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INTRODUCTION

On August 1, 1980, the City of Rapid City presented a Fugitive Dust Control Plan to the
Pennington County Air Quality Review Board. The plan enumerated sources of fugitive dust
under City control and presented recommendations for controlling particulate emissions.

The 1980 Fugitive Dust Control Plan has been updated in 1986, 1990, 1993, and 1996. In the
time period between 1980 and September of 2000, 28.3 miles of unpaved streets have been
paved. Over the past twenty years, the City has made great progress in reducing the amount of
unpaved public streets. A considerable portion of paving funds have come from the
contributions of developers and individuals, with a 40% match contribution from the City. The
1996 estimate for remaining unpaved public streets was 7.5 miles. Since 1996, one additional
mile of unpaved street has been paved. However, recent annexations by the City have resulted
in additional unpaved public streets coming into the City’s jurisdiction, bringing the total miles of
unpaved public streets to 10.27 miles. The City will continue to work with landowners and
developers to bring these unpaved public streets into compliance with City design standards.

A principal recommendation enacted since 1980 was the passage of an ordinance concerning
parking lot paving standards. This ordinance required parking lot paving for all new construction.
The City has also paved all City-owned parking lots. City Staff continues to enforce the parking
lot paving requirements as well as subdivision development regulations.

The City of Rapid City is responsible for minimizing dust generated on City property and by City
operations. The City also has some control over the dust generated by certain private
operations. This report will outline City policy, procedure, and results obtained in reducing
fugitive dust emissions from City property, City operations, and City controlled private
operations.
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COMPLIANCE PROGRESS

CITY  THOROUGHFARES

AIR QUALITY COMPLIANCE STATUS

In 1979, a study entitled Recommended Paving Priorities for Dust Abatement in the Rapid City
Area, listed unpaved streets in the Rapid City Nonattainment area. At that time the Rapid City
Nonattainment Area was a 10 mile by 11 mile area surrounding Rapid City and was classified
nonattainment for Total Suspended Particulate matter (TSP). Air quality compliance is now
measured by the annual National Ambient Air Quality Standard (NAAQS) for Particulate matter
with an aerodynamic diameter less than or equal to a nominal ten micrometers (PM10).

Rapid City presently has a classified rating for PM10 compliance for the area within the Rapid
City Three Mile Limit. However, there have been past violations of the PM10 National Ambient
Air Quality Standard set by the U.S. Environmental Protection Agency (EPA) within the Rapid
City Air Quality Control Area (also referred to as the Three Mile Limit or that area three miles
wide extending in an outward direction from the corporate limits of Rapid City). The City of
Rapid City, in cooperation with the South Dakota Department of Environment and Natural
Resources, continues to work with the EPA in addressing issues relative to air quality standards
in the Rapid City Area. The State Department of Environment and Natural Resources is also
collecting PM2.5 data so that an assessment can be made regarding impacts of potential PM2.5
mandates that the Rapid City Area could be required to meet in the future. The EPA’s PM2.5
standard is currently being litigated.

OUT OF THE DUST PROGRAM

To estimate the quantity of size specific particulate emissions due to traffic, the Environmental
Protection Agency has developed an empirical expression to calculate an emission factor. This
factor depends on the amount of material passing the #200 sieve, vehicle speed and size, and
the number of days with precipitation. Paving has proven to significantly reduce particulate
emissions caused by automobile traffic and is the most effective means of reducing fugitive
emissions caused by vehicular traffic.

To encourage paving of residential streets, the City developed the Out-of-the-Dust Program.
Under this program, the City pays part of the paving costs. Property owners whose land benefits
from the improvement must agree to a ten-year assessment to pay the remaining costs.
Formerly, Revenue Sharing funds were available, and the City paid 50% of the cost of paving
streets and 25% of the cost of paving alleys. In recent years, Congress has eliminated Federal
Revenue Sharing. Now, the City allocates approximately $50,000 per year for matching funds
for the Out-of-the-Dust Program. The City pays 40%, and the property owners along the project
share the remaining 60% of the costs. During years 1996 through 2000, the City contributed
between $40,000 - $50,000 each year towards Out-of-the-Dust projects.

ALLEYS

The 1991 Alley Inventory Project conducted by the Transportation Planning Division identified
32.5 miles of alleys within the Air Quality Unclassified Area. At that time, 6.75 miles were paved
and 25.75 miles of alleys were unpaved. Since 1991, an additional 8.55 miles of alleys have
been paved, bringing the total miles of paved alleys to 15.3 miles, and unpaved alleys to 17.2
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miles. Many of the alleys paved by the City have been in high traffic commercial and industrial
areas.

In addition, the Street Department paves alley entrances (that portion of the alley between the
curb line and the back of the sidewalk). So far, they have paved approximately 50 alley
entrances in this manner. This paving program continues as funds allow.

CITY-OWNED PARKING LOTS

All existing and newly constructed City-owned parking lots are now paved.

