United States

| LMok &
_ t Office of Air Quality EPA-450/3-88-008
Environmental Protection Planning and Standards. .
Agency - Research Triangle Parrk NC 27711 September 1988
Air ) ’ .
SEP CONTR(
EPA ONTROL OF

OPEN FUGITIVE
DUST SOURCES

Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary
Point and Area Sources. APA42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section. The file name
"ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2. The reference may be
from a previous version of the section and no longer cited. The primary source should always be checked.

.ap



EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.






L] | —— — L | SR ——

CONTROL OF OPEN FUGITIVE DUST SOURCES

FINAL REPORT

by

C. Cowherd, G. E. Muleski, and J. S. Kinsey
Midwest Research Institute
425 Volker Boulevard
Kansas City, Missouri 64110

EPA Contract No. 68-02-4395
Work Assignment 14
MRI Project 3985-14

William L. Elmore, Project Officer
Emission Standards Division

foice of Air Quality Planning and Standards

U. 5. Environmental Protection Agency
Research Triangle Park, North Carolina

September 1988

EPA-450/3-88-008




This report has been reviewed by the Emission Standards Division of the Office of Air Quality Planning and
Standards, EPA, and approved for publication. Mention of trade names or commercial products is not
intended 1o constitute endorsement or recommendation for use. Copies of this report are available through
the Library Services Office (MD-35), U.S. Environmental Protection Agency, Research Triangle Park NC
27711, or from National Technical Information Services, 5285 Port Royal, Springfield VA 22161.




ACKNOWLEDGMENTS

We wish to acknowledge the significant contributions of a number of
individuals to the success of this project. Much of the information
contained in this report was developed at a cooperative working session
attended by U. S. Envirornmental Protection Agency (EPA), State, local |
program, and contractor personnel. Without their cooperation in sharing
data, discussing control strategies, and reviewing document drafts, this
study would not have been possible. The individuals who made significant
contributions and their organizational affiliations are listed below.

Frances Beyer, MRI

Chat Cowherd, MRI

Francis Daniel, APCD, Va.
Jim Dewey, Region V

Ken Durkee, ESD

Larry Elmore, ESD

Chuck Fryxell, San Bernardino County APCD, Calif.
Lynn Kaufman, MRI

Susan Kulstad, Region I
Ed McCarley, TSD

Greg Muleski, MRI

Duane Ono, Region IX

Tom Pace, AQMD

Butch Smith, MRI

Ken Woodard, AQMD







SECTION 1.0

SECTION 2.0

SECTION 3.0

TABLE OF CONTENTS

INTRODUCTION. ¢ ceeecccccnccccacccntaccasncasancsannnnas
1.1 CONTROL OPTIONS....ccnveecccaccccanns tssseccnssnrs
1.2 SCOPE OF THE DOCUMENT............;...;..;........
PAVED ROADS..cccceanccernrsnnasassaccasoocnancsnnnnses
2.1 PUBLIC PAVED ROADS....oeeeneceanccacanciasssosens

2.1.1 Estimation of EmissionS............. coeens

2.1.2 Demonstrated Control Techniques for
PUblic PaVEd Roads"....l......lll......

2.2 INDUSTRIAL PAVED ROADS. .. ceneennsnnennennnennnn..

2.2.1 Estimation of EMiSSiONS..cececeeecnne. ceee
2.2.2 Demonstrated Control Techniques for
Industrial Paved ROAAS..ceevecccoocenens

2.3 EVALUATION OF ALTERNATIVE CONTROL MEASURES.......
2.3.1 Preventive MEASUreS....ceeeeneeccccacoceee.
2.3.1.1 Salting/Sanding for Snow and Ice

2.3.1.2 {Carryout from Unpaved Areas and

Construction Sites........ veens

2.3.1.3 Other Preventive Control Measures

2.3.2 Mitigative Measures...eeeevesencean tessace
2.3.2.1 Broom Sweeping of RoadS..........
2.3.2.2 Vacuum Sweeping of RoadS.........
2,3.2.3 Water Flushing of RoadS..........

2.4 EXAMPLE DUST CONTROL PLAN...coeeuevanovnnesscnnns

2.5 POTENTIAL REGULATORY FORMATS....ceveeveoncncannns
2.5.1 General GUideTineS..oveeceeeeceeonconnennn
2.5.2 Example SIP Language for Reduction of

Public Paved Road Surface Contaminants..

2.6 REFERENCES FOR SECTION 2evvveecueusennnenennnn...
UNP_A-VED ROADS. LA AL B I B B I ) LR N N NN ] LR N LI L B IR N Y B N NN N
3.1 ESTIMATION OF EMISSIONS FROM UNPAVED ROADS.......

3.2 DEMONSTRATED CONTROL TECHNIQUES FOR UNPAVED ROADS

Page
1-1

1-1

1-3
2.1

2-3
2-4

2-6

2-10
2-10

2-11
2-11
2-11
2-14
2-16
2-17
2-17
2-18
2-22
2-25
2-28

2-29
2-29

2-32
2-35

3-2
3-6




SECTION 4.0

3.3

3.4

3.5

3.6

TABLE OF CONTENTS (continued)

.EVALUATIOH OF ALTERNATIVE CONTROL MEASURES.......

3.3.1 Source Extent ReductionS.....ceeeveeveccees
3.3.2 Surface ImprovementS....ceccececccancscces
332 1 Paving........IIO..........II....
3.3.2.2 Gravel/Slag ImprovementS.........
3.3.2.3 Vegetative COVer....cecvreecccncas
3.3.3 Surface TreatmentS..cccccecesccccannncncnes
3.3.3.1 Watering.......... secsseresncsnas
3.3.3.2 Chemical TreatmentS..eecececccces

EXAMPLE DUST CONTRDL PLAN..I.I.I.......lll.l..ltl
3.4.1 Example Water PrograM......cccecccecevesee
3.4.2 Example Chemical Dust Suppressant Program
POTENTIAL REGULATORY FORMATS...cceeccecvcccananss

REFERENCES FOR SECTION 3.....vvevcteeccncsccccens

STORAGE PILES...sveeecocsssosssonscacasosscasennnssans

4.1

4.2
4.3

4.4

4.5 _

4.6

ESTIMATION OF EMISSIONS.cvceeescvevecancnnconcnns
4.1.1 Materials Handling....veeeeeeencennreenaas
4.1.2 uind Eros‘ion........-ll........l..ll.....l
4.1.2.1 Emissions and Correction
Parameters..cccceesceccecccccans
4.1.2.2 Predictive Emission Factor
Equation.ceeeccecaces sssevsanas
4.1.3 Wind Emissions From Continuously Active

Pi]es..... IIIII st dososaanss L BB B B I N N )

DEMONSTRATED CONTROL TECHNIQUES..................
EVALUATION OF ALTERNATIVE'CDNTROL‘MEASURES;......
4.3.1 Chemical StabilizatioN..eeecececese cecesees
4.3.2 EnClOSUreS.civeccccsocsncacanca sssseeeeaasn
4.3.3 Wet Suppression SystemS......ccee... seseea
EXAMPLE DUST CONTROL PLAN--WATERING OF COAL
STORAGE PILEI... ...... S deo e navasaan LR N B BB BN NN Y B NN WY
POTENTIAL REGULATORY FORMATS..cveencccecnncnancse
REFERENCES FOR SECTION 4...vvvvenvens evene teeeees
vi

Page

3-10
3-10
3-10

.3-10

3-11
3-11
3-12
3-12
3-16
3-23
3-23
3-23

3-24
3-29
4-1
4-1
4-3
4-4
4-4
4-5
4-17
4-18
4-20
4-20

4-21
4-24

" 4-24

4-24
4-24

e e e e L R

s

v b by b

et




" SECTION 5.0

TABLE OF CONTENTS (continued)

CONSTRUCTION AND DEMOLITION ACTIVITIES.....eoeeeenn...

5.1

5.2

5.3

5.4
5.5

ESTIMATION OF EMISSIONS..cciierneeinnecnnonnnnnns
5.1.1 Construction EMiSSiONS.eeeeeacenancccennes
5.1.2 Demolition EMISSioNS.....cuvennvennnenn.on

5.1.2.1 Dismemﬂt.;....‘.....-..-.._.-_-
«1.2.3 Debris Loadinge.eseeceeeceennnnn.
«1.2.4 Onsite Truck Traffic.....cveo....
«1.2.5 Pushing OperationS.....eoeevee...

L onun
;AW

5.1.3 Mud/Dirt Carryout EmisSSioNS.veececeececn..

DEMONSTRATED CONTROL TECHNIQUES......vveevennnnn.
5.2.1 Work Practice CONtrolS.e.ceeecenencuunns..
5.2.2 Traditional Control Technology............

EVALUATION OF ALTERNATIVE CONTROL MEASURES.......
5.3.1 Watering of Unpaved SUrfaceS.iverennncens.
5.3.1.1 Control Efficiency...............
5.3.1.2 Control CostS.ceeverreeevnnnnann.
5.3.1.3 Enforcement Issues.......... teeee

5.3.2 Wet Suppression for Materials Storage
and Hand1ing..eeeneeennnnencnnnn.. cesane
.3.2.1 Control Efficiency...cceeeen... .e
.3.2.2 Control COStSeeneeeeennneacecanas
.3.2.3 Enforcement ISSUBS.cenrrenenanans
5.3.3 rtable Wind Screens or Fences...........
.3.3.1 Control EffiCienCYeeeneecncecnnas
3.3.2 Control COStSeeeeeeceecennonnn.n.
3.3.3 Enforcement ISSUES....ccecvunn...
i11ing Control Technology.......vec.....
3.4.1 Control Efficiency........ cevanes
+4.2 Control CoStS..eeeeeeeennnnn.. -
.4.3 Enforcement ISSUBS.eeernrnnnnsens
trol of Mud/Dirt Carryout..............
5.1 Control Efficiency.sceeeeee.... .o
5.2 Control CostSeceeencennnennnnnn..

5
5
5
P
5
5.

5-3.4

5.
r
5.3.5 Co

0
5
5.3
5.3
Con
5.3.
5.3.
5.3.
EXAMPLE DUST CONTROL PLAN......... ceesenne tesaees
POTENTIAL REGULATORY FORMATS..... cecsesssrsercane
5.5.1 Permit System.............................
5.5.2 Opacity Standaras........ teassesscan veecee

5.5.3 Other Indirect Measures of Controi
Performance..... rbecsvana csesane senamene

vid

Page
5-1

5-2
5-2
5-3
5-3
5-4
5-4
5-4




" SECTION 6.0

5.6
OPEN.

N 6.1

SECTION 7.0

6.2

6.3

6.4

6.5
6.6

TABLE OF CONTENTS (continued)

5.5.‘ EX!IIIP]E Rﬂ]e.......-.....-.........--.'a...
5.5.4.1 Conditions for Construction......
5.5.4.2 Control Mud/Dirt Carryout........
5.5.4.3 Control of Haul Road Emissions...
5.5.4.4 Stabilize Soils at Work Sites....
5.5.4.5 Record Control Application.......
5.5.4.6 Modification of Permit

ProviSionS...ceeeceecenceccenes

REFERENCES FOR SECTION 5.vvvvevevennoninnnnnnns,

AREA WIND EROSION . evuueeeeecnoneeneecnnnnnnnnnnn
ESTIMATION OF EMISSIONS..u.uuuennunnnnnnnnnnnnnn,

6.1.1 "Limited" Erosion Potential...ecceeeceon..
6.1.2 “Unlimited” Erosion Potential....ceeue....

DEMONSTRATED CONTROL TECHNIQUES.seeeevoceronnnen.

EVALUATION OF ALTERNATIVE CONTROL MEASURES.......
6.3.1 Chemical Stabilization.....eevevesecnncees
6.3.2 Wind Fences/Barriers...eeeenceeeecnnceenns
6.3.3 Vegetative CoOVerivieeeeeeeeerosocoooccnns.
6.3.4 Limited Irrigation of Barren Field........

EXAMPLE DUST CONTROL PLAN--COVERING UNPAVED
PARKING LOT WITH LESS ERODIBILE SURFACE
mTERIAL.I.....-.II..IIII..II...I.I...IOO..I-..

