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1. INTRODUCTION

Air quality monitoring data collected in several rural Alaska communities over the past
few years reveal elevated levels of fine particulate matter smaller than 10 microns in
diameter (PM,). The high readings are coupled with complaints of heavy dust
conditions reported to the Alaska Department of Environmental Conservation (ADEC)
from residents of these communities together with anecdotal information from local
hospitals of increases in health problems and visits during these periods. (Trost, 2003)

Review of information collected from emission inventories and interviews of rural
community residents has led ADEC to conclude that unpaved road use is a significant
contributor to elevated PM levels in these communities. ADEC is interested in
evaluating alternative methods for control of dust emissions from unpaved road use to
assist the communities in air quality improvement. ADEC also believes that control
measures that reduce emissions from unpaved road use will also reduce emissions from
unpaved airfield use and from windblown dust emissions from these surfaces.

ADEC has requested that a study be conducted of these control measures that would:

1. Develop a matrix of feasible dust control strategies for reducing road and airport
dust emissions;

2. Identify costs and benefits of various dust control materials and strategies; and

3. Identify and prioritize needs for identifying, selecting, and implementing
effective, economic, and environmentally sound dust control measures.

For this study, Sierra performed a literature search on dust control from unpaved roads
and collected specific data relative to dust problems in two rural Alaska communities and
promising dust control measures.
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2. LOCAL CONDITIONS

This limited study does not evaluate the feasibility of implementing dust control
measures throughout rural Alaskan communities. Instead, we collected data from two
communities that were deemed to be somewhat representative of those with elevated
PM,o impacts. The communities selected by ADEC for focused study were Kotzebue
and Noatak.

Climate

The region in which Kotzebue and Noatak are located experiences long, cold winters and
short, cool summers. (ADCA, 2006) In Kotzebue, the average low temperature during
January is -12°F; the average high during July is 58°F. For Noatak, temperatures average
-21°F to 15°F during the winter, and 40°F to 60°F during the summer. Snowfall averages
40 to 48 inches, with total precipitation of 9 and 12 inches per year in Kotzebue and
Noatak, respectively. Kotzebue Sound is ice-free from early July until early October.
Relative humidity in the region averages over 60% for each month of the year. (Teck
Cominco, 2005) The relatively cold temperatures in the region, however, mean that
absolute humidity, or the total quantity of water in the air, is low except on the warmest
of days. At Kotzebue, mean wind speeds range from 9 miles per hour in May to 13 miles
per hour in January. (Trost, 2004) Extreme gusts exceed 34 miles per hour every month
of the year. At these levels, Kotzebue is considerably windier than the average of all
other monitored American communities. (City-Data, 2006) The combination of frequent
wind and low absolute humidity means that exposed soil surfaces dry quickly after
precipitation occurs and remain dry until the next precipitation event.

Demographics

Kotzebue and Noatak are rural communities located north of the Arctic Circle on or near
the Kotzebue Sound in northwestern Alaska. Kotzebue lies on the Baldwin Peninsula
bordering the Sound, while Noatak is approximately 55 miles north of Kotzebue on the
Noatak River, which feeds into the Kotzebue Sound. Kotzebue, with a population of
3,130 people, is a coastal community and regional service and transportation center for
smaller communities in the region. Noatak, with a population of 448, is an inland
community representative of the fishing and subsistence economies of the region in
general.



Roadways

Both communities depend on unpaved roads for intracommunity travel. Unpaved roads
are used by a combination of light-duty passenger vehicles, all-terrain vehicles, and snow
machines. Views of these unpaved roads in Kotzebue and Noatak are shown in

Figures 1, 2, and 3. Both communities have access to limited gravel supplies, which are
found in sporadic deposits and are used to construct and periodically resurface unpaved
roads. Kotzebue, for example, imports gravel by barge from a commercial pit
approximately 30 miles away.

Soils

The general geology of the region in which Kotzebue and Noatak lie consists of glacial
alluvium deposited on the southern flank of the Brooks Range and redeposited by forces
of water and wind. (Schoephorster, 1965; Furbush, 1971) The alluvium contains high
levels of finely ground dust that contributes to dust emissions during disturbances of soil
surfaces, either from mechanical abrasion or wind entrainment. Permafrost underlies
most soils in this region, and limits the depths to which excavations can be undertaken for
the recovery of fill material or gravel.

Kotzebue — The natural surface soils on most of the Kotzebue spit are poorly drained
with high organic contents. The organic content derives from partially decomposed peat
and the many roots of grasses, shrubs, and sedges. Because of the organic content and
the lack of clay, these soils are nonplastic, or not cohesive, and not suitable for roadway
structural sections or surfaces. (Furbush, 1971) The structural sections of roadways are
best constructed from materials excavated from the limited deposits of gravelly sand
located in the old beach ridges on the spit. Although these soils lack cohesion, their
surfaces can be consolidated with appropriate treatment to reduce the release of fines and
the generation of fugitive dust under vehicle travel.

Noatak — No soil survey has been conducted in Noatak, but surveys are available for
other rural communities in the area of Noatak that lie along rivers. Two such surveys
were conducted in the Kobuk and Deering communities, which are 128 miles east of
Kotzebue on the Kobuk River and 57 miles south of Kotzebue at the mouth of the
Inmachuk River, respectively. (Schoephorster, 1965; Hinton, 1967) The soils in these
communities are primarily sandy loams that are nonplastic.



Figure 1
Typical Unpaved Street in Kotzebue

Figure 2
Unpaved Street Traffic in Kotzebue
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Figure 3
Unpaved Street in Noatak

PM,, Levels

PM,o measurements have been collected in Kotzebue and Noatak on a seasonal basis in
the past several years. These measurements have shown exceedances of the federal
24-hour PM,, ambient air quality standard of 150 ug/m’ during the dry period of the year
between breakup in early May and the arrival of increased rainfall in late July.'

Kotzebue — In 2002, PM( concentrations were monitoring by five filter-based samplers
and one continuous sampler at five locations in Kotzebue. Four of the locations were
located adjacent (two upwind, two downwind) of a major unpaved road in the
community, and the fifth was located within the community but not adjacent to a
roadway. The monitoring period spanned from June 29 to September 25, 2002, and no
exceedances of the federal 24-hour standard were recorded. These concentrations were
lower than expected, perhaps because of the late project start, missing the dry months of
May and June, and the location of the continuous sampler at an upwind roadway site.
(Trost, 2004)

" On January 17, 2006, U.S. EPA proposed eliminating the PM;, standards and adopting PM-coarse (PM
larger than 2.5 microns but smaller than 10 microns in diameter) standards. The proposed 24-hour standard
is 70pg/m’, and areas in which PM-coarse is dominated by rural windblown dust, agricultural, or mining
emissions would be exempt from having to comply with this standard. A final decision will not be made
on this proposal until September 2006.
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In 2003, PM;, monitoring was conducted at the same five locations between May 31 and
July 24. During this monitoring effort, a continuous PM;, monitor was located at one of
the downwind roadway sites. During this period, several exceedances of the federal 24-
hour standard were measured. PM ;¢ measurements correlated with precipitation,
meaning that 24-hour averages declined on days when precipitation fell, but an analysis
of the data with respect to wind speed and direction did not yield any conclusive results.
(Trost, 2004) A correlation of average daily PM;¢ with diurnal traffic counts also did not
reveal a simple relationship.

In 2004, PM ;¢ monitoring was conducted only at the pair of roadway sites recording the
higher traffic counts and PM o measurements in 2003. Filter-based samplers were used at
each of the two sites and one continuous sampler was co-located at the downwind
roadway site. The monitoring period spanned between May 26 to July 20, and several
exceedances of the federal 24-hour standard were recorded. As in 2003, no distinct
correlations could be found between PM o measurements, wind speeds, and wind
directions. During one of the exceedance days, however, all of the monitors recorded
elevated measurements while the community was impacted by smoke from wildfires as
verified by decreasing visibility as reported by the National Weather Service. (Trost,
2004)

Average and maximum 24-hour average PM; values recorded in Kotzebue during these
three monitoring periods are presented in Table 1. Values are reported separately for
filter-based samplers and the continuous sampler, as the continuous sampler usually
reported higher measurements than the co-located filter samplers.

Table 1
Kotzebue PM;, Monitoring Data
| 2002 | 2003 | 2004
Filter-Based Measurements
No. of Sampling Days 14 28 28
No. of Exceedance Days 0 5 10
Max. 24-Hour PM, pg/m’ 121 220 351
Highest Annual PM o, pg/m’ 50 55 131
Continuous Monitoring

No. of Sampling Days 89 48 50
No. of Exceedance Days 1 10 10
Max. 24-Hour PM, pg/m’ 172 560 371
Annual PM, pg/m’ 28 94 93

Current Ambient Air Quality Standards
24-Hour PM o, pg/m’ 150
Annual PM;, ug/m3 50

"These values represent the highest annual average PM,, measurements recorded at any one of the 3 to 5
monitors operated in Kotzebue in each year.




These data indicate that 24-hour average concentrations of PM;, exceed the current
national ambient air quality standard. Because less than a full year of PM;( data was
collected in each of these years, no comparison to the annual standard can be made. If
EPA determines in September 2006 that PM standards are to be abolished in favor of
PM-coarse standards, and that communities in which fugitive dust sources dominate
emissions of PM-coarse are exempt for having to comply with the new standards, then
the proposed standards will not apply to communities like Kotzebue.

