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Disclaimer

This document reflects the latest information that -the
Environmental Protection Agency (EPA) has obtained on measures
for control of fugitive dust. As additional information becomes
available, the document will be updated, as appropriate. Mention
of trade names or commercial products is not intended to
constitute endorsement or recommendation for use.

Copies

Copies of this document are available through the Library
_ Services Office (MD-35), U.S. Environmental Protection Agency,
Research Triangle Park, North Carolina 27711; or, for a fee, from
the Naticnal Technical Information Services, 5285 Port Royal
Road, Springfield, Virginia 22161. S
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SECTION 1.0
INTRODUCTION

1.1 PURPOSE ‘OF THIS DOCUMENT
The purpose of this document is to provide technxcal -

infbrmatlon on control of fugitive dust sources. -It prov;des
background information that may be useful in determining

available control measures {(RACM) and best available

reasonubly
It also

control measures (BACM) for fugitive dust sources.
provides technical guidance for the development of BACM
strategies for fugitive dust in areas that are designated serious
nonattainment for PM=-10 (particles with an aerodynamic diameter
jess than or equal to a nominal 10 micrometers). The information
is needed by States to develop control strategies for their
serious PM-10 nonattainment area State implgmentation plan (SIP)
submittals. '

The reader should be aware that the "Control of Open
Fugitive Dust sources" (EPA-450/3-88-008) document has been
reformatted for this document. Much of the information contained
in that document has been included here. Therefore, in the .
future, as.noted above this document may be consulted for -
additional information on developing area-specific fugitive dust
RACM strategies.

Note algseo that while the guidance presanted herein lists
_ available measures which the Environmental Protection Agency
(EPA) is recommending as BACM, and is intended to be
comprehensive, it is by no means exhaustive, It also does not
establish any binding requirements. Consequently, the State is
encouraged to consider other sources of information and is not
precluded from selectinq other measures and denonstrating to the
public and EPA that they constitute BACHM.

: September 1992
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1.2 STATUTORY BACKGROUND

.2.1 Designations
Section 107(d) of the Clean Air Act {Act), as amended in

1990, provides generally for the designation of areas of each
State as attainment,. nonattainmsnt or unclassifiable for each
pollutant for which there is a national ambient air quality
standard (NAAQS). Certain areas meeting the qualificatzons of
section 10?(d)(4)(B) of the amended Act were designated _
nonattainment for PM-10 by operation of law upon enactment of the
1950 Amendments to the Act (initial PM-10 nonattainment areas).
‘A Federal Register notice announcing.all of the areas designated
nonattainment for PM-10 at enactment and clessified as moderate
was published on March 15, 1991 (56 FR 11101). A follow~up
notice correcting some of these area designations was published
August 8, 1991 (56 FR 37654). The, boundaries of the
.nonattainment areas were formally codified in 40 CFR

part 81, effective January 6, 1992 (56 FR 56694, November 6,

- 1991). All those areas of the country not designated
nonattainment for PM-10 at enactment were designated
unclassifiable [see section 107(d)(4)(3)(iii) of the amended

Act].

1.2.2 Qlassifications

Once an area is designated nonattainment, sectzon iss

: outlines the process for classirzcation of the area. In
;accordance with sectian 188(&), at the time of designation, all
PM~10 nonattainment areas are initially classified as moderate by
cperation of law. A moderate area can subsequeﬁtly‘be
reclassified as a serious nonattainment area under two gener§1 
conditions. First, EPA has general discretion under section
188(b)(1) to reclassify a moderate area as a serious area at'any
time the Administrator of EPA determines the area cannot
practicably attain the NAAQS by the statutory attainment date for
moderate areas. Second, under section 188(b)(2) a moderate'area.
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is reclassified as serious by operatxon of law after the

statutory attainment date has passed if the Administrator finds

not attained the NAAQS.
;:;:;::fEZ;:;;::énatlce identify;ng the areas that have failed to
attain and were reclassified, within 6 months following the
attainment date [see section 188(b)(2)(B)].

Section -188(b)(1)(A) mandates an accelerated schedule by
‘which EPA is to reclassify approprxata initial PM-10 - -
nonnttaznment areas. The EPA proposed on November 21, 1991
(56 FR 58656) to reclassify 14 of the 70 initial moderate areas -

"as serious. The final decision to reclassify the areas proposed
will be pased on the criteria utilized in the proposal, comments
received in résponse'to the proposal and on information in the

mioderate area SIP’s that were due on November 15, 1991 for each

The EPA must publish a

of the areas. :
In the future, EPA anticipates that, generally, any proposal

| to reclassify an initial PM-10 nonattainment area before the
attainmerit date will be based on the State’s demonstration that
the NAAQS cannot practxcably be attained in the area by December
31, 1994 [the statutory attainment date specified in section
188(c) (1) for initial PM~10 nonattainment areas].. Coe

In addition to EPA’s gehergl authority under sactiop
2186{b)(1) to reclassify as serious any area the Administrator
‘ determines cannot pr&cticably attain the PM-10 NAAQS by the )
-apﬁli;gble date, for areas designated nonattainment for PM-10
subsequent to enactment of the 1990 Amendments, subparagraph (B)
of section 188(b)(1) mandates that appropriate areas are to be
' reclassified as serious within 18 months after the required date
for the State’s subnission of a moderate area SIP.* Taken
together with the statntory requirement that PM-10 SIP’s are due
within 18 nonths after an area is designated nonattainment [see

*This directive does not restrict EPA's general authority
but simply specifies that it must be exercised, as appropriate,
in accordance with certain dates. .

' September 1992
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statutory obligation to issue RACM and BACM technical guidance
for urban fugitive: dust, residential wood combustion, and
prescrlbad silvicultural and agricultural burning under: section
190 of the amended Act. Similar to the manner in which EPA
provided guidance on Act ‘requirements applicable to moderate
PM-10 nonattninnent areas in the General Preamble, including a
policy or ‘how te utilize the RACM technical guidance documents,
the EPA is planning to provide guidance on Act raquirenents and’
provisions applicable to serious PM-10 nonattainment areas,
including BACM, in an addendum to the General Preamble. " [EPA
made a draft of the addendum available for public comment on July
16, 1992 (57 FR 31477).) The portion of the addendum that
addresses BACM provides a pelicy for how—to utilize today’s
fugltlva dust BACM technical guidance (and companion technical
guidance for control of residential wood combustion and
prescribed burning) to develop araa-specitic BACM strategies.
i.3 DOCUMENT ORGANIZATION :

- 1.3.1 BACM Approach :
Since a moderate area with fugitive dust sources may be

reclassified to serious, RACM and BACH must be consistent to
allow for a new control measure to be mandated or appended
'without loss of the efficiency of the first measure. -The
measures described in this document as available for fugitive
dust BACM are more stringent than RACM, and therefore should
result in greater control efficiencies. When a fugitive dust
. source has been controlled under a RACM strategy, the
finpleméhtation of BACM will generally involve additive measures
that consist of a more extensive appliéation of fugitive dust
control measures imposed under RACM., For example, BACM for
unpaved roads may consist of more miles of road to be paved.
Preventive measures for control of fugitive dust, as

contrasted with mitigative controls, are preferred and _
recommended in this document. The reduction of source extent and
the incorporation of process modifications or adjusted work

September 1992
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practicés which reduce the amount of exposed dhst;producing

paterial constitute preventive measureg for control of fugitive
This would include, for example, the elimination

ut onto paved roads at constructxon and -

on the other hand, mitigative measures involve
the periodic removal of dust-~producing material.. Examples of
~ mitigative measures include: cleanup of spillage on travel
surface. (paved and unpaved) and cleanup of material splllage at -

conveyor transfer points.

1.3.2 nacu_mnlemﬂntmnn

The strategy for implementing BACH should begin with an
analysis of the reguired PM-10 emissions reduction to achieve
attainment status. The emissions inventory is then used to rank.
order categories of PM-10 emigsion sources. Each source
catsgory, with its source extent and emission factor is then
evaluated for control measures that, cunulntively, will achieve
the target level of control. This jterative process continues,
from the first ranked source down to the source providing the
final required emissions reduction increment. Source categories
that have besn dstevained to be insignificant contributors to
nonattainment (i.e., de minimis)iﬁay”not need additional control
beyond RACM. Exanmples of fugitive dﬁst sources that may be '
insignificant (eveﬁ though the fugitive dust source category as
whole may be significant) include: - .
v Disturbed- ground surfaces of 1ess thnn one (1) acre.
. _construction/denolition activity with a floor plan of
less than 10,000 f££* or with movement of less than 250
| yd® of dirt or rock. |
. Paved and unpaved drivewnys, public easements and
shared public access roads serving a nnxinun of 20
. single~family residential dwellings.
. Paved and unpaved roads with a road length of less than
1/2 mile or with 20 or less vehicle trips per-dﬁy. '

dust emissions.
of mud/dirt carryo
demolition sites.

September 1992
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Storing and handling of material where total material
volume is iess than 250 ya’ or where the total annual

throughput is less than 2000 tons.

The site-specific feasibility analysis of candidate gan
inciudes technical and economic evaluations. These evaluations
can be modeled after those described under the model
unit/nonattainmant area scenarios contained in this document.
This feasibility analysis should optimize the overall strategy
for achieving the ‘required PM-10 emissions reduction far the

iowest cost of control.
Dust control plans should be prepared for each of the

1dent1f1ed sources to be controlled, recognizing that BACH
strategies described in this document reguire stringent control
application with good assurance of enforceabllity. These plans
may consist of flexible approaches and methods of dealing with
special sitnations. The‘final stage of implementing BACM .
involves recordkeeping reguirements and inspection schedules for

determination of compliance.

1.3.3 Document Contents

This document is structured in a manner similar to an
alternative contrel techniques document for PM-10 emigssions from
fugitive dust sources. The source categories that are discussed '
in this document include: paved roads, unpaved roads, storage
pileé, wind erosion from open areas, construction/demolition, and
agriculture. This information is, of necessity, general in
nature and does not tﬁlly,iccount for unique variations within a
source category. Conseguently it will be necessary for control
agency personnel to conduct their own analysis of BACM for
‘fugitive dust sources based on this guidnnce and exnnples

contained in this document. :
Table 1-1 identifies BACM candidates tor'euch source

- category based on 1nfornation presented in this document. The
list of control measures. offers some flexibility: ot choice based
on site-gpecific faasibility analysis. ' :
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This document is organized as follows

Chapter 2 identifies and descrihes the rugltzve sources
of PM-10 emissions and presents a model unit for each
source category. ;

Chapter 3 discusses applidable emission control
techniques that a:e'rapresentative of BACM along with

esﬁimﬁtes of control efficiencies.

‘Chapter 4 discusses the environmental impacts that may

result from implementing BACHM, focusing on the
reduction in PM-10 emissions.

Chapter 5 presents cost analysis procedures and
calculates costs for each of the model unit

applications. .
Chapter €6 presents example operating permits for each

.fugitive dust source category.
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Table 1-1.

' Source category

AVAILABLE CONTROL MEASURES FOR FUGITIVE DUST‘BACM

Control action

Paved roads

Unpaved roads

Storage piles (;ransfer'

operations)

Construction/demolition

Open area wind erosion

Agricultural tilling

_Improvements in sanding/salting

applications
and materials
Truck covering

prevention of track-on/wash-on:’

+ - Construction site
measures -
_«_ .Curb installation

. Shoulder stabilization
«  Storm water drainage

Paving : .
Chenical stabilization
Surface improvement (graveling)
vehicle speed reduction

Wet suppression

 Paving permanent roads early in

project

Truck covefing

Access apron construction and
cleaning '
Watering of graveled travel
surfaces -

Revegetation

' Limitation of off-~road vehicle
. traffic

Land conservation practices[undef
Food Security Act

- September 1992
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SECTION. 2
| SOUﬁCES AND POLLUTANT EHISSIONS

This section addresses emission factors for fngitive dust
sources. In addition, the approach to model units for each |
source category is presented. The emisgion factors are drawn
primarily from AP-42, EPA’S COnpilatlon of Air Pollutant Emission
Factors (USEPA, 1985).

- In AP-42, the reliability of em1551on factors is indicated
by an overall emission factor rating rapqing from A (txcellent)
to E (poor): o ‘ . _

- a=-Excellent. Developed only from A-rated test data taken .
-from many randomly chosen facilities in the industry population.
The source category is specific enough to ninimize variability
‘within the source category populttion.

. ' p—Above average. Developed only from A-rated test data from
a reasonable number of facilities. Although no specific'bias'is
evident, it is not clear if the facilities testad represent '
random sample of the industry. As in the A—rating, the source .
category is specific enough to minimize variability within the

‘source. category population. :

©° ' g=-Average. Developed only from A- and B-rated data from a
reasonable number of facilities. Although no specific bias is
evident, it is not clear if the facilities tested represent a -
random sample of the industry. As in the A rating, the source
category is specific enough to minimize variability Hithin the
source category population.

‘D=Belovw _average. The emission factor was developed only
from A- and B-rated test data from a smaller number of

2oy September 1992



facilities, and there may be reason to suspect that these
facilities do not represent a random sample of the industry.
There alsoc may be evidence of unexplained variability within the
source category population. Limitations on the use of the
emission factor are footnoted in the emission factor table.
E-Pogr. The emission factor was developed from C- and
pD-rated test data, and there may be reason to suspect that the
facilities tested do not represent a random sample of the |
There may be evidence of variability within the source

industry.
Linifatians'on the use of these factors are

category population.

always footnoted. 3
Because the application of these factors is somewhat

subjective, the reasons for each rating are documented in the

background files maintained by the Office of Air
Quality Planning and Standards (QAQPS).

2.1 PAVED ROADS
‘Fugitive dust emissions ‘occur whenever a vehicle travels

" over a paved surface, such as public and industrial romds and
parking lots. These emissions originate mostly from matp:i&l
previously deposited on the travel surface, although resuspension
of material from tires and undercarriages can be significant when
vehicles travel from unpaved to paved areas. In general, .
emissions correlate with road surface material loading (measured
as mass of material per unit area). The dust emitted from the
surface is in turn replen;shed by other sources (e.g., pavement
wear, deposition of material from vahicles, ‘deposition from other
nearby sources, carryout from surrounding unpaved areas, and
litter). Because of the importance of the surface loading,
available control technigues either attempt to prevent material
~ from being deposited on the surface or to remove (Zxrom tha travel -
lanes) any material that has been deposited. )

While the mechanisms of particle deposition and rasﬁspension
are largely the same for public and industrial roads, there can

2z September 1992



be major differences in surface loading characteristics, trarfic
characteristics, and viable control options. Although public
roads generally tend to have lower surface loadings than
industrial roads, the fact that public roads have far greater
traffic volumes may result in a substantial contribution to the
measured air guality in certain areas. For public roads in
industrial areas that are heavily loaded and traveled by heavy
vehicles, better emission estimntes would be obtained by treating
these roads 8§ industrial roads. In an extreme case, a ronﬁ or
parking lot iay have such a high surface loading that the paved
surface is covered completely and is easily nistaken for an
unpaved road. In that event, use of a paved road emission factor
may actually result in a higher estlmate than that obtained from
the unpaved road emission factor. If this is the case, the road
is better characterized as unpaved in nature for purposes of
enission estimation. ‘ '

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 emissiong? ‘

2. Wnat sources are likely to contribute to these elevated .
surface loadings? For example, heavy trucks may spill part of
tlieir load onto public roads in industrial areas, or large
amounts of salt and sand may be applied'during winter months.

3. who is ‘the responsible party for each source identified

in 2 above?. : )

4. Can the carryout/deposition from each identified source
of surface loading be prevented, or must the affected roadway be

' cleaned afterward?

As discussed above, the term "public*® is used in this
document to denote not only ownership of the road but algo its
surface and traffic characteristics. Roads in this class
generally are fairly lightly loaded, are used primarily by light~-

duty vehxcles, and usually have curbs and quttera Examples ara

9e3 September 1992



streets in residential and commercial areas and major

thoroughfares (including freeways and axter;als).

'2.1.1 Estimation Of Emissions

The current AP-42 PM~10 émissibn factor for nrhgn_p;ggg
zggﬂs-is (USEPA, 1985): o '

PM~-10 emission factor in grams per vehicle
kxilometers traveled (VKT) or pounds per vehicle

miles traveled (VMT) .
5 = surtace.silt content, fraction of material smaller.

| than 75 gm in diameter (as measured by ASTM-C-136)
L = total surface dust loading, g/m? (grains/ft2)

where: e =

The above eguation is not rated in AP-42.

' The product sL rapresents the mass of silt-size dust
particles per unit area of the road surface and is usually ternad_
the "s.1lt loading.® As is the case for all predictive models in
AP-42, the use of gite-specific values of gL is strongly ‘
reconmended. In general, roads with a higher traffic volume tend:
to have lower surface silt loadings. This relationship is
expressed in the empirical rodel presented in Cowherd and
Englehart (1984): “

where: sL = surface silt loading (g/m?)
IV = average daily traffic volume (vehicles/d)

Septenber 1992
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Several items should be noted. First, samples used to
develop Equatlon (2-2) are restricted to the eastern and
midwestern pertions of the country. These can be considered
representatzve of most large urban areas of the United States.
Lower silt loadings have been measured in the Southwest. Once

again, the use of szte-specific data is stressed.
" As noted’ earlier, emission estimation for paved rcads
depends upon the surface paterial and traffic chnracteristxcs.
in this document, the term "industrial"™ paved roads is used to
denote those ‘roads with higher surface loadzngs and/or that are
+raveled by heavier vehicles. Conseguently, 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 const;uction as well as paved

roads in 1ndustria1 conplexes. _ _
The current AP-42 PM-10 emission factor for inﬂnstxlnl_nnugd _

. roads is (USEPA, 1985):

uhéré: e = enission factor, in g/VKT or lb/VMT
s, = surface silt loading, g/m* (oz/ya?)

The above equation is rated "A" in AP-42. ‘
_ Alternatively, AP-42 presents a single-valued emission
factor for use in lieu of Equation (2-3) for PM-10 emissions from

light-duty vehiclies on heavily loaded industrial roads:

2 : September 1992
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This single-valued emission factor is rated *c."
Although no hard and fast rules can be provided, Table 2-1

summnrizes a recommended decision process for selecting

" industrial paved road emission factors.
AP-42 presents a summnry 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
ns:_9:_5;:=:anesi:in_ﬂn:a_is_stznnnlz_:gnnmnsndgﬂ- ‘

Road sanding results in substantial increases in paved road
silt loading above normal levels. After sand is applied to roads
to increase traction on snow and ice, vehicle traffic serves to
reentrain ‘the particulate, particularly the silt fraction
deposited in active lanes. Some additional silt is formed by
grinding. Emissions are much greater under dry road conditions.