POTENTIAL REGULATORY FORMATS......veunnenneonn...

REFERENCES FOR SECTION 6......n..... ceieerennne.

AGRICULTURE...--......--....---..----;o.---..'--. ----- -

7.1

7.2

ESTIMATION OF EMISSIONS..cneeeeenenncvccconcecnes
7.1.1 Till.‘ing..-..l... ..... ..I.l....l....l....l.
7.1.2 Wind EroSion..cveeeeenecccnsececonnnnenens
7.1.2.1 Simplified Version of Wind
Erosion Equation..e.cceeecens..
--7.1.2.2 MNew Wind Erosion Prediction
TeChNOT10gY eeeereeeronerncnecens

DEMONSTRATED CONTROL TECHNIQUES.....veeveeecncass

7..2.1 Ti]]ing....ll......l....lI.........II...I.
7.2.2 wind Erosion'.......l...-.l.. ..... ..-.....l

vifi

 Page

5-36
5-36
5-38
5-38
5-38
5-38

5-38
5-41
6-1
6-7
6-7
6-16

6-17

- 6-18

6-18
6-18
6-21
6-23

7-20
7-23




APPENDIX A
APPENDIX B
APPENDIX C
APPENDIX D
APPENDIX E

APPENDIX F

APPENDIX G
APPENDIX H

TABLE OF CONTENTS (continued)

7.3 EVALUATION OF ALTERNATIVE CONTROL MEASURES..... .o
7-3.1 Ti111ng...'.l.l. ..... LA R NN NN N NN RN NENYYENEN]
7.3.2 Wind Erosion..c.ccceiveececnccancernenans .e

7.3.2.1 Vegetative Cover....... Ceevessses
7.3.2.2 Tillage PractiCeSeeeeeceeccssecas
7.3.2.3 Windbreaks and Wind Barriers.....
7.3.2.4
7.3.2.5

Limited Irrigation of Fallow

Fie]d.l.l.... ........ *Psdvmasa > »
7.4 POSSIBLE REGULATORY FORMATS....ceeeoovoocces ceenn
7.5 REFERENCES FOR SECTION 7.....cceeveeen. cecscccans

OPEN DUST SOURCE CONTROL EFFICIENCY TERMINOLOGY.......
ESTIMATION OF CONTROL COSTS 'AND COST EFFECTIVENESS....
METHODS OF COMPLIANCE DETERMINATION FOR OPEN SOURCES..
PROCEDURES FOR SAMPLING SURFACE/BULK MATERIALS........

PROCEDURES FOR LABORATORY ANALYSIS OF SURFACE/BULK
SAMPLES.... ...... sSSP aa LA N ) LI B BN B N ) LRI I Y W WY

FUGITIVE EMISSIONS PUBLICATIONS CURRENTLY ON FILE.....
EXAMPLE REGULATIONS.....cveeecvnnnan tesssessssnnses oae
FOOD SECURITIES ACT.,I.!I.....l.l.......ll.....l...l..l.

ix

- Strip-cmppiﬂg-....... ----- ..c-'.--

Page

7-24
7-24
7-24
7-24
7-25
7-27
7-28
7-28
7-29
7-30

A-1-

C-1
D-1

E-1
F-1
G-1
H-1







1.0 INTRODUCTION

Fugitive particulate emissions are emitted by a wide variety of
sources both in the industrial and in the nonindustrial sectors. Fugitive
emissions refer to those air pollutants that enter the atmosphere without
first passing through a stack or duct designed to direct or control their
flow.

Sources of fugitive particulate emissions may be separated into two
broad categories: process sources and open dust sources. Process sources

of fugitive emissions are those associated with industrial operations that_

alter the chemical or physical characteristics of a feed material. Open
dust sources are those that entail generation of fugitive emissions of
solid particles by the forces of wind or machinery acting on exposed
materials. )

Open dust sources include industrial sources of particulate emissions
associated with the open transport, storage, and transfer of faw,
intermediate, and waste aggregate materials and nonindustrial sources such
as unpaved roads and parking lots, paved streets and highways, heavy
construction activities, and agricultural tilling. Generic categories of
open dust sources are listed in Table 1-1. In some -instances, the term
fugitive dust may be further restricted to include only nonindustrial
sources.

1.1 CONTROL OPTIONS
Typically, there are several options for control of fugitive

‘particulate emissions from any given source. This is clear from the
mathematical equation used to calculate the emission rate:

R=Me (1 - ¢)

where: R = estimated mass emission rate
M = source extent (i.e., surface area for most open dust sources)
€ = uncontrolled emission factor, i.e., mass of uncontrolled
emissions per unit of source extent
¢ = fractional efficiency of control




TABLE 1-1. GENERIC CATEGORIES OF OPEN DUST SOURCES

1.

2.

3.

Unpaved Travel Surfaces

* Roads

« Parking lots and staging areas _

= Storage piles

Paved Travel Surfaces

Streets and highways
* Parking lots and staging areas

Exposed Areas (wind erosion)

Storage piles
» Bare ground areas

Materials Handling
Batch drop (dumping)

* Continuous drop (conveyor transfer, stacking)
* Pushing (dozing, grading, scraping)

Tilling

1-2
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To begin with, because the uncontrolled emission rate is the product of
the source extent and uncontrolled emission factor, a reduction in either
of these two variables produces a proportional reduction in the
uncontrolled emission rate.

Although the reduction of source extent results in a highly
predictable reduction in the uncontrolled emission rate, such an approach
in effect usually requires a change in the process operation. Frequently,
reduction in the extent of one source may necessitate the increase in the
extent of another, as in the shifting of vehicle traffic from an unpaved

‘road to a paved road. The option of reducing source extent is beyond the

scope of this manual and will not be discussed further.

The reduction in the uncontrolled emission factor may be achieved by
process modifications (in the case of process sources) or by adjusted work
practices (in the case of open sources). ' The degree of the possible
reduction of the uncontrolled emission factor can be estimated from the
known dependence of the factor on source conditions that are subject to
alteration. For open dust sources, this information is embodied in the
predictive emission factor equations for fugitive dust sources as
presented in Section 11.2 of EPA's "Compilation of Air Pollutant Emission
Factors" (AP-42).

The reduction of source extent and the incorporation of process
modifications or adjusted work practices which reduce the amount of
exposed dust-producing material are preventive techniques for control of
fugitive dust emissions. This would include, for example, the elimination
of mud/dirt carryout onto paved roads at construction and demolition
sites. :

- On the other hand, mitigative measures involve the periodic removal
of dust-producing material. Examples of mitigative measures include:
cleanup of spillage on travel surfaces (paved and unpaved) and cleanup of
material spillage at conveyor transfer points.

1.2 SCOPE OF THE DOCUMENT _

Prior to the use of this manual, the reader should have a general
idea of what sources within the specified jurisdictional boundary may
require additional control programs to achieve desired air guality goals.
This determination may be based on a prior total suspended particulate

1-3




(TSP) inventory of the area, discussions with field inspection personnel,

or any other information source. Because the cost of many open dust
source controls is directly related to the area of the source (e.g.,
surface area of a storage pile to be chemically stabilized, roadway area
to be swept or flushed, etc.), the user may employ the ratio:

Uncontrolled emission_gg;g |
Source surface area
to prioritize sources for control. Regulatory personnel may wish to also
combine this ratio with some measure of the affected population (e.g.,
"zoning areas or population density within a certain distance of the
source). This would be in keeping with guidance provided in a recent EPA
draft urban dust policy.

The purpose of this document is to provide regulatory personnel with
sufficient information to develop control p1ans for open dust sources of
PMio- (i.e., particulate matter emissions no greater than 10 microns (um)
in aerodynamic diameter). Each section deals with a different source
category: |

Section 2.0--Paved Roadways

a. Public

b. Industrial
Section 3.0--Unpaved Roadways

a. Public

b. Industrial _
Section 4,0--Storage Piles |
Section 5.0--Construction/Demolition Activities
Section 6.0--Open Area Wind Erosion
Section 7.0--Agriculture

Each section begins with an overview of the source category,
describing emission characteristics and mechanisms. Following this,
available emission factors are presented to prov1de a basis for analyzing

. the operative nature of control measures. Next, demonstrated control
techniques are discussed in terms of estimating efficiency and determining
costs of implementation. Suggested regulatory formats explain the
"philosophy” used in implementing the preceding technjca] discussions in

k.
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viable regulations and compliance actions. Example regulations for each
source category are presented in an appendix. These examples are
predicated on a permit and penalty system as outlined in Table 1-2.
Control agencies may issue construction, operation, and use permits to
owners of many sources of fugitive PM,, emissions. These permits can be
used to specify the conditions or activities that must be provided or
undertaken by the source to ensure attainment of the PM,, emission
reduction goals of the Agency's control plan. A permit system also may
specify permit fees and compliance penalties which can be used to offset

the costs of administering an inspection and enforcement program.

Specific sources that may be appropriate for inclusion in a permit system-
include the following sources.

* Industrial roads : * Feed lots

» Storage piles "« Staging areas

» Construction/demolition sites * Off-road recreational areas
* Vacant lots * Land disposal sites

* Parking lots e Landfills

In addition, a series of other appéndices are also included which
discuss terminology used in this manual, a general costing procedure used
for open dust source controls and general recordkeeping/inspection
procedures.
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TABLE 1-2. PERMIT AND PENALTY SYSTEM .

Permits

1. Any Control Agency may establish, by regulation, a permit that
requires, except as provided below, that before any person engages in any
activity which will cause the issuance of fugitive PM,, emissions, such
person obtain a permit to do so from the control officer of .the agency.

2. A permit system shall:

a. Ensure that the activity for which the permit was issued shall
not prevent or interfere with the attaimment or maintenance of the Federal
.PM;, standard. Attainment can be demonstrated through dispersion modeling
of ambient concentrations resulting from source emissions.

b. Prohibit the issuance of a permit unless the control officer is
satisfied, on the basis adopted by the Control Agency, that the activity

will comply with all applicable orders, rules, and regulations of the
agency. ' .

3. The control officer may impose conditions on the permit to ensure
that the provisions of 2(a) and (b) are met. The control officer, at any
time, may require from an applicant, or the holder of a permit, such
- information, analyses, plans, or specifications which will disclose the
nature, extent, quantity, or degree of fugitive PM,, emissions which are,
or may be, discharged by the source for which a permit was issued or
applied.

4. The Control Agency may adopt a schedule of fees for the
evaluation, issuance, and renewal of permits to cover the cost of the
agency programs related to the permitted sources.

5. Exemptions:

a. Size;
b. Duration: and
¢c. Location

Penalties

la. Any person who violates any PM,, fugitive dust order, permit,
rule, or regulation of the Control Agency is guilty of a misdemeaner and
is subject to a fine of not more than one thousand dollars ($1,000), or
imprisonment in the county jail for not more than 6 menths, or both.

1b. Eaéh infraction on each day during any portion of which a
violation of paragraph 1(a) occurs is a separate offense.

(continued)

1-6

oA e e e

(TS R




T

TABLE 1-2. (continued)

Penalties (continued)

2a. Any person who negligently emits an air contaminant in violation
of any PM,, fugitive dust order, permit, rule, or regulation of the
Control Agency pertaining to emission regulations or limitations is guilty
of a misdemeanor and is subject to a fine of not more than ten thousand
dollars ($10,000), or imprisonment in the county jail for not more than
9 months, or both. '

2b. Each infraction on each day during any portion of which a
violation occurs is a separate offense.

3a. Any person who emits PM,, fugitive dust in violation of any
order, permit, rule, or regulation of the Control Agency pertaining to
emission regulations or limitations, who knew of the emission and failed
to take corrective action within a reasonable time under the circum-
stances, is guilty of a misdemeanor and is subject to a fine of not more
than twenty five thousand dollars ($25,000), or imprisorment in the county
jail for not more than 1 year, or both..

For the purposes of this paragraph, "corrective action" means the
termination of the emission violation or the grant of a variance from the
applicable order, permit, rule, or regulation.

