)
Russel Bohn (816) 753-7600

Establish technical guidelines for
the mining industry on methods for
selecting and implementing cost
effective dust controls for haul
roads, The program is divided into
two phases,

Conduct State of the Art Survey

Conduct Information Search

Purpose: Gather all known informa-

tion pertaining to dust

control measures for un-~

paved roads.
A subtask consists of identifying
past, current and planned research
programs conducted by the mining
industry and government dealing
with fugitive dust sources other
than haul roads within the surface
mining industry.

Characterize Mine Roadways

Purpose: Identify road categories
for which specific dust
control techniques can be
recommended,

Assess Governmental Regulations
Purpose: Summarize current
and pending governmental
regulations pertaining to
fugitive dust control in

the surface mining industry.
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Task & ‘ Determine Contrel Effectiveness Criteria
Purpose: Evaluate the cost effectiveness
of road dust control techniques.

Task 5 Prepare Phase 1 Report
Purpose: Prepare written summary of
the state-of-the-art of unpaved
roadway controls.

Phase II Prepare Manual and Final Report

Task 1 Prepare Industry Guidance Manual
Purpose: Prepare a manual which will
provide guidelines to the
mining industry on how to
select and use cost effective
dust controls on unpaved roads.

Task 2 ' Prepare Final Report
_ Purpose: Summarize all work performed
: under the contract.

As part of this study, MRI will contact various mining organizations to
gather information on fugitive dust controls., The following information
needs are requested from mining persomnel: (a) experience with dust
control measures for haul roads; (b) costs associated with control
techniques; (c) problems associated with control techniques; and

{d) experience with dust control measures for fugitive dust sources
other than haul roads. '
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MRI Information Needs

1. Information pertaining to road dust controcl measures:

a. Control measures currently used on various road types (haul
road versus access roads, etc.).

b, Control measures used in the past and planned programs for
the future.

c. Current application methods (galleons applied per square yd,
speed of vehicle, dilution ratio of dust suppressant, etc.

d. Frequency of application (expressed on a seasonal basis).
e. Problems encountered with the above control techniques.

f. Equipment utilized (type, capacity of water trucks, flow
rate, etc.).

g. Manpower requirements (number of people full time, part
time, on a seasonal basis).

h. Cost data (initial capital equipment cost, annual operating
cost, annual manpower cost, annual fuel/vehicle mainte-
nance costs, cost of dust suppressant--product cost and
shipping cost}).

i. Benefits from control measures other than air quality
(safety, equipment maintenance, etc.).

2. Information pertaining to unpaved roadway construction:

a. Methods used to construct haul and service roads (type of
materials used, depth of sub-base and surface aggregate,
incorporation of dust suppressant with sub-base/surface
aggregate, compaction/grading techniques, physical prop-
erties of aggregates==-gize=~California bearing ratio, etc.

b. Methods used to maintain roads (procedures and frequency).

c. Problems associated with roadway construction and mainte-
nance,
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MRI Information Needs (concluded)

3. Information pertaining to vehicles traveling on haul roads:
a. Vehicle type.
b. Vehicle weights.
c.  Vehicle speeds.

~

d. Frequency of vehicular travel on haul, access and service
roads.

4. Information pertaining to environmental regulations:

a. What regulations require the control of road dust (state
and federal).

b. How effective are these agencies in enforcing the regula-
tions. '

5. Information pertaining to past, current and planned research programs
conducted by your company dealing with fugitive dust mitigation from
sources other than haul roads. Dust mitigation from:

a. Overburden soil/rock piles,

b. Exposed area wind erosiocn,

c¢. Product storage piles.

d. Materials transfer activities.

e, Blasting,

f. Dust reentrainment from paved roadways.

»nz



APPENDIX E

MINING COMPANIES CONTACTED
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Organization:

Name of contact:

Result of contact:

Organization:

Name of contact:

Result of contact:

Organization

Name of contact:

Result of contact:

Organization:

Name of Contact:

Result of contact:

Coal Industry Contacts

Bridger Coal Company, Rock Springs, Wyoming
Jerry Ross, Mine‘Superintendent

A mine visit was arranged at Rock Springs mine
to observe their Coherex® and road watering
program. The mine visit occurred on June 13,
1979,

Consolidation Coal Company

Richard Kérch, Air Quality Scientist

A mine visit to observe fugitive dust control
on haul roads was performed. In conjunction
with‘an EPA program, MRI and PEDCo, Inc., per-
formed source tests of vehicles traveliﬂg on mine
roads, material handling and blasting.