The mass of emissions reentrained by road traffic is related
to sand quantity and size distribution. The entire PM-10 '
fraction contained in the silt of the applied sand is assumed to
becone alrborne. ‘

The estimated PM-1) emissions from road sanding are -
‘calculated as follows (Cowherd et al., 1988):

where £ is the proportion of PM-10 in the silt fraction of sand
(default fraction of 0.0026), and 's ie the silt content (percent).
of the sand (default of 0.35 percent), as measured by ASTM~C-136.

. September 1992
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TABLE 2-1. DECISION RULE FOR PAVED ROAD EMISSION ESTIMATES

— e —— . . ——
site loading VSRR e e
SL < 2 o W ; A Equatiq# (2-3}
sL<z w<a  Equation (2-1)
sL > 28 . ‘. ‘ | W>6 Equatjon‘(z-aj
' 2I< sL < 18 | W<e6 nﬁquatioh (2~3)
sL > ?sa -_ : W<6 . Eéuitibn (2~4)

-8 For heavily loaded surfaces (i.e., SL > ~ 300 to 400 g/mz,

it is recommended that the resulting estimate be compared

- to that from the unpaved road models (Section 3.0 of this -
‘manual), and the smaller of the two values used. :
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2.1.2 Model Units

For most nonindustrial areas in which the use of BACH is
contemplated, paved roads probably will constitute the most
spatially extensive source category. Jdeally, State and local
officials considering BACM for a given area would have at their

disposal a complete. spatially resolved paved road emissions
' inventory. In this context, the term snn:iallx,zgsglxeﬂ inplles

an information base that includes:’

1. Road seqment - lengths;
2. vRepresentative® silt loading values (mass/surface

area—g/mz): and .
3. Average daily traffic’ (ADT)

for essentially all segments in a qiven paved road network.

From the above information, it is reasonably easy to
estimate PM~10 emissions for individual road segments. In turn,
one could define model units-high, mﬂdium. and low—-based on
enissions intensity. ' - :

. one road classification systen that can be used in
estimating paved road emissions is the Federal Highway .
. Administration (FHWA) Functional Classification. The functional
system consists of principal arterials {(for main traffic
' movements), minor arterials (distributors), collectors, and local
roads and streets. In urban areas there are further functional
subdivisions of the arteriai category. In rural areas, there are
further functional subdivisions of the collector category.
, .Characteristics of these . categories are described by AASHTO
. (1990) This system is summarized below.

FEDERAL HIGHWAY ADMINISTRATION
FUNCTIONAL CLASSIFICATIONS

Rural:
Interstate
Other principal arterial

. September 1592
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Minor arterial
Major collector
Minor collector

Local

Urban:
" 1nterstate
other freeways and expressways - E
other principal arterial : -
" Minor arterial
Collectors . e
Local

This widely used system treats urban and rural areas
separately where urban is defined as an area with boundaries set
by the responsible State and local officials and having a
populatlon of 5,000 or more; rural areas are those areas outside
of urban areas-

In examining this classification scheme, it is important to
recognize that road categories are based on the function—
-character of service-that the- roads are intended to provide. For
example, in the rural network, arterials (including interstates)
generally provide direct service between cities and larger towns,
which constitute a large proportion of the relatively longer
trips. . In contrast, collectors serve small towns directly, .
connectlng them to the arterial network. These collectors take
or distribute traffic to the local roads—which'serve_individual
farms or other rural land uses. ' ' -

Other points that should be recognized are:

+  The FHWA classification is not directly tied to the
physical parameters that are most important to BACM
‘analyses--seguent length and ADT. However, one would
expect & strong, although certainly not perfect,
pesitive correlation between functional class and ADT.
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The principal advantage of the FHWA system is that it
is in widespread use. States routinely compile and
report traffic data that are relevant to the
deternmination of BACM, according to this systenm.

" Given the above, the approach to application of BACH may be

Istructured to incorporate the FHWA system. It also is clear that

the structure must adopt the principles of preventive control—
preventlon or at least minimization of mud/dirt source mater1a1

carried onto roadways. The concept of preventive controls can,

in part, be tied to access control.
For example, interstate hxghways are characterized by strict

access control—~vehicles can enter or leave the road only at a
limited number of locations. In addition, these roads are
characterized by relatively wide, improved (asphalt) shoulders
and the use of appropriate vegetation for erosion control. The
net result is extremely 10& surface loadings for this type of
roadway. For this reason, despite high ADT, it can be arqued
that interstates/expressways represent a relatively insignificant
source category, except in the case of éahd/salt'applications.”
At the other end of the classification écpEme--local roads—-
one also could argue that these roads represent a minor source '
category. 1In this case, access is essentially free; however, ADT
should generally be quite low. As a result, the dust-emitting
potential of these roads is relatively low. It also is*impbrtanﬁ
to recognize that actually instituting BACM for the loénl road
network may be impractical .given the sheer number of individual
~road segments contained within an urban area. .
chepting the above arguments-resulting in the
.classification of interstate highways (and other limited access
roadways) and local roads as less important source categories—~
restricts the application of BACM to arterial and collector
~ Street categories. 1In typical urban functional systems, these
categories may constitute 20 percent to 35 percent of total road
mileage. 1In effect, it is for the arterial and collector street
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that. the elements of the spatially resolved inventory
5

e
categoril ADT), and consideration Of

{ segment ljength, silt loading,
adjacent land use,. pecome critical.

2.2 UNPAVED ROADS

As is the case for paved ronds, fugitive dust emisgions

er a vehicle travels over an unpaved surface. Uylike
- paved roads, . however. the road itself is the source of the .
emlssions rather ‘¢han any 'surface loading.* within the various
categories of open dust sources in industrial settings, unpaved
travel surfaces have historically uccounted for the greatest
share of partzculate enigsions. For exnnple, unpaved travel
surfaces were estimated to account for roughly 70 percent of open |
_dust emissions in the iron and steel industry durinq the 1970’s
(Cawherd et al., 1988).

Rocognition of the importance of unpaved roads led naturally
+o an iriterest in their control. Durlng the 198075, industry
paved many previously unpaved roads as part of emiss;on control |
‘programs. Nevertheless, the need for continued ‘control of these

occur whenev

sources is apparent. _ _ _ _
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 spofadic traffic which, taken with the often considerable
road length involved, makes paving impractical.
| . Some industrial roads are, by their nature, not suitahle for
paving. These roads may be used by very heavy vehicles or nay be
subject to considerable spillage fram haul trucks. Haul roads -
typically generate'sighiricant unpaved road emissions because of
the heavy weight of the haul. trucks..’ Other roads may have poorly
constructed bases that make paving impractical. Because of the
additional maintenance costs associated with a paved road under
these service enviromments, emissions from these roads are
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usually cdﬁtrolled by regular applications of water or chemical

dust suppressants.
In addition to roadwaYS. many industries often Contain

important unpaved travel areas. Examples include areas used for
truck parking, scraper traffic patterns related to
étockpile/reclaim activities in coal yards, compactoer traffic
proximate to- 1irts at landfills, and truck travel related to open
storage of tinished products (such as coll at steel plants).
These areas may often account for a suhst;nt;gl fraction of
trnff;c—generntad emissions from individual plgnts.
‘these areas tend to be much more diftzaglt to control than
stretches of roadway. For example, changing tratfic patterns
make semipermarient controls impractical, and increased shear

forces from cornering vehicles may rapidly deteriorate chemically

'~ gtabilized surfaces.

'~ 2.2.1 Estimation of Emissions

As was the case for paved roads, unpaved roads nmay be
divided into the two classes of public and industrial. However,
for the purpose 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 (USEPA, .

_ 1985)..
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pM-10 emission factor in units stated

silt content of‘road surface material, percent

(ASTH-C=136) '

= mean vehicle speed, km/h (mi/h)

= mean vehicle weight, Mg (ton)

mean number or wheels (dimens;onless)

& ‘number of days with 2 o 254 mm (0 01 in) of

precipitation per year ’ a

Dsing the scheme given in AP=42, the above equation is rated “a,"

when used within the tested ranges of correction parameter .

values. As is the case with all AP-42 emission factors, the use

The number of wet days per year, p, for the geographical

area of interest should be determined from local climatic data.

Maps giving similar data on a monthly basis are available from

the National Climatic Center at Asheville, North Cnrolina.

, It is important to note that for the purpose of estimnting
annual or seascnal controlled em;ss;ons fron unpaved roads,

. average control efficiency values based on worst case

uncontrolled emissions levels [i ‘e., Ary roads, p = 0 in Equation-
{2-6))] are required. This is true simply because the AP~42

rredictive emission factor equationﬁfor unpaved roads, which is

routinely used for inventorying purﬁoses, is based on source

tests conducted -under dry conditions. Extrapolation to annual

- average uncornitrolled emission estimates is.accomplished 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 not

been verified in a rigorous manner; howevﬁr,‘experience with '

hundreds of field tests indicate that it is a reasonable

assumption if the source operates on a fairly “"continuous™ basis.

where: e =

n
ik

.0 £ % W0
1
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2.2.2 ugdgl_nniSE . . -

Many of the comments made concerning the paved road. source
category are equally applicable to unpaved roads. - In partlcular.
BACH for this source category is- best considered in light of a
spatxally resolved inventory that includes:

1. Road segment lengths and geographic locations.

2.  Average daily traffic (ADT). .

3. Representative silt content values (percent < 75 me).

4. Average vehicle charactezistics-spaed weight, and
wheels. .

Segment length and ADT are the most critical data elements
as they represent source extent--vehicle miles traveled (VMT).

If spatially resolved source extent information is available, one
could logically design model units--high, medium, and low--based
on this iﬂfurmgtion, - ' :

Unlike the paved road case, there is no generally inclusive
" alternative classification scheme that can be used to structure
BACM determinations for the unpaved road source category. .
However, in a qualitative sense, one can use certain elements of
the FHWA systen to roughly order road types. For example, based
on the presumption that functional arterials and collectors have.
higher ADT than local roads, high-intensity unpaved roads could ..
be defined in terms of four existing FHWA categories.

1.  Urban minor arterials.

2. Urban collectors. _

3.  Rural major ¢ollectors.

4. Rural minor collectors.

‘Following the same rationale, one could argue that a sinilar
hierarchy of local roads alsc exists. In other words, there is
some systematic (albeit unknown) relationship between the
function of local unpaved roads and their corresponding ADT. For
example, unpaved private driveways night be considered logically
as the lowest intensity or de minimis model unit as they see very .
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1ittle ADT. Practically, this type of road would be 2 difficult,
if not impossible, source for which to establish and then enforce
BACM. o

‘At the other end of the local system hierarchy might be the
rel#fively short stretches of unpaved roadway that serve as
access for subdivision development in unincorporated portions of
a given county. One could argue that some farm roads, '
particularly for situations -in which 1ahor-1nten51ve crops are
grown, constitute a relatlvaly hzgh-intansity 19;;1_:ggg source.
In a given Jurisdxction, if these types of roadways can be
_identified, then application of BACM-probably would be feasible.

2.3 STORAGE PILES

Inherent in operations that use minerals in aggregate form
is the maintenance of outdoor storage plles. Storage piles are
usually left uncovered, partially because of the need for
frequent material transfer into or out of storage. .

Dust emissions occur at several points -in the storage cycle,
during material loading onto the pile, during disturbances by
strong wind currents, and during loadout from the pile. The
movement of trucks and loading equzpnent in the storage pile area :
is also a substant.al source of dust. :

2.3.1 Estimation of Pmissions

The quantity of dust emissions from aggregate storage |
-operations varies with the volume of aggregate passing through
the storage cycle. Also, emissions depend on correction ‘
parameters that characterize the condition of a particular
storage pile: moisture content and proportion of aggregate
fines. .
When frashly processed aggregate is loaded onto a storuga
pile, the potential for dust emissions is at a maximum. Fines -
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‘are easily disaggregated and released to the atmosphere upon

exposure to air currents from transfer operations or high winds.
As the aggregate weathers, however, potentlal for dust emissions
is greatly reduced. Molisture causes aggregatzon and cementatlon

of fines to the surfaces of . 1arger particles.
. Total dust emissions from aggragate storage piles are
‘contributions . of several dzstinct source activities within the

storage cycle:
1. Loading of aqgregate onto storage piles (batch or

: continuous drop operations).’
2. Equipment traffic in storage area.

3. Wind erosion of pile surfaces and ground areas around

piles.
Loadout of aggregate for shipment or for return to the

4.
process stream (batch or continuous drop operations).

2.3.1. 1 Haterials Bandling—-
Adding aggregate material to a storage pile or removing it

usually involves dropping the material onto -a receiving surface.
Truck dumping on the pile or loading out from the pile to a truck
with a front-end loader are examples of batch drop operations.
Adding material to the pile by a conveyor stacker is an example

of a continuous drgp operation.
The following AP-42 eguation is recommended for estimating

;ep1551ons from transfer operations (batch or cantinuous drop): .

enber
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where: e . = PM-10 emission factor, in units stated
' y = mean wind speed, m/s (mph)

M = material moisture content, percent
Based on the criteria presented in ap-42, the above equatzon ‘is

rated A, when used within the tested ranges of correction

parameter vnlues.

2.3.1.2 Equipment Traffic--
. For emissions from. equipnent traftic (trucks, front-end

loaders, dozers, -etc.) traveling between or on piles, it is
Tecommended that the equations for véhicle traffic on unpaved
surfaces be used (see Section 2. 2). For vehicle travel between
storage plles, the silt value(s) for the areas between the piles
(wvhich may differ from the silt values for the stnred materials)

should be used.

2.3.1.3 Wind Erosion-- ,
.pust emissions may be generated by wind erosion of open

aggregate storage piles and exposed areas within an industrial
facility. These sources typically are characterized by
nonhomogeneous surfaces impregnated with nonerodible elements'
(particles larger than approximately 1 c¢m in diameter). Field
testing of coal piles and other exjosed materials using a
portable wind tunnel has shown that (a) threshold wind speeds .
exceed 5 mn/s (11 mph) at 15 cm above fhe surface of the pile or
10 m/s (22-mph) at 7 m above the surface of the pile, and (b) -
particulate emission rates tend to decay rapidly (half life of a
few minutes) during an erosjion event. In other words, these
aggregate material surfaces are characterized by finite
avajlability of erodible material (mass/area) referred to as th@
erosion potential. Any natural.crusting of the surface binds the
erodible material, thereby reducing the ercsion potential.
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2.3.1.3.1 En;ss19ns_nnd.cnzzgsxznn_znrnmgtgza--If typical

values for the threshold wind gpeed at 15 cm are corrected to a
typical wind sensor height (6-10 m), the resulting values exceed
the upper extremes of hourly mean wind speeds observed in most
areas of the country. In other words, mean atmospheric wind

speeds usually are not sutf;cient to sustain wind erogion fronm
However, wind gusts may quickly

aggregate. material surfaces.
Because

-deplete & substantial portion of the erosion potential. ’

" erosion potential has been found to increase rapidly with
‘ 1ncreasing wind speed (above the threshnld_vnluc), estinated
emissions should be related to the gusts of highest magnitude.

The routinely measured meteorclogical variable which best
reflects the magnitude of wind gusts is the fastest mile. This
quantity represents the wind speed corresponding to the whole
mile of wind movement that has passed by the 1-mi contact
snemometer in the least amount of time. Daily measurements of
the fastest mile are presénted in the monthly lLocal
Climatological Data (LCD) summaries available from the National
Climatic Center, Asheville, North Carolina.. - The duration of the
fastest mile, typically about 2 min (for a fastest mile of 30
mph), matches well with the half life of the erosion process,
which ranges between 1 and 4 min. It should be noted, however,
that instantaneous peak winds can significantly exceed the daily %,
. fastest m;le.

) The wind speed pratile in the surface boundary layer is
- found to follow a logarithmic distribution: .

wind speed, cm/s

where: u =
u* = friction velocity, qﬁ/g
z = height above test surface, cm
2, = roughness height, cm
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von Xarman’s constant, dimensionless

0.4 =
s a measure of wind shear stress

The frlctlan velocity (u Yy i
on the erodible surface, as determined from the slope of the

logarithmic velocity profile. The raughness height (zg) is a

peasure of the roughness of the.exposed surface as determined
y—lntercept of the logarithmic velocity profile, i.e.,

from the
A typical roughness

the height at’ which the wind speed is zero.

height for open terrain is 0.5 om.
Emissions generated by wind erosion are also depandent on

the frequency of disturbance of the erodible surface because each
time that a surface is disturbed, its erosion potential is
restored. A disturbance is defined as .an action which results in
the exposure of fresh surface material. On a storage pile, this
would occur whenever aggregate materjial is either added to or
removed from the old surface. A disturbance of an exposed area
‘may algso result from the turning of surface material to a depth
_exceeding the size of the largest pieces of material present.

2.3.1.3.2 Predictive Emission Pactor Equation (USEPA,
1985)--The AP-42 emission factor for wind-generated particulate
emissions from mixtures of erodible and nonerodible surface
material subject to disturbance may he expressed in units of
.g/m -yr as follows:

where: e = PM-10 emission factor, g/m?
X = number of disturbances per year
P; = erosion potential correspamding to the obsgerved
(pr probable) fastest mile of wind for the ith
period between disturbances, g/ll2

' Se - '
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In calculating emission factors, each area of an ercdible

surface that is sﬁbject to a different frequency of disturbance

should be treated separately. For a surface disturbed doily, N =

365/yr, and for a surface disturhance once every 6 mo, N = 2/yr.
The erosion potential functxon for a dry, exposed surface

has tho following form:

= friction velocity (m/s)
. m threshold friction velocity (n/s)
Because of the nonlinear form of the erosion potential function,
each erosion event must be treated separately,

. Equations 2-9 and 2-10 apply only to dry, exposed materials
with limited ercosion potential. The resulting calculation is
‘valid only for a time period as long or longer than the period

. between disturbances. Calculated emisgsions represent
intermittent events-and should riot be input directly. into
dispersion models that assume steady state emission Tetes.

For uncrusted surfaces, the threshold friction velocity is

best estimated from the dry aqgrogate structure of the soil. A

. simple hand sieving test of surface s0il (adapted from a

- laboratory procedure published by W. S. Chepil, 1952) can be used
to determine the mode of the surface aggregate size distribntion
by inspection of relative sieve catch amounts (Figure 2-1). The .
threshold friction velocity for erosion can be determined from
the mode of the aggregate sizo distribution, as described by
Gillette (1980) (Figure 2-2). Threshold friction velocities for -
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prepare a nest of sieves with the following openings: 4 mm,

2 mm, 1 mm, 0.5 mm, 0.25 mm. Place a collector pan below

the bottom sieve (0.25-mm opening).

CQllect a sample representang the surface 1ayer of loose
particles (approxinately 1 cm in depth for an uncrusted
surfacer, removing any rocks larger than about 1 cm in
average physical dianater The area to be sampled should

not be less than 30 cm X 30. ‘cm.

Pour the sample into the top sieve (4-mn opening}, and place
a lid on the top.

Rotate the covered sieve/pan unit by band using broad
sweep;ng arn motions in the horizZontal plane.  -Complete 20

rotations at a speed just necessary to achieve some relative
horizontal motion between the sieve and the pnrtxcles.