3b. Any person who, knowingly and with intent to deceive, falsifies
any document required to be kept pursuant to any order, permit, rule, or
regulation of the Control Agency is guilty of a misdemeanor and is punish-
able as provided in paragraph 3(a).

3c. Each infraction on each day during any portion of which a
violation occurs constitutes a separate offense.
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2.0 PAVED ROADS

Particulate emissions occur whenever a vehicle travels over a paved
surface, such as public and industrial roads and parking lots. These
emissions may originate from material previously deposited on the travel
surface, or resuspension of material from tires and undercarriages.: In
general, emissions arise primarily from the surface material loading
(measured as mass of material per unit area), and that loading is in turn
replenished by other sources (e.g., pavement wear,'deposition of material
from vehicles, deposition from other nearby sources, carryout from
surrounding unpaved areas, and litter). Because of the importance of the
surface loading, available control techniques either attempt to prevent
material from being deposited on the surface or to remove (from the travel
Tanes) any material that has been depoéited. Table 2-1 presents estimated
deposition rates for paved roads. Note that these estimates date from a
1977 report and may not accurately reflect current trends.!

The following sections present a discussion of the various types of
paved sources, available emission factors, viable control measures, and
methods of determining controlled emission levels.

While the mechanisms of particle deposition and resuspension are
largely the same for public and industrial roads, there can be major
differences in surface loading characteristics, emission levels, traffic
characteristics, and viable control options. For the purpose of
estimating particulate emissions and determining control programs, the
distinction between public and industrial roads is not a question of
ownership but rather a question of surface loading and traffic
characteristics. _

Although public roads generally tend to have lower surface loadings
than industrial roads, the fact that these roads have far greater traffic
volumes may result in a-substantial contribution to the measured air
quality in certain areas. In addition, many public roads in industrial
areas often are heavily loaded and traveled by heavy vehicles. In that
instance, better emission estimates would be obtained by treating these
roads as industrial roads. In an extreme case, a road or parking lot may
have such a high surface loading that the paved surface is essentially
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TABLE 2-1. ESTIMATED DEPOSITION RATES®

Typical rdte,

Erosion from adjacent areas

Deposition process 1b/curb-mi/day
 Mud and dirt carryout 100
Litter a0
Biological debris 20
Ice control compounds 10
Dustfall 10
Pavement wear and decomposition 10
Vehicle-related (including tire wear) 17
. Spills | <2
20

3Source: EPA-907/9-77-007.1 As noted in the text, these
estimates date from 1977 and may not accurately reflect
current conditions or deposition at a specific location.
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covered and is easily mistaken for an unpaved road. In that event, use of
a paved road emission factor may actually result in a higher estimate than
that obtained from the unpaved factor, and the road is better
characterized as unpaved in nature rather than paved.?

As noted in the introduction, the reader, prior to using this manual,
should have a general idea of what paved roads in his/her jurisdiction
require additional controls. Furthermore, he/she should also have a '
general idea of what sources are contributing significantly to increased
surface loadings on the roads requiring control. For example, heavy
trucks may spill part of their load onto public roads in industrial areas,
or large amounts of salt and sand may be applied during winter months.
Prior to use of the information in this section, the reader should
formulate preliminary answers to the following questions:

1. What paved roads are heavily loaded and thus likely to contribute
a disproportionate share of emissions?

2. What sources are likely to contribute to these elevated surface
loadings? _

3. Who is the responsible party for each source identified in
2 above?

4, Can the carryout/deposition from each identified source be
prevented or must the affected roadway be cleaned afterward?

5. Should any responsible party be granted an exclusion and on what
basis? '

2.1 PUBLIC PAVED ROADS | |

As discussed above, the term 'public“ is used in this manual to
denote not only ownership of the road but also its surface and traffic
characteristics. Roads in this class generally are fairly lightly loaded,
are used primarily by light-duty vehicles, and usually have curbs and
gutters. Examples are streets in residential and commercial areas and
major thoroughfares (including freeways and arterials).
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2.1.1 Estimation of Emissions
The current AP-42 PM;, emission factor for urban paved roads is:3

e = 2.28 (sL/0.5)0.8 (g/VKT)
(2-1)
‘e = 0.0081 (5L/0.7)0.8 (1b/VMT) |

where: e = PM,, emission factor, in units shown above
s = syrface silt content, fraction of material smaller than
75 um in diameter '
L = total surface dust loading, g/m? (grains/ft2)

VKT = vehicle kilometers traveled
VMT = vehicle miles traveled
The above equation is not rated in AP-42 (see Appendix A).

The product sL represents the mass of silt-size dust particies per
unit area of the road surface and is usually termed the "silt loading."
As is the case for all predictive models in AP-42, the use of site-
specific (i.e., measured--using the methodology presented in Appendices D
and E--for the sources under consideration) values of slL is stromgly
recommended. However, because measurement is not always feasible, AP-42
presents default values for use. Tables 2-2 and 2-3 present a summary of
silt loadings as a function of roadway classification and the scheme used
to classify roadways, respectively. In general, roads with a higher
traffic volume tend to have lower surface silt leadings. This
relationship is expressed in the empiricai model presented in Reference 4:

8L = 21.3/(Vo,u1) (2-2)
where: sL = surface silt loading (g/m2)
V = average daily traffic volume (vehicles/d)

Several items should be noted about Table 2-2 and Equation (2-2).
First, samples are restricted to the eastérn and midwestern portions of
the country. While these can be considered representative of most large
urban areas of the United States, it is generally believed that surface
silt loadings in the Southwest can be quite higher. Available data,
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TABLE 2-2. SUMMARY OF SILT LOADINGS (sL) FOR PAVED URBAN ROADWAYS2
Roadway category

Local Collector s::gg;s/ Freéways/
streets streets highways expressways
City %g (am") n g (e/m') n Xy (@m')n Ty (a/m’)
éa]timore 1.42 2 0.72 4 0.39 3 = - © ae
Buffalo 1.41 5 0.29 2 0.24 4 - -
Granite - -— == -- 0.82 3 - -
City, IT1. '
Kansas City = -- - 2.1l 4 0.41 13 - -
St. Louis - - - -~ 0.16 3 0.022 1
AT 1.0 7 092 10 0.3 26  0.022 1

3Reference 3. X, = geometric mean based on corresponding n sample size.
Dash = not avaiQab1e. To convert g/m2 to grains/ft2 multiply g/m2 by
1.4337.

TABLE 2-3. PAVED URBAN ROADWAY CLASSIFICATIONS

Average
- daily
- traffic -

Roadway category (vehicles) Lanes
Freeways/expressways ' >50,000 >4
Major streets/highways >10,000 >4
Collector streets 500-10,000 2b
Local streets <500 2€

gReference 3.
Road width > 32 ft.
CRoad width < 32 ft.




however, do not necessarily support this suspicion; the following compares
surface silt loadings from Table 2-2 and two counties in Arizona:

' Geometric mean sL (g/m2)
Street classification able 2- Maricopa Co.S Pima Co.Ss

Arterial/major 0.26 0.057 0.067
Collector 0.92 o 0.10 0.13

" These differences may be partially the result of different measurement
techniques and/or of lower measured silt fractions of materials on the
Arizona roads. Once again, the use of site-specific data is stressed.
2.1.2 Demonstrated Control Technigues for Public Paved Roads

As mentioned in the introduction to this section, available control
methods are'large1y designed either to prevent deposition of material on
the roadway surface or to remove material which has been deposited in the
driving lanes. Measurement-based efficiency values for control methods
are presented in Table 2-4. Note that all values in this table are for
mit1gatiVe measures applied to industrial paved roads.

In terms of public paved road dust control, only very limited field
measurement data are available. One reference was found that could be
used to indirectly quantify emission reductions and this, too, is for
mitigative measures. Estimated PM,O control efficiencies (Table 2-5) were

"developed by applying Equation (2-1) to measurements before and after road
cleaning.6 Note that these estimates should be considered upper bounds on
efficiencies obtained in practice because no redeposition after cieaning
is considered. Note also that these estimated emission control
efficiencies for urban roads compare fairly well with measurements at
industrial roads. No airborne mass emission measurements quantifying
control efficiency were found. _

In general terms, one would expect that demonstrated control
techniques applied to industrial paved roads could also be applied to
public roads. One important point to note, however, is that it is
generally recognized that mitigative measures decrease in effectiveness as
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TABLE 2-4. MEASURED EFFICIENCY VALUES FOR PAVED ROAD CONTROLS?

Cited
Method efficiency Comments

Vacuum sweeping 0-58 percent  Field emission megsurement (PM-15)
12,000-cfm blower

46 percent ‘Reference 7, based on field measurement
of 30 um particulate emissions

Water flushing  69-0.231 vé+¢  Field measurement of PM-15 emissions?

Water flushing 96-0.263 Vc’d Field measurement of PM-15 emisSionsb

followed by
sweeping -

dreference 8, except as noted. ATl results based on measurements of air
emissions from industrial paved roads. Broom sweeping measurements
presented in Section 2.3.2.1. ‘

PM,o control efficiency can be assumed to be the same as that tested.
CWater applied at 0.48 gal/ydz.
quuation yields efficiency in percent, V = number of vehicle passes since
application.

TABLE 2-5." ESTIMATED PM,, EMISSION CONTROL EFFICIENCIES3

E———— — ==========-——___—-___-———__
' Estimated PM,,
Method o efficiency, %
Vacuum sweeping ' 34
Improved vacuum'sweepingP‘ 37

Reference 6. Estimated based on measured initial and residual €63 um
loadings on urban paved roads and Equation (2-1). Value reported
represents the mean of 13 tests for each method. Broom sweeping mean
(18 tests) given in Section 2.3.2.1.

waeeping improvements described in Reference 6.
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the surface loadings decrease. Because mitigative measures are less
effective for public paved roads, a recent EPA draft urban dust policy
stresses the importance of preventive measures, especially in instances
where no dominant or localized source of road loading can be identified. _
Exampie sources would include: (1) unpaved areas adjacent to the road;
(2) erosion due to storm water runoff; and (3). spillage from passing
trucks. Corresponding examples of preventive measures include:

(1) installing curbs, paving shoulders, or painting lines near the edge of
the pavement; (2) controiling storm water or using vegetation to stabilize
surrounding areas; and (3) requiring trucks to be covered and to maintain
freeboard (i.e., distance between top of the load and top of truck bed
sides). In instances where the source of loading can be easily identified
(e.g., salt or sand spread during snow or ice storms) or the effects are
localized (e.g., near the entrance to construction sites or unpaved
parking lots), either preventive or mitigative measures could be
prescribed. Table 2-6 summarizes Agency guidance on nonindustrial paved
road preventive controls.

There are few efficiency values for any of the preventive measures
presented in Table 2-6. Because these measures are designed to prevent
deposition of additional material onto the paved surface, quantitative
measurements before and after the control are generally not possible and
interpretation of results are complicated. For example, based on ambient
TSP wonitoring results over a 3-month period, immediate and continuous
manual cleaning of the access area to a construction site was estimated to
result in -30 percent control.! It is unclear, however, what effect
seasonal variation in the monitoring data has on the estimate of
30 percent. Also, because this estimate is based on ambient air
concentrations, use of the value may be inconsistent with the other effi-
ciency estimates given in this chapter. Consequently, one very important
further deve1opmént deals with efficiency estimates for preventive
measures.

A recent update of AP-42 Chapter 11.2 (Fugitive Dust Sources)--

compared measured controlled emissions with estimates based on the reduced

loading values, using the industrial paved road model presented in the
next section.2 Despite the fact that the reduced surface loadings were
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TABLE 2-6. NONINDUSTRIAL PAVED ROAD DUST SOURCES AND PREVENTIVE CONTROLS

Source of depoS'it on road Recommended controls

-- Sanding/salt : -- Make more effective use of
abrasives through planning,
uniform spreading, etc.

-- Improve the abrasive material
through specifications limiting
the amount of fines and material
hardness, etc.