CONTROL OF FUGITIVE DUST EMISSIONS ALONG CITY THOROUGHFARES

Paving is obviously the most effective means in reducing fugitive dust emissions from roads and
parking lots. For those roads that are paved, the following control methods are applied subject
to weather:

SOURCE CONTROL METHOD APPLIED
Downtown Streets Swept once a week with a vacuum sweeper, followed by a

regenerative vacuum sweeper, and flushed on Monday night
Arterials and
Collectors

Swept every 3-4 weeks with regenerative air vacuum sweepers
and flushed when conditions allow

Local Streets Swept every 6-8 weeks with mechanical, vacuum, or
regenerative air vacuum sweepers

Alleys Sweep downtown alleys when needed
City-owned parking lots Swept once a month or as needed; All city-owned parking lots

are paved
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CITY OPERATIONS

LANDFILL OPERATIONS

Location.  The Rapid City Sanitary Landfill is located approximately one-half mile south of the
South Truck Route (US Highway 16-B) and is adjacent to the west side of SD Highway 79.
Since prevailing winds are from a northwesterly direction, particulate emissions generated at the
landfill do not usually pollute the City.

Use.  Approximately 200 acres of the 365 acre landfill site are being utilized at this time. This
includes roads, buildings, revegetated areas, and active sites. The active landfill uses
approximately forty acres. Of the 40 active acres, 11 acres are open for solid waste, 6 acres are
open for rubble and 14 acres are open for hydrocarbon soils. The remaining 9 active acres (7
acres are utilized for yard waste composting, and 2 acres for asbestos disposal) do not
contribute to fugitive emissions, as they do not have exposed earth. Seeding of exposed cells or
borrow areas continues as they become closed or inactive.

Burning.  State regulations allow landfill burning twice per year. However, the City does not
permit any burning at the Rapid City Landfill. The preferred method of processing is chipping
and mulching. A yard waste composting program began formal operation in 1993.

Road Paving.  Approximately one-half mile of the haul road was paved in 1990.  An additional
one-quarter mile was paved in 1993 and one-half mile of the haul road was repaved in 1996.
Permanent haul roads are paved utilizing recycled asphalt and/or hot mix asphalt. Temporary
roads utilize limestone rock and/or recycled asphalt, if appropriate. All parking and circulation
has been paved around the Material Recovery Facility site as well.

STREET SWEEPING OPERATIONS

Sweeper Fleet.  The City of Rapid City presently has a fleet of seven sweepers.  Of the seven
sweepers, four are vacuum sweepers which use a broom and vacuum to pick up debris, two are
regenerative air vacuums (air is re-circulated within the hopper, thereby keeping fugitive dust
emissions to a minimum) which are a very efficient version of the vacuum sweepers, and one is
a conventional 3-wheeled mechanical sweepers which uses a broom and conveyer belt to pick
up debris.

UNIT # DESCRIPTION YEAR PURCHASED

  42 Schwarze / Aaplex regenerative 1996
  44 Schwarze / Aaplex regenerative 1996
  45 Elgin mechanical 1988
  47 Johnston vacuum 2000
  48 Johnston vacuum 1999
  49 Elgin regenerative 1992
  52 Elgin vacuum 1983

Sweeping Operations.  The core area (that area from West Boulevard to East Boulevard and
Omaha Street to Columbus Street) will be swept primarily with the regenerative air vacuum
twice a week and will be flushed twice a week with high-pressure water from a flusher truck.
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Regenerative air vacuum sweepers and/or flushing trucks will be used on arterial routes and
major collector streets every three to four weeks. A mix of mechanical, vacuum, and
regenerative air vacuum sweepers will continue to work the residential streets with a circuit of
the City being completed every six to eight weeks, depending on the amount of material on the
streets and weather conditions.

City parking lots are swept approximately once a month, or as needed.

In the winter, the Street Department sweeps when the weather permits and when there is no ice
or snow on the streets.  Crews do not sweep when the temperature will cause water used in
sweeping operations to freeze either on the road or in the machine.

Following a heavy sanding operation, it takes six to eight weeks of good sweeping weather to
recover the icing sand on all streets.  Winter weather can easily delay the cleanup, and another
storm can easily negate any prior work.

Contract Sweeping.  In the past, the City of Rapid City has explored the concept of contract
sweeping.  The extent of the involvement of the private community, as well as the costs for
providing these services were investigated.

The results of the study have shown that the private sector needs a long-term commitment (4-5
years) from the local agency.  This commitment would specify that a single contractor would
have the contract for the entire period.  Also, during that time, the City would have to agree not
to change back to City crews as long as the work was being performed in an acceptable
manner.

In addition to performing the street cleaning operation, the street cleaning crews are a very
critical part of all street maintenance, including snow service operations. Without them, the City
would not have enough employees for normal street maintenance activities, or be able to meet
the demand during snowstorms. Switching to a system where sweeping is performed
exclusively on a contract basis would not meet the City’s overall needs.

The private sector has not been eager to provide supplemental sweeping service on an “as
needed” basis due to the large initial capital expenditure for the equipment and the continuing
maintenance costs.  Presently, only two contractors have a sweeper to rent on a per hour basis.