Inspect the relative gquantities of catch within each sieve
and determine where the mode in the aggregate size

. distribution lies, i.e., between the opening size of the

sieve with the largest catch and the opening size of the
next largest sieve.

Source: - Adapted from a laboratory procedura published hy W. s,
Chepil (1952).

Figure 2-1. Field Procedure for the Determination of Surface

Aggregate Size Distribution Mode.
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severallsurface types nﬁve been determined by field measurements
with a por’tﬂble wind tunnel (Gillette; 1980; Muleski, ;985?

986).
Nickling and Gillies, 1
The friction velocity (u*) is best related to the fastest

mile 6f wind in the area for the periods between pile
ldisturbances. As discussed above, the fastest rile may be
obtained fros the monthly LCD summaries for the nearest reporting
_weather station that is representative of the site in guestion,
- available from the National climatic Cem;er. - Thege sma?ies
report actual fastest mile values for each day of a'given.nunth.
Because the erosion potential is a highly nonlinear function of
the fastest mile, mean values ©f the fastest mile are _
inappropriate. The anemometer heights of reporting
weather stations are found in Changery (1978), and should he
corrected to a 10-m reference height using Equation ;-8. ‘
- To convert the fastest mile of wind (u*) frum a reference
anemometef height of 10 m. to the equivnlent-triction velocity
(v*), the logarithmic wind speed prutile nay be used to vield the
following eguation: - : : .

where: u" = friction velocity (m/s) . .
= fastest mile of referance anemometer for pgr;od
- between disturbances (m/s)
. This assumes a typical roughness height of 0.5 cm for open
terrain. Equation 2-11 is restricted to large relatively flat
piles or exposed areas Hlth 11tt1e penetration into the surface
wind layer. :

If the pile significantly penetrates the surface wind layar
(i.e., with a height-to-base ratio exceeding 0.2), it is
_ necessary to divide the pile ares into gubareas representing

-+
- Y10
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r.ufferent degrees of expo‘o'ure to wind. The results of physical
modeling as described pelow show that the frontal face of an
elevated pile is. exposed to wind speeds of the same order as the
approaching wind Speed at the top of the pile.

" por two representative pile shapes ( conical pile and ‘oval
pile with flat-top, 37 degree side slope), the ratios of surface .
wind speed (ug) to approach wind speed (u.) have been derived
from phys:tcal modeling in 2 laboratory wind tunnel (Studer nnd
Arya, 1988). The results are shown in Ap-42, Sactlon 11.2.7,
c:orrespond:.nq to an actual Pile height of 11 m, a reference
(upwind) anemometer height of 10 m, and a pile surface roughness
‘ height (2,) of 0.5 cm. The meagurad surface winds CorTespond to
a height of 25 cm- above the surface, The profiles of ug/u, can

be used to estimate the gurface friction. velocity aistribution

around similarly shaped piles, using the procedure descr;hed in

AP-42.
The recommended emission factor equation prosented above

assunmes -that all of the erosion potential corresponding to the
fastest mile of .wind is lost during the pericd between ‘
disturbances. Because the fastest nile event typically lasts
only about 2 min, which corresponds routhy to the half-life for
the decay of actual erosion potential, ‘it could be argued that
the emission factor overestimates particulate emissions.
- ﬁowever, there are other aspects of the wind erosion process
which offset this apparent conservatism:
: 1. The fastest mile event contains instantaneous peak '
winds which substantially exceed the mean value for that event.
' 2. Whenever the fastest mile event occurs, there are
usually a number of periocds of slightly lower mean winad 'speed
which contain peak gusts of the same order as the fastest mile
-iund speed.
- of greatar concern is thae likelihood. of overpradiction of

wind erosion emissions in the case of surfeces disturbed
infreguently in comparison to the rate of crust formation.
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2.3.1.3.3 WW"

For emissions from wind erosion ©f active (frequently disturbed)

ctorage piles, the following AP-42 emission factor equation is
reconmended for estimating total suspended particulate (TSP)

emissions:

total suspended particulate emission factor,
‘units stated above
s = silt content of aggregate, paercent (ASTM-C-136)
number of days with 2 0.25 mm (0.01 in.) of
precipitation per year _ R

f = percentage of time that the uncbstructed wind

speed excoeds 5.4 m/s (12 mph) at the mean pile
height

The fraction of TSP which is PM~10 is estimated at 0.5 and is
' consistent with the Pi!-lO/TSP ratios for materials handling.
' _The coefficient in Equation (2-12) is taken from Cowherd et -
al. '(1974), based on . zampling of emissions from a sand and gravel
storage pile area during periods when transfer and maintenance
equipment was not operating. ' The factor trom Covwherd et al. -
- '(1974) . expressed in mass per unit area par day, is more reliable
than the factor expressed in mass per unit mags of material
placed in storage, for reasons statéd in that report. Note that:
the coefficient has been halved to adjust for the estimate that
~ the wind sSpeed through the emission layer at the test site was
one half of the value measursd above the top of the piles. . The -
other terms in this eguation were added to correct for silt,

where: STSP =
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preéipitatiqn. and frequency of high windz, as discyssed 'in Bohn

| Worst case emissions from Storage Pile areassS occur under Aary

wi}.ay conditions. Worst case enissions frop materials nandling .

(patch and continuous drop) operations may be calculated by
substituting into Equation (2-7) appropriate values for aggregate
materiﬁl moiSture content and for anticipated wind gpeeds during
cne worst case averaging period, usually 24 h. The treatment of
dry conditions for vehicle trafticltsqugtiqn 2-6)'and_£or-w1nd
erosion (Equation 2<12), centering around parapeter p = 0,

< the methodology described for unpaved roads (Section

follow - e
2-2). Also, a separate set of nonclimatic correction parameters

and source extent values corresponding to higher than normal .

storage pile activity may be justitied for the worst case

averaging period.

'2.3.2 Model Unjts

. .In general, it is expected that most storage piles in urban
areas would either be part of a permitted industrial operation
(such as a guarry) or be associated with other sources discussed

in this report (antiskid material stockpiles, earthen material .

piles at construction sites, etc.). It is antjicipated that

' wvirtually all other storage piles (such as might be found at B
landscaping contractors) would be below the de minimis threshold.

2.4 . CONSTRUCTION/DEMOLITION o
2.4.1 Estimation of Emizgions

At present, the only emisgsion factor available. in AP-42 is -
1.2 tons/acre/month (related to particles < - 30-gm Stokes’
diameter) for an entire construction site. No factor has been
published for demolition in AP~42. However, PM-10 emission
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factors have been developed for construction site preparation
using test data from a study conducted in Minnesota for topsoil
yremoval, earthmoving (cut-and~fill), and truck haulage operations
(Kinsey et al., 1983). For these operations, the PM-10 emission
factors based on the level of vehicle activity (i.e., vehicle
kilometers traveled or VKT) occurring on-site are (Grelinger et
al., 1988): | L o

. Topsoil removal: 5.7 kg/VKT for pan scrapers

. Earthmoving: 1.2 kg/VKT for pan scrapers

. Truck haulage: 2.8 kg/VKT for haul trucks
PM~10 emissions due to materials handling and wind ercosion

of exposed areas can be calculated using the emission factors for
storage piles (section 2.3) and agricultural wind erosion-

(section 2.5}, respectively.

2.4.1.1 Demblitian Emiscions—- _ _
For demolition sites, the operations involved in demolishing .

and removing structures from a site are:

« . HMechanical or explosive dismemberment
. Debris loading

+ . Onsite truck trarffic

. Pushing (dozing) operations

+

' 2.4.1.2 . Dismemberment-- :

Since no emisgion factor data are available for blnsting or
wrecking a building, the operation is addressed through the use
. of the revised AP-42 materjals handling equation:
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where: ep - ™ fﬂ-ln emission factor in kg/Mg of material .
' u = mean wind speed in m/s (default = 2.2 m/s)
M .= material moisture content in percent (default -
2 percent)
Ep = 0.00056 kg/Mg (with default parameters)

The above factor can be modif;ed for waste tonnage related
to structural floor space where 1 m? of floor space represents
0.45 Mg of waste material (0.036 ton/ft2) (Grelinger et al.,
1928). The revised emission factor related to structural floor

space (using defuult parameters) can he obtained hy.

' 2.4.1.3 Debris Loadzng--
The emission factor for debris loading is based on two tests

_of the filling of trucks with crushed limestone using a front—and
‘loader which is part of the test basis for the batch drop
'equation in AP~42, Section 11.2.3. The resulting PM-10 en.i.ssion
factor for debris loading is (Grelinger et al., 1988): o
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where 0.029 kg/Hg is the average peasured TSP emission factor and
k is the partzcle size multiplier (0 35 for PM-10).

2.4.1.4 Onsite Truck Tratfic——
Emissions from onsite truck traffic is estimated from the

existing AP-42 unpaved road equatiop.-

where: e, = PM-10 emission factor in kg/VKT

: = gilt content in percent (default = 12 percent)
S = truck speed in km/h (default = 16 km/h) o Wﬂfa”égf ¢
W = truck weight in Mg (default = 20 Mg) Cﬂé;i:ﬁ;z' e
¥ = number of truck wheels (default = 10 wheels)
P = nuéber of days with measurable precipitation o
(Qefault = 0 days) ' | T -inﬁgﬁ‘ﬁ_L
and ep = 1.3 kg/VKT (with default values) EAjgﬂﬁﬁy

The above factor is converted from kg/VKT to kg/n of structural
- floor space by .

2.4.1.5 Pushing Operations-—-

For pushing (bulldozer) operations, the AP-42 emission
factor equation for overburden removal at Western surface coal
mines can be used. Although the AP-42 equation actually relntas
to particulate 15 um, it can be converted to 10 ym by a
correction factor. The AP-42 dozer equation is:
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PM-10 emission rate in kg/hr |
silt content of surface material in percent

(default = 6.9 percent) (ASTM-C-136)
moisture content of surface material in percent

: :  (default = 7.9 percent)
0.75 = PM-10/PM-15 conﬁersiog factor
and = E,. = 0.34 kg/hr (with detuult parameters)

where: e, =

2.4.1.6 Mud/Dirt Carryout Emissions-
Mud and dirt carryout from construction and denolitzon sites

often accounts for a temporary but substantial increase in paved
road emissions. The increase in emissions on paved roads due to
mud/dirt carryout has been developed based on surface loading
measurements at eight sites (Englehart and Kinsey, 1983).

Tables 2-2 and 2-3 provide these emission factors in terms of
g/vehicle pass which represent PM~10 generated over and above the
background" for the paved rcad sampled. Table 2-2 éxpfesses'the
emission factors according to the voluﬁe of tratfic entering and .
leaving the site, whereas Table 2-3 expresses the same data B
‘according to type of construction. FEither table may be used by
the analyst. | :

2.4.2 Model Units

Construction represents a fugitive dust source categufy for
which permitting and inspection systems are clearly in place.
Furthermore, each site is associated with a party ﬁho could be
~held responsible for. dust control. Finally, even though. the area
may be large, the spatial extent of a construction site is well
defined. Because of these factors, an effective emission
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ITE TRAFFIC VOLUME®
—— ——

e S

TABLE 2-2. EM ) _
) Sites with > 25 Sites with < 25
vehicles/day vehicles/day
Parficle std. Std.
size - devia- - _ devia-
fragtion Mean, tion, ¢ Range Mean, X tion, ¢ Range
. X
< - 30 52 .28 15-80 19 7.8 1428
gm .
< 10 ¢ 713 6.7 4.4~ 5.5 2.3 4.2~
i ' 20 ' B.1l
< 2.5 pm 5.1 2.6 2.7 . 2.2 0.88  1.6-
: 7'8 3.2

* AE expressed in g/vehicle pass.

* Aerodynamic diameter.

TABLE 2~3. EMISSIONS INCREASE (AE) BY CONSTRUCTION TYPE®

Commercial Residential
Particle std, std.
size devia- _ devia~
fraction* Mean, tion, ¢ Range Mean, tion, ¢ Range -
X : : 3 '
< -~ 30 65 39 15~ 3% 22 10-72
um 110
< 10 um 16 9.3 4.2 10 5.4 2.8-19
N o . 25 _ o
< 2.5 pm 6.3 3.6 1.6- 3.9 2.1 1.1-
7.3

- - 9.7 - .
M_

* AE expressed in g/vehicle pass.
» Aerodynaﬂic-dianéter.
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an be more readily developed for construction dust

inventory C
"In addition, these factors

than for the other source categories.
make permit reguirements involving dust contrel more tractable

than for the other source categories.
The following discussion uses three sequential "phaaes" to

provide 2 model unit framework in vhich emissions from
construction actzvities are conveniently identified and
estipated. . Each phase considers *"unit® dust enittinq activities -
involving similar equipnent and, hence, relat;vely similar '
emission estznation procedures. The three phases are:

zngag_zﬁ__ngnzia_ngngggl during which debris from any mane-

made structures or natural obstructions is removed from the site.
Thus, this phase 1nc1udes the removal of demolition debris from
‘implosion or mechanical dismemberment (e.g., "headache" ball) of
buildings as well as from the blasting of rock formations and
from excavation. Principal emission categories are: material
loadout, vehicle travel on paved or unpaved surfaces, and
- . trackout of mud/dirt onto adjacent public streets.

Phase II. Site Preparation, during which the ground surface
of the site is brought to final or pear-final grade. Thus, this .
phage includes on~site cut/fill operations (e.g., scrapers,
dozers) as well as the transport of cut material off-site and the
receipt of "imported" £ill materials. Principal emission '
categories are: scraping and bulldozing, material loadout,
vehicle travel on paved or unpaved surfaces, and trackout of
mud/dirt onto adjacent public streets.
o . Phase I1I. Copstruction, which includes the other major

construction activities, including flatwork, structural and

reinforcing steel, exterior operations, interior finishing, and
landscaping. Although major source categories can be identified,
it is generally difficult to accurately estimate daily source
extents, etc. That is, in contrast ¢to Phase I and Phase II
activitigs which can be relatively accurately scheduled and
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estimated, Phase III is highly dependent on the réceipF of
materials and there are many simultaneous operations.

Three points should be noted. First, this division of the
overall construction process into three phases is certainly
arbitrary in that other phases could have been defined or certain’
operations could be moved from one phase to another. For

er schenme m;ght classify removal of blasted rock as

example, anoth
The scheme

-"site preparation' rather than “debris renaval.
presented ‘here merely provides a series of sequential phases
involving similar eguipment and emission estimation proceduresf
Second, all three phases need not be present at an individual
construction site. Finally, only emissions due to debris removal
operations, rather than the demolition process itself, will be
considered in the following discussion.

Compared to continuously enitting (point) emission sources,
it is more -difficult to envision model units for construction-
related dust sources. Because construction dust is inherently.
short-term at one location, cost-effective control depends more
upon available materials, environmental setting, and phasing than
upon available control technology. In other words, because dust
needs to be controlled for only a short period of time at one
'Jocation, the installation of long-term controls is usually not
warranted unless. that control is already plannaed as part of the ’
constructzon project. Rather, the selection of appropriate
. control neasures depends upoen issues such as: o _

What materials (e,g.. water. salts) are available to use in
controlling dust? As an example, consider vehicular traffic on
 unpaved surfaces. For most roads, chemical stabilization is far -
more cost-effective than regular road watering. However, it is
often difficult to justify the more expensive chemical treatment
of construction site travel routes which have véry short lives.

¥What constraipnte does surrounding land use place on the
types of controls that could be used? Control techniques
available for use in heavily developed areas with traffic
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bongestion can be expecﬁed to differ substantially from those

used in largely undeveloped areas.

reduce dust emissions? construction projects, such as industrial
parks and residential development, usuallyfinvolve permanent _
In those instances, early

roads that will eventually be paved. _
paving represents an effective and economical (because the roads

 have already been budgeted) control measure. .
2.5 OPEN AREA WIND EROSION

pust emissions may be generated by wind erosion of open
agricultural land or exposed ground areas on public property or
within an industrial facility. With regard to estinating
particulate emissions from wind erosion of exposed surface
material, site inspection can be used to determine the potential
for continuous wind erosion. The two basic reguirements for wind
erosion are that the surface be dry and exposed to the wind. For
example, if the site lies in a swampy area or is covered by '
grass, the potential for wind erosion is virtually nil. If, on
the other hand, the vegetative cover is not continuous over the
exposed surface, then the plants are considered to be nonercdible
elemerts which absorb a fraction of the wind stress that '
otherwise acts to suspend the intervening soil.

" Por estimating emissions from wind erosion, either of two
emission factor equations are recommended depending on the
erodibility of the surface material. Based on the site survey,
the exposed surface must be placed in one of two erodibility
classes described below. The division between these classes is
best defined in tarms of the threshold wind speed for the onset
of wind erosion. . , :

Nonhomogeneous surfaces impregnated with nonercdible
elements (stones, clumps of vegetation, etc.) are characterized
by the finite availability ("limited reservoir®) of erodible
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such surfaces have high threshold wind speeds for wind
erosion, and particulate emission rates tend to decay rapidly
L4
during an erosion event. On the other hand, bare surfaces of

finely divided material such as sandy agricultural soil are
an "unlimited reservoir" of erodible surface

material.

characterized by an

particles. :
‘Based on analysis of wind erosion research, the dividing

" . line for the two erodibility classes is a threshold triction

. velocity of about 50 cm/s. This divisjion is based on the
observation that highly erodible surfaces, usually corresponding
to sandy surface soils that are fairly deep, have threshold
. friction veiocities below 50 cm/s. Surfaces with friction
velocities larger than 50 cm/s tend to be composed of aggregates
too large to be eroded mixed in with a small amount of erodible
material or having crusts that are resistant to erosion. The
cutoff friction velocity of 50 cm/s corresponds to an ambient
wind speed of about 7 m/s (15 mph), measured at a height of about
7 B. : _ .
Crusted surfaces are regarded as having a "limited
reservoir® of erodible particles. Crust thickness and strength
should be examined during the site inspection by testing with a
pocket knife. If the crust is more than 0.6 cm thick and not
easily Crumbled'batwecn the fingers (modulus of rupture 1 bar),
. then the soil may be considered nonerodible. If the crust
‘thickness is less than 0.6 cm or is easily crumbled, then the
surface should be treated as having a limited reservoir of
erodible particles. 1If a crust is found beneath a loose deposit,
the amount of this loose deposit, which constitutes the linited
erosion reservoir, should be caratully estimated.

For uncrusted surfaccs, the threshold friction velocity is
best estimated from the dry aggregate structure .of the sofl. A"
simple hand-sieving test of surface soil is highly desirable to
determine the mode of the surface aggregate size distribution by
inspection of relative sieve catch anounts, follouing ¢he
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procedure specified in Figure 2-1. The threshold friction
velocity for erosion. can be deternlned from the mode of the
aggregate size distribution, as shoun in Figure 2-2.