-- Rapid cleanup after streets become
clear and dry

-- Spills from haul trucks ~-- Require trucks to be covered
-- Require freeboard between load and
top of hopper
-- Wet material being hauled

-- Construction carryout and - -- Clean vehicles before entering road
entrainment -- Pave access road near site exit
' -- Semicontinuous cleanup of exit
-~ Vehicle entrainment from -- Pave/stabilize portion of unpaved
unpaved adjacent areas areas nearest to paved road
-- Erosion from stormwater washing -- Storm water control
onto streets -- Vegetative stabilization
-- Rapid cleanup after event
-- Wind erosion from adjacent -- Wind breaks
areas -- Vegetative stabilization or

chemical sealing of ground

-- Pave/treat parking areas, dr1ve-
ways, shoulders

-- Limit traffic or other usz that
disturbs soil surface

— Other ' -- Case-by-case determination
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often outside the fange of the underlying data base, predictive accuracy
was found to be quite good, both for vacuum sweeping and water flushing.
For those two controls, the available data suggest that adequate estimates
of controlled emission can be obtained from the predictive models. For
flushing combined with broom sweeping, however, the estimates
substantially overpredicted (by approximately a factor of 5) controlled
emissions versus the measured values.
2.2 INDUSTRIAL PAVED ROADS

As noted earlier, emission estimation for paved roads depends less
‘upon its ownership and more upon its surface material and traffic
éharacteristics. In this manual, the term "industrial" paved road is used
to denote those roads with higher surface loadings and/or are traveled by
heavier vehicles. Consequently, some publicly owned roads are better

characterized as industrial in terms of emissions. Examples would include

city streets in heavily industrialized areas or areas of construction as
well as paved roads in industrial complexes.
2.2.1 Estimation of Emissions

The current AP-42 PM,, emission factor for industrial paved roads

iss3

= 220 (sL/12)0.3 (g/VKT)

(2-3)
e = 0.77 (sL/0.35)0.3 (1b/VMT)

where: e = emission factor. in units given above
sL = surface silt loading, g/m2 (o0z/yd?)
The above equation is rated “A" in AP-42 (see Appendix A).
Alternatively, AP-42 presents a single-valued emission factor for use
in Tieu of Equation (2-3) for PM,, emissions from light-duty vehicles on
heavily loaded industrial roads:

e = 93 (g/VKT)

(2-4)
e = 0.33 (Tb/WMT)
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where e is as defined above. These single-valued emission factors are
rated *C* (see Appendix A). Although no hard and fast fuIes can be
provided, Table 2-7 summarizes a recommended decision process for
selecting industrial paved road emission factors.

Table 2-8 presents a summary of silt loading values for industrial
paved roads associated with a variety of industries. As is the case with
all AP-42 Chapter 11.2 emission models, the use of site-specific data is
strongly recommended. '

2.2.2 Demonstrated Control Techniques for Industrial Paved Roads

As noted in Section 2.1.2, the vast majority of measured control
efficiency values for paved roads are based on data from industrial
roads. Consequently, the information presented earlier in Table 2-4 is
more applicable to this class of road.

Mitigative measures may be more practical for industrial plant roads
because (1) the responsible party is known; (2) the roads may be subject
to considerable spillage and carryout from unpaved areas; and (3) all
affected roads are in relatively close proximity, thus allowing a more
efficient use of cleaning equipment. Preventive measures, of course, can
be used in conjunction with plant cleaning programs and prevention is
probably the preferred approach for city streets in industrialized areas
with many potential sources of paved road dust. As before, the lack of
efficiency values for preventive measures remains an important data gap
and requires further investigation.

2.3 EVALUATION OF ALTERNATIVE CONTROL MEASURES
2.3.1 Preventive Measures

These types of control measures prevent the deposition of additional
materials on a paved surface area. As a result, it is difficult to
estimate their control effectiveness. For mitigative controls, before and
after measurement (of surface loadings or of particulate emissions) is
possible; clearly, this is not the case for preventive measures. Limited
field data suggest that a 12-month construction project (without preven-
tion programs) could result in an additional 18 tons/yr of TSP emissions
from an adjacent paved road with 1,000 vehicle passes per day.? In this
instance, one would expect that PM,, emissions would increase by approxi-
mately 10 tons/yr. As noted before, however, field data available to
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TABLE 2-7. DECISION RULE FOR PAVED ROAD EMISSION ESTIMATES

S$i1t loading ) Average vehicle

(sL), g/m2 & /i*  weight (W), Mg _Use model
sL <2 24 W>a Equation (2-3)
sL <2 .7 WN<4 Equation (2-1)
st >2° i W>6 Equation (2-3)
2 <sL <15 A W<6é Equation (2-3)
sL >158 - W<6 Equation (2-4)

3For heavily loaded surfaces (i.e., sL > -300 to 460 g/m2, it
is recommended that the resulting estimate be compared to
that from the unpaved road models (Section 3.0 of this
manual), and the smalier of the two values used.
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estimate the effectiveness of preventive programs are extremely 1imited
and often difficult to interpret. This data gap requires further
. development.

Instead of assigning control effectiveness values for preventive
measures, regulatory personnel may choose to require all responsible
parties (e.g., general contractors, street departments spreading salt and
sand, businesses/homeowners with unpaved parking lots and driveways) to
either submit control plans or agree to agency-supplied programs. Note
that frequent watering of access areas should be discouraged (if possible)

 because that practice may compound carryout probiems. |
' As early as 1971, EPA recommended reasonable mud/dirt carryout
precautions including:

* MWatering or use of suppressants at construction/demolition, road
grading, and land clearing sites. '

* Prompt removal of materials deposited upon paved roadways.

* Covering of open trucks transporting material likely to become
airborne.

While most states have adapted many of EPA's recommendations to their own

regulations, the vast number and spatial distribution of potential
mud/dirt carryout points, as well as the large number of potentially
responsibie parties, make enforcement very difficult to plan and
administer. Consequently, smaller jurisdictive areas (such as cities and
counties) should be used in monitoring carryout enforcement. '
, Note that these local agencies include several other than those
involved in air pollution per se. For example, building permits may be'
used to require carryout controls with building inspectors.enforcing the
regulations. Finally, it is clear that some agreement with the local
Public works department would be necessary to implement modifications in
street salting and sanding procedures or to ensure prompt cleanup (see
Appendix G).

2.3.1.1 Salting/Sanding for Snow and Ice. After winter snow and jce
control programs, the heavy springtime street loadings found- in certain
areas of the country are known to adversely affect ambient PM,,
concentrations. For example, data collected in Montana indicates that
road sanding may produce early spring silt loadings 5 to 6 times higher
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than the mean.1oad1ngs'1n Table 2-2.2 Because that increase. corresponds
to roughly a fourfold increase in the emission level, it is clear that
residual surface loadings represent an important source potentially
requiring control. As indicated in Table 2-6, appropriate controls may
include: (a) clean-up as soon as practical, (b) the use of improved
materials, and (¢) improvements in planning or application methods. Note
that option (a) uses mitigative controls which are discussed in

Section 2.3.2. The preventive options are discussed below.

Some municipalities have experimented by supplementing or replacing
their usual snow/ice control materials with other harder and/or coarser
materials. Because the choice of usual materials is based upon local
availability.(salt, sand, cinders) and price, it is clear that changes in
materials applied will generally result in higher costs. However, the use

of antiskid materials with either a lower initial silt content or greater
"resistance to forming silt-size particles will result in lower road
surface silt loadings. Only limited field measurements comparing
resultant silt contents and no measurements of silt loading values have
been identified; consequently, it is not possible at this time to
accurately estimate the control efficiency afforded by use of improved
materials. Local agencies should design small-scale sampling programs
(using the paved road sampling method presented in Appendix D) to estimate
the differences in resulting silt loadings and then apply Equation (2-1)
to determine a control efficiency value appropriate for their situation.

- Improvements in planning and application techniques limit the amount
of antiskid material applied to roads in an area. As was the case with
improved materials, no field data are known to exist. However, an
adequate estimate of area wide control efficiency can be obtained by
(a) comparing the amounts of material applied, (b) assuming that both
applications are equally subject to formation of fines, removal, etc.,

(c) assuming that both resultant silt loadings are substantially greater
than the "baseline" (i.é.;.prewinter) value, and (d) using

Equation (2-1). For example, if a community, through better planning,
uses 30% less antiskid material, than the resultant silt loadings may be
expected to be 30%¥ lower. Use of Equation (2-1) would then indicate an
effective PM,, control efficiency of 24.8%. Note that if assuﬁption (c)
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above does not hold, the estimated control efficiency should be viewed
only as an upper bound. ' f .

2.3.1.2 (Carryout from Unpaved Areas and Construction Sites. Mud and
dirt carryout from unpaved areas such as parking lots, construction sites,
etc., often accounts for a substantial fraction of paved road silt
loadings in many areas. The elimination of this carryout can
significantly reduce paved road emissions. | _

As noted earlier, quantification of control efficiencies for
preventive measures is essentially impossible using the standard
before/after measurement approach. The methodology described below

- results in upper bounds of emission reductions. That is, the control
afforded cannot be easily described in terms of percent but rather is
discussed in terms of mass emissions prevented.

Furthermore, tracking of material onto a paved road resuilts in
substantial spatial variation in loading about the access point. This
variation may complicate the modeling of emission reductions as well as
their estimation, although these difficuities become less important as the
number of unpaved areas in an area and their access points become larger.

For an individual access point from an unpaved area to a paved road,
Tet N represent the daily number of vehicles entering or leaving the
area. Let E be given by: : ‘

5.5 g/vehicle for N < 25

13 g/vehicle for N > 25

‘where E is the unit PM,, emission increase in g/vehicle (see

Section 5.1). Finally, if M represents the daily number of vehicle passes
on_the paved road, then the net daily emission reduction (g/d) is given by
€ x M, assuming complete prevention.

The emission reduction calculated above assumes that essentially all
carryout from the unpaved area is controlled and, as such, is viewed as an
upper limit. In use, a regulating agency may choose to assign an
effective level of carryout control by using some fraction of the E values
given above to calculate an emission reduction. Also, the regulatory
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agency could choose a percent control efficiency and substantiate
copliance with testing data. ‘

The methods used to control carryout consist of either mitigative
measures on the paved road or preventive measures at the unpaved area or
construction site. Discussion of these measures are presented in
Sections 2.3.2, 3.3, and 5.3. ' o ‘ .

Finally, field measurements of the increased paved silt loadings
around unpaved areas may also be used to gauge the effectiveness of
control programs. A discussion of this is found in Section 2.5.

2.3.1.3 Qther Preventive Control Measures. As shown in Table 2-6,
numerous other preventive controls have been proposed for certain sources
of paved road silt loadings. These controls range from wind fences in
desert regions to keep sand off highways and other roads to measures
designed to prevent losses of materials transported in trucks. No data
are known to exist that quantify the PM,, emission reductions attributable
to these controls. It is recommended that, if the use of one or more of
these controls is contemplated in an area, the local control agency design
small-scale field tests of the surface loadings (as described in
Appendix D) before and after implementation to determine a reasonable
estimate of the efficiency. Note that, in the design of any program of
that type, particular attention must be paid to spatial variations in both
sources and controls applied. For example, while a program for wind
fences in desert areas would present few complications in assessing
control, a program to assess the impact of, say, storm water control or
haul truck restrictions, must include provisions for the localized (and

. possibly, random) nature of the source and its effects on surrounding

roads.
2.3.2 Mitigative Measures

While preventive measures are to be preferred under the EPA urban
dust policy, some sources of road dust loadings may not be easily
controlled by prevention. Consequently, some mitigative measures may be
necessary to achieve desired goals. This section discusses demonstrated
mitigative measures.
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2.3.2.1 Broom Sweeping of Roads. Mechanical street cleaners employ
rotary brooms to remove surface materials from roads and parking lots.
Much of their effect 1s cosmetic, in the sense that, while the roadway
appears much cleaner, a substantial fraction of the original loading is
emitted during the process. Thus, there is some credence to claims that
mechanical cleaning is as much a source as a control of particulate

emissions. Note, however, that mechanical sweeping may be the only viable

option for rapid cleanup of antiskid materials throughout the snow season.

Measurement-based control efficiency for industrial roads (Table 2-4)
_.and estimated efficiencies for urban roads (Table 2-5) both indicate a
maximym (initial) instantaneous control of roughly 25 to 30%. Efficiency,
of course, can be expected to decrease after cleanup.