On a larger scale, the amount of tax dollars spent on street sweeping are committed by the City
Council during the budget approval process. The ability to increase the amount of street
sweeping completed in the City, either by contracted or City staff, is directly related to the funds
available and an expansion of services would have to be approved by Council at budget time.

In summary, the question of whether the City can contract with the private sector to provide
additional sweeping at various times in the City can only be properly addressed and answered
after the need for the work has been identified and funds have been appropriated by Council.
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STOCKPILES

Street sanding material is stockpiled inside storage domes at the Steel Avenue shop. The City
also excavates and stockpiles fill material east of Cambell Street behind Taco John’s. The
majority of the excavated area and stockpiles are vegetated. A future material storage facility
will be built on City-owned property that is adjacent to Catron Boulevard.

ANTI-SKID MATERIALS

In 1993, new specifications were written for ice sanding material, reducing the amount of calcite
content by 50% to a maximum content of 25%. However, the City has discontinued the use
of sand or sand mixtures, unless there is a shortage of salt. If sand is needed, river sand
(which meets the maximum calcite content of 25%) is combined with approximately 20% salt
and 70 gallons of Magnesium Chloride per nine cubic yard load.  The City originally began using
the liquid deicer Magnesium Chloride (also called Mag Water or identified by its chemical name
as MgCl2) in the downtown core area. This product performs very well on ice to one-quarter inch
thick. On ice buildup or packed snow, a combination of Magnesium Chloride and salt will
successfully melt through the buildup.

Experimentation with Magnesium Chloride has led to the following successful application
methods: 1) Salt/Mag Chloride Combination—Depending on the size of the truck, 35 to 70
gallons of Mag Chloride is added to the top of a load of straight salt. 2) Sand/Salt/Mag Chloride
Combination—Depending on the size of the truck, 35 to 70 gallons of Mag Chloride is added to
the top of a load of a sand/salt mixture. The sand/salt mixture is used only if the Street
Department’s supply of salt becomes low. Past experimentation with Magnesium Chloride
during various snowfall and icing events has refined the application process for salt/Mag
Chloride applications. The City will continue to experiment to determine the most effective use
of these de-icing materials. Refer to Appendix A for the complete specifications of Magnesium
Chloride liquid deicer.

In the downtown core area sand use has been discontinued; however, during periods of heavier
snow pack some sand may be required as determined by the Director of Public Works. The
amount of sand used per event has been significantly reduced on all City streets. In fact, sand
is no longer applied during any snowfall or icing event, unless the supply of salt runs low or
becomes unavailable. Any new application or reapplication of sand is based upon traffic safety
conditions in a specific area.

During the 1995 snow season the City experimented with the anti-skid agent, Realite.  Realite is
a hard-baked shale product that is angular is shape.  Due to the angular shape, it remains in
place on the roadway requiring fewer repeat treatments. The chemical and physical composition
deters the traffic-induced breakdown other sanding materials experience. The breakdown of
material size is considered to be the largest cause of fugitive emissions.  Results of Rapid City’s
experimentation with Realite were very positive, and met the City’s expectations for the product.
However, costs and availability have made the continued use unfeasible. The City will continue
to examine new anti-skid products and methods that meet the criteria for traffic safety and for
reducing fugitive emissions.
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Specifications of Material.  Appendix B contains the complete specifications for ice sanding
material.

The following gradation is required:

SIEVE  %PASSING
    3/8”     100%

1/4” 80-100%
    # 4     65-95%
    # 8     45-75%
   # 16     40-55%
   #200     0-2%

Limestone Use.   The City has discontinued the use of limestone chips in sanding operations
and sanding stockpiles containing limestone have been expended.  If limestone chips are used
in emergency situations for fuel spills or other special circumstances, the Street Superintendent
reports limestone usage to Air Quality Staff.  Except for material lost off roadway areas, all of
the material is removed by street sweepers after the event.

Containment Structures for Sand and Salt.  The City Street Department built the first
sand/salt storage dome in 1996 at the City Street Department yard on Steele Avenue. A second
sand/salt dome was completed on the Street Department site in 1999. A third facility is planned
adjacent to Catron Boulevard.

TRUCK COVERS

Existing City Ordinance (Section 10.20.090) regulates the covering of trucks. Pennington
County Ordinance #12 Revised also requires “that all vehicles that are transporting fugitive dust
emitting materials within the Air Quality Three-Mile Limit on public roads shall be covered with a
tarp to reduce such emissions or must use a method that is equally effective in reducing such
emissions”.  Any violation of this requirement shall be subject to enforcement action. Pennington
County Ordinance No. 12 Revised (Air Quality Ordinance) is attached at the end of this plan as
a reference.

STREET REINTRAINMENT REQUIREMENTS

Section 3.03 (Street Reintrainment Requirements) of Pennington County Air Quality Ordinance
#12 Revised describes reintrainment as: “A process in which particulate matter has been
deposited from one place to another and then liberated into the ambient air by vehicular travel,
wind, or other causes.”