A more approximate‘husis for determining threshold friction
veloc;ty would be based on hand sieving with just one sieve, but
otherwise follows the procedure specified in Pigure 2-1. Based
on the relationship developed by Bisal and Ferguson (1970}, if
more than 60 percent of the soil passes a 1-mm sieve, the
-“unlimlted reservoir" model will apply: it not, the “1inited :

- reservoir™ model will apply.
by Gillette (1980) on desert soils.
If the soil contalins nonerodible elenants which are too

large to include in the sieving (i.e., greater than about 1 cm in -
: d;ameter), the effect of these. elements must be taken into
account by increasing the threshold friction velocity (Ut ).
Marshall (1971) has employed wind tunnel studies to quantify the
increase in the threshold velocity for dittering kinds of
nonerodible elements. His results are depicted in terms of a _
graph of the rate of corrected to uncorrected friction velocity
versus L. (Figure 2-3), where L. is the ratio of the silhouette
area of the roughness elements to the total area of the bare
loose soil. The silhouette area - of a nonerodible elenent is the
projected frontal area normal to the'ulnd direction. A value for -
' Lg is obtained by marking off a l-m X l-m surface area and
determzning the traction of area, as viewed ‘from directly
overhead, that is occupiad by nonerodible elements. Then the
~overhead srea should be corrected to the equivalent frontal area;
for example, if a spherical nonerodible element is half-embedded
in the surface, the frontal area is one-half of the overhead .
area. Although it is difficult ¢o estimate L. for values below
0.05, the correction to friction valocity becones less sémsttive
to the estimated value of Le. .

The difficulty in estimating L, alsc increases for small
nonerodible elements. However, because small nonerodible
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elements are more likely to be ivenly distributed over the
surface, it is usually acceptable to examine a snaller surface
area, e.g., 30 cm x 30 cm. :

Once again, loose sandy soils fall into the high erodibility
("unlimited reservoir®) classification. These soils do not
promote crust formaticn, and show only a brief effect of moisture
addition by rainfall. ©On the other hand, compacted soils with a
tendency féf crust formation fall into the low (*limited o
reservoir") erodibility group. Clay content in soil, which tends
to promote.crust formation, is evident from crack formation upon

drying.
' The roughness height, z,, which is related to the size and
spacing of surface roughness elements, is needed to convert the
friction velocity to the eguivalent wind speed at the typical
weather étation sensor height of 7 m above thn_shrface.
Figure 2~4 depicts the roughness height scale for various
conditions of ground dovgr (Cowherd and Guenther, 1976}.

2.5.1 Estimation of Emissions I

2.5.1.1 "Limited" Erosion Potentiale=- .

In the case of surfaces characterized by a "limited
reservoir®" of erodible particles, the emission estimation
procedure is identical to that presented in Section 2.2.1.3.2 for

| a "fiat" pile.

2.5.1.2 "Unlimited" Erosion Potential-- ,
For a surface characterized by an "unlimited reservoir® of
erodible particles, particulate emission rates are relatively
time independent at a given wind speed. The technology currently
used for predicting agricultural wina erosion in the United
. States is based on variations of the Wind Erosion Equation
(Skidmore and Woodrutt, 1968; Woodruff and Siddoway,. 1965). This
prediction gystem uses nrosion loss estimates that are intagratad -
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-over large fields and long-time scales to produce average annual

values.

2.5.2 undgl_nni:&

Compared to mechanical disturbances (e.g., vehicunlar
tratfic), enissions from open area wind erosion may be a
relatively minor contributor to the total PM-10 emissions in most
"urban areas. As such, this entire source category could be
considered as de minimis except -for areas with dry climate and
high wind speeds. The proposed model unit for open areas can be
based on the total acres exposed and the number of disturbances
per year. wind erosion calculationg wnuld then be performed to
determine the overall contribution to the total PM-10 emissions

inventory.
2.6 AGRICULTURAL TILLING

Fugitive dust tron.agficultural operations occasionally
contributes to the ambjent PM-10 levels in many rural counties
and in some urban areas. Such agricultural operations include
(a) plowing, (b) disking, (c) fertilizing, (d) applying
herbicides and insecticides, (e) bedding, (f) flattening and
firming beds, (g) planting, (h) cultivating, and (i) harvesting.
. These operations‘can be generically cluésified as soil
'preparatian, soil maintenance, and crop harvesting operations.
This section will -focus on enissions from agricultural tilling
operations that are designed to (a) create the desired soil
structure for the crop seed bed and (b) to eradicate weeds.
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2.6.1 Estimation of Emissions

2.6.1.1 Tilling-- :
The mechanxcal +illing of agricultural land injects dust

phere as the soil is loosened or turned

partlcles into the atmoes
AP-42 presents a

under by plowing, disking, harrowing, etc.
predictive emission factor equation for the estimation of dust

emissions from agricultural tilling.

" where: ‘e = PM-10 emission factor, in kilograms per hectare

s = silt content (percent) of surface soil (default
value of 18 percent) (ASTM-C~136)

'The above equations are based solely on field testing information

cited in AP-42. Silt content of tested soils ranged from 1.7

percent .to 88 percent. -

'2.6.1.2 Wind Erosion--

The technology currently used for prad;cting agr;cultural
wind erosion in the United States is based on variations of the .
Wind Erosion Equation (Skidmore and Woodruff, 1968; Woodruff and
.,s;ddoway, 1965). This prediction system uses erosion loss
. estimates that are integrated over large fields and long time
' scales to produce average annual values. The modified Wind
Eros;on Equation is: '
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PM-10 wind erosion losses of tilled fields,

where: e =
tons/acre/yr
k= 0. 5. the estinated fraction of TSP which is
) ) PH-lO
a = portion of total wxnd erosian losses that would be

measured as total suspended particulate. estimated
_to be 0.025 _ :
I = soil erodibility, tons/acre/yr
K = surface roughness factor, dimensionless
c = climatic factor, dimensionless
L* =  unsheltered field width factor, dimensionless
v: = vegetative cover factor, dimensionless
As. an aid in understanding the mechanics of this eguation,
nI" may be thought of as the pasic erodibility of a flat, very
f large, bare field in a climate highly conducive to wind erosion
(i.e., high wind speeds and temperature with little
precipitation) and K, C, L7, and V’/ as reduction factors for a
rxdged surface, a climate less conducive to wind erosion,
smaller-s;zed fields, and vegetative cover,- respectively.

z-e.z' mm_unu

, The PM-10 enissions trom agricultural tilling are both crnp~
_ peczflc and directly related to the total acreage in production.
For example, the quantity of emissions from the production of
nuts is quite different than that associated with row crops on a
per acre basis. Therefore, a claissification scheme based on type
of crop and acreage in production is proposed. -
" "A suitable model unit for tilling operations can be based on
acreage of a field tilled five times a yeéar and classified as
*highly ercdible"” under the Food Security Act (FSA) of 1985.
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This model unit will be used in section 4 to demonstrate PM-10
control effectiveness of placing agricultural land into the
Conservation Reserve program of the FSA. '
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SECTION 3
EMISSION CONTROL TECHNIQUES -

3.1 PAVED ROADS

Aﬁailable control methods are largely designed either to

- prevent deposition of material on the roadway surface or to
remove meterial which has been daposited in the driving lanes.
Measurement-based efficiency values for control methods are
presented in Table 3-1. Note that all values in this table are
for mitigative measures applied to industrial paved roads.

In terms of public paved road dust control, only very .
limited field measurement data are available. Estimated
PM-10 control efficiencies of approximately 35 percent were
developed by applying Equation (2-1) to measurements before and -
immediately after road cleaning (Duncan et al., 1984). Note that
these estimates should be considered ypper bounds on efficiencies
obtained in prnctice because no redeposition after cleaning is
considered. Note also that these estimated emission control
efficiencies for urban roads compare fairly well with
measurements at in&ustriai roads. No airborne mass emission
measurements quantifying control efficiency of public paved road
dust control were found in the published literature.

In general terms, one would expect that demonstrated control
techniques applied to industrial paved roads could alsc be
applied to public roads. One important point»to note, however,
is that the effectiveness of nitigative measures generally:
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MEASURED EFFICIENCY VALUES FOR PAVED ROAD

cOmments

LE 3-1.
TAS __ CONTROLS?
Method Cited .
: efficiency
Vacuum sweeping 0~58%
46%

water flushing

Water flushing
fbllowed_by_sweeping_

A1l results based on measurenents of air emissions from .

96—0.263_\3’""

69-0.231 vS.9

Field emigsion

measurement (PM-15)
12,000~cfm blow

Reference 7, based an
field measurement of

30 um particuiate
enissions

Field measurement of
PHN-15 emigssio

Field neasurenegt of
PM-15 enissions

paved roads. Broon sweeping measurements
presented in Section 2.3.2.1 (Cowherd and Kinsey, 1986}.
PM-~10 control efficiency can be assumed t0 be the same as

that tested.

' Water applied at 0.48 gal/yd2.

Equation yields efficiency in percent, V = number of

vehicle passes since application.

3-2
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decreases as the surface loadings decrease (i. e., it would be

less effective to clean the interstate highway surfaces rather

than collector street surfaces).
" pecause mitigative measures are less effective for public

paved yoads, an EPA urban dust polxcy stresses the importance of
long-term preventave measures as BACHM candidates, especially in

instances whére no dominant or localized source of paved road
Examples of nonlocalized

surface loading can be identified. _
(a) unpaved

_sources of paved road surface loading would include:
shoulders adjacent to paved roads, (b) erosion due to storm water
runoff, and (c) spillage from passing trucks. Cerespunding _
examples of preventive measures include: (1) installing curbs,
paving shoulders, or painting lines near the edge of the’
‘pavement; (2) channeling storm water runoff or using vegetatlon
to stabjilize surrounding areas; and (3) requiring trucks to be
covered and to maintain freeboayd-(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 3-2 summarizes
Agency guidance on nonindustria. paved road preventive controls,
.- There are few measured efficiency values for any of the

]preventive measures presented in Table 3-2. -
- Almost all measured control efficiency values for paved
" roads are based on data from industrial roads. Consequently, the
information presented earlier in Table 3~1 is more applicable to
this class of road. Hitigntzve 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
‘relatively close proxiaity, thus allowing a more efficient use of
cleaning equipment. Preventive measures, of course, can be used
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'TABLE 3-2.

Source of deposit on road

Recommended controls

NONINDUSTRIAL PAVED ROAD DUST SOURCES AND
PREVENTIVE CONTROLS _

sanding/salt

spills from haul t;ucks

construction carryout and
entrainment .

vehicle entrainment from
unpaved adjacent areas

Erosion from stormwater
washing onto streets

‘Wind erukioq,frdn adjacent

areas.

Other

Make more effective use
of abrasives through
planning, uniform
spreading, etc.

Inprove the abrasive:
material through .
specifications limiting
the amount of fines and
material hardness, etc.
Rapid cleanup after

" streets become clear and

dry :
Require trucks to be

" covered

Reguire freeboard between.
load and top of hopper
Wet material being hauled

Clean vehicles before
entering road

Pave access road near
site -exit

' Semicontinuous cleanup of

exit

. Pave/stabilize portion of

unpaved areas nearest to
paved road

Storm water control
Vegetative stabilization
Rapid cleanup after event

Wind breaks "
Vegetative stabilization
or chemical sealing of

ground :
Pave/treat parking ares,
driveways, shoulders
Limit traffic or other
use that disturbs so0il
surface .

Case~by~-case -
determination
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in conjunction with plant street clegning programé and prevention |
js the preferred dpproach for redgcing emissions from city

in industrialized areas with many potential sources of

As before, the lack of efficiency values for

. remains an important gap and requires further

streets
paved road dust.
préventive measures

investigation.

These t;pés'of control measures prevent the deposition .of
dditional materials on a paved surface area. As a result, it is
difficult to estimate their control effectiveness. 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- .
- gupplied progranms. Note that frequent watering of unpaved access
areas should be discouraged (if possible) because that practice
" may compound mud/dirt carryout problems.

As early as 1971, EPA recommended reasonable pud/dirt
carryout precautions including: '

' . .Watering or use of suppressants at
construction/demolition, road grading, and land

- clearing sites. ) . '

o Prdmpt removal of materials deposited upon paved

rbadwaYs. - ' -

". Covering of open trucks transporting material 1ike1y 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 responsible parties, make l
enforcement very difficult to plan and administer. Conseguently,

Septenber 1992
.3=5



emaller jurisdictive areas (such as cities and countigs) should
be used in monitoring carryout enforcement. Note that these
local agencies include several besides those involved in air
pollution per se. For example, building permits may be used to
require carryout controls with hulldlnq inspectors enforcing the
regulations. Finally, it is clear that some agreement with the
local. public-works department would be necessary to implement
modizications in street salting and sanding procedures or to.

ensure promp? cleanupf

‘3.1.1.1 Sanding for Snow and Ice=-=
After winter snow and ice oontrol programs, the heavy
springtime street loadings found in certain areas of the country
are known to adversely affect ambient PM-10.concentrations. For
exampie, data collected in Montana indicate that road sanding may
produce aarly silt loadings 5 to 6 times higher than the haseline

loading (MRI, 1983). Because that increase corresponds to
" roughly a fourfold increase in the emission level, it is clear
that residual surface 1oadings represent an important source
potentially requiring control. As determined by Kinsey (1991):
3. Antiskid materials are frequently applied at 1oadings
well above recommended levels because of public perception that -
effectiveness is proportional to the visible amount of surface
loading. ' '
2. Excess silt.loadings (and thus PM-10 emisgions)
 associated with antiskid materials result primarily from
overapplication and noncompliance with recommended :ines and
durability specifications for antiskid abrasives.
As indicated in Tahle 3-2, appropriate controls may includc.
{a) cleanup as soon as practical (vacuum sweeéping or flushing
followed by broom sweeping), (b) the use of improved materials,
and (¢) improvements in planning or applioation methods.
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- ties
3.1.1.1.1 zmn:n!ed_An:iskiﬂ_ﬂa:ezinls Some municlpali

have experimented by supplementing or replacing their usual
snow/ice control paterials 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. Kinsey (1991) has formulated selection criteria for
antiskid materials that will result in lower silt generation, as

shown in Table 3~-3.

3.1.1.1.2 Apblication of Sand--Improvements in planning and

application techniques limit the amount of antiskid material
applied to roads in an area. AASHTO guidelines for application-
are shown in Table 3-4. As was the case with improved materials,
no field data are known to exist. However, an adequate estimate
of areawide control efficiency can be obtained by: (a) comparing
the amounts of material applied; (b) assuming that both :
applieetiong'are equally subject to formation of fines, removal,
etc.; (c) assuming  that both resultant silt loadings are
substantially greater than the "baseline" (i.e., prewinter)

" value; and (d) using Eguation (2-1). For example, if a
community, through better planning, uses 30 percent less antiskid
material, then the resultant silt loadings may be expected to be
30 percent lower. Use of Equatioﬁ (2-1) would then indicate an
effective PM-~10 control efficiency of 24.8 percent. Note that if
assuxption (c) above does not hold, the estimated control
efflczency should be viewed only as an npper hound. The
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SELECTION CRITERIA FOR ARTISKID ABRASIVES

. TABLE 3-3.
: Acceptable Unaccept-
" materials® able
. nategials
Measurement Units "Range of Mean Range M
parameter .. values - of e
. . L , ' values a
_ .
Modified Los Angeles Weight t 0.9 - & 3 7-17 1
abrasion loss _ . : g
'Initial silt . "Weight % 0.02 - 0.1 4 -9 6
content® . . 0.03 -
Vickers hardness kg/mm? 500 = 1,00 400 - 8 .
: © 1,200 0 1,000 O
: _ | : 0
Particle shape index Dimen-~ 6.3 - 15 10 6.5 - . 9
sionless . ) . 13

2 pased on data for cluster C4.

b Based on data for cluster CS.

€ This parameter is coupled to LA abrasion loss and thus
included in the material selection criteria.. ‘
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application of less material may be achieved: by applyxng sand

only to intersections, hills, and curves on roads with low ADT,
as safety permits. Another method to reduce emissions is the use

of plowing instead of sanding.

3.1.1.2 . Carryout from Unpaved Arons and Construction Sites—-

Mud and-dirt carryout from unpaved areas such as parking
d construction gites often accounts for a substantial

-lots an
The

:'fraotion of paved road silt 1oadings in many areas.
elimination of this carryout can significantly reduce paved road
emiss;ons. -

As noted earlier, quantif;cation of control offioienoios for

preventive measures is essentially impossible using the standard
before/after measurement approach. The methodology described
below results in ypper 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 mnterial onto a pavud road results
in substantial spatial variation in loading about the access

- point. This variation may complicate the modeling of enission
reductions as well as their estimation, although these
Qiff.culties become less important, as the number of unpaved
areas in an area and their access points become larger.

‘ For an individual access peint from an unpaved area to a
’paved road let N represent ‘the daily nunber of vehicles entering

oy 1oavxng the area. let E be given by.

where E is the unit PM-10 emission increase in g/vehicle.
Finally, if M represents the daily mumber of vehicle passes on
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.__—JL~JL;JI@§: then the net daily emission reduction (g/d} s

given by E 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 regulatory

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 agency .

could choose & percent control efficiency and substantiate
conpliance with testing data. .

3.1.1.2.1 Curbing--In arid climates, the major sources of
street dust are the exposed soil areas near the streets (e.g., _
unpaved road shoulders). Dust from the exposed road shoulders is
transported to the street surface by turbulence ‘from passing _
vehicles, wind ereosion, tracking by vehicles, and water runoff.
Mud carryout by motor wvehicles is a significant cause of street
surface dust, particularly in areas with abundant rainfall.

In many areas, roadway 1mprovements such as curbing will
result in significant impacts on street dust loadings. These
improvements are important because dust loadings for streets with
uncurbed shoulders are estimated to be four times greater than '
that observed for curbed streets (APWA, 1969). Since the major
portion of vehicle miles traveled in any area is concentrated _
within the cities, the urban street improvements will have far
greater meact on PM-10 levels than would similar improvements
_ implemented in caunty road networks. Accordingly,

- intensification of the street ;mprqvement ‘plans should be
considered as a potentiaml control for street dust emissions.

C6ntinuous.curbs_ushallj-requife gutters and storm sewers
for street water runoff. The cost of qutters and sewers is

. greater than the cost of curbing alone.