Noatak — PM,( monitoring was conducted in Noatak at a single monitoring site in 2003
and 2005. The monitoring site was located adjacent to a major unpaved road in the
community and the community school. No monitoring of traffic or meteorological
conditions was conducted in this community during these years.

In 2003, one filter-based sampler was operated intermittently between February 27 and
September 12 in Noatak. One exceedance of the national 24-hour PM;, was recorded
during ten acceptable monitoring days. Data collected during 7 of 17 monitoring days
could not be used due to failure to satisfy federal monitoring criteria with respect to run
times. Monitoring was not conducted between May 13 and July 2, when precipitation
levels are the lowest of the year and when Kotzebue measured some of its highest PM
measurements of 2003.

During the summer of 2005, two co-located filter-based samplers were operated in
Noatak. Monitoring commenced on May 28, 2005, and data have been reported through
November 6, 2005. During this period, several exceedances of the national 24-hour
standard were recorded. Summaries of the Noatak monitoring data from 2003 and 2005
are presented in Table 2.

Table 2
Noatak PM;y, Monitoring Data
| 2003 | 2005
Filter-Based Measurements
No. of Sampling Days 10 25
No. of Exceedance Days 1 9
Max. 24-Hour PM, pg/m’ 152 601
Annual PM;, ug/m3 38 177
Current Ambient Air Quality Standards
24-Hour PM o, pg/m’ 150
Annual PM;, ug/m3* 50

"Since less than a full year of PM;, measurements were made in each of these years, the annual average
cannot be compared to the annual standard.

These data indicate that 24-hour average concentrations of PM periodically exceed the
current national standard. If EPA determines in September 2006 that PM,, standards are
to be abolished in favor of PM-coarse standards, and that communities in which fugitive
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dust sources dominate emissions of PM-coarse are exempt from having to comply with
the new standards, then the proposed standards will not apply to communities like
Noatak.
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3. DUST CONTROL MEASURES

Controls for dust emissions from unpaved roads take several forms, which include the
following:

Reducing the numbers of vehicles using unpaved roads;

Reducing vehicle speeds on unpaved roads;

Correcting road structural deficiencies;

Increasing the moisture content of unpaved road surface soils;

Binding smaller particles to larger particles in unpaved road surface soils;
Covering unpaved road surface soils with gravel; and

e Sealing unpaved road surface soils with pavement or other durable materials.

In the following sections, general information on each of these categories of control is
presented. More detailed information is provided in Appendix A on controls that involve
the application of dust palliatives applied to road surfaces.

Reducing Numbers of Vehicles

PM, emissions from unpaved road travel are directly proportional to the number of
vehicles traversing an unpaved road section. Emissions can be reduced by reducing the
numbers of vehicles using an unpaved road, and this can be achieved by imposing weight
or vehicle use restrictions, or by removing an unpaved road from service, among other
methods. An example of this type of control was enacted recently by the City of
Kotzebue, which now prohibits anyone under 14 years of age from operating an offroad
vehicle (snowmachine and all-terrain vehicle) on city streets unless accompanied by an
adult on the same machine. (Kotzebue, 2006) Closing an unpaved road to traffic may
not be practical in rural Alaskan communities as restrictions imposed or induced on one
unpaved road will simply divert traffic to other unpaved roads in affected communities.

Reducing Vehicle Speed

Studies show that PM;, emissions are proportional to vehicle speed. Based on an initial
speed of 40 miles per hour, a reduction in the speed limit to 20 miles per hour results in a
65% reduction in dust emissions. (Succarieh, 1992) Vehicle speeds can be reduced
through road postings and enforcement, or by altering the road surface to install
waterbars (drainage channels) or speed bumps. Depending on the availability of law
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enforcement resources and community social cohesion, the enforcement of speed limits
on unpaved roads may be a practical method of reducing PM;y emissions on heavily
traveled unpaved roads. Roughing a roadway surface by installing speed bumps or
waterbars to reduce speeds is of limited practicability as ATVs can negotiate these
impediments without significant discomfort to operators and the speeds of larger vehicles
creating dust emissions will be reduced only within a relatively short distance of the
vertical disturbance. The greater width (relative to highway vehicles) of ATV tires will
also entrain more dust even at lower speeds.

Proper Road Structural Maintenance

The long-term performance of any dust suppressant applied to a road surface depends
upon many factors, including the type and gradation of the road materials, type and
intensity of traffic loading, climate, type of dust suppressant, drainage and thermal
stability, and available maintenance resources. These factors must be considered together
in the proper maintenance of a road that will safely and cost-effectively resist dust
generation. For example, if the road surface is not well drained, water will puddle either
on the road surface or in adjacent low spots. Standing water will float soil fines to the
surface and distribute them across the roadway surface with passing traffic. Standing
water adjacent to a roadway has the potential to saturate the road sub-base, resulting in
structural failure as evidenced by potholes. Aggregate in a roadway surface reduces tire
forces on fine materials that increases the release of dust from a roadway. The loss of
fines in the roadway surface leaves the aggregate unanchored and vulnerable to being
pushed to the side of the road by tire forces. The success of palliatives to reduce dust
depends on the repair and maintenance of good drainage on and adjacent to the road.
(CPWA, 2005)

Increasing Moisture Content

Moisture in the surface soils of unpaved roads causes particles to adhere to each other
through the surface tension of connecting water droplets and the adhesion of droplets to
dust particles. The moisture content of surface soils can be increased either through
direct application of water to roadway surfaces, or through the attraction of water to
deliquescent salts added to surface soils.

Water is available in significant quantities in almost all rural Alaskan communities.
Methods of conveying this water economically to unpaved roads for application as a dust
control agent are problematical in smaller communities. Some larger communities, like
Kotzebue, have water trucks in the fleets of roadway maintenance vehicles, and can take
advantage of local water supplies for use in dust control efforts. Smaller communities do
not have access to such equipment and have only limited capacity to apply water in
sufficient quantities to effectively control dust emissions. Watering provides short-term
reductions in dust generation depending on surface evaporation rates. Regular, light
watering is more effective than less frequent, heavy watering. (Bolander, 1999)
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Unpaved road dust control can also be implemented by the application of deliquescent
salts to roadway surfaces. Calcium chloride and magnesium chloride absorb moisture
from the air to keep surface soils in which these chemicals have been mixed at higher
moisture contents than untreated soils. At 77°F and 90% humidity, for example, calcium
chloride will absorb more than 17 times its own weight in water. (CPWA, 2005) The
performance of chlorides depends on the percent of surface soil passing a 200-mesh
screen, with recommendations between 10 and 20 percent. (Morgan, 2005) Potential
disadvantages to the use of these salts are that roads may become slippery when wet and
vehicle corrosion may occur and roads may become more susceptible to freeze and thaw
damage. Additionally, prolonged rainfall will leach the salts from the roadway,
potentially impact groundwater and surface water quality, and attract wildlife potentially
causing safety concerns. The practical utility of an application of one of these salts is no
more than one year. (Morgan, 2005) Sodium chloride, or common rock salt, is also
deliquescent, and has been tested in a limited number of studies, but it is not as effective
as calcium or magnesium chloride.

Calcium chloride has been tested and used as a dust control palliative in several locations
in Alaska over the past several years. These locations include Kotzebue, Teck
Cominco’s Red Dog Mine, and Haines, among other locations. Environmental impacts
of chlorides include metal corrosion, and degradation to nearby vegetation, surface,
groundwater, and aquatic species. (CPWA, 2005) In addition, because calcium chloride
can substantially lower the freezing temperature of water, concentrations of the palliative
in road soils can change the thermal stability of these soils.

Binding Particles Together

The largest group of dust palliatives used on unpaved roads and airfields consists of
chemicals that are designed to bind fine soil particles together or to larger particles.
These chemicals fall into several subgroups, such as the following:

Petroleum-based binders,

Organic nonpetroleum dust suppressants (lignins),
Electrochemical stabilizers,

Synthetic polymer products, and

Pozzuolannic minerals (i.e. lime, cement, etc.).

Petroleum-based Binders — Petroleum-based binders used for dust suppression include
emulsified asphalts, cutback asphalt, and Bunker C. These agents are used to coat
surface soil particles with a thin layer of asphalt that binds the soil particles together and
decreases their likelihood of becoming airborne. Some of these binders exhibit no
adhesive properties, but instead increase the mass of fine particles, reducing their ability
to become airborne. (Nevada DOT, 2003) Emulsified asphalt, because it is a mixture of
asphalt and water in very small droplets, has the capability to penetrate unpaved road
surfaces to coat more than just the surface particles, especially if the product is
mechanically mixed into the top inch or two of road surface with a grader. Petroleum-
based binders that contain fractions of lighter solvents, and especially those containing
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polycyclic aromatic hydrocarbons (many of which are carcinogens), can contaminate
waterways if any migration of these lighter fractions occurs due to runoff.