AMAX Coal Company, Gillette, Wyoming

Lyle Randen, Environmental Engineer

A visit to their miné to observe their watering
abatement program was arranged. The mine visit
occurred on June 12, 1979.

Western Energy Company, Colstrip, Montana

Chris Cull, Environmental Engineer

In conjunction with an EPA program, MRI and

PEDCo, Inc., performed source tests of vehicles



Organization:

Name of contact:

Result of contact:

‘Organization:

Name of contact:

Result of contact:

Organization:

Name of contact:

traveling on mine unpaved roads. Sources tested
included (a) scrapers traveling on an untreated
roadway, (b) haul trucks traveling on an untreated
roadway, and (¢) light and medium duty vehicles
traveling on untreated (calcium chloride) segments
of unpaved roads.

Crushed Stone Contacts

Gifford Hill and Company, Inc., Dallas, Texas
Kenneth Cole, Head - Environmental Control

A variety of information was obtained about
their.use of watering and asphalt emulsion con-
trol, their costs and other information. They
are not impréssed with asphalt emulsion per-
formance and have dropped it as a control tech-
nique.

FlintKote Stone Products, Hunt Valley, Maryland
Richard Cole, Manager - Environmental Control

A visit to a quarry near Baltimore was arranged
where a watering program was observed. The visit
occurred on June 19, 1979.

Martin-Marietta  Aggregates, Raleigh, North
Carolina

Horace Willson, Head - Environmental Control
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Result of contact: A visit to two of their quarries was arranged

to observe roadway watering control roadway dust.
Cost 'information on this program also sought.
They found that wetting agents were not cost ef-
fective. Also a unique sprinkler system‘at

one quarry is used to control road dust emis-
sions. The visit occurred on June 18, 1979.

Organization: Monarch Cement Company, Humboldt, Kansas

Name of contact: Russell Runnels, Manager of Environmental Affairs
Result of contact: A visit was made to a quarry to observe Coherex®

as a road dust control. Information was received
about application densities, frequencies, problems

with Coherex®, costs, and equipment used to apply

Coherex®,
QOrganization: Vulcaﬁ Materials, Inc., Birmingham, Alabama
Name of contact: Walter Fridley, Environmental Manager
Result of contact: They have used road oil and Coherex® and found

both unacceptable. They may look into calecium
chloride as a cantrol agent. Currently they are
using water as a control agent.

Copper Contacts

Organization: Kennecott Copper Company, Hurley, New Mexico

Name of contact: H. A, Billings, Mine Operations Superintendent

i
.
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Result of contact:

Organization:

Name of contact:

Result of contact:

Théy stopped using ligﬁin sulfonate in 1960's
when two trucks overturned because of slippery
areas in‘the road. They experimented with
CoherexCl but found 1t interferes with the
copper precipitation process.

Anaconda Company, Butte, Montana

John Spindler, Environmental Engineer

As a fesUlt of a prog?am MRI had with the State
of Montana, an emissions inventory was compiled
of the mine operations, Visits were made to the
mine in 1978 to observe operations and to obtain
control efficiency information for their road
watering proéram.

Taconite Mine Contacts

Organizations Personnel contacted
Butler Taconite Company Daniel Chelton

Erie Mining Company Jim Stanhope
Eveleth Taconite Thomas Malojich
Hibbing Taconite Phillip Brich
Inland Steel (Minocra) Gregory Feld
Minntac Paul Haotaja

National Steel Pellet Plant Daniel Chelten

Results of contacts:

As result of a program MRI had with the State

of Minnesota, the mining companies in the
Minnesota taconite range listed above were visited
in 1978, a fugitive dust emission inventory in-

cluding emissions from haul roads was completed;

P—
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Affiliation:

Person contacted:

Result of contact:

Affiliation:

Person contacted:

Result of contact!:

and control techniques for haul roads were ob-
served and their efficiencies assessed.

Researchers Contacted

Iowa State University, Ames, Iowa

J. M. Hoover

He is currently embarking on a field test to
determine the effectiveness of various road dust
suppressants on secondary roads in Iowa. Dust
control products that will be tested include:
Coherexcl ammonium lignin sulfonate, and emul-
sified asphalt. These materials will be applied
in the folloying manner: {a) surface application,
{(b) incorporation into the upper 3 to 4 in., aﬁd
{c¢) incorporation in the subbase with a chip and
seal coat. Methods of testing are to include
Hi-Vol and dust fall bucket measurements.