To increase the effectiveness of street curb;ng as a dust
control measure, the adjacent soil should be stabilized or

. September 1992
. 3-11 ,

——— e e, I



covered to prevenﬁ wind erosion or tracking of this soil'ontb the
street. Clearly, the most effective means of soil protection at
the curb is a sidewalk. A typical and desirable city policy is.
to 1nc1ude sidewalks whenever curbhs are constructed on najor
streets. The erfectlveness of this measure has not been
quantified, but it is expected that transfer of exposed soil to
adjacent road surfaces will be decreased signitlcantly.‘

curbs are effective in keeping vehicles on the pavement,
thereby ellmznatzng tracking from the edge of the pavement.l
However, other techniques such as painting the road 1 to.2 £t
 from the edge with a stripe and installing parking caution signs
may accomplish this objective at far iess expense. :

3.1.1.3 other Preventive Control Measures--
, .As shown in Table 3-2, numerous other preventive controls

" have been proposed for certain sources of paved road silt
loadings. These controls range fron wind-fen*es'in desert
. regions to keep sand off highways and other roads to measures
designed to prevent losses of materials transported in trucks.
These measures are known to control PM-10 emissions efchtively,
but have not been quantified. - -

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 before and
after implementation to determine a reasonable estimate of the’
‘effic1ency. 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 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. .

September 1992
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3.1.2 mmm

while preventlve measures are preferred under the EPA urban
dust policy, some sources of road dust loadings nay not be easily
controlled by prevention. consequently, some natlgatzve measures

may be necessnry to achieve desired goals. This section
dzscusses demonstrated nitigative measures.

3.1.2.1 5weeping of Roads~--
Mechanical street Cleaners employ rotary brooms to remove

surface materials from roads and parking 1pts. Much of their

effect is cosmetic, in the sense that, while the roadway appears
much cleaner, a sibstantial fraction of the original dust loading

is emitted during the process. Thus, there is some credence to
claims that mechanical cleaning 19 as much a source as a control

of particulate emissions. _

Measurement-based control efficiency for industrial roads.
{Table 3-1) and estimated efficiencies for urban roads both
indicate a maximum (initial) instantaneous control of roughly 25
to 30 percent. Efficiency, of course, can be expected to decrease
prior to the next cleanup. Because of the poor amount of control
broom sweeping provides, it will not be considered as a viable’

candidate for BACH.
© Vacuum Sweepers remove naterial fron paved surfaces by

'entra;nlng particles in a moving air stream. A hopper is used to

contain collected material and air exhausts through a filter
system in an open loop. A regenerative sweeper functions in much
the same way, although the air is continuously fecycled. in
addition to the vacuum pickup heads, a sweeper may also be '
equipped with gutter and other brooms to enhance collection.

Instantanecus control efficiency valuaékware_givun earlier
in Table 3~1. An average of field measurements indicates an
efficiency of 34 percent £or vacuum sweeping.

‘ September 1992
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3.1.2.2 Water Flushing of Roads—-
flushers remove surface materials from :oads and

ressure water Sprays. 'Spme systems

. supplement the cleaning with broom sweeping after flughiqg.
Unlike the twc sweeping néthq@dg‘flushing faces some obvious

arawbacks in terms of water usage, potential water pollution, and

the frequent‘need +o return to the water source. However,

flushing generally tends to be more ef:egtive in controlling

particulate emissions. . ‘
: ' instantaneous control efficiency

Equations to estimate
values are given in Table 3~1. Note that water flushing and

flushing followed by broonm sweeping represent the two nost
effective control methods (on the basis of field emission
measurements) given in that table.

. In the case of winter sanding, dust generation potential can
be réduced if the fine materials left on roadways after pavement
drying are cleaned up promptly and without further spreading and
resuspension. Prompt cleaning alsc keeps abrasives from being
ground into small particles by road traffic or. freeze/thawing.
Quick cleanup may not be mandated, however, if a new snowstorn- is
likely. Cleanup using combination water flushing/broom sweeping
is recommended gs soon as possible after a storm when above-
freezing temperatures keep the flusFing water from freezing on
- the roadway. If the road is already wet, flushing may not be

-Sﬁreet
parking lots using high p

required.
3.2 UNPAVED ROADS

There are numerous control options for unpaved travel
surfaces, as shown in Table 3-5. 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 detail in the following sections.

' September 1992
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Source extent reduction: Speed reduction

Traffic reduction

' Source improvement: ‘Paving
.Gravel surface

Surface treatment: . Watering _
Chehicalxstabilization

3 rable entries reflect EPA draft guidance on urban fugitive
dust contrel.. . .
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3.2.1 Source Extent Reductions

These controls either limit the amount of traffic on a road
to reduce the PM-10 emission rate or lower speeds to reduce the
_emiszsion factor value given by Egquation (2-6). Examples could
" jnclude ride share programs, restriction of roads to certain
vehicle types, or striot enforcement of speed limits. In any
instance, the control atforded by these measures is readily
obtained by the appl;catzon ot the equation., '

-3.2.2 surface Improvepments

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

The most obvious surface improvement is, of course, paving
&n unpaved road. This option is expensive and is probably most
applicable to high volume (more than a few hundrad passes per '
day) public roads and industrial plant roads that are not subject -
to very heavy vehicles (e.g., slag pot cqr:xers, haul trucks,
etc.) or spillage of material in transport. Control efficiency
estimates can be obtained by applying the information of

Section 3-1.
other improvement methods cover the road surface material

" ‘with another material of lower silt content (e.g., covering a
' dirt road with gravel er slag, or using a "road carpet" under
ballast). Because Equation (2-6) shows a linear relationship
between the emission factor and the silt content of the road
surface, any reduction in the sflt value is accompanied by an
equivalent reduction in emissions. This type of improvenant is
initially much less expensive than paving; however, naintenanca
(such as grading and spot reapplication of the cover material)
may be required. :

Unlike surface

September 1992,
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Finally, vegetative cover has been proposed as a surface
improvement for very low traffic volume roads (i.e., access roads
to agricultural fields). Even though vehicle related emissions
from such a road would be quite low, this method will’ also reduce

winﬁ erosion of the road surface.

3.2.3 Surface Treatments

Surfaceétreatment refers to those control techniques which
require periodic reapplications. Treqtments £all into the two
main categories of (1) wet suppression (i.e., jatering, possibly
with surfactants or other additives), which keeps the surface wet
Ito control eémissions, 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 temporaré 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, on the other hand, have much

-'_1ess‘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 noisture'
(thus simulating wet suppression).

Chemical dust suppressants are generally applied to the road
surface as a -water solution of the agent. The degree of. cnntrol ’
achieved is a direct function of the application intensity
(volume of solution per area), dilution ratio, and freguency

_ September 1992 .
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(number of applications per unit time) of the chem;cal appl;ed to -
+he surface and also ‘depends on tha type and number of vehlcles

using the road.

3.2.3.1 Watering-- )
The control efficiency of unpaved road watering depends

upon: (&) the amount of water applied per unit area of road
surface, (b) the time between reapplications, (c) traffzc volume
during that par;od, and (d) prevailing meteorological conditions
during the period. All of these factors affect the road surface
'moisture'content. The control efficiency relationship shown in
Figure 3-1 is buried in field tests conducted at a coal-fired .
power plant. Surface moisture grab samples over the daily
watering cycle along with the daily traffic flow cycle are needed
to determine an average control efficiency using this figure.
The low control efficiency for watering of unpaved roads and the
need for frequent (alnost'daily) reapplication preclude the use

of watering as possible BACM.

3.2.3.2 Chenical Treatments——
As noted, some chemicals (most notably salts) simulate uat

‘suppression by attracting and retaining moisture on the road
- surface. These methods are often supplemented by some watering.
It is recommeénded that control efficiency estimates be obtained

using Figure 3~1 and enforcement be based on grab sample moisture '
contents. ‘ . : : : ' |

The more common chemical dust suppressants form a.hard
cemented surface. It is this type of suppressant that is
considered below.

Besides water, petroleum resins (such as Coherex®) have
. historically been the products most widely used in industry.
However, considerable 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

C September 1992
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 WATERING CONTROL
EFFICIENCY ESTIMATES
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Figure 3-1, Watering Control Effectiveness for Unpaved Travel
Surfaces. '
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suppfessant# have been introduced. These hﬂv?:included asp?alt
emulsions, acrylics, and adhesives.. In addition, the generic
petroleun resin formulations developed at the Mellon Inst;tute
from the American Iron .and Steel Institute (AISI)

with funding
These generic suppressants

have gained considerable attention.’
were designed to be produced on-site at iron and steel plants.
on-site production of this type of suppressant in quantities
commonly used in iron and. steel plants has been ‘estimated to
reduce chemical costs by approximately 50 percent (Russell and
caruso, 1984).
In an earlier test report, average performance curves were
generated for four chemical dust suppressants: .(a) a
commercially available petroleun resin, (b) a generic petroleum
resin for on-site production at an industrial facility, (c) an _
‘acrylic cement, and (d) an asphalt emulsion (Muleski and Cowherd,
1987). (Note that at the time of the testing program, these
suppressant types accounted for the majority of the market share
in the iron and steel industry.) Tha results of this program _
were combined with other test results to develop a model to
estimate time-averaged PM-10 contrbl performance: This model is
1llustrated in Figure 3-2. Several 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 (ng:_agln:ign) 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 exceeaeds 0.05 gal/yd2
. Because suppressants must be periodically reupplied to
unpaved roads, use of the time-average values given in
the figure are appropriate. Recomiended minimum
reapplication frequencies (as well as elternativas) are
digcussed later in this section. ‘.
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CHEMICAL DUST SUPPRESSANT

CONTROL EFFICIENCY MODEL
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Avarage PM10 control efficiency for chemical

Figure 3-2.

suppressants.
- 3-21 September 1992



Figure 3=2 represents an average of the four

suppressants given above. The basis of the methodology

1ies in a similar model for petroleum resins only

(Muleski and Cowherd, 1987). However, agreement

between the control efficiency estimates given by

rigure 3~2 and available field measurements is.

. reasonably good.

.. As an example of the use of F;gure 3-3, suppose the Equnt;on
" {2-6) has been used to estimate a PM-10 emission factor of 2.0

" kg/VKT. Further, suppose that starting on May 1, ‘the road is

treated with 0.25 gal/ya? of a (1 part chemical to S5 parts water)

solution on the first of each month until October. In this -

ingtance, the following average controlled emission factors are

Tound:
Average
Average controlled

Ground control emisgion

inventor efficienc factor,

Period Y kg /VKT
gal/gdz percent® -

May 0.042 (v} 2.0

_'June 0.083 : 6B 0.64
July 0.12 75 0.50
August 0.17 82 0.36
September _ 0.21 88 0.24

' a From Figure 3-1; zero efficzency agsigned ir ground
1nventory 13 less than 0.05 gal/yd

' " In formulating dust control plans for chemical dust
-suppressants, additional topics must be considered. These are

briefly discussed below.
3.2.3.2.1 n::_n:_2axgn_nnnd_Qnnt:n1a_nn_£hgni=nllz.mr=n:=n
nnnnﬂed_nnndﬁr-nepoated use of chemical dust suppressants tond,
over time, to form fairly impervious surfaces on unpaved roads.
The resulting surface may permit the use of paved road oieaning
techniques to reduce aggregate loading due to spillage and track-
a2z Soptonbe: 1992



on. A field program conducted tests on surfaces that had been
flushed and vacuumed 3 days earlier (Muleski and c°wherd, 1987) .
(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.

The use -6f paved road techniques for *housekeeping"” purposes
would appear to have the benefits of both high control
{referenced to an uncontrolled unpaved road) and potentlally
relatively low cost (compared to follow-up chemical '
ﬁpplicatlons);, Generally, it is recommended that these methods
not be employed until the ground inventory exceeds approximately
0.2 gal/ya2 (0.9 L/m?). Plant personnel should, of course, first
exanine the use of paved road technlques on chemlcally-t;eated
surfaces in limited areas prior to implementing a full-scale

program.

3.2.3.2.2 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 chemicnlly'treated road required
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 recnnmendad that at least dilute renpplicat;ons be
employed every month toé control . loose surface material unless
‘paved road control technigues are used (as described above).’
More frequent reapplications would be required if spillage and
track-on pose particular prublenslfor a road,

© 3.2.3.2.3 Heather Congiderations--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

. September 1992
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sunmnertime conditinns inherent in the AP-42 unpaved road .
predictive equation). 1In addztion, appl;catlon 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. ggsp°n51h1° parties
and regulatory agency personnel should wprk closely in making
this joint determination. : :

Compared to the other open dust sources discussed in this
manual, there is a wealth ‘of cost information available for- |
phemical dust suppressants on unpaved rcads. - Note that many salt
products are delivered and applied by the same truck. For those
products, costs are easily obtained by contacting a local

dzstributor.

3.3 STORAGE PILES

The control technigques applicable to storage piles fall into
distinct categories as related to materials ‘handling operations
© (including traffic around piles) and wind erosion. In both
~ cases, the coatrol can be achieved hy . (a) source extent
reduction, (b) source improvement related to work practices and
transfer equipment (load-in and load-~out operations), and (c)
surface treatment. These control options are summarized in
Table 3-6. The efficiency of these controls ties back to the
-emzssion factor. relationships presented earlier in this section.
. - In most cases, good work practices which confine freshly
exposed material provide substantial opportunities for emission
reductlon without the need for investment in a control
application program. For example, pile activity, loading and
unloading, can be confined to leeward (downwind) side of the
pile. ' This statement alsc applies to areas around the pile as
well .as the pile itself. 1In particular, spillage of material.
caused by pile load-out and naintennnce equipment can add a large

‘ Septenher 1992 .
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TABLE 3-6. CONTﬁOL TECHNIQUES FOR STORAGE PILES

_ Hater;al hnndling
Source extent reduction ..  Mass transfer reduction

Source improvement ' prop height reduction
Wind sheltering

Hoisture retention

Surface treatment " Wet kuppreésion

wind erosion

Source extent reduction - Disturbed area reduction
: Disturbance frequency
reduction -
Spillage cleanup

Source improvement Spillage reduction
: Disturbed area wind exposure
' reduction
.Surface treatment " Wet suppression

' , - Chemical stabilization |
M
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source component associated with trafrfic-entrained dust.
Emission inventory calculations show, in fact, that the traffic
dust component may easily dominate over emissions from transfer
. of material and wind erosion. The prevention of spillage and
suhsequent spreading of material by vehicle tracking is essential
to cost-effective emission control. If spillage cannot be
prevented because of the need for intense use of mobile equipment
in the storage pile area, then regular cleanup should be employed
as a necessary mitigative measure. :
Preventive methods for control of wlndhloun enissions from
raw material storage piles include ghem;cal stabilization,
enclosures, and watting. Physical stabilization by covering the
exposed surface with less erodible aggregate material and/or
vegetative stabhilization are seldom practical control methods for
rav naterial storage piles._ :
“Po test the effectiveness of chemical stabilization controls
for wind erosion of storage piles and tailings piles, wind tunnel
neasurements have been parformed. Although most of this work has
been carried-out in laboratory wind tunnels, portable wind
tunnels have been used in the field on storage piles and tailings
piles (Cuscino, Muleski, and Cowherd, 19837 Bohn and Johnson,
1983). Laboratory wind tunnels have also been used with physicali
models to measure the effectiveness of wind screens in reducing

. surface wind velocity (Studer and Arya, 1988).

3.3.1 Chepical Stabilization

A portable wind tunnel has been used to measure the control
"of coal pile wind erosion emissions by a 17 percent solution of
Coherex® in water applied at an intensity of 3.4 L/m? (0.74

_ gal/yardz), and a 2.8 percent solution of Dow Chemical M~167

- latex Binder in water applied at an average intensity of 6.8 L/m?
(1.5 gal/yara?) (Cuscino, Muleski, and Cowherd, 1983). The
control efficiency 'of Coherex® applied at the above intensity to
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an undisturbed steam coal surface approximately eoldays;befofe
the test, under a wind of 15.0 m/s (33.8 mph) at 15.2 cn (6 in.)
above the ground, was 89.6 percent for TP and approximately 62
percent for IP and FP. The control efficiency of the latex.
binder on a low volatility coking coal is shown in Figure 3- 3.

3.3.2 ‘Enclosures

. Enclosures are an effective means by which to oonFrol'
fugitive particulate emissions from open dust sources.
Enclosures can either fully or partially enclose the source.
Included in the category of partial enclosures are porous wind
screens or barriers. This particular type of enclosuro is
discussed in detail below. :

With the exception of wind fences/barriers, a review of
available literature reveals no quantitative information on the
effectiveness of enclosures to control fugitive dust emissions
from open sources. Types of passive enclosures traditionally
vsed for open dust control include three-sided bunkers for the
storage of bulk materials, storage silos for various types of
aggregate material (in lieu of open piles), open-ended bﬁiidingo,
and. similar structures. Practically any means that reduces wind
-entrainment of particles produced either through erosion of a
dust—produo;ng surface {(e.g., storage silos) or by a source
. (e g., front-end loader) is generally effective in controlling

. fugitive particulate emissions. - However, avajilable dato are not

© - sufficient to quantify emission reductions.

Partial enclosures used for reducing windblown dust from
large exposed areas and storage piles include porous wind fences’
and similar types of physical barriers (e.g., trees). The
- Principle of the wind fence/barrier is to provide an area of
reduced wind volocity which allows settling of the large’
particles (which cause saltation) and reduces the particle flux
from the exposed surface on the leeward side of the
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. effectiveness

fence/barrier. The control efficiency of wind fences is
dependent on the physical dinensions of the fence relative to the
source being controlled. In general, a porosity (i.e., percent
50 percent seems to be optimum for most

open area) of
wind fences/barrxers can elther be man-made

applications.
gtructures or vegetntive in nature.
. A number of studles have attempted to deterﬁine the

of wind fences/harriers for the control of
wxndblown dust under field conditions. Severnl of these studzes
have shoun both a s;gnificant decrease in wind velocity as uell

‘as an increase in sand dune growth on the lee side of the fence

(Chepil and Woodruff, 1963; Carnes and Drehmel, 1982; Larson,
1982; Westec Services, 1984). : -

Various problems have been noted with the sampling
methodology used in each of the field studies conducted to date.
These problems tend to limit an accurate assesgment of the
overall degree of control achievable by wind fences/barriers for

- large open sources. Most of this work has either not thoroughly

characterized the velocity profile behind the fence/barrier or
adequately assessed the particle flux from the exposed surface.
A 1988 laboratory wind tunnel study of windbreak
effectiveness for coal storage piles showed area-averaged wing .
speed reductions of 50 percent to 70 percent for a 50 '
percent poroaity windbreak with height equal to the pile height
and length equal to the pile base. The windbreak was located
three pile heights upwind from the base of the pile. This study

also suggested "that fugitive dust emissions on the top of the

pile may be controlled 1oca11y through the use of a windbreak at .
the top of the pile' (Studer and Arya, 1988). - . - -
Based on the 1.3 power given in Equation {(2=7), reductions
of ~ 50 percent to 70 percent would correspond to -~ 60 percent to
80 percent control .requires source-specitic evaluation hecause of .
the interrelation of u, and u* (for both cnntrollod and -
uncontrolled conditions) in Equation (2=7).
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This same laboratory study showed that a storage pile may
itself serve as a wind break by reducing wind speed on the
jeeward face (Figure 2-4). The degree of wind sheltering and
assocxated wind erosion emission reduction is dependent on the
shape of the pile and on the‘gqproach angle of the wind to an

elongated pile.