Organic Nonpetroleum Dust Suppressants — Organic nonpetroleum dust suppressants
include lignosulfonates, resins, and vegetable oils. Lignosulfonates derive from the
manufacture of paper during which lignin is extracted from wood fibers. Lignin binds
wood cells together and is a natural polymer. As a byproduct of paper manufacture, it
occurs in solution with sodium, calcium, ammonium, or magnesium bisulphate.
Lignosulfonates bind soil particles together due to a combination of chemical and
physical interactions. Resins are usually synthesized as combinations of lignosulfonates
and additives designed to neutralize adverse effects. Lignosulfonates are water soluble
and will leach out of, or deeper into, roadway surface with rainfall. These products are
also corrosive to aluminum and its alloys unless calcium carbonate is added.
Lignosulfonates have a useful duration of a few months and work best with surface
materials that have high fine contents and high plasticity indices in a dry environment.
(CPWA, 2005) Because glacial tills contain low levels of clay and have low plasticity
indices, lignosulfonates may be of limited value in controlling dust emissions from these
soils. Additionally, because lignosulfonates are derivatives of sulfuric acid, the leaching
of these palliatives by runoff can adversely impact watershed areas by affecting the
acidity of water sources. Lignosulfonates are reported to not bind well on roads that had
been treated previously with chloride compounds. (Lunsford, 2001)

Electrochemical Stabilizers — Electrochemical stabilizers include sulphonated petroleum,
ionic stabilizers, and enzymes. These products are intended to neutralize the ionic
charges of clay-sized particles, thereby allowing electrostatic forces to bind the particles.
To be effective, electrochemical stabilizers need to be worked into the road surface,
requiring equipment that may not be available in remote rural communities.

Synthetic Polymer Products — Synthetic polymer products include polyvinyl acrylics and
acetates that are designed to bind soil particles together and form a semi-rigid film on the
road surface. These products are formulated as either water soluble liquids or dry
powders intended to be mixed with water. Because the products are applied in liquid
form and are required to dry in binding soil particles together, care needs to be taken after
application to assure that temperatures during the curing period will not approach
freezing and that traffic will be diverted from application areas until curing is completed.
Products that are available in liquid form only, such as Soil Sement, should not be stored
at temperatures below freezing. Curing periods typically extend from 12 to 24 hours.
Synthetic polymer products have been used for dust control and improved soil strength
on a number of airfields in Northern Canada and Alaska.

Pozzuolannic Minerals — Pozzuolannic minerals, such as lime and cement, are typically
added to non-plastic road surface material to produce a thin crust. These stabilizers must
be field mixed into the road material and compacted. These surfaces, once hardened
however, cannot reharden once disturbed by abrasive forces, such as those created by
roads being crossed by snow machines or by roads being rebladed.
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Covering of Unpaved Road Surface Soils With Gravel

The abrasion of unpaved road surface soils and release of fugitive dust by unpaved road
traffic can be reduced by the application of gravel to the road surface. Gravel provides a
hard-wearing surface that protects soils from the abrasive forces of vehicle wheels.
Traffic causes abrasion between the aggregates, however, which over time creates fine
dust. The degradation is somewhat dependent upon the hardness of the aggregate. (This
is one reason why urban areas don’t like to sand their roads in winter.) Gravel will not
reduce the strength of vortex airflows behind passing vehicles from entraining loose soil
particles into the air, however. In the absence of a well-constructed roadbase using
crushed aggregate, surface gravel will be pushed down into the road surface by traffic,
especially during wet conditions. If the road surface does not contain a sufficient
quantity of fine material of high plasticity (cohesion) to hold surface gravel in place,
traffic can also cause surface gravel to be expelled laterally from the road’s driving lanes.
To be effective over more than a short period of time, new gravel applied to a road must
be anchored to the road surface by incorporation into a cohesive surface layer, whether
by use of well-graded aggregate mixes or by use of soil adhesives (i.e., chip seals). Even
washed, well-graded wear courses (like D-1) produce dust over time due to traffic wear
causing aggregate degradation.

In the event that gravel is lost to the roadway surface through vertical migration into
noncohesive soils in the subbase, the use of geotextile fabrics may be of benefit. These
fabrics are constructed of polymer threads that are very high in tensile strength, and are
available in designs that either form water barriers or allow water, but not fine soil, to
migrate through. (Hopkins, 1989)

Sealing of Unpaved Road Surface Soils With Pavement or Other Durable
Materials

The most effective, and expensive, method of controlling fugitive dust emissions from
unpaved road surfaces is the application of pavement or other durable materials to the
road surfaces. Asphalt concrete and Portland concrete wear courses, when applied to
road surfaces, provide durable and effective traffic surfaces that prevent the abrasion of
soil surfaces. Except for roadways carrying more than 250 to 500 vehicles per day, the
use of paving to control dust emissions may not be cost-effective. (Bolander, 1999) In
the past few years, several roads in Kotzebue that carry more than 500 vehicles per day
have been paved. (Hadley, 2006) Thin pavements, such as chip seals, have been applied
to roads in southern Alaska, but these surfaces have fallen apart completely during the
first breakup. (Reckard, 1988) Rigid pavements are often not cost-effective in areas
underlain by permafrost. The road itself causes thermal instability, which can lead to
road foundation instability.

Fiberglass plates are used in cold climate oilfields to provide temporary road surfaces
over native soil. These interlocking plates are typically manufactured in sections that are
14 feet long by 8 feet wide by 2 inches thick. The plates are designed to carry very heavy
loads over short distances without the need to construct structural roadbeds in areas like
northwestern Alaska, where construction aggregate is in very limited supply. The plates
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are expensive, costing about $2,000 per plate, but appear to have a significant lifespan.
(Compositech, 2005) Some question exists, however, as to whether such plates are skid
resistant at the vehicle speeds typical in rural communities.

Selection Guides

Several publications found in the literature search for this study contain selection guides
for choosing chemical dust palliatives on the basis of road traffic levels, soil type, and
other parameters. These guides are presented in Appendix B.

Bibliography

An extensive bibliography of unpaved road dust control literature has been compiled by
Temple Stevenson for a report on dust control methods for unpaved mining roads in
Wyoming’s Powder River Basin. (Stevenson, 2004) This bibliography is reproduced in
Appendix C.

HiH
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4. COSTS AND BENEFITS

The costs of dust control on unpaved roads in rural Alaskan communities can be
calculated on the basis of available market data, but the benefits of each control method
will vary depending on the soil type, traffic level, and road design, among other factors.
As a result, approximate costs for various control methods are presented here on the basis
of delivery to and application in Kotzebue. The control methods included in the cost
analysis are limited to those that are technologically feasible in northwestern Alaska. The
range of control effectiveness for each of the control methods derives from the literature,
not from studies conducted in cold climates.

The costs of dust control methods, per mile of treated roadway in northwestern Alaska,
are summarized in Table 3. Labor and equipment costs are based on data provided by the
Alaska Department of Transportation and Public Facilities (ADOT&PF). (Adler, 2006)
Detailed cost calculations are presented in spreadsheet format in Appendix C.

Table 3
Dust Control Method Costs and Effectiveness
($ per mile of road treated)

Control Cost Control Control
Dust Control Category | Specific Product | ($ per mile of | Effectiveness .
Duration
road treated) Range
Moisture Increase Watering $32 0% - 50%:* 1-2 hours
Calcium Chloride $26,000 0% - 70% 6 months
EK-35 $20,000 0% -99% 1 year
Particle Agglomeration | Lignosulfonate $22,000 0% - 90% 2 months
Soil Sement $26,000 0% - 84% 1 year
Gravel $84,000 0% - 30% 3 months
Soil Coverage Geotextile $27,000 N/A 10 years
Asphalt Paving $2,700,000 90% - 99% 15 years
Fiberglass Plates $2,800,000 90% - 99% 10 years
’ Orlemann, 1983
** Morgan, 2005
™" MRI, 2002
™™ California ARB, 2002
HiHt

-15-




5. RECOMMENDATIONS

Dust Control Measures

In the context of rural Alaskan communities, unpaved road dust control is expensive.
This is due to the transportation costs of dust palliatives, the scarcity of aggregate, and
the limited equipment available for road improvement and maintenance. Because of
these conditions, dust control in these communities should start with the least expensive
options first. These options include speed controls and restrictions on vehicle use in
sensitive areas (i.e., near schools, hospitals, and residential areas).

The next least expensive control method is the reconstruction of unpaved roads to
provide good drainage and a solid base. The use of geotextiles to support a road surface
over poor quality soils may be a reasonably cost-effective method of improving road
structure in areas where underlying soils impose requirements for frequent maintenance.
Sound engineering judgment is required to make this determination. Without good
drainage and road base, the benefits of additional dust control measures will be limited.
Where useful, rural community representatives should enlist assistance of an Alaskan
registered professional engineer or consult the Alaska Tribal Technical Assistance
Program (TTAP-AK), administered by Eastern Washington University, to help identify
the causes of unpaved road structural failures and evaluate the options for resolving
deficiencies. The ADOT&PF Local Technical Assistance Program (LTAP) may assist
TTAP-AK. For more information on TTAP-AK see http.//www.ewu.edu/TTAP.

Depending on the availability of equipment and manpower, the watering of roads during
high dust periods is an available if not wholly effective method of dust control. Because
monitoring data suggest that high dust generation rates occur sporadically during the
two-month period following breakup, short term control measures like watering can
provide limited benefits provided that impacted communities have access to water trucks.

The optimization of benefits from the application of dust palliatives is dependent on local
soil and traffic conditions that require site-specific investigations. These investigations
should begin with analyses of the soils from which unpaved roads are constructed. Upon
request, TTAP-AK with potential assistance from ADOT&PF’s LTAP, may assist rural
communities with technical assistance and/or training on proper techniques for soil
analyses useful in the palliative selection process.