The following information is taken from Section 3.03 as it pertains to the Fugitive Dust Control
Plan:

A. No person shall place any street sanding materials upon any road, highway, driveway, or
parking lot to which the public has general access which is located in the area defined in
Section 1.02 (1) which does note meet both of the following requirements:

1. A durability or hardness as defined in Moh’s Mineral Hardness Scale of greater
than 6 for 70% of the material used.
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2. No more than 3% of the total particle material content by weight may be smaller
than the 200 sieve.

For street sanding material, these criteria apply only to the material prior to the addition of
chemicals.  Material of a lesser hardness may be used on steep roads unless it is determined
that a material that meets the above standards and has the same effectiveness can be applied.

Any political subdivisions (public or private entities that maintain street operations within the Air
Quality Three-Mile Limit) responsible for maintaining any public road inside the area in which
road sanding materials are regulated, shall clean the center line and areas immediately adjacent
to the travel lane.  Cleaning shall commence under one or more of the following conditions:

1. When it has been determined by the Air Quality Director that the streets are
sufficiently dry enough to commence street sweeping;

2. When the Air Quality Director has determined that there is a fugitive emissions
problem due to street sanding material.

Street cleaning will not be required on public roads with restricted travel, when unusual weather
or other circumstances prevent it.  The political subdivision shall include in its compliance plan a
street cleaning plan listing priority streets and schedules.

B. Any political subdivisions maintaining public roads inside the area in which road sanding
materials are regulated shall water flush such roadways when it has been determined by
the Air Quality Director that street sanding material is causing a fugitive emission
problem. This will be conducted after street cleaning. Street water flushing is not
required if it endangers public safety or water use restrictions are in effect.  The political
subdivision shall include in its compliance plan a water flushing plan.

C. All vehicles that are transporting fugitive dust emitting materials within the area
designated in Section 1.02 (1) on public roads shall be covered with a tarp to reduce
such emissions or must use a method that is equally effective in reducing such
emissions.

D. Any material that is deposited, other than street sanding material, on any public roadway
on which vehicular travel is not restricted, that could be reintrained as fugitive emissions
shall be cleaned or removed within 24 hours of deposition.  The cleaning or removal
process shall be conducted so that minimal fugitive emissions are generated.

DUST PALLIATIVES

Appendix C contains the Dust Palliative Policy approved by the Rapid City Common Council in
1988.  In summary, magnesium chloride may be used as a dust palliative if approved by Council
under the following circumstances:

1. In a new subdivision prior to the hard surface applications.

2. Existing street within areas presently zoned industrial, light industrial, agriculture,
or park forest.
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3. Existing gravel streets in residential areas which serve primarily as an access
route and do not function as a local residential street.

Those using dust palliatives must bond so that the City can bring the roadway back to normal
conditions, if the road is not maintained to city standards.  Appendix D contains a copy of the
Dust Palliative Permit.

ASPHALT SURFACE TREATMENTS

Policy. The policy on asphalt surface treatments is as follows:

-Cover aggregate shall be wet before placement.
-Cover aggregate will not be spread if winds are greater than 5 mph.
-After placement of the cover aggregate, the street is watered to minimize dust.
-The street is broomed within seven days.
-The street is swept again as needed.

The same controls are applied to projects contracted out by the City as to projects undertaken
by the City Street Department.  Appendix E is a copy of Section 37, Asphalt Surface Treatment,
from the City of Rapid City Standard Specifications for Public Works Construction.  This section
outlines the responsibilities of a contractor for a City project.  Section 116 is also attached as
part of Appendix E as it contains the specifications for the aggregates used for asphalt surface
treatment.

CONTROL OF FUGITIVE EMISSIONS FROM CITY OPERATIONS

The following table summarizes control methods used in reducing fugitive dust emissions from
City operations:

SOURCE CONTROL METHOD APPLIED
Landfill Operations Open areas are reclaimed on an ongoing basis.  Three-quarters of a

mile of the haul road is paved and any future roads will be paved.
Street  Sweeper
Fleet

The City continues to upgrade and expand its sweeper fleet by
purchasing more efficient sweepers that generate fewer emissions
during operation.

Anti-Skid Materials The routine use of sand has been discontinued. More stringent
sanding specifications have reduced calcium content, thereby
reducing emissions from sanding if it must be used. City continues
to experiment with and anti-skid mixtures to find the most efficient
application means.  Limestone use has been discontinued.

Sand and Salt
Storage

All material is stored inside two containment structures. The City
intends to build an additional containment structure.

City Ordinances The City continues to enforce ordinances and policies relative to the
control of fugitive emissions from City Operations and the use of
public streets.
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PRIVATE OPERATIONS

PRIVATE STREETS

Streets in certain developments are private, constructed and maintained by a homeowner’s
association. Two examples of developments with private streets within the City limits are
Springbrook Acres and Woodridge Subdivision. The streets in Woodridge are paved, but many
of the streets in Springbrook Acres are not.  Since 1980, a blotter has been applied to 1.4 miles
of private streets, but approximately 2.5 miles of streets are still gravel.  Since these are existing
private streets, the City has no control over requiring paving in these areas. However, when
platting is requested on property that is adjacent to these unpaved private streets, the City
requires the street section to be paved to a City design standard.