Cost elements involved with broom sweeping include the following
capital and operating/maintenance (0&M): expenses:

- Capital: Purchase of truck or other device |

0&M: Fuel, replacement brushes, truck maintenance, operator labor

Cost data presented in Reference 10 provides the following estimates
for a broom sweeping program:

Initial capital expense: 6,580 to 19,700 $/truck

Annual O&M expense: 27,600 $/truck

A11 costs are based on April 1985 dollars. Determination of the
number of trucks can be based on an assumption that 3 to 5 mi of road can
"be cleaned per unit per shift.!: Additional cost data for a broom
sweeping program is provided in Table 2-9.11

Enforcement of a broamhsweeping dust control program Qould_idea11y
consist of two complementary approaches. The first facet would require
the owner to maintain adequate records that would document to agency
personnel's satisfaction that a regular cleaning program is in place.
(See Appendix C for a suggested recordkeeping format.) The second
approach would involve agency spot checks of controlled roads by taking a
material sample from the road. The latter approach is discussed in
- Section 2.5. The sampling method should be essentially the same as that
used in the development of the current AP-42 predictive equations. As
noted earlier, an estimate of the controlled PM,, emission level could
then be obtained.2 |
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TABLE 2-9. MISCELLANEOUS OPERATION/DESIGN,AND COST DATA FOR
- BROOM SWEEPING PAVED ROADS

Purchase price: $18,000 (1978)
‘ $20,000 (1980)

Estimated 1ife expectancy: | . 5.yr

Approximate annual operating cost during 1981: $65,100--No. 1
557 ) 000--N° - 2

Fuel consumption: : 3 mi/gal

Cleaning capacity: 69,700 ft2/h at 3 mph
Vehicle weight: 5,000 1b

Width of area cleaned per pass: ) 7.5 ft

Normal sweeping speed: 3 to 5 mile/h

dReference 11. Purchase cost is actual cost in year purchased; other
costs in 1981 dollars.
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Records must be kept that document the frequency of broom sweeping
applied to paved surfaces. Pertinent parameters to be specified in a
~ control plan and to be regularly recorded include:
| General Information to be Specified in the Plan
1. A1l road segments and parking locations referenced on a map
available to both the responsible party and the regulatory agency -
2. Length of each road and area of each p&rking lot
3. Type of control applied to each road/area and planned frequency
of application :
_ 4. Any provisions for weather (e g., % in of rainfa]l will be
‘substituted for one treatment)
specific Records for Each Road Segment/Parking Area Treatment
1. Date of treatment _
2. Operator's initials (note that the operator may keep a séparate
log whose information is transferred to the environmental staff's data
sheets)

3. Start and stop times on a particular segment/parking lot, average

speed, number of passes

4. Qualitative description of loading before and after treatment

5. Any areas of unusually high loadings, from sp111s, pavement
deterioration

General Records to be Kept

1. Equipment maintenance records _

2. Meteorological log (to the extent that weather inf1uences the
.control program--see above)

3. Any equipment malfunctions or downtime. _

In addition to those items related to control applications, some of
the regulatory formats suggested in Section 2.5 require that additional
records be kept. These records may include surface material samples or
traffic counts. A suggested format for recording paved surface samples
(following the sampling/analysis procedures given in Appendices D and E)
is presented as Figure 2-1. Traffic counts may be recorded either
manually or using automatic devices (low frequency, l/season, 1/yr).
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Type of Moterici Sompled:

Site of Sampiing:

~no. af Treffic Lanes

Tvpe of Povement; Asohait/Concrete Surigee Congitiea
| |
I : * Broom !
I { | Swent? |
Sample No. iVac.3ag! Time Locatica® . Sample Area  : (y/n) |
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: ! ] ' . :
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| | | | | j
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*Use coce Ziven on plant map for segment identification and indicate sample

focation &n man.

Figure 2-1. Example paved road sample log.




2.3.2.2 Vacuyum Sweeping of Roads. Vacuum sweepers remove material
from paved surfaces by entraining particles in a moving air stream. A
hopper is used to contain collected material and air exhausts through a
filter system in a open loop. A regenerative sweeper functions in much the
same way, although the air is continuously recycled. In addition to the

vacuum pickup heads, a sweeper may also be equipped with gutter and other

brooms to enhance collection.

Instantaneous control efficiency (c¢f. Appendix A) values were given
earlier in Table 2-4. Available data show considerable scatter, ranging
- from a field measurement showing no effectiveness (over baseline
uncontrolled emissions) to another field measurement of 58 percent. An
average of the field measurements would indicate a efficiency of
34 percent. In addition, the estimated upper limits for PM,, control of
urban roads (Table 2-5) compare fairly well with that average. Recall
that very adequate controlled emission estimates were obtained using. the
industrial paved road model given as Equation (2-3). It is recommended
~ that material Toading samples be employed, if possible, in conjunction
with the model to obtain a better estimate of control effectiveness.

Cost elements involved with vacuum sweeping include the following
capital and operating/maintenance (0&M) expenses:

Capital: Purchase of truck or other device

0&M: Fuel, replacement parts, truck maintenance, operatof labor cost

data presented in Reference 10 provides the following estimates for a
vacuum sweeping program o

Initial capital expense: 36,800 $/truck

Annual 0&M expense: 34,200 $/truck _

A1l costs are based on-April 1985 dollars. Determination of the
‘number of trucks necessary can be made by assuming that 6 mi can be swept
per unit per 12 h.1! Additional cost data for a broom sweeping program is
provided in Table 2-10. |

Enforcement of a vacuum sweeping dust control program would ideally
consist of two complementary approaches. The first facet would require
the owner to maintain adequate records that would document to agency
personnel's satisfaction that a regular cleaning program is in piace.
(See Appendix C for a suggested recordkeeping format.) The second
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TABLE 2-10. MISCELLANEOUS OPERATION/DESIGN,AND COST DATA FOR
VACUUM SWEEPING PAVED ROADS

Purchase price: - $72,000 (1980)
Estimated life expectancy: . 5 yr
Approximate annual operating cost during 1981: $214,000

Fuel consumptioh: 4 mi/gal
Hopper capacity: _ _ 10 yd3.

Vacuum blower capacity: 12,000 ft3/min
Vehicle weight: 32,000 1b
Nidth of area cleaned per pass:D = 5 ft

Normal sweeping speed: 5 mi/h
Velocity at suction head: N/A

Type of dust control system (i.e., wet or dry): Wet

YReference 11. Purchase cost is actual cost in year purchased; other
costs in 1981 dollars.
1tiple passes required.
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approach would involve agency spot checks of controlled roads by taking a
material sample from the road. As before, the second approach is discussed
in greater detail in Section 2.5. Note that some sample collection may be
necessary to estimate control performance.

Records must be kept that document the frequency of vacuum sweeping
paved surfaces. Pertinent parameters to be‘spec1fied in a control plan
and to be regularly recorded include:

General Information to be Specified in the Plan

1. A1l road segments and parking locations referenced on a map

.available to both the responsible party and the regulatory agency

2. length of each road and area of each parking lot

3. Type of control applied to edch road/area and planned frequency
of application

4. Any provisions for weather (e.g., % in of rainfall will be
substituted for one treatment; no sprays during freezing periods, etc.)

Specific Records for Each Road Segment /Parking Area Treatment

1. Date of treatment

2. Operator's initials (note that the operator may keep a separate
log whose information is transferred to the environmental staff's data
sheets)

3. Start and stop times on a particular segment/park1ng lot, average
speed, number of passes

4. Qualitative description of loading before and after treatment

5. Any areas of unusually high loadings, from spills, pavement
deterioration, etc.

General Records to be Kept

1. Equipment maintenance records

2. Meteorological log (to the extent that weather influences the
control program--see above)

3. Any equipment malfunctions or downtime

In addition to those items related to control apblications, some of
the regulatory formats suggested in Section 2.5 require that additional
records be kept. These records may include surface material samples or
traffic counts. A suggested format for recording paved surface samples
(following the sampling/analysis procedures given in Appendices D and E)
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was presented in Figure 2-1. Traffic counts may be recorded either
manually or using automatic devices. ‘

2.3.2.3 MWater Flushing of Roads. Street flushers remove surface
materials from roads and parking lots using high pressure water sprays.
Some systems supplement the cleaning with broom sweeping after flushing.
Note that the purpose of the program is to remove material from the road
surface; in some industries, water is regular1y applied to roads to.
directly control emissions (i.e., as in unpaved roads). Unlike the two
sweeping methods, flushing faces some obvious drawbacks in terms of water
usage, potential water pollution, -and the frequent need to return to the
water source. However, flushing generally tends to be more effective in
controlling particulate emissions.

Equations to estimate instantaneous control efficiency values are
given in Table 2-3. Note that water flushing and flushing followed by
broom sweeping represent the two most effective control methods (on the
basis of field emission measurements) given in that table.

Cost elements involved with broom sweeping include the following
capital and operating/maintenance (08M) expenses:

CapitaI: Purchase of truck or other device

0&M: Fuel, replacement parts (possibly including brushes), truck
maintenance, operator labor, water

Cost data presented in Reference 10 provides the following estimates
for a flushing program;

Initial capital expense: 18,400 $/truck

- Annual 08M expense: 27,600 $/truck
A1l costs are based on April 1985 dollars. Determination of the number of
trucks required can be based on the assumption that 3 to 5 mi can be
flushed or flushed and broom swept per unit per 8-h shift,
respectively.!! Additional cost/design data are provided as Table 2-11.

Enforcement of a road flushing (possibly supplemented by broom
sweeping) program could consist of two approaches, as before. The first
facet would require the owner to maintain adequate records that would
document to agency personnel's satisfaction that a regular cleaning
program is in place. (See Appendix C for a suggested recordkeeping
format.) The second approach would involve agency spot checks of
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TABLE 2-11. MISCELLANEQOUS OPERATION/DESJGN AND COST DATA FOR
' FLUSHING PAVED ROADS ,

Purchase price: - $68,000 (1976)
Estimated life expectancy: . 10yr
Approx1mate annual operating cost during 1981: $57,000

Vehicle weight (dry): N/A 1b

- Water tank capacity: ' 8,000 gal
Normal vehjcle'speed: ' : 4 mi/h
Water pressure at nozzles: 50 psig
Vehicle weight (wet): " N/A 1b
Fuel .consumption: | 7 mi/gal
Water flow at nozzles: 188 gal/min
Hopper capacity: 40 yd3
Daily water consumption: 30,000 gal
Degree of water treatment: 1,800 gal/mi1

8Reference 11. Purchase cost is actual cost in year purchased; other
costs in 1981 dollars.

2-26




controlled roads by taking a material sample from the road. Recall that,
while resulting estimates of controlled emissions should be adequate for a
flushing program, the estimates are probably substantially overestimated
in a flushing/broom sweeping program.

Records must be kept that document the frequency of broom sweeping
applied to paved surfaces. Pertinent parameters to be specified in a
control plan and to be regularly recorded include:

General Information to be Specified in the Plan

1. A1l road segments and parking locations referenced on a map
available to both the responsible party and the regulatory agency

2. Length of each road and area of each parking lot

3. Type of control applied to each road/area and planned frequency
of application

4. Provisions for weather (e.g., program suspended for periods of
freez1ng temperatures)

Specific Records for Each Road Segqment/Parking Area Treatment

1. Date of treatment '

2. Operator's initials (note that the operator may keep a separate
log whose information is transferred to the envirommental staff's data
sheets)

3. Start and stop times on a particular segment/parking lot, average
speed, number of passes

4. Start and stop times for refilling tanks

9. Qualitative description of loading before and after treatment

6. Any areas of unusually high loadings, from spills, pavement
deterioration, etc. '

General Records to be Kept _

l. Equipment maintenance records

2. Meteorological log (to the extent that weather influences the
control program--see above)

3. Any equipment malfunctions or downtime

In addition to those items related to control applications, some of
the regulatory formats suggested in Section 2.5 require that additional
records be kept. These records may include surface material samples or
traffic counts. A suggested format for recording paved surface samples
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(following the samb11ng/ana1ys1s procedures given in Appendices D and E)
was presented in Figure 2-1. Traffic counts may be recorded either
manually or using automatic devices.