Depending on local soil and traffic conditions, some deliquescent salts and synthetic
polymer products may provide adequate levels of dust control on rural community
unpaved roads. These products, which include calcium chloride and EK-35, have been
tested in several locations in Alaska and have been demonstrated to control dust
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emissions. Because the successful use of these products is dependent upon a number of
factors that vary from community to community, pilot tests of selected products for a
summer season should be undertaken in affected communities before community-wide
application is pursued.

Further Research

Better characterizations of unpaved road structural conditions and soil characteristics are
needed in rural communities with elevated PM levels in order to identify the most cost
effective methods of dust control. This work could be undertaken by TTAP-AK or
consulting engineers on a single-visit basis to assist communities that have determined
they need help in reducing dust emissions.

Pilot project testing of dust palliatives and other methods of reducing emissions from
unpaved road use should be undertaken in communities desiring to invest in dust control.
The selection of dust control methods for testing should be based on an analysis of local
road conditions. The benefits of dust palliative use should be measured with simple
monitoring technology like the University of Colorado Dustometer, which can be quickly
mounted in the bed of a pickup and uses common 8 inch by 10 inch fiberglass filters to
collect dust samples while the pickup traverses either treated or untreated road sections.
(Sanders, 1993) The results of pilot testing should be documented and published on a
website for review by rural community representatives.

Finally, additional research on innovative control measures should be undertaken. The
budget and duration of this study allowed for a limited review of the literature available
on unpaved road dust control research. Given the challenges of climate and resource
limitations in rural Alaskan communities, especially those in the northern portion of the
state that are remote and accessible only by air, the standard solutions to unpaved road
dust are not available. More work needs to be done in investigating and developing
solutions that rely primarily on limited local resources.

HiHt

-17-



6. LITERATURE CITED

http://www.bah-abingdon-staging-site.com/CAARC/info_rep/pdf/dustchecklist.pdf

ADCA, Community Database Online, Alaska Division of Community Advocacy,
http://www.commerce.state.ak.us/dca/commdb/CF BLOCK . htm, accessed on January 6,
2006

Adler, C., 2006, labor rates from recent Northern Region construction contract and
equipment rates (adjusted for northern Alaska) from the Rental Rate Blue Book,
https://www.equipmentwatch.com/Marketing/RRBB_overview.jsp

Baxter, R., 2001, “Arrest That Fugitive Dust,” Erosion Control, March/April 2002,
http://www.forester.net/ecm 0203 arrest.html

Beckard, M., 1988, Cost Effectiveness of Selected Roadway Dust Control Methods for the
Mendenhall Valley, Juneau, Alaska, prepared for Alaska Department of Environmental
Conservation by Alaska Department of Transportation and Public Facilities,
http://www.dot.state.ak.us/stwddes/research/assets/pdf/ak rd 88 08.pdf, accessed on
December 20, 2005

Bolander, P. and A. Yamada, 1999, Dust Palliative Selection and Application Guide,
U.S. Department of Agriculture Forest Service,
http://www.dot.state.ak.us/stwddes/research/assets/pdf/dust sag.pdf, accessed on
December 20, 2005

California ARB, 2002, Evaluation of The Air Quality Performance Claims For Midwest
Industrial Supply, Inc. Soil Sement Dust Suppressant, California Air Resources Board,
http://www.arb.ca.gov/eqpr/midwest.htm (accessed on January 20, 2006)

Compositech, 2005, http://www.composite-tech.com/products/durabase.html, accessed
on December 14, 2005, and telephone communication with Dennis Swarthout, President,
on December 15, 2005

CPWA, 2005, Dust Control for Unpaved Roads, A Best Practice by the National Guide
to Sustainable Municipal Infrastructure, Canadian Public Works Association,

http://www.infraguide.ca/lib/Db2File.asp?fileid=4555, accessed on January 5, 2006

City-Data.com, 2006, Kotzebue AK, http://www.city-data.com/city/Kotzebue-
Alaska.html, accessed on January 7, 2006

-18-



Furbush, C.E., 1971, Soils of the City of Kotzebue, USDA Soil Conservation Service

Hadley, J., 2006, Telephone communication with Jeff Hadley, City of Kotzebue, January
10, 2006

Hinton, R.B., and M.R. Dixon, 1967, Soils of the Deering Area, Alaska, USDA Soil
Conservation Service

Hopkins, J., 1989, Geotextile Selection and Installation Manual for Rural Unpaved
Roads, prepared for U.S. Federal Highway Administration by Oklahoma State University

Kotzebue, 2006, City website, http://kotzpdweb.tripod.com/city/index.html, accessed on
January 11, 2006

Lunsford, G.B., and J.P. Mahoney, 2001, Dust Control on Low Volume Roads, A Review
of Techniques and Chemicals Used, prepared for Federal Highway Administration,
http://www.dot.state.ak.us/stwddes/research/assets/pdf/thwa 1t 01 002.pdf

Morgan, R.J., V.R. Schaefer, and R.S. Sharma, 2005, Determination and Evaluation of
Alternative Methods for Managing and Controlling Highway-Related Dust, Phase I —
Demonstration Project, lowa State University,
http://www.dot.state.ia.us/materials/research/reports/reports pdf/hr and_tr/reports/tr506.
pdf, accessed on December 23, 2005

MRI, 2002, Report of 3-Month Test of Dust Suppression Products — Preliminary Testing,
Midwest Industrial Supply, Inc. EK35, prepared by Midwest Research Institute for U.S.
Environmental Protection Agency, http://www.epa.gov/etv/pdfs/vrvs/05 vr ek35.pdf,
accessed on January 10, 2006

Nevada DOT, 2004, Construction Site Best Management Practices Manual,
http://www.nevadadot.com/reports pubs/Water Quality/pdfs/BMP_Section3.pdf,
accessed on January 4, 2006

Orlemann, J.A., F.J. Kalman, J.A. Cummings, E.Y. Lim, 1983, Fugitive Dust Control
Technology, Noyes Data Corporation

Sanders, T.G., and J.Q Addo, 1993, Effectiveness and Environmental Impact of Road
Dust Suppressants, http://www.ndsu.nodak.edu/ndsu/ugpti/MPC_Pubs/html/MPC94-
28.htm, accessed on January 4, 2006

Schoephorster, D.B., and C.D. Bowen, 1965, Soils of the Kobuk Area, Alaska, USDA
Soil Conservation Service

Stevenson, T., 2004, Dust Suppression on Wyoming’s Coal Mine Haul Roads, prepared
for Industries of the Future Converse Area New Development, http://www-
personal.ksu.edu/~sstevens/Dust%20Manual%20102704.pdf, accessed on January 4,
2006

-19-



Succarieh, M., 1992, Control of Dust Emissions From Unpaved Roads, prepared for
Alaska Cooperative Transportation and Public Facilities Research Program by the
University of Alaska Fairbanks,
http://www.dot.state.ak.us/stwddes/research/assets/pdf/thwa ak rd 92 05.pdf, accessed
on December 20, 2005

Teck Cominco, 2005, Summary of Mine Related Fugitive Dust Studies, Red Dog Mine
Site, Teck Cominco Alaska Incorporated,
http://www.dec.state.ak.us/air/doc/RD_Mine Fugitive Dust Studies 3-05.pdf, accessed
on December 22, 2005

Trost, B, 2003, Quality Assurance Project Plan for the State of Alaska Kotzebue Road
Dust Study, prepared for Alaska Department of Transportation & Public Facilities by
Alaska Department of Environmental Conservation

Trost, B., 2004, Effectiveness of Paving on Airborne Particulate Matter: A Preliminary
Assessment of Fugitive Dust From Roads in Kotzebue, Alaska, Interim Report — 2002-
2004, prepared for Alaska Department of Transportation & Public Facilities by Alaska
Department of Environmental Conservation

U.S. Army, 2006, Dust Palliative Dichotomous Key, U.S. Army Clean Air Research
Center, http://www.bah-abingdon-staging-
site.com/CAARC/info_rep/pdf/dustchecklist.pdf, accessed on January 4, 2006

HiH

-20-



APPENDIX A
Summary Information on Dust Palliatives
(from Dust Palliative Selection and Application Guide,

U.S. Department of Agriculture Forest Service,
November 1999)



Table 1—Road dust suppressants.

Dust Suppressant
Category

Attributes

Limitations

Application

Origin

Environmental Impact

Water

agglomerates the
surface particles
normally, readily
available

evaporates readily
controls dust
generally for less
than a day
generally the most
expensive and labor
intensive of the
inorganic
suppressants

frequency depends
on temperature and
humidity; typically
only effective from
1/2 to 12 hours

any potable water
source

none

Water Absorbing:
Calcium Chloride
(deliquescent)

ability to absorb
water from the air is
a function of
temperature and
relative humidity; for
example, at 25°C
(77°F) it starts to
absorb water at 29%
relative humidity, and
at 38°C (100°F) it
starts to absorb
water at 20% relative
humidity
significantly
increases surface
tension of water film
between particles,
helping to slow
evaporation and
further tighten
compacted soil as
drying progresses
treated road can be
regraded and
recompacted with
less concern for
losing moisture and
density

requires minimum
humidity level to
absorb moisture from
the air

doesn’t perform as
well as MgCl in long
dry spells

performs better than
MgClI when high
humidity is present
slightly corrosive to
metal, highly to
aluminum and its
alloys, attracts
moisture, thereby
prolonging active
period for corrosion
rainwater tends to
leach out highly
soluble chlorides

if high fines content
in treated material,
the surface may
become slippery
when wet
effectiveness when
less than 20%
solution has
performance similar
to water

generally 1 to 2
treatments per
season

initial application:
flake: @ 0.5t0 1.1
kg/m? (1.0to 2.0
Ib/y?), typical
application 0.9 kg/m?
1.7 bly?>) @ 77%
purity

liguid: 35 to 38%
residual @ 0.9to 1.6
L/m2 (0.2 to

0.35 g/y?), typical
application is 38%
residual concentrate
applied undiluted @
1.6 L/m? (0.35 g/y?)
follow-up: apply

@ 1/2 to 1/3 initial
dosage

by-product in the
form of brine from
manufacture of
sodium carbonate by
ammonia-soda
process and of
bromine from natural
brines

three forms:

flake, or Type I, @ 77
to 80% purity

pellet, or Type Il, @
94 to 97% purity

clear liquid @ 35 to
38% solids

water quality impact:
generally negligible if
the proper buffer
zone exists between
treated area and
water

fresh water aquatic
impact: may develop
at chloride
concentrations as
low as 400 ppm for
trout, up to 10,000
ppm for other fish
species

plant impact: some
species susceptible,
such as pine,
hemlock, poplar,
ash, spruce, and
maple

potential concerns
with spills of liquid
concentrate




Table 1—Road dust suppressants (continued).