The Rapid City Subdivision Ordinance requires that newly platted private streets be designed
and built according to City standards. At the final platting stage, a bond is required if the
improvements have not been made. City policy discourages the creation of private streets
because of problems that often occur years after original platting.  One such example is the lack
of control over street cleaning or sanding operations on private streets.

PARKING LOTS AND DRIVEWAYS

The Parking Lot Paving Ordinance of 1980 requires the paving of all new, improved, or
converted parking lots within the City.  Appendix F contains this ordinance.

In 1998, the Rapid City Common Council amended the Parking Ordinance, a copy of which is
contained in Appendix G.

PARKING ON PUBLIC RIGHT-OF-WAY

In many areas of town, the right-of-way behind the curb is illegally used for parking.  Often, this
area is not paved.  When new construction occurs, a paved parking lot is required to be located
on private property.  It is not permitted to use right-of-way for required parking or circulation.

UNSEEDED PRIVATE PROPERTY

The issue of unseeded private property has been addressed in two major ways:

1. Grading permits require seeding as a condition of obtaining an approved grading permit.  A
copy of the Grading Permit it attached as Appendix H.

2. New subdivisions require bonding for seeding at the time of platting.  Please refer to
Appendix I for seeding requirements.



11

CONSTRUCTION SITES

Pennington County requires an Air Quality Permit for all construction on an area of one acre or
more in size within the Air Quality Three-Mile Limit.  This requirement is adequate to enforce
dust control on construction sites.

The City Grading Permit Process requires that a Pennington County Air Quality Permit be
obtained prior to the grading permit being issued.

Appendix J contains Section 7.28 (Dirt/Dust Control) from the City of Rapid City’s Standard
Specifications for Public Works Construction.  The beginning of this section includes the
following statements relative to the control of dust on City projects:

All activities associated with this contract shall conform to Pennington County Ordinance
#12 Revised, “Fugitive Dust Regulation”.

The Contractor shall make every reasonable effort to minimize fugitive dirt or dust as a
result of construction activities.  The Engineer may require the Contractor to water or
take other actions necessary to prevent blowing dirt and/or dust and other nuisance
conditions at no additional cost to the owner.

CONTROL OF FUGITIVE EMISSIONS FROM PRIVATE OPERATIONS

The following table summarizes control methods used in reducing fugitive dust emissions from
private operations:

SOURCE CONTROL METHOD APPLIED
Private Streets City Subdivision Ordinance requires newly platted streets to be built to

City Standards.
Parking Lots Parking Lot Paving Ordinance requires all new or expanded parking

lots be paved.

Unseeded
Property

New subdivisions require bonding at time of platting for seeding.
Grading permits require seeding as a condition of obtaining an
approved permit.

Construction Sites City grading permit requires that a Pennington County Air Quality
Permit is obtained prior to grading permit being issued.
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CONCLUSIONS

The City of Rapid City continues to make progress in limiting sources of dust over which it has
control.  Only 10.27 miles of City Street remain unpaved.  All City-owned parking lots have been
paved.  The City Street Department continues to experiment with anti-skid and deicing materials
to find mixtures that are effective in reducing accidents and will also lower fugitive dust
emissions. Furthermore, sand is no longer applied on any City Streets unless salt and/or
magnesium chloride become unavailable.  As the sweeper fleet is expanded and upgraded, the
frequency and the efficiency of cleaning will increase.  Reclamation work continues at the
Landfill as new areas are opened for use and old areas are closed and seeded.  The Landfill will
continue to pave haul roads within the facility to help reduce emissions caused by vehicular
traffic.

City Staff continues to enforce the Parking Lot Ordinance, the Parking Lot Paving Ordinance,
and the Subdivision Regulations.  Staff also continues to require dust control at construction
sites and seeding as a condition of grading permits. City policy discourages the creation of
private streets because of the dust control problems associated with their use.

The City will continue to be vigilant in improving the air quality in the Rapid City area.  This will
be accomplished by new and improved equipment and materials, the enforcement of policies
and ordinances relating to dust control, and the continued efforts to implement new ordinances
and amend existing ordinances which aid in reducing fugitive dust emissions.
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EMISSIONS CALCULATIONS

Quantities of particulate emissions will be calculated for the sources of dust enumerated in this
report.

Emissions factors used in the emissions calculations were taken from the following publications:

[Reference 1] EPA Control of Open Fugitive Dust Sources; September, 1988

[Reference 2] U.S. Environmental Protection Agency’s report, compilation of Air Pollutant
Emission Factors, 5th Edition (also know as AP-42); 1995

[Reference 3] National Emissions Data Systems Source Classification Codes and Emission
Factor Listing for PM10 ; August, 1988

PAVED STREETS

The following emissions factors are taken from Section 13.2.1.3 of Reference #2.