IITRE, Chicago, Illinois

‘Paul Ase

IITRE has a program with EPA to assess asbestos
emissions from waste asbestos storage piles,
crushed stone, and roads. They may perform test-
ing of uncontrolled emissions and dust suppres-

sants during 1979.
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Affiliation:

Person contacted:

Result of contact:

Affiliation:

Person contacted:

Result of contact:

U.S. Bureau of Mines, Salt Lake City, Utah

Dick McDonald, Engineer

He is researching the stabilization of tailings
piles by vegetation and chemical stabilization.
He is not engaged in the research of haul road
dust controls. He provided information on various
dust control products.

U.S. Bureau of Mines, Spokane, Washington

Les Crow

He is involved in safety oriented programs (use
of beams and guard rails on shoulders of haul
roads). He ;s not familiar with road dust con-
trol but did say the only program implemented at

the mines that he has observed is road watering.

m
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APPENDIX F

DUST SUPPRESSANT VENDCRS

This appendix is a compilation of vendors who actively market fugitive
dust suppressant products. Table F-1 provides a listing of the companies,
their product marketed, its chemical type, and whether or not the company
was contacted. Contact of a company in this list depended on whether they

market a fugitive dust suppressant which could control haul recad dust.
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TABLE F-1. - DUST SUPPRESSANT VENDORS

Coapaoy
oame, 4ddress

Haul road product sold
{yes or no)

Product pame Chemical type of product

ALCO Chemical Corporaticn Soil Gard Elastomeric Yes, but main use for
Philadelphia, Pecnd. Polymer emulgion agricultural stabilizatioa.
L
American Can Company Norlig Caleium Yes
Greenwich, Conn. Ligoncesulfonace
American Cyanamid Company Super Flol Flocculent Information not available
Chicago, Ill. 16

American Cyanamid Company Aerogpray R Water synthetic resin Informarion not available

Wayone, N.J.
DCa-70 Organic polymer
American Heechst Corperation Curasol Polymer elastics Yes
Someville, W.J. dispersion
arthur C. Trask Company
Chicago, Ill. Trastan Lignosulfonace Yas
Bordon Chemical Company Vinylae Polyvinoyl Ve
Columbus Ohio acetate

Bordon Chemiczal Company Polyco 2607 Synthetic Yes, also stockpiles and
leominister, Mass. 2440 copolymer open railcars.

Celeite, Inme. Polybind Polymer Yes
Cleveland, Ohio DLR

Chevron Chemical Company Ortho Seil Liquid asphalt No
San Franciseco, Calif. Hulch emulsion

Corn Preducts Sales Company EB02 Mazofern Fermented No
Englewood Cliffs, N,J. cors extract

Crown Zellerbach Company Orzan Lignosulfonate Yes
East Hanover, N.J.

Deter Company Deter Micro Foam dust coontrol No
East Haoover, N.J. Foam

bDouglas 0Ll Company Agri-Mulch pPetroleum No
Costa Mesa, Calif. asphalc

Dowell Division

Dowell Chemical Company Latax M145 fatex binder Yes
Tulsa, Okla. Latex M166

£. I. Du Poot de PB-4001 Polymer No

Memours and Company Elvaool Polyvinyl alcohol

Kentt Square, Penn.

Firestone Tire and Rubber Compamy FRS=273 Lstex in otl or Yes, but maln use
Akroa, Ohio water agriculeural
Fire Water Company Crusc 500 Polyvinyl acecrate Yes, bur main use
Los Altos, Calif. 5C-~100 organic polymer agricultural
Foremost Foods Company MNG-125 Protein No
San Fraancisco, Calif. .
GAF Gancrez AN-119 Polymeric anhydride Ko
New York, N.¥Y. Gantrez ES5-3351 Liquid resin
B.F. Goodrich Chemical Company Geon 632 Latexes No

Kapsas City, Mo.

Gecn Rite 2370X1




Company
name, address

TABLE F-1. - {(continued)

Product name

Chemical type of product

Haul road product sold
(ves or no)

Henley and Company, Inc.
New York, N,Y.

Howard Hall Company
Cos Cob, Conn.

Hercules Inc.
San Frencisco, Calif.

E. F. Houghton Company
Philadelphia, Penn.

Johason March Corporation
Philadelphia, Penn.

Monsanta Chemical Company
St. Louis, Mo.

National Gypsum Company
Dallas, Tex.

National Starch and
Chemical Company
Bridgewater, K.J.

Pacific Lumber
San Freecisco, Calif.

Philadelphia Quartz, Company

Valley Forge, Penn,

Phillips Petroleum Company
Bartlesville, Okla.