Dust Suppressant Attributes Limitations Application Origin Environmental Impact
Category
Water Absorbing: - starts to absorb « requires minimum generally 1 -2 - occurs naturally as water quality impact:
Magnesium Chloride water from the air at humidity level to treatments per brine (evaporated) generally negligible if
(deliquescent) 32% relative humidity absorb moisture from season the proper buffer

independent of
temperature .
more effective than
calcium chloride .

solutions for
increasing surface
tension, resulting in a
very hard road
surface when dry
treated road can be
regraded and
recompacted with
less concern for
losing moisture and .
density

the air

more suitable in drier
climates

in concentrated
solutions, very
corrosive to steel
(note: some products
may contain a
corrosive-inhibiting
additive); attracts
moisture, thereby
prolonging active
period for corrosion
rainwater tends to
leach out highly
soluble chlorides

if high fines content
in treated material,
the surface may
become slippery
when wet
effectiveness when
less than 20%
solution has
performance similar
to water

initial application:
28 to 35% residual
@ 1.4t02.3L/m?
(0.30 to 0.5 gly?),
typical application is
30% residual
concentrate applied
undiluted @ 2.3 L/m?
(0.50 gly?)
follow-up:

apply @ 1/2 initial
dosage

zone exists between
treated area and
water

fresh water aquatic
impact: may develop
at chloride
concentrations as
low as 400 ppm for
trout, up to 10,000
ppm for other fish
species

plant impact: some
species susceptible
such as pine,
hemlock, poplar, ash,
spruce, and maple
potential concerns
with spills

Water Absorbing:
Sodium Chloride
(hygroscopic)

starts to absorb .
water from the air at

79% relative humidity
independent of
temperature .
increases surface
tension slightly less

than calcium chloride  «

requires minimum
humidity level to
absorb moisture from
the air

moderately corrosive
to steel in dilute
solutions

tends not to hold up
well as a surface
application

generally 1 - 2
treatments per
season

higher dosages than
calcium treatment

e occurs naturally as

rock salt and brines

same as calcium
chloride




Table 1—Road dust suppressants (continued).

Dust Suppressant
Category

Attributes

Limitations

Application

Origin

Environmental Impact

Organic Petroleum
Products

binds and/or
agglomerates
surface particles
because of asphalt
adhesive properties
serves to waterproof
the road

under dry conditions
some products may
not maintain
resilience

if too many fines in
surface and high in
asphaltenes, it can
form a crust and
fragment under traffic
and in wet weather
some products are
difficult to maintain

generally 1 to 2
treatments per season

05t045L/m?(0.1to 1

g/y?) depending on
road surface condition,
dilution, and product
the higher viscosity

emulsions are used for

the more open-graded
surface materials
follow-up: apply at

reduced initial dosages

cutback asphalt: SC-
70

Asphalt emulsion:
SS-1, SS-1h, CSS-1,
or CSS-1h mixed
with 5+ parts water
by volume

modified asphalt
emulsions
emulsified oils
mineral oils

wide variety of
ingredients in these
products

“used” products are
toxic

oil in products might
be toxic

need product specific
analysis

potential concerns
with spills and
leaching prior to the
product “curing”

Organic Nonpetroleum:

Lignin Derivatives

binds surface
particles together
greatly increases dry
strength of material
under dry conditions
retains effectiveness
during long dry
periods with low
humidity

with high amounts of
clay, it tends to
remain slightly plastic
permitting reshaping
and additional traffic
compaction

may cause corrosion
of aluminum and its
alloys

surface binding
action may be
reduced or
completely destroyed
by heavy rain, due to
solubility of solids in
water

becomes slippery
when wet, brittle
when dry

difficult to maintain
as a hard surface,
but can be done
under adequate
moisture conditions

generally 1 to 2
treatments per
season

10 to 25% residual
@ 2.3t04.5L/m?
(0.5t0 1.0 g/y?),
typical application is
50% residual
concentrate applied
undiluted @ 2.3 L/m?
(0.50 g/y?) or

50% residual
concentrate applied
diluted 1:1 w/water
@ 4.5 L/m? (1.0 g/y?)
may be
advantageous to
apply in two
applications

also comes in
powdered form that
is mixed 1 kg to 840
liters (1 Ib to 100
gallons) of water and
then sprayed

water liquor product
of sulfite paper
making process,
contains lignin in
solution
composition depends
on raw materials
(mainly wood pulp)
and chemicals used
to extract cellulose;
active constituent is
neutralized lignin
sulfuric acid
containing sugar

water quality
impacts: none

fresh water aquatic
impacts: BOD may
be high upon
leaching into a small
stream

plant impacts: none
potential concern
with spills




Table 1—Road dust suppressants (continued).

Dust Suppressant
Category

Attributes

Limitations

Application

Origin

Environmental Impact

Organic Nonpetroleum:

Molasses/Sugar Beet
Extract

provides temporary
binding of the
surface particles

limited availability .

not researched

by-product of the
sugar beet
processing industry

water quality impact:
unknown

fresh water aquatic
impact: unknown
plant impact:
unknown, none
expected

Organic Nonpetroleum:

Tall-Oil Derivatives

adheres surface
particles together
greatly increases dry
strength of material
under dry conditions

surface binding .
action may be

reduced or .
completely destroyed

by long-term

exposure to heavy

rain, due to solubility

of solids in water

difficult to maintain

as a hard surface

generally 1 treatment
every few years

10 to 20% residual
solution @ 1.4to 4.5
L/m? (0.3 to 1.0 g/y?);
typical application is
40 to 50% residual
concentrate applied
diluted 1:4 w/water
@ 2.3L/m?(0.5

gally?)

distilled product of
the kraft (sulfate)
paper making
process

water quality impact:
unknown

fresh water aquatic
impact: unknown
plant impact:
unknown

Organic Nonpetroleum:

Vegetable oils

agglomerates the
surface particles

limited availability
oxidizes rapidly, then
becomes brittle

generally 1 treatment
per season
application rate varies
by product, typically
1.1to0 2.3 L/m?

(0.25 to 0.50 g/y?)

the warmer the
product, the faster the
penetration

follow-up: apply at
reduced initial
dosages

some products:
canola oil, soybean
oil, cotton seed oil,
and linseed oil

water quality impact:
unknown

fresh water aquatic
impact: some
products have been
tested and have a
low impact

plant impact:
unknown, none
expected




Table 1—Road dust suppressants (continued).

Dust Suppressant
Category

Attributes

Limitations

Application

Origin

Environmental Impact

Electrochemical
Derivatives

changes
characteristics of
clay-sized particles
generally effective
regardless of climatic
conditions

performance
dependent on fine-
clay mineralogy
needs time to “set-
up,” i.e. react with
the clay fraction
difficult to maintain if
full strengthening
reaction occurs
limited life span

generally diluted 1
part product to
anywhere from 100
to 600 parts water
diluted product also
used to compact the
scarified surface

typical products:
sulfonated oils,
ammonium chloride
enzymes, ionic
products

need product specific
analysis

some products are
highly acidic in their
undiluted form

Synthetic Polymer
Derivatives

binds surface
particles because of
polymer’s adhesive
properties

difficult to maintain
as a hard surface

generally 1 treatment
every few years

5 to 15% residual
solution @ 1.4 to 4.5
L/m2 (0.3 to 1.0 g/y?);
typical application is
40 to 50% residual
concentrate applied,
diluted 1:9 w/water
@ 2.3L/m?(0.50

gally?)

by-product of the
adhesive
manufacturing
process

typically 40 to 60%
solids

water quality impact:
none

fresh water aquatic
impact: generally low
plant impact: none
need product specific
analysis

Clay Additives

agglomerates with
fine dust particles
generally increases
dry strength of
material under dry
conditions

if high fines content
in treated material,
the surface may
become slippery
when wet

generally 1 treatment
every 5 years

typical application
rate is at 1 to 3% by
dry weight

mined natural clay
deposits

water quality impact:
unknown

fresh water aquatic
impact: none

plant impact: none




Table 2—Suppressant manufacturers.