Emissions factor: E = 
65.0

2
sLk 







5.1

3
w








E = particulate emission factor in grams (see table below for road
category)

k = base emission factor for particle size range and units of interest = 7.3
g/VMT for PM10  particle size

sL = road surface silt loading in g/m2  (see table below for road category)
W = vehicle weight in Metric Tons = 2.5 for Rapid City streets

** To convert the emissions factor from the above equation into pounds, the factor is
divided by 454.

E = lbs.
Per VMT

sL* Road Category ADT

0.004 0.3 High ADT Roadsb

7 Non-Sanding Months
Principal Arterials = 16,740 vehicles/day
Minor Arterials = 7480 vehicles/day
Collectors = 5480 vehicles/day

0.010 1.5 Low ADT Roadsb

7 Non-Sanding Months
300 vehicles/day

0.005 0.5 High ADT Roads
5 Winter Sanding Months

Principal Arterials = 16,740 vehicles/day
Minor Arterials = 7480 vehicles/day
Collectors = 5480 vehicles/day

0.016 3 Low ADT Roads
5 Winter Sanding Months

300 vehicles/day

0.014 2.5 Paved Alleys
12 months – No Sanding

30 vehicles/day

a  50th percentile estimates were used for silt loading values on all roads.
b High ADT (Average Daily Traffic) Roads are roadways with 5,000 vehicles per day or
  more.  Low ADT roads are all roadways with less than 5,000 vehicles per day.

** Although the downtown core area streets are not sanded, these roads were included in the
winter sanding emissions equations.  No emission reductions were figured for these roads.
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After the emissions factor in pounds per Vehicle Mile Traveled (E = lbs. / VMT) was calculated
for each road category as shown in the table on page 13, the next step is to calculate the annual
Vehicle Miles Traveled (AVMT).  Listed below is the formula for calculating AVMT.  Pages 15-16
also show the breakdown by street class for calculation purposes. Annual Vehicle Miles
Traveled are then used in the final calculations for emissions tonnages. The formula and
calculations for emissions tonnages begin on page 15.

Formula for Calculating Annual Vehicle Miles Traveled:

ADT x mi./road class = vehicle miles/weekday x 252 weekdays/yr. = annual vehicle
miles/weekdays

Vehicle miles/weekday x 0.7 x 113 non-weekdays/yr. = annual vehicle miles/non-weekdays

Annual veh.mi./weekdays x annual veh.mi./non-weekdays = Annual Vehicle Miles Traveled
(AVMT)

ADT = Average Daily Traffic.  This number was obtained by 1) Averaging all of
the traffic counts taken on every individual street within each street class
category.  2) Averaging the entire street class category.  The ADT for
each street class can be found in the table on page 13.

mi./road class = Miles of roadway for each class of street:

PRINCIPAL ARTERIALS = 70 miles Total

MINOR ARTERIALS = 25 miles Total

COLLECTORS = 31 miles Total

LOCAL STREETS = 231 miles Total

PAVED ALLEYS = 15.3 miles Total

252 weekdays/yr.  = Number of weekdays in a year

0.7 = Non-weekday traffic volumes are approximately 70% of weekday
traffic volumes

113 non-weekdays/yr. = Number of non-weekdays in a year
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Calculations for Vehicle Miles Traveled per year:

Principal Arterials

16,740 x 70 = 1,171,800 x 252 = 295,293,600
1,171,800 x 0.7 x 113 = 92,689,380
295,293,6000 + 92,689,380  =  387,982,980 Annual VMT

Minor Arterials

7,480 x 25 = 187,000 x 252 = 47,124,000
187,000 x 0.7 x 113 = 14,791,700
47,124,000 + 14,791,700 =  61,915,700 Total Annual VMT

Collector Streets

5,480 x 31 = 169,880 x 252 = 42,809,760
169,880 x 0.7 x 113 = 13,437,508
42,809,760 + 13,437508 =  56,247,268 Annual VMT

Local Streets

300 x 231 = 69,300 x 252 = 17,463,600
7,463,600 x 0.7 x 113 = 5,481,630
17,463,600 + 5,481,630 = 22,945,230 Total annual VMT

Paved Alleys

30 x 15.3 = 459 x 252 = 115,668
459 x 0.7 x 113 = 36,307
115,668 + 36,307 = 151,975 Total annual VMT

Formula and Calculations for Emissions Tonnages:

Winter months are assumed to occur for an average of 5 months out of the year when sanding
material is applied to the streets (sanding operations have a separate emissions factor).  Paved
street emissions are calculated for the other 7 months when sanding does not occur. The yearly
emissions tonnage for paved streets is the sum of paved streets emissions tonnages for the 7
months of the year when sanding does not occur plus the yearly emissions tonnages for the 5
winter months when sanding operations occur. The 5 winter month emissions calculations are
based on the assumption that street sand is applied routinely during snowfall or icing events.
However, this higher sanding emission factor does not take into consideration the City’s
policy/practice of using street sand only during emergency situations. Thus, actual
emissions are presumably much lower that what has been calculated.
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The following formula is used to figure pounds of fugitive dust emissions for each class of road:

For the 7 summer months – NO SANDING:

2000
VMT/.lbs  x  

714.1
TraveledMilesVehicleannual  = Tons for the 7 summer months

For the 5 winter months – SANDING:

2000
VMT/.lbs  x  

4.2
TraveledMilesVehicleannual  = Tons for the 5 winter sanding months

NON-SANDING SEASON (7 MOS.)