2.4 EXAMPLE DUST CONTROL PLAN

To 11lustrate the use of material in this chapter, this section
presents an example control plan. Unlike the other open dust sources
considered in this manual, preventive control of paved roads (and.
especially public paved roads) requires that control be applied to a wide
variety of contributing loading sources. Furthermore, the contribution of
..any 1nd1vidua1'10ad1ng soufce to the total silt loading on any roadway is,
at present, impossible to determine. Consequently, the approach taken in
this exampié will employ area wide silt loading reductions and will aliso
use limited field sampling to gauge the effectiveness of the program.

. Suppose a control agency determines that a 10% decrease in urban
paved road emissions is necessary to meet some goa1; Equation (2-1) shows
that a 10 prcent decrease in the PM,, emission factor requires (a) a
10 percent reduction in traffic volume, (b) a 12% decrease in silt
loading, or (c) some combination of traffic and silt loading reductions.
Suppose that traffic reductions are not considered feasible and suppose
further that the agency desires a uniform 12 percent decrease in area wide
silt loadings rather than staggering loading decreases as a function of
road lengths and traffic volumes. -

The types of controls that could be .applied to loading sources
include: use of improved antiskid materials, rapid cleaning of snow/ice
control methods, haul truck ordinances (e.g., covering, freeboérd, etc.),

- and paving unpaved access points. Selection of sources to be controlled .
depend on a variety of factors, such as the perceiVed relative
contribution of a source to an area‘'s silt loading values, responsibility
for enforcement of any new ordinances, etc.

In general, unless there is good reason to suspect that one source
category is responsible for a substantial fraction of the paved road
loading in an area, it is probable that a series of controls will be
employed (see Section 2.5.2). Assessment of the (combined) effectiveness
of the controls 1mp1emented will generally be based on the field sampling
measurements discussed in Appendices D and E.
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2.5 POTENTIAL REGULATORY FORMATS
2.5.1 General Guidelines

Clear and specific enforceable plan provisions are needed to gain
credit for claimed emission reductions in State implementation plans
(SIP's), which for paved road dust sources will likely rely on record-
keeping, reporting, and surrogate factors rather than short-term mass
emissions or‘opacity limits. Surrogate factors will 1nélude control
program regulations, permits, or intergovermmental agreements to institute
programs such as vacuum sweeping, mud/dirt carryout precautions, spill
cleanup, erosion control, and/or measures to prevent or mitigate
éntrainment from unpaved adjacent areas. Record review of control
programs (e.g., vacuum sweeping, road sand/salt application, etc.) and
field checks (i.e., road silt loading sampling) will provide the likely
means of compliance determination for these sources. Because paved road
emissions are directly related to the surface silt loading, the most
reliable regulatory formats are based on loading. Formats viable for
other open dust sources--including opacity measurements, visible emissions
at the property line--are generally not applicable for paved roads because
of the lower unit emission levels involved (e.g., there are usually no
visible plumes from a vehicle pass).

Many States currently have regulations related to the control of
Paved roads. C(olorado, for example, may require a control plan from any
party that repeatedly deposits materials which might create fugitive
emissions from a public or private roadway. Note, however, that no
quantitative determination of loading levels is specified.

An alternative format is presented below to suggest how a
quantitative method could be incorporated in a regulation. Figure 2-2
presents a possible format for use with public paved road sources. In
this example, if the silt loading on a road with an average traffic volume
of 2,000 vehicles per day ever exceeds 2.9 g/m? (the "action level*), the
regulatory agency may require the responsible party (e.g., a construction
site with mud/dirt carryout) or the owner of the road to reduce the silt
loading to a level less than the action level. The action level is an
agency-supplied multiple of either baseline measurements or the surface
silt loading predicted by Equation (2-2) and should correspond to
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minimum percent control efficiency level. The means of reduction will be
left to the discretion of the responsible party and could consist of
either preventive or mitigative controls. The maximum allowed silt
loading requirement could be made part of a construction permit (as
discussed in Section 5 of this manual) or an enforceable intergovermmental
agreement. Note that additional traffic due to the construction activity
should be included in the daily traffic volume used to determine the
action level for the affected roadways. In addition, a request for permit
should be accompanied with a description of the control technique(s) that
will be employed. Similarly, intergovernmental agreements should clearly
and specifically describe control techniques and associated recordkeeping
and reporting requirements.

The field measurement of silt loading could either be made a
requirement of the responsible party or be assigned to agency inspection
personnel, or a combination of the two could be used. In either event,
certain features of the measurement technique must be specified:

1. The sampling method used to determine silt loading for compliance
inspection should conform to the technique used to develop the AP-42 urban
paved road equation. That technique is specified in Appendix D and should
be made part of an SOP for regulatory personnel or part of the
construction permit.

2. Arrangements must be made to account for spatial variation of
surface silt loading. Possible suggestions include (a) visually
determining the heaviest loading on the road and selecting that spot for
sampling, (b) sampling the midpoint of the road length segment of
interest, and (c) sampling preselected (possibly on the basis of safety
considerations) strips on the road surface (note that the samples may be
aggregated). .

3. Provision should be made to grant'a “grace period" following a
spill or other aécidental~increase in loading. An 8-h period is suggested
to allow time for the responsible party to clean the affected area. This
allowance should be made part of a construction or other permit.

For industrial paved roads, an approach similar to that described
above could be applied as well, using agency-supplied action levels. Note
that these levels could be specific to individual roads, apply to all
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roads in & plant, or be based on plant traffic levels. Because most
plants will contain many roads, the regulatory agency may choose to set
plant-wide goals (such as vacuum sweeping each road twice per week) rather
than source-specific programs. |
The control efficiency equations presented in Table 2-4 provide
another potential regulatory format for industrial paved road sources.
This approach involves inspection of both plant road cleaning records and
traffic counts. By combining the two sets of information, regulatory
personnel would be able to determine average efficiency values for the
plant's controlled paved roads. Provision must be made to collect traffic
'information. The traffic data may require more frequent inspection visits
than surface loading samples; however, analysis is more Easi]y
. accomplished. Surface loading sampling provides an additional means for
checking the success of'achieving the estimated control efficiency.
2.5.2 Example SIP Lanquage for Reduction of Public Paved Road Surface

~ Contaminants |

Public paved roads are important PM,, sources in areas across the
country. Unlike the industrial sources described in this manual, control
of municipal paved roads generally requires a close working agreement
between various govermment bodies and the general public.

A number of States have developed enforceable regulations, permit

- conditions, or provisions in intergovernmental agreements (between State
agencies, and with municipalities) that attempt to address sources
contributing to the silt loading of paved roads. The following example |
regulations are drawn from existing State regulations and
intergovernmental agreement provisions.

Material Transport _

-- No person shall cause or permit the handling or transporting of
any material in a manner which allows or may allow controllable
particulate matter to become airborne. Visible dust emissions
from the transportation of materials must be eliminated by '

"covering stock loads in open-bodied trucks or other equivalently
effective controls.

-- Earth or other material that is deposited by trucking and
earth-moving equipment on paved streets shall. be reported to the
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(local Department of Sanitation at ) and removed
immediately subject to safety considerations by the party or
person responsible for such deposits.

Motor Vehicle Parking Areas

-- Effective » NO person shall cause, permit, suffer, or

allow the operation, use, or maintenance of an unsealed or unpaved
motor vehicle parking area.

Low use parking area exemption: Motor vehicle parking area
requirements shall not apply to any parking area from which less
than __ (e.g., 10) vehicles exit on each day. Any person seeking.
such an exemption shall: (1) submit a petition to the Control
Officer in writing identifying the location, ownership, and |
person(s) responsible for- control of the parking area, and
indicating the nature and extent of daily vehicle use; and
(2) receive written approval from the regulating agency that a low
use exemption has been granted.

Erosion and Entrainment From Nearby Areas

The City of will revegetate, pave, or treat by using
water, calcium chloride, or acceptable equivalent materials the
following: paved road shoulders and approach aprons for unpaved
roads and parking areas that connect to paved roads, which are
within the City's right-of-ways or under the City's control and
within X feet (e.g., 25) of roadways [specify location or entire
roads by name], in amounts and frequencies as is necessary to
effectively control PM,, emissions to a level of x percent control
efficiency (e.g., paving--90 percent: vegetation per specified
requirements--50 percent; chemical treatment per specified
requirements--70 percent). [Include 1ist of roads in memorandum
of understanding and specify whether those areas will be
revegetated, paved, or treated. |

If loose sand, dust, or dust particles are found to contribute to
excessive silt loadings on nearby paved roads, the Control Officer
shall notify the owner, lessee, occupant, operator, or user of
said land that said situation is to be corrected within a
specified period of time, dependent upon the scope and extent of
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the problem, but in no case may such a period of time exceed x

 (e.g., 2) days.

The Control Officer, or a designated agent. after due notice._

may enter upon the subject land where said sand or dust problem
exists, and take such remedial and corrective action as may be

deemed appropriate to relieve, reduce, or remedy the existent dust

condition, where the owner, occupant, operator, or any tenant,
lessee,‘or holder of any possessory interest or right in the
subject land, fails to do so.

Any cost incurred in connection with any such remedial or
corrective action by the Control Officer shall be assessed against
the owner of the involved property, and failure to pay the full
amount of such costs shall result in a lien against said real
property, which 1ien shall remain in full force and effect until
any and all such costs shall have been fully paid, which shall
inciude, but not be limited to, costs of collection and reasonabie
attorney's fee therefore.

Road Sanding/Salting and Traffic Reduction
-- The City of will, beginning with the (year) winter

season, restrict the use of sand used for anti skid operations to
a material with greater than x percent (e.g., 95) grit retained by
a number 100 mesh sieve screen and a degradation factor of x.

The City of will provide alternative traffic flow
patterns--such as a by-pass pIan to reduce vehicular traffic
(especially truck traffic) in the central business district to
reduce the effects of vehicular reentraimment. _
The City of , will conduct its vacuum street sweeping
throughout the year with wintertime sweeping done whenever shaded

- pavement temperatures--as determined by the use of infrared

thermometer--allow for the application of water spray from the
vacuum sweeper without jeopardizing the safety of pedestrian and
vehicular traffic on the swept areas. The street vacuuming
program shall be designed to provide for maximum sweeping efforts
throughout the winter and spring months and shall provide for
adequate persomnel and equipment to ensure thorough cleanup when
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possible within temperature and safety constraints. As soon as
. temperature conditions permit (melt periods), the City will begin

vacuuming the road sand/salt loadings from streets per the
following priority schedule: [include schedule in memo of
understanding]. (Quality control provisions for recordkeeping/
reporting requirements are presented in Section 2.3.2.2 and
Appendix C.2.1. of this report.)
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3.0 UNPAVED ROADS

As is the case for paved roads, particulate emissions occur whenever
a vehicle travels over an unpaved surface. Unlike paved roads, however,
the road itself is the source of the emissions rather than any "surface
lToading." Within the various categories of open dust sources in
industrial settings, unpaved travel surfaces have historically accounted
for the greatest share of particulate emissions in industrial settings.
For example, unpaved sources were estimated to account for roughly
70 percent of open dust sources in the iron and steel industry during the
1970's. Recognition of the importance of unpaved roads led naturally to
an interest in their control. As a result of these contro) programs, the
portion of total open source dust emissions due to unpaved travel surfaces
has decreased dramatically over the past'5 to 10 years. Nevertheless, the
need for continued control of these sources is apparent.

This section presents a discussion of the various types of unpaved
sources, available emission factors, viable control measures, and methods
to determine compliance of controlled sources.

Travel surfaces may be unpaved for a variety of reasons. Possibly
the most common type of unpaved road is that found in rural regions
throughout the country; these roads may experience only sporadic traffic
which, taken with the often cons1derab1e road length involved, makes
paving impractical.