Suppressant Category

Product Name

Manufacturer or Primary
Distributor

Phone Number

Web Site

Water Absorbing | Calcium Chloride Calcium Chloride Liquid General Chemicall 800-668-0433 www.genchem.com
Calcium Chloride Flakes General Chemical 800-668-0433 www.genchem.com
Dowflake Dow Chemical 800-447-4369 www.dowcalciumchloride.com
Liguidow Dow Chemical 800-447-4369 www.dowcalciumchloride.com
Magnesium Chloride DustGard IMC Salt 913-344-9334
Dust-Off Cargill Salt Division 800-553-7879
Chlor-tex Soil-Tech 702-873-2023 www.soil-tech.com
Blend of Calcium and Dust Fyghter Midwestern Industrial Supply, Inc. | 800-321-0699 www.midwestind.com
Magnesium Chloride
Sodium Chloride Morton Salt Morton International 312-807-2000
IMC Salt IMC Salt 800-323-1641
Organic Asphalt Emulsion Css-1 Any major asphalt supplier
Petroleum Cutback MC-70 Any major asphalt supplier
Dust Oil/Dust Fluids Fuel QOil Pacific Northern Industrial Fuels 206-282-4421
Duo Prime QOil Lyondell Petrochemical Co. 800-423-8434 (white mineral oil)
EnviroKleen Midwestern Industrial Supply, Inc. | 800-321-0699 www.midwestind.com
(synthetic iso-alkane)
Modified Asphalt Asphotac Actin 219-397-5020
Emulsion Coherex Witco Corp. 800-494-8287 Www.witco.com
DOPE-30 Morgan Emultech, Inc. 530-241-1364
PennzSuppress-D Pennzoil-Quaker State Co. 713-546-4000 WWW.pennzsuppress.com
Penetrating Emulsion Koch Asphalt Co. 909-829-0505 www.kochmaterials.com
Primer (PEP)
Petro Tac Syntech Products, Inc. 800-537-0288 www.syntechproducts.com
Road Pro Midwestern Industrial Supply, Inc. | 800-321-0699 www.midwestind.com
Sandstill Energy Systems Associates, Inc. | 703-503-7873
Organic Lignosulfonate DC-22 Dallas Roadway Products, Inc. 800-317-1968 www.dallasroadway.com
Nonpetroleum Dustac Georgia Pacific West, Inc. 360-733-4410 (was Lignosite)
Dustac-100 Georgia Pacific West, Inc. 360-733-4410 www.gp.com/chemical/
lignosulfonate
CalBinder California-Fresno Oil Co. 209-486-0220 www.calfresno.com
Polybinder Jim Good Marketing 805-746-3783
RB Ultra Plus Roadbind America Inc. 888-488-4273 www.roadbind.com




Table 2—Suppressant manufacturers (continued).

Suppressant Category

Product Name

Manufacturer or Primary
Distributor

Phone Number

Web Site

Molassas/Sugar Beet

Dust Down

Amalgamated Sugar Co.

208-733-4104

Tall Oil Emulsion

Dust Control E

Pacific Chemicals, Inc./
Lyman Dust Control

604-828-0218 or

800-952-6457

Dustrol EX Pacific Chemicals, Inc / 604-828-0218 or
Lyman Dust Control 800-952-6457
Road Oyl Soil Stabilization Products Co., Inc. | 800-523-9992 WWW.SSPCO0.0rg
Vegetable Oils Soapstock Kansas Soybean Association 800-328-7390

Indiana Soybean Association

800-735-0195

Dust Control Agent SS

Greenland Corp.

888-682-6040

Electro- Enzymes Bio Cat 300-1 Soil Stabilization Products Co., Inc. | 800-523-9992 WWW.SSPCO0.0rg
chemical EMCSQUARED Soil Stabilization Products Co., Inc. | 800-523-9992 WWW.SSPCO.0rg
Perma-Zyme 11X The Charbon Group, Inc. 714-593-1034 www.natural-industrial.com
UBIX No. 0010 Enzymes Plus, Div of Anderson 800-444-7741
Affiliates
lonic Road Bond EN-1 C.S.S. Technology, Inc. 800-541-3348 www.csstech.com
Terrastone Moorhead Group 831-685-1148 www.terrastone.com
Sulfonated Oils CBR Plus CBR Plus, Inc. (Canada) 604-684-8072 www.cbrplus.com
Condor SS Earth Sciences Products Corp. 503-678-1216 www.earthscienceproducts.com
SA-44 System Dallas Roadway Products, Inc. 800-317-1968 www.dallasroadway.com
Settler Mantex 800-527-9919
TerraBond Clay Fluid Sciences, LLC 888-356-7847 or | www.fluidsciences.com
Stabilizer 318-264-9448
Synthetic Polyvinyl Acetate Aerospray 70A Cytec Industries 800-835-9844 www.cytec.com
Polymer Soil Master WR Enviromental Soil Systems, Inc. 800-368-4115
Emulsions Vinyl Acrylic Earthbound L Earth Chem Inc. 970-223-4998 www.earthchem.com

ECO-110

Chem-crete

972-234-8565

www.chem-crete.com/
soilstabilizer.htm

PolyPavement

PolyPavement Company

323-954-2240

www.polypavement.com

Liquid Dust Control

Enviroseal Corp.

561-969-0400

www.enviroseal.com

Marloc

Reclamare Co.

206-824-2385

Soiloc-D Hercules Soiloc 800-815-7668

Soil Seal Soil Stabilization Products Co., Inc. | 800-523-9992 WWW.SSpCOo.0rg

Soil Sement Midwestern Industrial Supply, Inc. | 800-321-0699 www.midwestind.com

TerraBond PolySeal Fluid Sciences, LLC 888-356-7847 www.fluidsciences.com
Combination of Polymers | Top Shield Base Seal International, Inc. 800-729-6985 www.baseseal.com
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Table 2—Suppressant manufacturers (continued).

Suppressant Category

Product Name

Manufacturer or Primary
Distributor

Phone Number

Web Site

Clay
Additives

Bentonite

Central Oregon Bentonite

Central Oregon Bentonite

541-477-3351

Pelbon

American Colloid Co.

800-426-5564 or
847-392-4600

www.colloid.com

Volclay

American Colloid Co.

708-392-4600

www.colloid.com

Montmorillonite

Stabilite

Soil Stabilization Products Co.,
Inc.

800-523-9992

WWW.SSPCO.0rg




APPENDIX B

Dust Palliative Selection Guides



Trafficked Is Source Trafficked or Untrafficked? )—

Paved |-

Identify Emission Source Requiring Control

Y

Untrafficked

»| Unpaved

Y

Evaluate Prevention Options

Y

Develop a Dust Control Plan.
(Contact Your Local Air Pollution Control
Authority Office for Assistance)

Y

Y

Evaluate Prevention Options

Y

Evaluate Prevention Options

Y

If Considering Surface Modifications:
Determine Traffic Volume and Type
(Passenger Vehicle, Truck, Heavy Equip.)

Y

Proceed with
Plan Implementation

Y Y

Develop a Dust Control Plan.
(Contact Your Local Air Pollution Control
Authority Office for Assistance)

¥

Proceed with
Plan Implementation

Y

Monitor Plan Success;

<500 ADT >500 ADT

Y

Y

Monitor Plan Success;

Evaluate Road Condition

Revise, if Necessary. *

Y

Good

Poor [ Upgrade Road

L]

C Evaluate Surfacing Materials

]

Y

Y

Satisfactory

Unsatisfactory

Determine Subgrade Type,

Modify or Add

Revise, if Necessary.

Consider Higher Standard
of Surface Treatment:
Chip Seal Coating or Asphalt Paving.

A

A

Climate and Environmental Constraints [*€

Surfacing Materials

¥

> Evaluate Chemical Suppressants. >
Communicate With Vendors and Select Most
Suitable Product(s) for Your Site; See Table 3 for Guidance. |3

No Solution

Y

Determine Application Rates and
Frequency; See Table 1 for Guidance

Y

Unsatisfactory I(—' Obtain Suppliers Information (Quotes, Instructions, etc.)

Determine Application Procedure and
Personnel & Equipment Requirements

Y

Develop a Dust Control Plan. (Contact your Local
Air Pollution Control Authority Office for Assistance)

Y

Not Cost Effective

Determine Costs and Benefits and Evaluate Overall Cost
Effectiveness of Plan; See Tables 2 & 3 for Guidance

Y

Cost Effective I

I Proceed with Plan Implementation I

| Monitor Plan Success and Revise, if Neccesary |

Still No Solution

Figure 1—Guidelines for cost-effective selection and use of dust palliatives.
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Table 3—Product selection chart.

Traffic Volumes, Average

Daily Traffic Surface Material Climate During Traffic
Plasticity Index Fines (Passing 75um, No. 200, Sieve)
Medium | Heavy Wet
Light [ 100 to >250 &/or | Damp | Dry
Dust Palliative <100 250 1) <3 [3-8]| >8 <5 | 5-10|10-20 |20-30 | >30 Rainy [ toDry | (2)
Calcium VAV VAV v X |V IVV] X VAN VAV V4 X X Vv | X
Chloride 3 | B4
Magnesium Y| S v X |V I[VV] X v (VY | X X VAN N4
Chloride 3 | B4
v v VAR VARV D SN VAN 4 v X X VA VAV N 4
Petroleum ) 6) 3)
Lignin Vlve | v x| vivelx ] vvrlvr | v X Jvrfvy
(6) GBe [ @
. v v X VAVARNARED G Y ¢ VAN BVAVAN V4 X VAR RV AV VAN 4
Vegetable Oils v X X IV X v v X X X v v
. v v v X |V IVV] X VAR RVAVAN RVAVER RVAVE e v v
Electro-chemical (3,4)
synteticpoymerd VY | Y | X MYV x| x|vv {6\)/ x | x| Vv |vvfvy
Clay Additives | v v/ v X VAV AR VAARA v X X X v |V
(6) 3
Legend
vV =Good  =Far X =Poor
Notes:

(1) May require higher or more frequent application rates, especially with high truck volumes

(2) Greater than 20 days with less than 40% relative humidity

(3) May become slippery in wet weather
(4) SS-1 or CSS-1 with only clean, open-graded aggregate

(6) Road mix for best results
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highly variable depending on road, traffic, and other conditions, and should
be tried before any wide-scale application.