HIGH ADT ROADS

Principal Arterials

2000
004.0  x 

714.1
.yr/miles980,982,387  = 453 Tons

Minor Arterials

2000
004.0

 x  
714.1

.yr/miles700,915,61  = 72 Tons

Collectors

2000
004.0

 x 
714.1

.yr/miles268,247,56  = 66 Tons

LOW ADT ROADS

2000
010.0

 x  
714.1

.yr/miles230,945,22  = 67 Tons

 = 658 Tons For Non-Sanding Season
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SANDING SEASON (5 MOS.)

HIGH ADT ROADS

Principal Arterials

2000
005.0

 x 
4.2

.yr/miles600,293,295  = 308 Tons

Minor Arterials

2000
005.0

 x 
4.2

.yr/miles700,915,61  = 65 Tons

Collectors

2000
005.0

 x  
4.2

.yr/miles268,247,56  = 59 Tons

LOW ADT ROADS

2000
016.0  x 

4.2
.yr/miles230,945,22  = 76 Tons

 =  508 Tons For Sanding Season

PAVED ALLEYS

Because alleys are not sanded, an annual emissions factor is used:

2000
014.0

 x  151,975  =  1 Ton

TOTAL UNCONTROLLED EMISSIONS FROM ALL PAVED STREETS AND ALLEYS
DURING THE ENTIRE YEAR (BOTH SANDING AND NON-SANDING MONTHS):

= 1167 Tons Per Year
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UNPAVED STREETS

The following unpaved street emissions factors are taken from Section 13.2.1.3 of Reference
#2.

Emissions factor: E = 
65.0

2
sLk 







5.1

3
w








E = particulate emission factor (see table below for road category)
k = base emission factor for particle size range and units of interest = 

7.3 g/VMT for PM10  particle size
sL = road surface silt loading in g/m2  (70 g/m2  for unpaved streets)
W = average vehicle weight in Metric tons = 2.5 for Rapid City streets

** To convert the emissions factor from the above equation into pounds, the factor is divided by
454.

PM10 Emissions
Lbs./VMT

Road Category Miles of Such Roads Ave. Daily Traffic
Vehicles/Day

0.123 #/VMT unpaved local streets 10.27 miles 150 vehicles/day
0.123 #/VMT unpaved alleys 17.20 miles 20 vehicles/day

Annual emissions are calculated by using the following formulas:

UNPAVED LOW ADT ROADS (Local Roads)

150 veh./day x 10.27 miles = 1,541 
weekday

.mi.veh  x 252 = 388,332 
.yr
.mi

1541 
weekday

.mi.veh  x 0.7 x 113 
.yr

days  = 121,893 
.yr
.mi

Total Annual VMT = 388,332 + 121,893 = 510,225 miles/yr.

Ton/.lbs2000
VMT/#123.0

 x 510,225 =  31.4 Tons/yr.

UNPAVED ALLEYS

20 veh./day x 17.2 miles = 344 
weekday

.mi.veh  x 252 = 86,688 
.yr
.mi

344 
weekday

.mi.veh  x 0.7 x 113 
.yr

days  = 27,210 
.yr
.mi

Total Annual VMT = 86,688 + 27,210 = 113,898 miles/yr.

Ton/.lbs2000
VMT/#123.0

 x 113,898 =  7.0 Tons/yr.
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Total Emissions from unpaved roads and alleys = 38.40 TONS/YR.

A 5% CONTROL FACTOR IS APPLIED TO UNPAVED ROADS AND ALLEYS SINCE
STREETS ARE ESTIMATED TO BE WET OR SNOW COVERED 5% OF THE YEAR IN THIS
REGION. THIS REDUCES EMISSIONS TO  =  36.48 TONS/YR.

LANDFILL OPERATIONS

Landfill operations create dust by removing the natural vegetation cover and leaving large areas
of earth exposed.  Emissions from this type of operation would be similar to emissions from a
construction site.  At the present time, approximately 31 acres of the 365 acre landfill are open.

The following formula for determining emissions from daily construction operations is taken from
Reference #2:

E1 = 31 acres x 0.30 T/acre/month x 12 mo./yr. = 111.6 tons/year

E1 = 111.6 tons per year from landfill operations within the 31 acre open area.