Other important travel surfaces are found in industrial settings.
'Durlng the 1980's, industry has paved many previously unpaved roads as
part of emissions control programs. Some industrial roads are, by their
nature, not suitable for paving. These roads may be used by very heavy
vehicles or may be subject to considerable spillage from haul trucks.
Other roads may have poorly constructed bases which make paving
impractical. Because of.the additional maintenance costs associated with
& paved road under these service environments, emissions from these roads
are usually controlled by regular applications of water or chemical dust
suppressants., _

In addition to roadways, many industries often contain important
unpaved travel areas. Examples include scraper traffic patterns related

3-1




to stockpile/recliaim activities in coal yards, compactor traffic in areas
proximate to 1ifts at landfills, and travel related to open storage of
finished products (such as coil at steel plants). These areas may often
account for a substantial fraction of traffic-generated emissions from
individual plants. In addition, these areas tend to be much more
difficult to control than stretches of roadway (e.g., changing traffic
patterns make semipermanent controls impractical, increased shear forces
from cornering vehicles rapidly deteriorate chemically controlled
surfaces, chemical suppressants may damage raw materials or finished
-products, etc.). | |

3.1 ESTIMATION OF EMISSIONS FROM UNPAVED ROADS

| As was the case for paved roads, unpaved roads may be divided into
‘the two classes of public and industrial. However, for the purpese of
estimating emissions, there is no need to distinguish between the two,
because the AP-42 emission factor equation takes source characteristics
(such as average vehicle weight and road surface texture) into
consideration:!

0.7 0.5
E=0.61 (<) () (N v (365-p)
| (12) (48) (2.7) (4) 3g5— (k9/VKT)
0.7 0.5 (3-1)
E=2.1(3 Sy M (v (365-p) |
(12)_(30) (3) (4) sg5—  (1b/VMT)

PM,, emission factor in units stated

silt content of road surface materia1, percent

mean vehicle speed, km/h (mil/h)

mean vehicle weight, Mg (ton)

mean number of wheels (dimensionless)

number of days with >0.254 mm (0.01 in.) of precipitation
per year

Using the scheme given in Appendix A, the above equation is rated "A" in
AP-42. Measured silt values are given in Table 3-1. As is the case with
all AP-42 emission factors, the use of site-specific data is_strongly

encouraged.
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The number of wet days per year, p, for the geographical area of
interest should be determined from local climatic data. Figure 3-1 gives
the geographical distribution of the mean annual number of wet days per
year in the United States. Maps giving similar data on a‘month1y basis
are available from the U.S. Department of Comerce.

It is important to note that for the purpose of estimating annual or
seasonal controlled emissions from unpaved roads, average control
efficiency values based on worst case (i.e., dry, p = 0 in Equation (3-1))
_ uncontrolled emission levels are required. This is true simply because
'the AP-42 predictive emission factor equation for unpaved roads, which is
routinely used for inventorying purposes, is based on source tests
conducted under dry conditions.! Extrapolation to annual average
uncontrolled (including natural mitigation) emissions estimates is
accoﬁpTished by assuming that emissions are occurring at the estimated
rate on days without measurable precipitation, and conversely are absent
on days with measurable precipitation. This assumption has never been
verified in a rigorous manner; however, MRI's experience with hundreds of
field tests indicate that it is a reasonable assumption if the source
operates on a fairly "continuous" basis.

The uncontrolied emission factor for a specific unpaved road will
increase substantially after a precipitation event as the surface dries.
However, in the absence of data sufficient to describe this growth as a
function of traffic parameters, amount of precipitation, time of day,
season, cloud cover, and other variables, uncontrolled emissions are .
_estimated using the simple assumption given above. Prior MRI testing has
suggested that for unpaved travel areas, surface moisture levels |
approximately twice that for dry conditions afford control of roughly 75
to 90 percent.? Between the dry, uncontrolled moisture level (typically
<2 percent) and_approximate1y 3 to 4 percent, a small increase in moisture
content may result in a large increase in control efficiency. Beyond this
point, controi efficiency grows slowly with increased moisture content.
These relationships are discussed in greater detail in the following
section.
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3.2 DEMONSTRATED CONTROL TECHNIQUES FOR UNPAVED ROADS

There are numerous control options for unpaved travel surfaces, as
shown in Table 3-2. Note that the controls fall into the three general
categories of source extent reductions, surface improvements, and surface
treatment. Each of these is discussed in greater detafl in the following
sections. ; -

Source extent reductions. These controls either limit the amount of
traffic on a road to reduce the PM,, emission rate or lower speeds to
reduce the emission factor value given by Equation (3-1). Examples could
-include industrial plant bussing programs for employees, restriction of
roads to only certain vehicle types, or strict enforcement of speed
Timits. In'any instance, the control afforded by these measures is
readily obtained by the application of the equation.

Surface improvements. These controls alter the road surface. Unlike
surface treatments (discussed below), these improvements are largely "one-
shot" control methods; that is, periodic retreatments are not normally
required.

The most obvious surface improvement is, of course, paving an unpaved
road. This option is expensive and is probably most applicable to high
volume (more than a few hundred passes per day) public roads and '
industrial plant roads that are not subject to very heavy vehicles (e.g.,
slag pot carriers, haul trucks, etc.) or spillage of material in
transport. Clearly, control efficiency estimates can be obtained by
applying the information of Section 2.0 of this manual; this is discussed
in greater detail in Section 3.3.

' Other improvement methods cover the road surface material with
another material of lower silt content (e.g., covering a dirt road with
gravel or slag, or using a "road carpet" under ballast). Because
Equation (3-1) shows a linear relationship between the emission factor and
the silt content of the road surface, any reduction in the silt value is
accompanied by an equivalent reduction in emissions. This type of
improvement is initially much less expensive than paving; however, the
reader is cautioned that maintenance (such as grading and ‘'spot
reapplication of the cover material) may be required. '

3-6
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TABLE 3-2. CONTROL TECHNIQUES FOR UNPAVED TRAVEL SURFACES®

Source extent reduction: Speed reduction
Traffic reduction

Source improvement: Paving
Gravel surface

Surface treatment: Watering b
Chemical stabilization
- Asphalt emulsions
- Petroleum resins
- Acrylic cements
- Other

%Table entries reflect EPA draft guidance on urban fugitive
bdust control.
See Table 3-3.
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Finally, vegetative cover has been'proposed as a surface improvement
for low traffic volume roads. Note, however, that because vehicle related
emissions would be quite low, this method is probably intended to control
wind erosion of the road surface. As such, this technigue is discussed in
Section 5.0 of this manual. : _

Surface treatments. Surface treatment refers to those control .
techniques which require periodic reapplications. Treatments fall into
the two main categories of (1) wet suppression (i.e., watering, possibly
with surfactants or other additives), which keeps the surface wet to
control emissions, and (2) chemical stabilization, which attempts to
change the physical (and, hence, the emissions) characteristics of the
roadway. Necessary reapplication frequencies may range from several
minutes for plain water under hot, summertime conditions to several weeks
(or months) for chemicals. )

Water is usually applied to unpaved roads using a truck with a
gravity or pressure feed. This is only a temporary measure, and periodic
reapplications are necessary to achieve any substantial level of control
efficiency. Some increase in overall control efficiency is afforded by
wetting agents which reduce surface tension.

Chemical dust suppressants (Table 3-3), on the other hand, have much
less frequent reapplication requirements. These suppressants are designed
to alter the roadway, such as cementing loose material into a fairly
impervious surface (thus simulating a paved surface) or forming a surface
which attracts and retains moisture (thus simulating wet suppression).

Chemical dust suppressants are generally app1ied to the road surface
as a water solution of the agent. The degree of control achieved is a
direct function of the application intensity (volume of solution per
~area), dilution ratio, and frequency (number of app1ications per unit
time) of the chemical applied to the surface and also depends on the type
and number of vehicles using the road. Chemical agents have also been
proven to be effective as crusting agents for inactive storage piles and
for the stabilization of exposed open areas and agricu1tura1 fields. 'In
both cases, the chemical acts as a binder to reduce the wind erosion
potential of the aggregate surface. The use of chemical agents to contro)
these sources is discussed in other chapters of this manual.

-




Product

Acrylic DLR-MS®
Bio Cat 300-1°
CPB-12®

Curasol AK®
DCL-40A, 1801, 1803®
DC-859, 875®
Dust Ban®
Flambinder®
Lignosite®
Norlig A, 12®
Orzan Series®
Soil Gard®

TABLE 3-3. CHEMICAL STABILIZERS®

A. Type: Bitumens
Product _ Manufacturer
AMS 2200, 2300° Arco Mine Sciences
Coherex® Witco Chemical
Docal 1002® Douglas 0il1 Company
Peneprime® Utah Emulsions
Petro Tac P® Syntech Products Corporation
Resinex® Neyra Industries, Inc.
Retain® Dubois Chemical Company

“B.. Type: Salts

Product- . Manufacturer
Calcium chloride Allied Chemical Corporation
Dowflake, Liquid Dow® Dow Chemical-
DP-10® Wen-Don Corporation
Dust Ban 8806® . Nalco Chemical Company
Dustgard® G.S.L. Minerals and Chemicals Corporation
Sodium silicate The PQ Corporation

C. Type: Adhesives

Manufacturer

Rohm and Haas Company
Applied Natural Systems, Inc.
Wen-Don Corporation

American Hoechst Corporation
Calgon Corporation

Betz Laboratories, Inc.

Nalco Chemical Company

Flambeau Paper Company
Georgia Pacific Corporation
Reed Lignin, Inc. -
Crown Zellerbach Corporation
Walsh Chemical

3Source: Reference 4, as cited by Reference 5.
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Finally, note that some chemical dust suppressants may contain a
considerable fraction of hydrocarbons. While these mixtures are generally
not very volatile, regulators in areas with ozone problems should balance
the benefits of dust ccntrol with the cost of a potential VOC emission
increase.

3.3 EVALUATION OF ALTERNATIVE CONTROL MEASURES
3.3.1 Source Extent Reductions

These control methods act to reduce the emission rate due to traffic
on a road. As noted in Section 3.2, control efficiency values are easily
obtained by use of Equation (3-1).

The reduction may be obtained by banning certain vehicles (such as
employees' cars) or strictly enforcing speed limits. Some of these
methods (e.g., employee bussing) will require capital and operating and
maintenance (0&M) expenditures, while\others (e.g., speed reductions) may
only require indirect costs associated with increased travel times.
Consequently, identification of cost elements and estimation of costs are
highly dependent upon the option(s) selected to reduce source extent, and
no attempt is made here to generalize costs.

3.3.2 Surface Improvements |
3.3.2.1 Paving. Control efficiency estimates for paving previously
unpaved roads may be based on the material presented in Section 2.0 of
this manual. Inherent in this process is estimating the silt loading on
the paved surface; it is recommended that the reader use Table 2-2 or 2-7
for public and industrial roads, respectively. Alternatively, for public
roads, the reader may wish to employ Equation (2-2) to estimate silt
loading as a function of the daily traffic volume. Note, however, that
use of the equation implies that curbs will be installed after paving.

Cost elements identified for paving are as follows:

Capital:- Operating equipment (graders, paving equipment), paving
material (asphalt, concrete), and base material

0&M: Patching materials, labor for patching, and equipment
maintenance '

Reference 6 provides the following cost estimates (April 1985
dollars) for asphaltic paving: . '

Initial capital expense: $44,700-$80,200/mile
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Annual 08M costs: $6,600-$11,900/mile _
These estimates are based on resurfacing every 5 years and "15 percent
opportunity costs." Reference 7 estimates a cost of $140,000/mile (1983
dollars) to paved industrial unpaved roads. Because of the variety of
cost estimates, it is strongly recommended that the reader obtain quotes
from local paving contractors. .

3.3.2.2 Gravel/Slag Improvements. As noted earlier, these types of
improvements replace the present road surface material with a lower silt
content material. Note that this method may increase road maintenance
costs as the new aggregate fractures. This cost may be avoided by
instaliing a “road carpet." Because Equation (3-1) indicates a linear
relationship between silt content and emission levels, control efficiency
can be estimated by determining the reduction in silt content. For
example, if a road with a 12 percent silt content is recovered with a
gravel (with an equilibrium silt content of 5 percent; see Table 3-1),
then a 58 percent control efficiency would be expected.