Figure 3—1: Dust suppressant selection process

Identify areas requiring
dust control

Road condition and maintenance
adequate?
Wearing course materials
Grading, fines, base, subgrade
Drainage, crown
blading frequency, efc.

Improve drainage, regravel,
stabilize, maintain more
frequently

Still a dust
problem?

yes

Determine traffic volume and
% of commercial vehicles

U]

Conduct an economic
evaluation for sealing or a
higher standard of surface
freatment

Greater than 500
7

Economical? Apply new treatment

Greater that 20% of Consider electro-chemical

Ragrf:};;a?’(?m yos surfacing material yes  suppressant. Consider
3) passing 75 micron lignosulphonate suppressant

sieve? as an option.

Greater that 20% of
surfacing material
passing 75 micron
sieve?

Traffic greater

than 250 vpd? yes Consider salts

Consider lignosulphonates or
Consider lignosulphonates salts. Polymers and

or salts. petroleum based suppressants
may also be an option.

Procsed to second page
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Dust Control for Unpaved Roads Work Description

Figure 3—1: Dust suppressant selection process (cont’d)

For each potential
suppressant considered to
be worth investigating

Determine application
rate and frequency

Obtain suppressant
costs and other
supplier information

Determine the
yearly costs of
using a suppressant

Determine the application
procedure and the costs for
manpower and equipment to

apply the suppressant

Determine the most cost
beneficial dust
suppressant

Determine the expected
savings due to less
maintenance required with
a dust suppressant

Determine the overall savings

by using a suppressant (Less
frequent maintenance and less
gravel loss)

Determine the expected savings
due to less need to replace lost
surface material (Table 3-2)

Given the available

budget and other
Do not apply the no priorities, is the cost of
suppressant applying the dust
suppressant acceptable
for the benefits gained?

Is there enough
confidence with the
known performance of

the dust suppressant to
proceed without a trial?

} Apply the suppressant {

Conduct a suppressant trial.
Other suppressants with
potential may also be included
in the trial.

Identify the most cost
beneficial suppressant
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DusT PALLIATIVE DicHOTOMOUS KEY

Has the area been identified as having a dust

control problem?
a. Yes Goto 2

b. No

Does the area support military vehicle traffic?
a. Yes Goto3

b. No

Does the area support aircraft traffic?
Goto4
Goto 6

a. Yes
b. No

Is the type of aircraft fixed-wing?

a. Yes Go to 10
b. No Goto5
Are the aircraft helicopters?

a. Yes Go to 43
b. No Goto3

Does the area support land vehicles?
Goto7
Goto 14

a. Yes
b. No

Are the vehicles tracked or wheeled?
Goto9
Goto8

a. Tracked
b. Wheeled

Estimated number of wheeled vehicle passes per
day during periods of heaviest use:

a. More than 250 Goto 11
b. Less than 250 Go to 13

9.

10.

11.

12.

13.

14.

Estimated number of tracked vehicle passes per
day during periods of heaviest use:

a. More than 100 Goto 11
b. Less than 100 Goto 13

Estimated number of aircraft landings per day
during periods of heaviest use:

a. More than 50 Goto 14
b. Less than 50 Go to 13

Are permanent surface treatments, such as
paving, economically feasible? Paving costs are
about $6 to $10 per square yard, but can be
significantly higher if predominantly tracked-
vehicle traffic is expected because thicker
pavement is required for satisfactory

performance.
a. Yes Goto 12
b. No Goto 14

Apply permanent stabilization practices. Paving
the surface will be more cost-effective than
periodic unsurfaced road maintenance and
regular application of dust suppressants.

The use of chemical dust suppressants may not be
economically justified based on low traffic volumes;
good construction and maintenance practices are
recommended instead. However, when safety or
air quality concerns are a high priority, low traffic
volumes should not preclude the use of chemical
dust suppressants. Goto 14

Has the surface been evaluated for geometry,
materials, drainage, and maintenance practices?

Goto 20
Goto 15

a. Yes
b. No




15.

16.

17.

18.

19.

20.

Does the geometry of the surface appear to have
a crown that facilitates drainage?

Goto 16
Goto 19

a. Yes
b. No

Do surface and subsurface materials appear
to be stable and without significant potholing,
washboarding, or other forms of erosion?

Go to 17
Goto 19

a. Yes
b. No

Does the surface have adequate drainage for
local conditions?

Goto 18
Goto 19

a. Yes
b. No

Is surface maintenance performed on a regular
basis?

Goto 20

Goto 19

a. Yes
b. No

Upgrades to drainage, surface and subsurface
materials, grading, and/or maintenance practices
may solve the dust control problem. Chemical
dust suppressants should be considered if
mechanical stabilization is not cost-effective
and/or dust problems persist. Mechanical
stabilization, which may include the addition,
grading, mixing, and compaction of fresh
aggregate materials, costs about $2 to $3 per
square yard. Most installation Directorate of
Public Works and State Department of
Transportation departments can provide detailed
information about mechanical stabilization
practices and specifications.

Goto 20

Determine dominant climate influences,
trafficked-surface soil textures, and suitable dust
control product categories. Go to 21

21.

22.

23.

24.

25.

26.

The climate of the installation is classified as:

a. Arid (less than 12" of precipitation per year)
Go to 22

b. Temperate (12"-36" of precipitation per year)
Goto 23

¢. Humid (more than 36" of precipitation per
year) Go to 30

Soil texture of the trafficked surface is best
classified as:

a. Sand/gravel Goto 24
b. Loam Go to 25
c. Clay Go to 26
d. Limestone Go to 27

The temperate climate is classified as:

a. Semi-arid (12"-24" of precipitation per year)
Go to 28

b. Sub-humid (24"-36" of precipitation per year)
Go to 29

Recommended product category for the
trafficked surface:

Primary: Organic, Non-bituminous
Go to 43

see references 1, 20, 37
Secondary: Salts or Petrol  Go to 43
see references 1, 4, 20, 31, 37

Recommended product category for the
trafficked surface:

All product categories are suitable.
Go to 43
see references 10, 20, 31, 35

Recommended product category for the
trafficked surface:

Primary: Organic, Non-bituminous
Go to 43

see references 20, 37

Secondary: Salts or Electro-chemical Stabilizers
Go to 43

see references 31, 35




27. Recommended product category for the
trafficked surface:

Primary: Salts Go to 43
see references 31, 37

Secondary: Organic, Non-bituminous
Goto 43

see references 20, 37

28. Soil texture of the trafficked surface is best
classified as:

a. Sand/gravel Goto 31
b. Loam Go to 32
c. Clay Goto 33
d. Limestone Goto 34

29. Soil texture of the trafficked surface is best
classified as;

a. Sand/gravel Goto 35
b. Loam Go to 36
c. Clay Go to 37
d. Limestone Go to 38

30. Soil texture of the trafficked surface is best
classified as;

a. Sand/gravel Go to 39
b. Loam Go to 40
c. Clay Goto 4l
d. Limestone Go to 42

31. Recommended product category for the
trafficked surface:

Primary: Petrol Goto 44
see references 10, 35

Secondary: Organic, Non-bituminous
Go to 44

see reference 20

32. Recommended product category for the
trafficked surface:

Primary: Salts Goto44
see references 1, 2, 10, 25, 27, 28, 32, 36

Secondary: Organic, Non-bituminous
Goto 44

see references 1, 2, 6, 10, 20, 25, 32, 36

33. Recommended product category for the
trafficked surface:

Primary: Organic, Non-bituminous
Goto 44

see references 6, 20, 30
Secondary: Petrol Goto 44
see reference 20

34. Recommended product category for the
trafficked surface:

Primary: Salts Goto 44
see references 18, 28

Secondary: Organic, Non-bituminous
Goto 44

see references 18, 30

35. Recommended product category for the
trafficked surface:

Primary: Organic, Non-bituminous

Goto 44
see references 3, 11, 12, 13, 33
Secondary: Salts Goto 44

see references 18, 21

36. Recommended product category for the
trafficked surface:

Primary: Organic, Non-bituminous

Goto 44
see references 3, 11, 12, 13, 16, 20, 23, 24, 33, 36
Secondary: Salts Goto 44

see references 3, 11, 12, 13, 16, 21, 24, 29, 36




37.

38.

39.

40.

41.