Wind erosion emissions must also be considered within the disturbed 31 acre area.  The
remaining 325 acres of the landfill are vegetated or are covered by buildings.  The following
formulas used to determine those emissions are taken from Section 7.1.2.1.1 of Reference #1:

E= (k)(a)(I)(K)(C)(L1)(V1)

Where:
  E = PM10 wind erosion losses of disturbed soil areas
  k = The estimate fraction of Total Suspended Particulates which are PM10 = 0.5
  a = Portion of total wind erosion losses that would be measured as suspended particulates

    =  0.025
  I = Soil erodibility, tons/acre/year = 47 T/acre/year
  K = Surface roughness factor, dimensionless = 1.0
  C = climatic factor, dimensionless = 0.20
  L = acreftxacres /560,43 2  = ft.  Estimate for L is then used to determine L1 by

referencing table on page 7-14 of Reference #1.
   = unsheltered field width factor, dimensionless = 0.71 for 31 acre disturbed area
  V = 0.0
  V1 = Vegetative cover factor, dimensionless = 1.0

  (0.5)(0.025)(47)(1.0)(0.20)(0.71)(1.0) = 0.0834 tons/acre/year

0.0834 x 31 acres = 2.59 ton/yr total emissions from wind erosion within the 31 acre disturbed  
          landfill area
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Since 1993, all haul roads have been paved. All roads and circulation around the Material
Recovery Facility (MRF) have also been paved. The MRF roads have been included in the
calculations with the existing haul roads, bringing the landfill road network mileage up to 0.75
mile. The yearly average for single-axle vehicles remains at 44 trips/day and the yearly average
for tandem axle vehicles is 104 trips/day. Average speed on landfill haul roads is approximately
30 miles per hour. The landfill is open an average of 11 hours a day.

The following emissions factors are taken from Section 13.2.1.3 and Table 13.2.1-1 (Paved
Roads at Industrial Facilities) of Reference #2.

Emissions factor: E = 
65.0

2





 sLk

5.1

3





 w

E  = particulate emission factor = 0.0959 lbs. Per vehicle mile traveled
k   = base emission factor for particle size range and units of interest = 7.3 g/VMT
sL = road surface silt loading in g/m2 = 7.4 for solid waste landfills
W = average vehicle weight in Metric Tons = 5.6 average for landfill roads

** To convert the emissions factor from the above equation into pounds, the factor is divided by
454.

148 trips/day x 0.75 mile = 111 Vehicle Miles Traveled/day

11 x 365 days/yr. = 40,515 Annual VMT

Ton/.lbs2000
VMT/.lbs0959.0  x 40,515 = 1.94 Tons/yr.

TOTAL LANDFILL EMISSIONS =

111.60 Ton/yr. – Daily operations
    2.59 Ton/yr. – Wind Erosion

1.94 Ton/yr. – Paved Haul Roads
TOTAL  116.13 Ton/yr.
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EMISSIONS CONTROLS

The following table summarizes the yearly emissions total for paved streets and alleys before
emissions controls are factored:

ROAD CATEGORY ANNUAL AVE. 7 MOS. NO SAND 5 MOS. SANDING TOTAL
High ADT Roads -- 591 Tons 432 Tons 1023 Tons/yr.
Low ADT Roads -- 67 Tons 76 Tons 143 Tons/yr.
Paved Alleysa 1.0 Tons -- -- 1.0 Tons/yr.
Unpaved Low ADTa

Roads (Local Roads) 31.4 tons -- -- 31.4 Tons/yr.

Unpaved Alleysa 7.0 tons -- -- 7.0 Tons/yr.
a An annual emissions factor is used for Paved Alleys, Unpaved Local roads, and Unpaved

Alleys since they are not sanded during the winter months.

TOTAL UNCONTROLLED EMISSIONS = 1205 TONS/YR.

The following table summarizes the reduction in emissions after street sweeping is considered:

ROAD CATEGORY
UNCONTROLLED

EMISSIONS
Tons/Yr.

CONTROLa

FACTOR
%

EMISSIONS AFTER
CONTROLS

Tons/yr.
High ADT Roads 335.79 Tons/yr. 30% + 5% (wet

factor)b = 35%
595 Tons/yr.

Low ADT Roads 127.94 Tons/yr. 20% + 5% = 25% 96 Tons/yr.
Paved Alleys 0.4937 Tons/yr. 5% (wet factor) 0.95 Tons/yr.
Unpaved Low ADT
Roads (Local Roads)

22.91 Tons/yr. 5% (wet factor) 21.85 Tons/yr.

Unpaved Alleys 10.30 Tons/yr. 5% (wet factor) 6.65 Tons/yr.

a  The % control is determined by the type of sweeper used and the frequency of sweeping
operations

b 5% control for wet factor is added to the % control for street sweeping.  It is estimated that
streets are wet or snow covered 5% of the year in this region.

**  40% control in the downtown core area was not factored into the emissions reduction
calculations.

TOTAL EMISSIONS BEFORE CONTROL APPLIED = 720.45 TONS/YR.

TOTAL EMISSIONS REDUCTION AFTER CONTROL APPLIED = 484.55 TONS/YR.
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