Identified cost elements for these improvements follow:

Capital: Material (including "road carpet," if applicable),
application equipment, and labor

0&M: Periodic grading including equipment and labor
No cost estimates were found in the reference documents used as the basis
for this document. Because of the differences in local availability of
cover materials (and civil engineering fabrics) and the amount of surface
preparation, compaction, and maintenance required for various road types,
it is recommended that the reader obtain quotes from local contractors.

3.3.2.3 Vegetative Cover. As noted by Turner et al.,.
". . . vegetative covers are obviously impractical for roads and
facilities with construction activity . . . vegetative covering may be a
practical control option for many inactive sites, but it is 1ikely to be
impractical for areas of- continuing activity and areas that will not
support a relatively dense vegetat1ve cover. "5

Consequently, vegetation is probably a viable control option only for
inactive area wind erosion and is discussed elsewhere in this manual.
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3.3.3 Surface Treatments

3.3.3.1 Matering. The control efficiency of unpaved road watering
depends upon (a) the amount of water applied per unit area of road
surface, (b) the time between reapplications, (c) traffic volume during
that period, and (d) prevailing meteorological conditions during the
period. While several investigations have estimated or studied watering
efficiencies, few have specified all the factors listed above.

An empirical model for the performance of watering as a control
technique has been developed.® The supporting data base consists of
14 tests performed in four states during five different summer and fall
months. The model is: o

c=100-28pdt (3-2)
where: C = average control efficiency, pércent
P = potential average hourly daytime evaporation rate, mm/h
d = average hourly daytime traffic rate, (h-1)
i = application intensity, L/mE
t = time between applications, h

Estimates of the potential average hourly daytime evaporation rate may be
obtained from |
0.0049 x (value in Figure 3-2) for annual conditions
P = 0.0065 x (value in Figure 3-2) for summer conditions

An alternative approach (which is potentially suitable for a
regulatory format) is. shown as Figure 3-3, ThiS'figufe is adapted from
11 field tests conducted at a coal-fired power plant. Measured contro)
-efficiencies did not correlate well with either time or vehicle passes
after application. However, this is believed due to reduced evening
evaporation (logistics delayed the start of testing until 3 p.m. and
testing continued ‘through the early evening). Surface moisture grab
samples were taken throughout the testing period, and not surprisingly,
these show a strong correlation with control efficiency.

Figure 3-3 shows that between the average uncontrolled moisture
content and a value of twice that, a small increase in moisture content
results in a large increase in control efficiency. Beyond this point,
control efficiency grows slowly with increased moisture content. Although
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it is possible to fit hyperbolas to the data, the relatively simple
bilinear relationship shown in the figure provides an adequate descrip-
tion. "Furthermore, this relationship is applicable to all particle size
ranges considered:

S =
where: c = instantaneous control efficiency, percent
M = ratio of controlled to uncontrolled surface moisture contents

Costs for watering programs include the following elements:

Capital: Purchase of truck or other device

0&M: Fuel, water, truck maintenance, operator labor
Reference 6 estimates the following costs (1985 dollars):

Capital: $17,100/truck

0&M: $32,900/truck .

The number of trucks required may be estimated by assuming that a
single truck, applying water at 1 L/m2, can treat roughly one mile of road
every hour.

Enforcement of a watering program would ideally consist of two
complementary approaches. The first facet would require the owner to
maintain adequate records that would document to agency personnel's
satisfaction that a regular program is in place. (See Appendix C for a
suggested recordkeeping format.) The second approach would involive agency
spot checks of contrbl]ed roads by taking either traffic counts or
material grab samples (Appendices D and E) from the road. For example,
the moisture or silt content of the traveled portion of the roadway could
be measured and compared against a minimum acceptable value. As noted
earlier, estimates of the PM,, control efficiency could then be obtained
from Equations (3-2) and (3-3), respectively. _

 Records must be kept that document the frequency of water applied to
unpaved surfaces. Pertingnt parameters to be specified in a control plan
and to be regular]y-recordéd include:

Genera) Information to be Specified in the Plan

l. A1l road segments and parking locations referenced on a map
available to both the responsible party and the regulatory agency
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2. Length of each road and area of each parking lot

3. Amount of water applied to each road/area and planned frequency
of application (alternatively, a minimum moisture level could be
specified)

4. Any provisions for weather (e.g., % in of rainfall will be
substituted for one treatment; program suspended during freez1ng periods;
watering frequency as a function of temperature, cloud cover, etc.)

5. Source of water and tank capacity.

Specific Records for Each Road Segment/Parking Area Treatment

1. Date of treatment _

2. Operator's initials (note that the operator may keep a separate
log whose information is transferred to the enviromnmental staff's data

sheets) —

3. Start and stop times on a particuIar segment/parking lot, average
speed, number of passes

4. Start and stop times for tank f111ing.

General Records to be Kept

1. Equipment maintenance records

2. Meteorological log (to the extent that weather influences the
control program, see above) _

3. Any equipment malfunctions or-downtiue.

In addition to those items related to control applications, some of
the regulatory formats suggested in Section 3.4 require that additional
records be kept. These records may include surface material samples
(following the sampling/analysis procedures given in Appendices D and E)
or traffic Counts. Traffic counts may be recorded either manually or
using automatic devices.

3.3.3.2 (Chemical Treatments. As noted in Section 3.2, some
chemicals (most notably salts) simulate wet suppression by dttracting and
retaining moisture on the road surface. These methods are often
supplemented by some watering. "It is recommended that control efficiency
estimates be obtained using Figu;e 3-3 and enforcement be based on grab
sample moisture contents (see Appendices D and E).

The more common chemical dust suppressants form a hard cemented
surface. It is this type of suppressant that is considered below.
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Besides water, petroieum resins (such as Coherex®) have historically
been the products most widely used in the iron and steel industry.
However, censiderable interest has been shown at both the plant and
corporate level in alternative chemical dust suppressants. As a result of
this continued interest, several new dust suppressants have been
introduced recently. These have incIuded'aspha1t.emulsions. acrylics, &nd
adhesives. In addition, the generic petroleum resin formulations
developed at the Mellon Institute with funding from the American Iron and
Steel Institute (AISI) have gained considerable attention. These generic
suppressants were designed to be produced onsite at iron and steel
plants.® Onsite production of this type of suppressant in quantities
commonly used at iron and steel plants has been estimated to reduce
chemical costs by approximately 50 percent.?

In an earlier test report, average performance curves were generated
for four chemical dust suppressants: (a) a commercially available
petroleum resin, (b) a generic petroleum resin for onsite production at an
industrial facility, (c) an acrylic cement, and (d) an asphalt
emulsion.10 (Note that at the time of the testing program, these
suppressant types accounted for roughly 85 percent of the market share in
the iron and steel industry.) The results of this program were combined
with other test results to develop a model to estimate time-averaged PM,,
control performance. This model is illustrated as Figure 3-4, SeveraI'
items are to be noted:

» The term “ground inventory" is a measure of residual effects from
previous applications. Ground inventory is found by adding together the
total volume (per unit area) of concentrate (not solution) since the start
of the dust control season. An example is provided below.

* Note that no credit for control is assigned until the ground
inventory exceeds 0.05 gal/ydz.

» Because suppressants must be periodically reapplied to unpaved
roads, use of the time-averaged values given in the figure are
appropriate. Recommended minimum reapplication frequencies (as well as
alternatives) are discussed later in this section.

* Figure 3-4 represents an average of the four suppressants given
above. The basis of the methodology lies in a similar model for petroleum
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Figure 3-4. Average PM,, control efficiency for chemical suppressants.
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resins only.!?9 However, agreement between the control efficiency
estimates given by Figure 3-4 and available field measurements is
reasonably good.

As an example of the use of Figure 3-4, suppose that Equation (3-1)
has been used to estimate a PM,, emission factor of 2.0 kg/VKT. Further,
suppose that starting on May 1, the road is treated with 0.25 gal/yd? of a _
(1 part chemical to 5 parts water) solution on the first of each month |
until October. In this instance, the following average controlled
emission factors are found: -

' Average
Average controlled
Ground control emission
. . inventory, efficiency, factor,
Period gal/yd? percent kg /VKT
May 0.042 N 0 2.0
- June 0.083 68 0.64
July 0.12 75 0.50
August 0.17 82 0.36
September 0.21 88 0.24

3F rom Figure 3-3; zero efficiency assigned if ground 1nventory is less
than 0.05 gal/yd2.

A form which could be used as part of a recordkeeping format is presented
in Section 3.4.

In formulating dust control plans for chemical dust suppressants,
additional topics must be considered. These are briefly discussed
below. |

Use of paved road controls on chemically treated unpaved roads.
Repeated use of chemica)l dust suppressants tend, over time,'to form fairly
impervious surfaces on unpaved roads. The resulting surface may admit the
use of paved road cleaning techniques (such as flushing, sweeping, etc.)
to reduce aggregate loading due to spillage and track-on. A field program
conducted tests on surfaces that had been flushed and vacuumed 3 days
earlier.t0 (The surfaces themselves had last been chemically treated
70 days before.) Control efficiency values of 90 percent or more (based
on the uncontrolled emission factor of the unpaved roads) were found for
each particulate size fraction considered.
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The use of paved road techniques for “housekeeping® purposes would
appear to have the benefits of both high control (referenced to an
uncontrolled unpaved road) and potentially relatively low cost (compared
to followup chemical applications). Generally, it is recommended that
these methods not be employed until the ground inventory exceeds
approkimate]y 0.2 gal/yd2 (0.9 L/m2). Plant personnel should, of course,
first examine the use of paved road techniques on chemically treated
surfaces in limited areas prior to implementing a full-scale program.

Minimum reapplication frequency. Because unpaved roads in industry
are often used for the movement of materials and are often surrounded by
additional unpaved travel areas, spillage and carryout onto the chemically
treated road require periodic "housekeeping® activities. In addition,
gradual abrasion of the treated surface by traffic will result in loose
material on the surface which should be controlled. _

It'is recommended that at least dilute reapplications be employed
every month to control loose surface material unless paved road control
techniques are used (as described above). More frequent reapplications
would be required if spillage and track-on pose particular problems for a
road. |

Weather considerations. Roads generally have higher moisture
contents during cooler periods due to decreased evaporation. Small
increases in surface moisture may result in large increases in control
efficiency (as referenced to the dry summertime conditions inherent in the
AP-42 unpaved road predictive equation).i! In addition, application of
chemical dust suppressants during cooler periods of the year may be
~inadvisable for traffic safety reasons.

Weather-related application schedules should be considered prior to
implementing any control program. Responsible parties and regulatory
- agency personnel should work closely in making this joint determination.

'Compared to the othér open dust sources discussed in this manual,
there is a wealth of cost information available for chemical dust
suppressants on unpaved roads. Note that many salt products are delivered
and applied by the same truck. For those products, costs are easily
obtained by contacting a local distributor. )
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For other chemicals, identified cost elements include:

Capital: Distributor truck, tanks, pumps, piping

0&M: Chemical suppressants, water, fuel, replacement parts, labor
Many plants contract out application and thus have minimal capital
expenditures.

Because each plant faces a unique set of needs, no attempt has. been
made here to include all possible costs involved in a dust control
program. For example, some facilities may be forced to install new
storage tanks while others may only need to refurbish unused tanks in the
plant. Still others may find it more efficient to retain an outside
contractor to store and apply the suppressants. Extensive discussions,
comparing rental and capital expenses, have been prepared: one is shown in
Appendix B. _

In order to provide preliminary estimates of costs associated with
chemical dust suppressants, the reader may employ the following average

costs:
Chemical suppressant cost, 1985 $/gal
ﬁ_ELsm Tot _"'_'—LM
Salts 0.703 0.462
Other 2.600 1.48°

ACost includes delivery and application.

bFOB costs for 55-gal drums. '

CFOB; note that at the time this manual was prepared, bulk costs of
suppressants are slightly lower than that stated.

. Delivery and contracted application costs may be estimated by increasing
bulk costs by 10 and 15 percent, respectively.

At application intensities and dilution ratios common in the iron and
steel industry, an adequate estimate of applied unit costs for chemica