Recommended product category for the
trafficked surface:

Primary: Organic, Non-bituminous
Go to 44

see references 11, 12, 13, 20, 23, 24

Secondary: Electro-chemical Stabilizers
Go to 44

see reference 7

Recommended product category for the

trafficked surface:
Primary: Salts Go to 44
see references 8, 15, 18, 21

Secondary: Organic, Non-bituminous

Go to 44
see references 15, 23

Recommended product category for the

trafficked surface:
Primary: Petrol Go to 44
see references 20, 29

Secondary: Organic, Non-bituminous
Go to 44

see references 14, 18

Recommended product category for the

trafficked surface:
Primary: Salts Go to 44
see references 16, 31

Secondary: Electro-chemical Stabilizers
Goto 44

see reference 29

Recommended product category for the

trafficked surface:
Primary: Salts Goto44
see references 4, 14, 20, 29

Secondary: Organic, Non-bituminous
Goto 44

see references 14, 20

42.

43.

44,

45,

46.

47.

Recommended product category for the

trafficked surface:
Primary: Salts Goto44
see references 4, 16, 17, 18

Secondary: Organic, Non-bituminous
Goto 44

see references 16, 17, 18

Recommended product category for the
trafficked surface:

Primary: Polymers Goto 44
see references 17, 20
Secondary: Petrol Goto 44

see reference 20

The economic evaluation for prolonged and
repeated use of this product at 60- to 90-day
intervals is:

Goto 45
Go to 46

a. Economical

b. Not economical

A trial application of the product category
has proven:

Goto 47
Go to 46

a. Effective
b. Not effective

Consider paving or use of an alternate dust
palliative.

Implement large-scale use of product category
and a monitoring program.
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APPENDIX D

Detailed Cost Calculations of Dust Control Methods



Unpaved Road Dust Control Costs

Project:  Rural Alaska Dust Control Alternatives
Client: Alaska Department of Environmental Conservation

Constants:

Labor
Laborer Charge Rate =

Equipment Operator Charge Rate =
Crew Foreman Charge Rate =

Equipment
Grader Charge Rate =
Dump Truck Charge Rate =

Frontend Loader Charge Rate =

Water Truck Charge Rate =

Control Measure:
Watering

Water Truck Capacity =
Water Application Rate =

Water Application Coverage =

Vehicle Speed =

Water Application Time =
Truck Refill Time =

Total Watering Cycle Time =
Labor Allocation =

Labor Cost =

Equipment Allocation =
Equipment Cost =

Total Watering Cycle Cost =

Control Costs.xls

$37.60 /hr (C. Adler, 1/5/06)
$44.30 /hr (C. Adler, 1/5/06)
$45.80 /hr (C. Adler, 1/5/06)

$121.01 /hr (C. Adler, 1/5/06)
$59.51 /hr (C. Adler, 1/5/06)
$78.53 /hr (C. Adler, 1/5/06)
$26.53 /hr (C. Adler, 1/5/06)

2500 gal. (C. Adler, 1/5/06)
0.125 gallyd2 (Marin Co. Stormwater
Dust Control BMP, 2006)

20000 yd2
180000 ft2
1.42 mi (@ 24" width)
5 mph (estimated)
17 min.
22 min. (estimated)
39 min
1 equipment operator
$28.83 /watering cycle
1 water truck
$17.26 /watering cycle
$46.09 /watering cycle
$32.45 /mile-watering pass

1lof4

1/20/2006



Calcium Chloride Application

1st Calcium Cloride Application Rate =
2nd Calcium Cloride Application Rate =
Total Calcium Chloride Application Rate =

Calcium Chloride Cost =

Calcium Chloride Haul Cost =

Total Calcium Chloride Cost =

Application Labor =

+
Application Time =
Labor Cost =
Application Equipment =
+
+

Equipment Use Time =

Equipment Cost =
Total Applied Cost =

Synthetic Polymer Products

EK-35 Application Rate =

EK-35 Cost =
EK-35 Density =

EL-35 Transport Cost =

Total EK-35 Cost =

Application Labor =

+
Application Time =
Labor Cost =
Application Equipment
Equipment Use Time =
Equipment Cost =
Total Applied Cost =

Control Costs.xls

1.5 Ib/yd2 (Bolander, 1999)
0.75 Ib/yd2 (Bolander, 1999)
2.25 Iblyd2
31,680 Ib flake/mi
$1,400 for 2800 Ib tote (FOB Anchorage,
Univar/Dow Chemical, 1/5/06)
$625 /2800 Ib tote (Seattle to
Kotzebue, Northland Services,
1/11/06)
$2,025 /2800 tote @ Kotzebue
$22,913 /road-mile
1 crew foreman
2 equipment operator
12 hr/mile (estimated)
$1,613 /road-mile
1 frontend loader
1 water truck
1 grader
4 hr - frontend loader (estimated)
8 hr - water truck (estimated)
8 hr - grader (estimated)
$1,494 /road-mile
$26,020 /road-mile

50 ft2/gal (ADOT, Kiana Airfield
Report)
2534 gal/mi (@ 24 foot width)
$5.95 /gal (FOB Seattle, Midwest
Industrial Supply, 1/6/06)
7.66 Ib/gal (Midwest Industrial
Supply, 9/17/04)
$447 /2000 Ib tote (Seattle to
Kotzebue, Northland Services,
1/11/06)
1.71 /gal
$7.66 /gal
$19,416 /mile
1 equipment operator
1 laborer
8 hr/mile (estimated)
$655 /mile
1 water truck
8 hr - water truck (estimated)
$212 /mile
$20,283 /mile
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Lignosulfonate Products

Lignosulfonate Application Rate =

Lignosulfonate Cost =

Lignosulfonate Density =

Lignosulfonate Transport Cost =

Total Lignosulfonate Cost =
Application Labor =

+
Application Time =
Labor Cost =
Application Equipment =
Equipment Use Time =
Equipment Cost =
Total Applied Cost =

Soil Sement
Soil Sement Application Rate
Soil Sement Cost =
Soil Sement Density =
EL-35 Transport Cost =
Total Soil Sement Cost =
Application Labor =

+
Application Time =
Labor Cost =
Application Equipment =
Equipment Use Time =

Equipment Cost =
Total Applied Cost =

Control Costs.xls

5000 gal/mi (@ 24 foot width,
Midwest Industrial Supply,
1/17/06)
$11,700 /5000 gal FOB Seattle
Midwest Industrial Supply,
1/17/06)
8.40 Ib/gal (estimated)
$9,377 /5000 gallons in totes (Seattle to
Kotzebue, Northland Services,
1/11/06)
$21,077 /road-mile
1 equipment operator
1 laborer
8 hr/mile (estimated)
$655 /mile
1 water truck
8 hr - water truck (estimated)
$212 /mile
$21,945 /mile

0.28 gallyd2 (California ARB, 2002)
3942 gal/mi (@ 24 foot width)
$4.42 [gal (FOB Seattle, Midwest
Industrial Supply, 1/20/06)
9.01 Ib/gal (Midwest Industrial
Supply, 1/20/06)
$447 /2000 Ib tote (Seattle to
Kotzebue, Northland Services,
1/11/06)
$2.01 /gal
$6.43 /gal
$25,355 /mile
1 equipment operator
1 laborer
8 hr/mile (estimated)
$655 /mile
1 water truck
8 hr - water truck (estimated)
$212 /mile
$26,223 /mile
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Gravel

Gravel Application Rate

Gravel Cost =

Pre-Grading Labor =
Pre-Grading Time =
Labor Cost =
Pre-Grading Equipment =
Equipment Use Time =
Equipment Cost =

Total Application Cost =

Geotextile Fabric

Geotextile Cost =

Geotextile Weight =

Shipping Cost =

Installation Labor =
Installation Time =
Labor Cost =

Total Installation Cost =

Asphalt Paving

Bid for Kotzebue Paving Project =

Length of Kotzebue Paving Project =

Cost of Asphalt Paving =

Fiberglass Plates
Plate Cost =
Plate Shipping Cost =

Total Plate Cost =
Pre-Grading Labor =
Pre-Grading Time =
Pre-Grading Labor Cost =
Installation Labor =

+
Installation Time =
Installation Labor Cost =
Pre-Grading Equipment =
Installation Equipment =

+

Total Equipment Cost =
Total Installed Cost =

Control Costs.xls

4 in. depth (estimated)
1,564 yd3/mile (@ 24 foot width)
$52 /yd3 (in place @ Kotzebue,
J. Hadley, 1/12/06)
$81,351 /road-mile
1 equipment operator
16 hr (estimated)
$709 /road-mile
1 grader
16 hr (estimated)
$1,936 /road-mile
$83,996 /road-mile

$1.63 /yd2 (http://www.dot.state.ak.us
/stwddes/bidtabs/18363/
/18363.Xls)
$22,950 /mile (@ 24 foot width)
4.0 oz/yd2 (http://www.maine.gov
mdot/mirc/geotextiles.php)
3,520 Ib/road-mile
$1,357 /road-mile (Northland Services,
1/11/06)
2 laborers
42 hr (estimated)
$3,176 /road-mile
$27,484

$2,064,685 (not including curbs, sidewalks,
approaches, 24 foot width,
J. HillADOT, 1/12/06)
4,028 ft (@ 24' width, J. Hil/ADOT,
1/13/06)
$2,706,204 /road-mile (@ 24 foot width)

$2,000 /8'x14'x2" plate (D. Swarthout,
12/22/05)
$431 /plate (Northland Services,
1/11/06)
$2,431 Iplate
$2,750,728 /road-mile (@ 24 foot width)
1 equipment operator
16 hr (estimated)
$709 /road-mile
2 laborers
1 equipment operator
42 hr (estimated)
$5,048 /road-mile
1 grader
1 dump truck
1 frontend loader
$7,767 /road-mile
$2,764,252 /road-mile
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