Phillips Petroleum Company
Great Falls, Mont.

Rohm and Haas Company
Fhiladelphia, Penn.

Relzhem Company
Teaneck, N.J,

Shell Chemical Company
Bouston, Tex.

Standard 0Oil Company
Lima, Ohio

3-M Company
St. Paul, Minn.

Union Carbige
New York, N.¥,

Witco Chemical
Bakersfield, Celif.

Zel Chemical Gompany
Portland, Oreg.

Huls-801
Dextrin
SDX-1
Rozosal
SB-

MR
Kriluim

CRD-186
Bidim

Gypsum heme-
hydrate

Floc acid
Natron 8
Moylon VII

Palcotan

PQ

Arcatice

Dust palliative

various oils

Polyacrylic acid

Sodium algenate

Eposand

Lanolock XA 344G

DCA-70

Coherex®

Road Packer

Liquid plastic

Dextrose

Resin emulseion
Organic polymer
Chain polymer
Wetting agent
Vinyl acetate

Fabric

Same

Starch

Polymer

Starch

Redwood bark chips
Sodium silicate

Liquid asphalt emulsion
Residual oil

Residual o#l

Same

Same

Polymer
Petroleum resin
Adhesive binder
Elastic po;ymer
Water emulsion of

petreleum resins

Organic sulfur in
sulfonated petroleum
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No
Yes, but in experimental
stagse.

Yes, but maio use for
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No
Yes, ‘but main use for
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No

Yes

No

Ne
Neo
Yes
Yes

Yes

Yes, but mein use for stockpiles
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KNo

No

Yes
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APPENDIX G

AGGREGATE MATERIALS DESCRIPTION




Crushed stone is the angular fragments resulting from crushing of

rocks by mechanical means. It may be obtgined from commercial sources in
a variety of sizes or as a crusher-run product. Crushed stone may also be
produced on or mear the job by crushing suitable local quarry stone in a
portable crusher. The fine material resulting from crushing rock is known
as stone screenings. According to the Standard Specifications for Road
and Bridge Construction of the Illinois Division of Highways, crushed
stone should be produced from the following types of rocks quarried from
undisturbed consclidated deposits: granite and similar igneous rocks;
calcareous or dolomitic limestone; or massive metamorphic quartizite or
similar rocks.

Gravel is the coarse granular material resulting from the natural
disintegration of rocks by the action of elements. It occurs as a natural
deposit in many localities in both glaciéted and unglaciated regions.
During the process of deposition, fhe particles are worn down and become
more or less rounded in shape, with swmooth surfaces., Strictly speaking,
gravel includes only the mineral particles larger than sand. The term,
however, is often applied to mixtures of pebbles, sand, and perhaps soil.
Gravel may be procured commercially in a variety of sizes in either the
crushed or uncrushed form. In most cases it is obtained by excavating
local deposits.

Bank-run or pit—run gravel is a natural mixture of gravel, sand, silt

and clay as it comes from a gravel bank and is of such quality that it



may be used with only minof processing. The deposit is generally of
glacial origin and is typically characterized by variable grading and
smooth or even somewhat rounded individual particles, although angular or
.subangular particle shapes are common.

Stream or river gravel is a deposit of gravel, sand, and perhaps soil

occurring in channels of rivers and streams. It is characterized generally
by rounded particles distributed with scme uniformity throughout the
various size grades. River gravel contains less fine material and is
looser and more sandy than a bank gravel of the same locality, since the
silt and clay materials have been washed out.

Novaculite gravel is the material occurring in natural deposits,

composed of angular particles of siliceous origin and mixed with clay and
iron oxide.

Crushed gravel is the product resulting from the artificial crushing

of gravel.

Screened gravel is the material separated from the undesirably large

or fine fractions by screening. It may be screened to any desired size.
No binder soil is contained in this material.

Sand is the fine granular material formed by the natural disruption
or disinteg;ation of rocks. It occurs in deposits of varying size and
character depending upon the condition of formation, transportation, and
deposition. Sand is usually found mixed with gravel and perhaps some soil
materials. Sand found in beds or bars in streams is usually intermixed

with gravel but generally free from much clay or silt.
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Slag is the nonmetallic product consisting essentially of silicates
and alumino-silicates of lime and other bases, which is developed simul-
taneously with iron in a blast furnace. It may be either air-cooled or
granulated and may be obtained in a variety of sizes.

Chats are mine tailings resulting from the separation of metals from
the rocks in which they occur. Chats may be obtained in some areas as
waste products from mining operations and form an important source of

inexpensive aggregates.