3.3.3 Hgs_SHEHrgﬁsinn_sxﬂnzna

Fugitive emissions from aggreqate materials handling systems
" are freguently controlled by wet suppression systems. These
systems use liquid sprays or foam to suppress the formation of
airborne dust. The primary control mechanisms are those that
prevent emissions through agglomerate formation by combining
small dust particles with larger aggregate or with liquia

. droplets. 'The key factors that affect the degree of
agglomeration and, hence, the performance of the system are the
' coverage of the material by the ligquid and the ability of the
liquia to "wet" small particles. This section addresses two
types of wet suppression systems--liquid sprays which use water .
or water/surfactant mixtures as the wetting agent and sjstens
which supply foams as the wetting agent.

Liquid spray wet suppression systems can be used to control '
dust emissions from materials handling at conveyor transfer
points. The wetting agent can be water or a combination of water
'and a chemical surfactant. This surfactant, or surface active
agent, reduces the surface tension of the water. As a‘result,
the quantity of liquid needed to achieve good control is reduced.
For systems using water only, addition of surfactant can reduce
the quantity of water necessary to achieve a good control by a
ratio of 4:1 or more (USEPA, 1983; JACA Corp., 1579).

The design specitications for wet suppression systems are
generally based on the .experience of the design engineer rather
than on established design equations or handbook calculations.
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Some general design guidelines that have been'reported in the

1iterature as successful are listed below:

3. A variety of nozzle types have been used on wet
suppression systems, but recent data suggest that hollow cone
nozzles produce the greatest control while minimizing clogglng
(U.S. Bureau of Mines, 1982).

2. optimal droplet size for surface impactlon and fine
particle agglomeration is about 500 pm; finer droplets are |
Iaffectgd by drift and surrace tension and appear to be less
effective (Courtney and Cheng, 1978).

3. Application of water sprays to the underside of a
conveyor belt improves the parformance of wet suppression systems
at belt-to-belt transfer points (Seibel, 1976). Micron-sized
" foam application is an alternative to water spray systems. The
‘primary advantage of foam systems is that they provide eguivalent
control at lower moisture addition rates than spray systems.
However, the foam system is more costly and reguires the use of
extra materials and equipment. The foam system also achieves
control primarily through the wetting and agglomeration of fine
particles (Seibel, 1976). The following guidelines to achieve
good particle agglomeration have been suggested.

1. _The foam can be made to contact the aggregate material
by any means. High velocity impact or other brute force means
~ are not regquired. ' '

: 2., The foam should be distributed throughout the product
- material. Inject the foam into free-falling material rather than
cover the product with foanm.

3. The amount applied should allow all of the foam to
di&sipate. The presence of foam wath the product indicates that
either too much foam has been used or it has not been adequately ‘
dispersed within the material.

~ Available data for both water spray and foam wet suppression
-systems are presented in AP-42. The data primarily includad
estimates of gontrol efficiency based on concentratzons .33 total
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lace atmosphere. Scone

partlculate or respirable dust in the workp |
The data

data on mass emiss;ons reductxon are also presented.

should be viewed with caution in that test data ratings are

generally low and only minimal dgta on process or conyrul systenm

'parameters are presented.
The data in AP-42 do indicate that a wide range of

erficiencies can be obtained from wet suppression systems..
. copveyor transfer stations, 11qu1d spray systems had efficiencies
ranging from.42 percent to 75 percent, while foam systems had
efficiencies ranging from 0 percent to 92 percent. The data are
not sufficient to develop relationships between cont;ol or
process parameters and control efficiencies. However, the.
following observations relative to the data are noteworthy:

1. The quantity of foam applied to a system does have an
impact on system performance. On grizzly transfer points, foam
rates of 7.5 ££3 to 10.5 f££3 of foam per ton of sand produced
'1ncrea51ng control efficiencies ranging from 68 percent to 98 -
percent (Volkwein et al., 1983). Foam rates below 5 ft3 per ton
produced no measurable control.

2, Material temperature has an impact on foam performance.
‘At one plant where sand was being transferred, control ' :
efficiencies ranged from 20 percent to 65 percent when 120 F sand
was handled. When sand temperature was increased to 190 F, all’ )
- control efficiencies were below 10 percent (Volkwein et al.,
.1983). . L ) .

) 3. - Data at one plant suggest that undesirable belt sprays -
increase control efficiencies for respirable dust (56 percent to
81 percent) (Seibel, 1976)

4. When spray systems and foam systems are used to apply
eguivalent moisture concentrations, foam systems appear to )
provide greatef control (Volkwein et al., 1983). On a grizzly
feed to a crusher, equivalent foam and spray applications
provided 68 percent and 46 percent contrnl etficiency,
respectivef&.

For
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3.4 CONS'I‘RUCTION/DEHOLITION

work practice controls refer to those measures which reduce
either emissions potential and/or source extent. These will be
discussed below for both construction and demolition adctivities.

' por construction activities, a number of work practice
controls can-be applied to reduce PM-10 emissions from the site.
These 1nc1ude paving of roads and access points early in the -

project, compaction or stabilization (chemical or vegetat;ve) of .
disturbed soil, phasing of earthmoving activities to reduce
source extent, and reduction of mud/dirt carryout onto paved
streets. Each of these technigues is site-specific. However,
subdivisions, for example, can be constructed in phases {or
plats) whereby the amount of land disturbed is limited to only a
selected number of home sites. Also, subdivision streets can be
constructed and paved when the utilities are installed thus
reducing the duration of land disturbance. »

Finally, increased surface loading on paved city streets due
to mud/dirt carryout can be reduced to mitigate secondary site
'impacts. This may involve the installation of a truck wash at
. access points to remove mud/dirt from the vehicles prior to
exiting the site or periodic cleaning of the street near site
entrances. Aall of these technigues require preplnnnlng for
implementation without substantially interfering with the conduct
_ of the project. . _
B . In the. case of denolition sites, the work practice controls
- which can be employed are far more limited than is the case for
construction. Normally, demolition is an intense activity
conducted over a relatively short timeframe: therefore, nmeasures
to limit source extent are not usually possible. The most
significant technique to limit emissions potential is to control
mud/dirt carryout onto paved city streets. This could be
conducted by installing a truck wash and grizzly to remove mud
and debris from the vehicles as they leave the site. Also,
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controelling duSt generated by vehicle traffic on the site can be_
significant.

control efticiency values can be obtained by a site-specific
analysis of alternative site preparation schemes based on ‘the
planned level of activity ‘for the entire project using the
emission factors provided above. Por mud/dirt carryout, a
quantitative value for control efficiency could be obtained if
- gtreet surface loadzng data for uncontrolled (i.e., thase which
do not employ any measures to reduce carryout) and controlled

sites were collected.

3.4.1 Traditional control Technologv

In addition to work practices, a number of open source
controls are also available for reducing PM~10 emissions from
construction and demolition sites. These traditional controls
are: watering of unpaved surfaces; wet suppression for materials
storage, handling, and transfer operations; and wind fences for
- control of windblown dust. : '

The use of water is probably the most widely used method to
control open source emigsions. However, very little quantitative
. data are available on the efficacy of wet suppression-for the '
control of fugitive PM-10. This is especially true for materials
storage and handling operations. Some limited data are available
. for watering of unpaved surfaces, but estimation of control

. efficiency (and thus a watering control plan) is aifficult.
Those data which are available are presented below. )

It should be noted that treatment of unpaved surfaces using
chemical dust. suppressantgs has not bean included in the list of
available ‘controls for construction/demolition. 'This is due to
. the fact that the temporary nature of these operations may not
warrant their use. The same travel surfaces may not be used for
sufficient time to allow reapplications of the chemicals and
achieve cost-atfective use of the chemical suppressants. AaAn
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exception might be +he use of hydroscopic salts which require

only one application at the beginning of the project.

With regard to w:nd fences, only three studies have been
identxf;ed for this partzcular control technlque which attempt to
guantify the degree of control -achieved. Wind fences (and other
types of barriers) are extremely cost effective in that they
1ncur little -or no operat;ng and maintenance costs. ' For this
reason wind fences are an attractive control alternative for -

w;ndblown Pu-lo emissions.

- 3.4.2 H::e:inn_nf_unnaxed_sn::nees

Watering of unpaved roads is one form of wet dust
suppressién. This technique prevents'(or suppresses) the fine
particulate from leaving the surface and becoming airborne
through the action of mechanical disturbance or wind. The water
acts to bind the smaller part;cles to the 1arger material thus -
reducing emissions potential.

The control efficiency of watering of unpaved surfaces is a
direct function of the amount of water applied per unit surface.
area (liters per sguare meter); the freguency of applieafion
(time between reapplication); the volume of traffic traveling
over the surface between applications; and prevailing
meteorological conditions (e.g., wind speed, temperature, etc.).
As stated previously, & number of studies have been conducted
with regard to the efficiency of Watering €o. control dust, but
few have quantified all parameters listed above.

The only specific control etficiency data which are
available for construction and demolition involve the use of
watering to control truck haulage emissions for a road .
construction project in Minnesota (Kinsey et al., 1983). Using
the geometric means of the important source characteristics
(i.e., silt content, traffic volume, and surface no;sture) and
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tho regression equation developed from the downwind concentration
data, a PM-10 control etf;ciency of approxznately 50 percent was.
obtained for a water applioat;on intensity of approximately 0.2
gal/ydthour.

It should be noted that truck travel at road’ construction '
sites is only somewhat similar to travel on unpaved roads. The
road bed surface is generally not #as compacted as a well~ .
constructed unpaved road. There are also subtle differences in.
surfaoe—composit;on. care should be taken, thereforo, in.

est;matlng oontrol etfzciency for noncompacted surfaces.
For more compacted, unpaved surfaces found in construction

and demolition sites, an empirical model for the performance of
watering as a control technigue has been developed (Cowherd and
Kinsey, 1986). The supporting data base consists of 14 tests
performed in four States during five ditterant summer and fall

-months. The nmodel 1s°

where: C = average ‘control effzoienoy, in peroent
P = potential average hourly daytime evaporatxon rate -

. in mum/h
d'= average ‘hourly daytinme tratfic rate in vahiolos

per hour
i= application intensity in-L/m?
t = ‘time between applications in h

The term p in the above equation is deterninod using Fiqure 3-4
and the relationship: : :
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potential average hourly daytime evaporation rate
{mm/h)

where: p =

. o =
- 'An alternative approach (which is potentially suitable for a
Iregulatnry format) is shown as Figure 3-1.

Figure 3-1 shows thnt. betwean the average uncontrolled
‘moisture content and a value of twice that, a small 1ncrease_xn
moisture content results in a large increase in control
erfficiency. Beyond this point, control efficxency grows slowly

with increased moisture content. .

3.4.3 -Wet Suppression for Materials Storage and Handling

Wet suppression of materials storage and handling qurations
is similar to that used for unpaved surfaces. However, in
addition to plain water, this technigque can also use uatér'plus a
chemical surfactant or micronized foam to control fugitive PM-10

Surfactants added to the water supply allow particles to
more easily penetrate the water droplet and increase the total ‘

" number of droplets, thus increasing total surface area and.

' . contact potential. Foam is generated by adding a chemical (i.é., :
detergent-like substance) to a relatively small quantity of water
.which is then vigorously mixed to produce small bubble, high
energy foam in the 200 to 200 um size range. The foam uses very
little liquiad volume and, when applied to the surface of the bulk
material, wets the fines more effectively than untreated water.

As with watering of unpaved surfaces, the control efticiency
of wet suppression for materials storage and handling is
.dependent. on the same basic application parameters. These
includé: the amount of water, water plus surfactant, or foﬁh
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applied per unit mass:or .surface area of material handled (i.e.,
1liters per metric ton or sguare meter); if not continuous, the

time between reapplications; the amount of surfactant added to
the water (i.e., dilution ratio), if any; the method of
application including the number. and types of spray nozzles used.
and applicable neteorological condit:ons occurring op-site.

For supprassian using plain water, the most applicable
| efficiency information available is for feeder to belt transfer _
. of coal in mining operations. Control efficiencies of 56 percent
to 81 percent are reported for respirahle particulate (partzcles
< ~ 3.5 umA)- at application intensities of 6.7 to 7.1 L/Hg (1.6
to 1.7 gal/ton), respectively. Assuming that respirable
partxculate is essentially equivalent to PM~10, the above control
efficiencies would be representative of similar controls for
construction/demclition. (The above application intensities were
estimated assuming 5 min to discharge 7 Mg of coal and 1.4 |
L/nmin/spray nozzle.)

In the case of foam suppression, the most appropriate data
'avallable are for the transfer of sand from a grizzly. Using the
respirable particulate control efficiencies at various foam -
application intensities (and assuming respirable particulate is
eguivalent to PM-10), the following eguation was developed by
sinple linear regression of the data compiled by Cowherd and

Kinsey (198B6}):

wheré: c = PM~-10 control efficiency in percent
A = application intensity in ft3 foam/ton of material

A coefficient of determlnation (rzl of 99 97 percent was
obtained for the above equation hased on the three data sets used
in its derivatian.
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An alternate npproach (which is potentially suztnble for
regulatory formats) involves the use of the recently developed
materials handling equations soon to be publlshed in AP-dz, by
determining the suncontrolled" moisture content of the nnterial

and again after wet suppress;on.
The above calculations-would necessitate the determination

of the amount-of water added to the material by laboratory

analysis. This could be accomplished by taking grab samples of
_the material before and aftar application of the wet suppression

technigue being employed.
3.4.4 2gz:nhlg_ﬂind_s:tggn&_n:_ﬁgpngaI

' . The principle of wind screens or fences is to provide a
" sheltered region behind the fenceline to allow gravitational

settling of larger particles as well as a reduction in wind
erosion potential. Wind screens or fences reduce the mechanical

. turbulence generated by amhient winds in an area the length of
which is many times the physical height of the fence.

As stated previocusly, wind fences and screens are applicable -

to a wide variety of fugitive dust sources. They can be used to
control wind erosion emissions from storage piles or exposed
areas as well as providing a sheltered area for materials
handling operations to reduce entrainment during load-in/load?
out, etc. Fences and screens can be portahle and thus capable of

'? hezng moved around the site, as needed.

_ The COntrol efficiency of wind fences is dependent on the
'physzcal dimensions of the fence relative to the source being
controlled. 1In general, a porosity (i.e., percent open area) of

50 percent seems to be optimum for most applications. Note that -

no data directly applicable to construction/demolition activities
were found. According to a recent field study of small soil.

storage piles, a screen length of five times the pile diameter, a

screen~to-pile digtance of twice the pile height, and a .screen

3-40 ,
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height.equal'to the pile height was found best (Zimmer et al.,
1986}. Vvarious problems were noted with the sampling methodology
used, however, and it is dpubtful that the study adequapely
assessed the particle flux from the exposed surface. These
problems tend to limit an accurate assessment of the overall
degree of control achjevable hy wind’ rences/barriers for large
open sources.’ - ' '
. ‘While not entxrely applicable to construction/demolitlon
activities, results of a laboratory wind tunnel study were used
to estimate 60 percent to 80 percent control efficiencies tor

'materials handling emissions. S

3.4.5 Q9n::nl_gt;undzni:EJQn:zxnn;

Mud and dirt carryout from construction and demolition sites ‘
" often accounts for a temporary but substantial increase in paved
road emissions in many areas. Elimination of carryout can thus
'significéntly reduce increases in paved road emissions.

At present, the efficacy of various methods to prevent or
reduce mud/dirt carryout have not been quantified. These
" techniques include both methods to remove material from truck
underbodies and tires érior to leaving the site (e.g., a
temporary grizzly with high pressure water sprays) as well as -
techniques to periodically remove mud/dirt carryout from paved
streets at the access point(s).. The following method has been
developed, however, to conservatively estimate the reduction in .
ﬁasslémissions due to carryout. -

For an individual access point from a paved road to a
typical construction or demolition site, let N represent the
number of vehicles entering or leaving the area on a daily basis.
Let E be given by: :
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where E is the unit PM-10 emission increase in g/vehicle pass.
Finally, if M represents the daily number of vehicle passes on |
;hg_ggggd_rgﬂﬂ then the net daily emission reduction (q/day) is

given by E x M, assuming complete proventian.
The emission reduction calculated above assumes that

" .essentially all carryout from the unpaved area is either ’
prevented 6r removed periodically from the paved surface and, as
such, is viewed as an upper limit. 1In use, a regulatory agency
may choose to assign an effective level of carryout control by
using some fraction of the E values given above to calculate an
enission reduction. :

. Alternatively, field measurements of the gilt loadings an

. paved surfaces at the construction site access point after
control has been implemented, compared with adjacent paved areas,

may also be ussd to gauge the effectiveness of control prograns.

3.5 WIND EROSION OF OPEN AREAS

.~ .Wind erosion control of soil surfaces is accomplished by
stabilizing erodible soil particles. The stabilization process
is accomplished in three najor-successive stages: (a) trapping
of moving soil particles, (b) consolidation and aggregation of
 trapped soil particles, and (c) revegetation of the surface

- {Chepil and Woodruff, 1963). '

The trapping of eroding soil is termed "stilling® of
erosion. This may be effected by roughening the surface,.by
Placing barriers in the path of the wind, or by burying the
erodible particles during tillage. Trapping is accomplished
naturally by soil crusting resulting from rain followed by a slow
pProcess of revegetation. It should be stressed that the stilling
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of erosion is only temporary; to effect a permanent contrel,
plant cover must be established or plant residues must be
maintained.

in bare soils containing a mlxture of erodible and
nonérodible fractions, the gquantity of soil eroded by the wind is
1imited by the height and nupber of nonerodible particles that
become exposed on the surface. The removal of erodible particles
' sontinues until the height of the nonerodible particles that
serve as barriers to the wind is increased to a degree that
affords compiéte shelter to the erodible fractions. If the
nonerodible parriers are low, such as fine éravel, a relatively
large numbér of pieces are needed for protection of soil from-
wind erosion. The gravel in such a case would protect the
erodible portion more by Covering than by sheltering from the
wind. Thus, all nonerodible materials on the ground that control
efosion hiave an element of cover in addition to the barrier
principle which protects the soil. The principles of sirface
barriers and cover are, therefore, inseparable.

The above prinéiples extend to almost all elements used in
wind erosion control. All of these control methods are designed
to (a) take up some or all of the wind force so that only the

residual force, if any, is taken up by the erudible soil
fractions: and (b) trap the eroded soil, if any, on the lee side '
or among surface roughness elements or barriers, thereby reducing
" soil avalanching and intensity of erosion. :

.- In the sections that follow, various control methods are
discussed with respect to their characteristics and effectiveness
in controlling open area wind erosion. Methods include
vegetative cover, soil ridges, windbraaks, crop stirps, chemical
stabilizers, and irrigation. ’

5
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3.5.1 Chemical Stabilization

A portable wind tunnel has been used to measure the control
of coal surface wind erosion emissions by a 17 percent solution
of Coherex® in water applied at an intensity of 3.4 L/w? (0.74
gal/ya2), and a 2.8 percent solution of Dow Chemical M-167 Latex
Binder in water applied at an average intensity of 6.8 L/m? (1.5
gal/yd?) (Cmscino et al., 1983). The control efficiency of
. Coherex® applied at the above intensity to an undisturbed coal.
surface approximately 60 days. before the test, under a wind of
15.0 m/s (33.8 mwph) at 15.2 cm (6§ in) above the qroupd. was 89.6

percent for TP and approximately 62 percent for IP and FP. The
control efficiency of the latex binder on a low volatility coking

_coal is shown in Figure 3-3.

3.5.3 Wind Fences/Barriers

Wind fences/barriers are an effective means by which to
conitrol fugitive pa:tiéulate emissions from open dust sources.
The principle of the wind fence/barrier is to provide an area of
reduced wind velocity which allows settling of the large :
particles (whlch cause saltation) and reduces the particle flux
from the e ‘posed surface on the leeward side of thq
" fence/parrier. Wind fence/barriers can either be man-made
structures or vegetative in nature. -

' Windbresks consist of trees or shrubs in 1 to 1D rous, wind
and snow fences, solid wooden or rock walls, and earthen banks.
The effectiveness of any barrier depends on the wind velocity and
direction, shape, width, height, and porosity of the barrier.

Nearly all barriers provide maximum reduction in wind
velocity at leeward locations near the barrier, gradually
decreasing downwind. Percentage reductions in wind vulocitiss
for rigid barriers remain constant no matter what the wind
velocity (Chepil and Woodruf?, 1953).
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Dlrectlon of w;nd influences the size and location of ‘the
protected areas. The area of pratectzon is greatest for winds
perpendicular to the barrier length and least for winds parallel

with the barrier.
The shape of the windbreak indicates that a vertically-

abrupt barrier will provide large reductions in velocity for
relatively short leeward distances, whereas porous barriers
provide smaller reductions ip velocity but for nore‘extgnded
dlstnnces. . -

Height of the barrier is, perhaps, the most inportant factor
influencing effectiveness. Expressed in multipliers of barrier
height, the zone of wind velocity reduction on the leeward side
may extend to 40 to 50 times the height of the barrier; however,
reduct;ons at those distances are insignificant for wind erosion
coritrol. If complete control is desired, then barriers must be

placed at frequent intervals.

3.5.2.1 Tree Windbreaks-—— _
One-, two-, three-, and five-row barriers of trees are found

to be the most effective arrangement for planting to contrel wind
erosion. The type of tree species planted also has considerable
influence on the effectiveness of a windbreak. The rate of
growth governs the extent of protection that can be realized in

later years.

3.5.2. 2 Artxfic;al Barriers-
o Snow fences, fences constructed of- board or lath, banmboo and

willow fences, earthen banks, hnnd-inserted straw rows, and rock
walls have heen used for wind erosion contrel on a rather limited
scale. Because of the high cost of both material and labor
required for construction, their use has been 1initéd to where
high value crops are grown or where overpopulation requires
intensive agriculture.
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In the United States, the applicatidn of artificial barrigrs
for wind erosion control has been limited. Snow fences
constructed from strips of lath held together with wire have been
used for protecting vegetable crops. Such fences prov;de ‘only a
relatively short zone of protection against erosion,
approximately 10 times the height of the barrier.

- .3.5.2.3 Effectiveness-- .
A number of studies have attempted to determine the

‘ effectivenesé of wind fences/burriers for the control of
windblown dust under field conditions. Several of these studies
have shown both a significant decrease in wind velocitj as well
as an increase in sand dune growth on the lee side of the fence
(Chepil and Woodruff, 1963; Carnmes and Drehnel, 1982: Larson,
1982; Westec, 1984). The degree of enissions reduction varied
from study to study ranging from 0 to a maximum of about 90
percent depending on test éondiiions (Larson, 1982; Radkey and
MacCready, '1980). A summary of available test data contained in .
the literature on the control achieved by wind fences/barriers is
provided in Tahle 3~7, '

_ Various problems have been noted with the snmpling
methodology used in each of the studies conducted to date. These
problems tend to limit an accurate agsessment of the overall N
degree of control ach;evable by wind fences/barriers for 1arg¢,
open sources. .Most of this work has either -not thoroughly
characterlzed the velocity profile behind the fence/barrier or
adequately assessed the particle flux from the exposed surface.

3.5.3 !mtntin_chgz

. Natural vegetative cover is ths most effective, easiest, and
most economical way to maintain an effective control of wina

erosion. In addition to the crops such as grasses, wheat,

sorghum, corn._legunes, and cotton, crop residues are -often
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 SUMMARY' OF AVAYLABLE CONTROL EFFICIENCY DATA

3_7 L)
TfBLE FOR WIND FENCES/BARRIERS
f—— —— e
i : (Radkey and
1l or
congzggr;:rameter (Larson, 1982) HacCread!L_lsao)
_ of Textile fabric Wood cyclone fence

fence/barrier - _ .
Porosity of 50% 50%
fence/barrier : _ .
Height/length of 1.8 g/SO .| m/12 m
fence/barrigr -
Type of erodible  Fly ash Mixture of topsozl
material o and coal
Material Percent H;O = 1.6 Unknown
characteristics Percent <50 pm = 14.7

Percent <45 pm f_4.6 i
Inczdent wxnd Average (no screen) = Maximum 27 m/s
speed 4.3 n/s (9.7 mph) (60 mph)

Average‘(upwind) = 5,32 -

. .m/s (11.9 mph)
Average = 2 m/8 (4.0 Unknown

Lee-side wind
speed
Particulate

measurement
technlque

Test data ratingb

Measured
particulate
control
efficiency®

mph) or

U/D = hi-vol and hi-vol

64% reduction

w/SSI (11 tests)

¢

TP = 64% (average)
TSP = 0% (averqge)

u/d - Bagnold
catchers (one
test)

C
TP = 88% (average)

'8 Hi—vol = high volume air sampler: hi-vol w/SSI = high volune
air sampler with 15 umA. size-salectiva inlet, SSI.

b pata rated using criterla specified in Section 4.4.

C. TP = total particulate matter, TSP = total suspended
partzculate matter (particles < ~ 30 nnA).
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placed on fallow fields until a permanent crop is started. all
of these methods can remocve 5 to 99 percent of the direct wind.
force from the soil surface (zingg, 1954).

3.5. 3 1 Effectiveness—— .
Grasses and lequmes are most effective ‘because they provide

a dense, complete cover. Wheat and other small grains are
effective beyond the crucial 2 or 3 months after planting..
sorghum, and _eotton are only of intermediate effectiveness
because they are planted in rows too far. apart to protect. the

=t After harvesting, vegetative residue should be anchored to
+he surface (Chepil et al., 1960). Duley (1$58) found that
legume residues decay rapidly, while corn and sorghum stalks are
‘durable. He found wheat and rye straw more resistant to decay

corn,

than oat straw.

-3.5.3.2 Maintenance--

Excessive tillage, tillage with improper implenents, and
overgrazing are the major causes of crop cover destruction.
Effective land management practices must be instituted if wind
erosion is to be contiolled. : | :

For grazing, the number of animals per acre should be
controlled .to maximize the use of grass and stil) maintain
sufficient vegetative cover. .

Stubble mulching and ninimun tillage or plow-plant systens
of farming tend to maintain vegetative residues on the surface
when the land is fallow. Stubble mulching is a year-round system -
in which all tilling, planting, cultivating, and harvnsting :
operations are performed to provide protection from erosion.

This practice requires the use of tillage implements which
undercut the residue without soil inversion.

L

' ] September 1§92
=48 3T 1S



3.5.4 Limited Irrigation of Barren Field

" The periodic irrigation of a barren field controls blowing
soil by adding moisture which consolidates all particles and
'ereates a crust upon the soil surface when drying occurs. The
amount of water and frequency of each irrigation during fallow to
maintain a desired level of control would be a function of the
season and of, the cfusting ability of the soil.

3.6 AGRICULTURE

3.6.1 Tilling

IOperational modifications to till;ng of the soil include the
use of novel implements or the alteration of cpltural_techniques'
to eliminate some operations altogether. All operational
" modifications will affect soil preparation or seed planting
operations. Furthermore, the suggested operational modifications
are crop specific. Estimated PM-10 efficiencies for agricultural
controls are presented in Table 3-8. '

" The punch planter is a novel implement which might have -
applications for emissions reduction from planting cotton, corn,
and lettuce. The punch planter is already being used in sugar
beet production. The punch planter punches a-hole and places the -
seed into it, as opposed to conventional planters which make a
_ trough and drop the seeds in at a specified spacing. The
advantage is that punch planters can leave much of the surface
soil and surface crop residues undisturbed. Large-scale use of
the. punch planters would require initial capital investments by
the farming industry for new equipment. - |

Herbicides for weed control is a cultural practice which
could reduce emissians from cultivation for most new crops with
wide enough spacing for cultivation and for some close~grown
crops like wheat. The use of herbicides, however, must be

: September 1992
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palanced against potehtial increased herbicide emissions caused

py wind and by water runoffs. . - )
spriﬁklef‘irrigation is an existing cultural-technfgue-whlch
could produce fugitive emisgion control for any crop ﬁhlcg is
currently irrigated by surface watering systems. Sprinkier .
irrigation eliminates the need for extensive land planting
operations which surface irrigation raqu?res. However, the
capital investment for sprinkler irrigation equipment and the
increased costs of pumping the water are major deterrents.

_ ‘mhe laser-directed land plane is a novel implehent'upich
might yield some emissions controls for surface-irrigated crops.
.Laser-guided'gradinq equipment has been used in construction for
years and can be expected to reduce the amount of land planing
required due to its more precise leveling blade. This device
night be retrofitted to existing land_plﬁnes} but capital
investment funds are required. o

The developing of long lasting varieties of alfalfa with
high leaf protein content would help to reduce emissions, because
- present .practices réquire replanting every 3 to 5 years. New
varieties already exist which can last up to 20 years, but the
protein content is low. If longevity and quality could be _
combined, the so0il would not have to be prepared so often, thus
yielding a éubsequant_reduction in emissions.

‘ Double-cropping corn with wheat or other grain instead of
corn with corn might reduce fugitive emissions. ' Since corn _
.provides so much stubble, it must be plowed or disked uhder.' The’
' beds must then be formed and shaped for the next corn seed .
planting. If wheat or another grain were grown on a bedded
field, then corn could be planted on the beds after the wheat
harvest and stubble removal. The beds would reguire only
reshaping. This would eliminate a plowing or disking operation
and a bed-forming operation while adding a less dusty wheat
stubble removal operation. .

September 1992
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Finally, aerial seeding, which is already used in rice L
production, unuld prohably reduce enlssions somewhat from alfalfa
and wheat praduction. However, at least in the case of wheat,
the merially applied seed must be covered. This covering
operation will produce dust, but it may be less dust than a

ground-planting operation would produce

September 1992
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SECTION 4

ENVIRONMENTAL ANALYSIS OF BACM

This séétiqn discusses the positive environmental effects of

controlling PM~10 from fugitive dust sources. The unfavorable

cross-media impacts of control measures available for BACM _
appllcatxon, such as water pollution, solid waste production, and
anergy consumption are also addressad.

The PM-10 emissions are known to adversely affect human
health (especially for sensitive persons), soil and water,
manmade materials, visibility, weather, and possibly climate.
Fine particles that disperse from sources and remain suspended
over re}at1VB1y long periodé of time also create hazards to
transportation, deterioration of economic values, and persconal
discomfort. . ' '

Human beings at special risk from acute exposures to PM-10
include the elderly and those with preexisting cardiorespiratory
disease conditions. Chronic exposuve to PM-10 has ‘been reported
~ to decrease lung function and increase respiratory disease in
children. These and other studies are examined in the three-

" 'volume docunent, “Air Quality Criteria for Particulate Matter and
Sulfur Oxides," EPA 600/8-82--029 (1982). |

The cited EPA document also examines affects of particulate
emissions on terrestrial ecosystens, visibility, and materials..
Nontoxic fugitive particulate matter from natural and
anthropogenic sources has little impact on terrestrial -
ecosystems, unless rates of depositian are very high. However,
suspended particulate matter often soils materials and
infiltrates into sensitive electrical and mechanical equipment.
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0 substantially affects visibility, especially as a
' er that reduces target image
visual range is inversely related '

The PM-1
relatively homogenous haze lay

clarity and range of viewing.
' +o the total extinction value which is in itself closely

proportional to the fine particle mass concentration. Reductions
in visibility can adversely affect both air and ground

portation, property values and asesthetics,

Climate may also be affected by high concentrations of
PM-10. If the aﬁoupt of solar energy directed to the earth’s
surface is reduced by reflection from a PM~-10 haze, the '
temperature balance and precipitation patterns may be altered
with consequent effects upon agricultural production, sea levels

trans

and energy usage.

- 4.1 COMPARISON OF BASELINE.TO POST-BACM PM-10 EMISSIONS

, The measures available for BACM application focus on
preventive measures to ensure that potentially emitting surfaces
are kept clean or are stabilized{, In the following sections;l
baseline emissions in the absencé of controls are compared to .
enmissions after application of thni Emissions are '
guantitatively assessed for each of the pajor fugitive dust
sources. Jhe model units discussed in section 2 are used to
gstimate the reduction in PH—loleﬁissions that can be expected
from application of BACM. ' -

4.1.1 Paved Roads

~ As shown in Table 4-1, major and collector streets under
normal =ilt loading conditiéns-ﬁresent the best options for
control. based on high emission density. Mitigative control .
operations are presented in Table 4-2 for industrial roads and
Table 4-3 for urban roads, together with estimated control
grficiencies. Mitigative control of paved road emissions is
usually not safe for those roads that have traffic intensities
exceeding about 15,000, ADT (Cowherd et al., 1988), which would
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TABLE 4-1. PAVED ROAD EMISSIONS POTENTIAL .

| | Road
Average Silt loading® emission
_ daily Tav potent iaz 1
' Roadway category Laqes traffic % ;2, N (veh-g/m®)
‘ : _ - (vehicles) .
Freeways/expressways =4 > 50,000 0.022 1 >1,100
Ma jor | 24 . > 10,000 0.36 26 . > 3,600
-streets/highu@ys- o . - . .
Collection streets 2®  500-10,000  0.92 10 460-9,200

Local streets_'__ . 2¢ < 500

-1.41 7 < 705

dSta presented by city (Cowherd et al., 1988).

b Road width.= 32 ft.

€ Road width < 32 ft..
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‘ e a
MEASURED EFFICIENCY VALUES FOR PAVED ROAD CONTROLS®

Method . Cited - Comments
- : efficiency
i - 0-58% Field emission measuremen
yacuum skeepind "OBE lPR-15) 12.000-cfm blower?
46% Reference 7, based on field

Water flushing

measurement of 30 sgm
particulate emissions

69;£.§31 Field ueagnrembni of PH-IS .
- ” emissions

96-0.263 Field measurement of PM-15
28 a

- Water flﬁshing . | '
followed by'sueeging emissiong

A1l results based on measgremants ofiair euissionstfram
industrial paved roads. Broom sweeping measurements
presented in section 2.3.2.1 {Cowherd and Kinsey, 1985).

'PM-10 control efficiency can be assumed to be the same as

that tested. 2
Water applied at 0.48 gal/yd®. ’ -
Equation yields efficiency in percent, V = number of vehicle

passes since application.

TABLE 4-3. ESTIMATED PM-10 EMISSION -
CONTROL EFFICIENCIESY -

Estimated

Method PM-10

’ efficiency,
%
Vacuum sweeping 34
Improvedbvacuum 37

-suaeging .

2 . Estimated based on measured

initial and residual < 63-;m

_ 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

b in section 2.3.2.1.

Sweeping improvements described
in Duncan et al. (1984).
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exclude freeways/expressways. Because broom sSweepers &re .
observed to cnuse, rather than mlthﬂte, dnst enissions from dry
roads, they are generally not recommended. Control measures that
aim to prevent, rather than clean up silt loadings on pavnd
roads, are preferable, with no rastrlction as to road

classification. .
" candidate BACM for paved roads include those preventive

measures des;gned to keep the silt loading on the road surface as .
" low as possible. nud/dirt track-on is the major cause of "
.elevated silt loadings that intensify particulate emissions from

paved roadways. .
Available measures to prevent track-on include curbing to

- prevent vehicle traffic on dirt surfaces adjacent to paved roads,
and construction and daily clean;ng of paved or graveled access '
aprons at construction sites. ‘These aprons enable construction-
related vehicles to "clean" their tires on the apron before
movepent to a more heavily travelled paved public roadway.

candidate BACM also include mitigative measures applied
under speciazlized conditions. Regular road surface cleanup
operations must follow winter sanding of roads. Road cleaning
cannot be advised under dry conditions. - Street cleaners should
operate only when water can be applied (or the road is otherwise
' wet) and there is no possibility of refreezing on the roadway. '

The model unit proposed in Figure 4-1 is a c¢ollector road
-segment of ©. 8 Xm (0.5 mi) length (1/4 mi in each direction trun
a construction site). The collector road is assumed to have an
_average da;ly_:rattic (ADT) of 5,000 vehicles, including the
traffic due to the construction site. The construction site is
estimated to be active for 90 days with about 40 truck accesses
each day. Application‘ot'the paved road equation with a default .
silt loading for collector roads (Table 4-1) produces an emissiaon
factor of 14.0 kg/day for baseline conditions. Emissions . due to
carryout onto the portion of the collector road.adjacent to tha
construction site are estimated to be 65 kg/day.

The addition of a 100-foot long, paved asphalt apron at the
_entrance to the construction site with dnily cleaning is
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estimated to contral 86 percent of the track-on to the collector
road. ' In other words, truck traffic using this apron is expected
to deposit 95 percent of mud ‘and dirt on this apron (to be
cleaned daily), rather than on the 5,000 ADT collector road.
Assuming 86 percent oontrol of track-on to the collector
road, total uncontrolled emigsions of 79.0 kg/day can be reduced
o 23:1 kg/day, with an estimated .control efficiency of 71
- percent for the half-mile 1ength of collector road adjacent to
the construotxon gite. The cost items presented in Figure 4-1
are analyzed more rully in section 5. These include capital
- costs, operation and ma;ntenance costs, and enforcement costs.
By dividing the enission roduotion by the annualized cost (fron
section 5), a calculated cost effectiveness for this control

scenario is 0.61/kg of PM-10 emission reduction.

4.1.2° Unpaved Roads

Significant PM-10 emissions oan be expected from unpaved
roads, especially those with traffic greater than 100 ADT and
travelling at speseds above 25 uph " The model unit proposed in
this section is a i-km segment of unpavod,road with 225 ADT, and
an average vehicle with woight"of ang,and with 6 wheels. As
shown in Figure 4-2, uncontrolled emissions from this road
- 'segment are estimated as 217 kg/day. . :

For the model unit, a chemical suppression proqran has been.
_'designed to control PM-10 emissions. From Table 4=4, it can be

_calculated that seven applications of & latex binder are required
to be applied over a period of a year to this portioular road to
achieve an eotinnted PM~10 control efficiency of 75 poroont. The
application intensity will be 3.8 L/m? of 20 percent solution for
the first application. A subsequent application of 4.5 L/m? (12 °
percent solution) will occur every 2 weeks after the initial one
and will then be required every 52 days. This chemical
suppression program is estinated to produoe a PM-10 emission
Teduction of 195 kg/day. ‘
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MODEL UNIT

Source clmiﬂcatfnn: Paved Road

Source dascription: Dirt carryout from construction site onto 0.8 km of pavad road
adjacent to site. Resuspension of carryout by vehicles on paved road. '

Source specifications: Collector road {8000 ADT} nd‘acunt to construction site.
40 truck accesses/day. .

Regulation:  No paison shall alfow any visible lccmi\ulatuon of mud, dirt, dust, or
other material onto paved roads, including paved shouldcrs adjacent to the site
whers construcnonldemolmon activity ocours.

BACM: Pave 30 m of access apron. Flush and swaep pavad access apron dally.
Vz-uiab!c Controlled: Surfece loading on pavad road. |

Capital cost items: Paving cq:ﬂpmgni:_. raterial and labor, restoration costs
O&M cost items: Labor and mt associated with cleanup (2 hoursldav)

Enforcement: Permitting., Visusl confirmation of apron claanmg Silt Ioading
sampies from pavad road,

Environmental cffcctr Ensrgy and fuel use; minor VOC mussiam. dispasal of
smuisified asphait/base rock {expactad to be vary low due to short apron length)

‘Caleulation of P\, smission reduction:

Uncontrolled: (USEPA, 1988)
Background: 14 kg/day . '
Construction dirt carryout: 5000 ADT 13 g/vehicle (i f > 25
: ' lccemsfdayl = 88 kg/day .

Cantrollod.

1-0.85. I‘l-O.BSS) = 86% control lfﬁcuncvfrom rosd emissions
. dus to construction site carryout [30m of paved apron
" contains 95% of the carryout; from Table 4-2, watsr flushing
and sweeping vield a control efficiency of 85.5%]
Construction dirt carryout: 65 (1-0.88) = 9.1 kg/day
Haducﬁon. ‘
R = 55.9 kg/day

Control efficiency: 71%

Figure 4-1. Proposed model unit—paved roads.,
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MOOEL UNIT

Source classification: Unpaved Road _
Soum description: 1 km of unpaved md. Vehicle ontmnment of surfar:a dirt. -

Source specifications: 'llcmafmad(zzsmnwimsmmunt 10%. No significant
-annual raintall, Vehicle characteristics: mmgespeedofazhnlh vehicia weight of 8
Mg, B wheels. .

Reguistion: Unless otherwise mmpted. no ac:tsn .unpaved road surfaces shall remain
“inan unstabﬂized state.

BACM: Stab‘lize unpaved road surface with the chemical mppmant Coherex or
equivatent. )

Variable Controlled: Silt content.
Capital cost items: Truck, storage -tanls of areas, pumps, piping
O&M cost Items: Truck maintenanéo and repalr, labor, fuel, chemicals -

Enforcement Pennitung. Reviews of chemical application ucords. Site inspection
including silt loading.

Enviranmental effacts: Leadlhg of chemical suppressants; possihle vocs from
pau'oleum-based resins ,

Csalculation of PM,, omlssicn reduction:
Uncontrolled: Equa:!iw (2-6)

| }[a-w)u & [m}"”"“ EeSvehicleatiey-1iom

meﬁgumu.ﬁ%mtmlhmmaslm’ofm
solution inftiafly. Applications of 4.5 L/m? of 12% solution’ -
bagmmmmrmwwmwmmed ‘
days!onowmg(fmnTnbleM)-
E-217 (1-0.75)-543!:9(&!}'
Reduction: ‘

R= 188 knfday
Control efficiency: 75%

Figure 4-2. Propased mode! unit—~unpaved roads.
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E 4-4. EXAMPLE CONTROL PROGRAM DESIGN FOR
TABLCOHEREXO APPLIED TO TRAVEL SURFACESl H
L — -

' Days between
applications
as a function

of ADT

Average Vehicle passes

. percent between 100- 300 500
control applications
, desired - . _ , _
50 23,300 233 18 47
75 R 11,600 16 39 23
90 4,650 - 7 16 9

2 ralculated time and vehicle passes between
application are based on the following
conditions:

Suppressant application: 2 _ '
» 3.8 L of 20 percent solution/h {0.83 gallon
of 20 percent solution/yd“) initial

appl fcation
« 4,5 L of 12 percent solution/h (1.0 gallon
of 12 percent solution/yd“); reapplications

Vehicular traffic:

» Average weight-9 Mg (8 tons)

« Average wheels-6

-« Average speed-29 km/h (20 mph)

Road stricture: bearing strength-low to
moderate

B pM-10 = Particles 5 10 mA. -
c_For reapp] ications that span time periods
" greater than 365 d, the effects of the freeze-

thaw cycle are not incorporated in the reported
values,
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The calculated cost effectiveness for chemical Suppr8551on

of PM~10 emissions from an unpaved road is estimated as $0.92/kg,

based on the presentation of annualized costs in section 6.
These costs include capital cost items, O&M cost items, and

estimated enforcement costs.

.1 3 cunstrnztignznsmnli:ion_Antxri:iﬁa

The model unit for construction/demolition activities

consists of ‘a building demolition operation. It will include
‘control of emissions from loading of debris into trucks, unpeVed

road traffic, and carry-out of pud and dirt onto surrounding

roads.
It has not been shown feasible to effectively control dust

'emiseions from building dismemberment. Explosive demolition will
produce a large cloud of dust emissions that disappears over a.
period of several minutes. It is desirable for the settling out
of large particles near. the demolition gite that wind speeds be
1ight during explosive dismenberment, but this restriction is not
likely to be a candidate BACM because of low control efficiency
stemming from the fact that the settling velooity of P¥-10 is so
small. : : ' :

. Additional control of PM~10 can be achiaved by wet
suppress;on of the debris loadout process, but the following

' . calculations will demonstrate that this control measure produces

only a &mall increase in control efricienoy. Also, trucks should
_be covered as they deliver the building debris to a burial site.
Figure 4-3 presents the model unit for building demolition.
A building with 18,500 m? (200,000 f£t2) floorspace is to be
explosively democlished, and the resulting debris will be loaded
onto trucks for transport to a burial site. For a period of a’
month, 30 trucks will be loaded each day and will remove debris
from the site. The control measures to be applied include wet
suppression of debris handling and transfer, watering of the on-
site area to be travelled by the _trucks, and the creation of an
access apron to be cleuned daily hy broom eweeping/flushinq to
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MODEL UNIT

Sourcs classification: Construction/Demolition Activities
sfmm deseription: Dismemnberment of pravious bullding, debris losding and carryout.

Source spacifications: Qne scre site with 18,500 m? single fioor space. Ons sccets point to u
p.mmmtzooom Thirty vehicles/dey removing debris. Thirty days of wark. Mesn
snnua! pan wglpammn of 60 inchas.

lhgulltlunl The city and its contractors shall not engage in tho loading, ualnsding, eonvwho or
wansporting of bulk materials uniexs a dust control pian is spproved by the APCO which .
| demonstrates that an overall (80%) efficlency reduction of PM,, smissions trom mol piles and

| - related .cwlﬁn will e achieved.

No persan shell allow any vlsihla accumuistion of mud, dirt, dust, or othar materis) on the paved
roads, inciuding paves shoulders ldjscom to the site whare cannmction!dmlmun activity

OCCUrs,

BACM: Apply wet supprassion 1o debris handing & transfer (6700 L/kg). Water unpaved traval
surfaces (2 L/m3Av] daily. Psve 30 m of sccess apron. Flush and sweep accoss spron daily,

Variabiss controlad: Moisture comant of travaled surfacs sreas and debris transferrad. Surface
loading on adjscent paved road.

Capltal cost tsms: Paving aquipment, mwial and laber, rastoration costs, pumps, piping, ang:
spplication sguipmant

O&M cost ftems: Labor and water associated with claanup {2 hours/day) -

Enforcament: Permitting. Visusl contirmation of wetsr suppression program and spron tieaning. -
Moisture content of sampies from traval sreas and debris. Siit joading urhpm frem paved road,

Environmental effects: Energy and fuel use; minor VOC emissions: dhpeal of amulsified
asphait/bese rock {expected to be vary low due to shart apron lengthl; energy casts; lsaching of
storage material into ground and surface water. ,

Calcutation of PM,, emission reduction:

Uncontrolled: Figure 4-4
Dismemberment:. 4.8 kp lwm remain meomrolnd}
Onbris ioading: 85.1 ky :
On-she tuatfic: 962 kg
Dire GINYM 780 kg
Conrrollsd: ,
: Dismembermaent: 4.6 kg (0% control efficiency)
Debrig loading: 37.4 kg (56% contro! efficiency)
On-site traffic: 163.5 kg (83% controt efficlency)

Dirt carryout: 108.2 kg (88% control efficiency}
‘Reduction: R = 15131:.

Cantrol afficiancy: 3395

Figure 4-3. Proposed model unit—building demolition.
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prevent mud/dirt trackout. With these BACM in place, the PH-10
emission reduction is estimated to be 1,517 kg of a tgtal uncon-
trolled total of 1,832 kg. Figure 4-4 gives additional details
on the calculation methodology. Cost effectiveness is estingted
at'sa.sa/kg to achieve an 83 percent control efficiency for PM-
io.' Eliminating wet suppression of the truck loading ope;ation
will only stightly reduce this control efficiency to 80 percent,
and the cost effectiveness will docransg to a more favorable

value of $6.64/kg.
4.1.4 Storage Plles - .

wind erosion from storage piles is not believed to produce
signiticanf PM-10 emimsions for most nonattainment areas.
Control of wind erosion from most storage piles is not cost
efteé'_t':ive. . . . )
' Material transfer operations associated with stdrige pile
~ formation or loadout can be controlled by water sprays. The
modal storage pile shown in Figure 4-5 is a conically-shaped coal
pile with daily reclaiming. About two~thirds of the pile is
replenished'every 3 days. The fully-formed coal'pila_haé
dimensions of 11 m height and 29.2 m base, and contains 11,787 Mg
coal. Tue amount of coal transferred by conveyor in and out of
" “the Pile every 3 days is estipated at:
2 x 2/3 % 11,797 = 15,729 Mg/3 days
_ : 2,2)1.3_' .
" B = 0.35 (0.0016) \Z:2 kg/Mg - 1913736 Mg/yr = 1603 kg/yr

| . Ligg]-i

Uncoqt:alled PM-10 emissions from these transiar opernfioni;ovur-
the course of a year are estimated at 1,603 kg/fr. The water
spray system is estimated to control 60 percent. of the enissions,
reducing FM-10 emissions by- 962 kg/yr. This number, when |
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. Source Description:

18,500 m* (200.000 1) fioor space of a bullding on a 1-acre site
1accesspoﬁ1ttoapavedcitysrut(2.000mn.
30 vehicles/day removing building debris:
No datajied data dre svailable for debris removal activities.
No dazing will be parformad on sie

" Neghigible exposed areas .
8 hday operation

«  Calculation of Uncontrolled Emissions: -

£ rorm Section 5.1.2 of USEPA, 1988, the uncontrolled PM,, emissions from dismemberment
(E,), debris loading (E,), and on site traffic (€, are calculated as: .

Bun =(E+E +E) W.-m‘ﬂqor-spm
= (0.00025 + 0.0046 + 0.052) kg/m? - 18,500 m?
= 1.05 Mg PM,, emissions

For mud/dirt carryout (E,0) from haul trucks entering -and leaving the site, the mean
ingrease in paved road emissions is caiculated using Table 5-2 (USEPA, 1988) for sites
with grester than 25 vehicles/day: _

£, = 13 g/vehicle pess - 2,000 vehicles/day - 30 days
| | = 0.78 Mg PM,, emissions
Therefore, the total emissions (E;) over the duration of the project are:

E, =Egy+Eg=1.05Mg+078Mg

~ =183 Mg tota! Ph_d,, emissions

Figure 4-4. Example PM,, contiol plan for building demolition
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Methods of Control

et suppression ot debris handiing and transfer (6.7 LMg application

' intensity) _
Watering of unpaved travel surfaces (0.1 L/m*/h application intensity)

Broom sweeping/Mushing for.ramoval of mud/dirt camyout

.. De@anstriﬁon_ofcontrolegrammmncy: _
As stated in Sectian 5.3.2.1 of USEPA, 1888, an efficiency of 56% is typical for wet
suppression of debris lcading. Thus, the controled emissions for debris loading (Eq) would
be: - . , ‘
£, =0.0045 kg PM,Jm? - 18,500 m* (1 - 0.56) = 0.037 Mg PM,,

Using waterlordmteonhnlbrunpavedsurhmsquaimss-z and 3-3 as well as
Figurs 3-4 will allow caleulation of controlied emissions (assuming the site Is located in Los

Angales, Calitomia): |
p =0.0049 - @

= 0.0049 - 60 inches
=029 mmh

and -
c =two-282&
=1w_o.§co.29-[5918}-1‘-
= 82.6% ‘
' Therefore, the controlied PM,, emissions for haul tnick traffic (Ecy) Wauld be:
. Een = 0.052 kg/m? - 18,500 m? - (1 - 0.826) - MQH1000 kg -
 =0.1674 Mg PM,, émissions -
Finally, for removal of mud/dirt canyout using a combinaion of broom sweaping and
] flushing, no prevention efficiency data are available. However, if it is assumed that the
| emissions increase on the paved road far this source is reduced by 86%. Consequently

the controfled emissions of mud/dirt =0. '
o USEPA teas). cartyout (Eqp) = 0.103 Mg PM,, (see Section 5.8.571

Figure 44, (continued) |
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| The 1otal emissions controlled (Eg) are:

E. =Eq+Em+Eao
- -(0.037+0;1674+0.109)M;
w0314 Mg PM,, after control ‘
Thus, the control efficiency (CE) with wet suppression of debris loading: -

CE EE'I'_"—E . .. =
ke . 100%

(L83 — 03134
1gs . %

= 82.9%

Without wet suppression of debris loading:

= 80.2%

As demonstrated, wet suppression will not be required as BACM because of its very
small influence in controlling PM,, emissions from construction/demolition activities. -

Figure 4-4. (concluded)
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MODEL UNIT

| Soures classification: Storage Piles

Sourcs description: Conically shaped coal storage pile with conveyor tansfer operasions. Wind erosion
of pile. Enmminment of dust from uansier operaticos.
Soures specifications: Swﬁcw 11 m bigh pile, 292 m Gameter, 2455 m® vohume,
11797 My capacity. 273 of pile ransferred by conveyor infout of swrage every three days. Uncootrolled
moisture couteat of 1.5%. Mmmwdm _ o ,
Reguistion: mwmmmmmmhummmmu ‘
of bulk materials uniess & dust coutrol pian is approve by the APCO which demonstrates that
EM(M)M_MJM..mmeﬂuﬁMMWE .
achisved. . - .

BACM Opu:muqt_:pnyspmwﬂmmmm

Variable enntrolled: Moisture content,
Capital cost Hame: Pump, piping, nozzles 2nd contol system
&M cost tems: Foel (elecuiciy), waner, sepale pers, labor
Enforcament: Permining and ispecton of the sie.- Moistare conment of sainples from the sursge pile.
Eavironmental effects: m“mumwmﬁmmm '
Caleulation of PM,, emission refuction:

nw Equation 36

227 .
E-DJS-OODI&L-Z‘.ZI . ;
e s kz/Mg 1,913,736 Mg/yr
T
=] ,603kgfyr
Coatrolled: -
E = 1603 - (1-0.50) = 641 kgfyr

Reduction:
 ReS2kgyr

Control eMiciency: 0%
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associated with the analytical costs presented in section 5, show

the calculated cost effectiveness to be $9.07/kg.

4.,1.5 QRED.BIQ&S

A good example of a potent1a1 BACM applzed to open areas is
_ar unpaved parking lot that is subsequently covered with a
nonercdible surface material. By paving or graveling an unpaved
parking lot with traffic access of greater than 100 wvehicles/day,
‘three sources of emissions are suhstantially eliminated. These
include the traffic enissions (substantially the same as on an
unpaved road), track-out of mud onto surrounding paved rcadways
for subseguent resuspension, and wind erosion of the exposed

-surface.
| Figure 4-6 presents a model open area to which BACM is

applied for control of wind erosion. The PH-10 control cost
effectiveness is estimated at $12. 17/kg for graveling the parking
lot to a depth of 2 inches. : :

4.1.6 Agricultural Tilling

Agricultural tilling is onl& partially amenable to effective.
dust control practices; because 1apd must be cultivated. when the
ground is relatively dry. However, taking land out of production
and planting with permanent grasses or trees are ccntrol '
alternatives for land classifiad as “"highly erodible" under the
 Food Securities Act of 198s. Figure 4-7 examines a model farm
.~ unit of 320 acres, with 25 percent of the field classified as
"highly erodible.” The PM-10 control cost effectiveness of
taking’lcnd out of ngricultural production is calculated as
$7.45/kg, assuming a 100 percent control etficiency and,
$60/acre/yr in farmer payments.

4.2 CROSS MEDIA IMPACTS -

Soil stabilization is a major bulwark of a PM-10 control
strategy. This .has the added desirahie effect of reducing soil
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MODEL UNIT

Source classificstion: Wind Emsion‘ of Open Areas
Source description: Wmd erosion from an unpaved parking lot
Source specifications: Dirt lot 100 x 100 m. Uniform dally disturbance. Average

| particle size 0.56 mm. ana! omalomnmhﬁgms-sm USEPA

(1988).

B Reguiation: Effective __, the Clly of shall nut cause, ponnlt. suffer. or allow the

i
|
i

operaﬂon or usa, of an unpaved motor deparlungm

BACM: Cover with a less erodible material, sueh as gravel, to 2" of dapth (70%
controf).

Variable controlled: Erodibliity of exposed surface

| Capital cost ltems: Material, application equipment, iabor

‘O&M cost items: Periodic grading equipment and labor

Enforcement: Pemitting. Visual conﬁnnabun of graveling. snt loading mples from
parking area .

Env!runmantll eﬂects Energy cosls _
Caicutation of PM,, emission redwﬂom
Uncontrolied: Equation CZ-B)
: E-0.5 az.sgfm‘lmuw\ 1o.ooom' -1 ltchUﬂOg:iukgfmonﬂ\
Cantrolled:
Using a material ofﬂutsholdmcﬂmvdodw:.l.:-o.&m
~ E=164- (1-0.70) = 43.2 kg/month
Reduction:
A = 115 kg/month
Control sfficiency: 70%
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MODEL UNIT

| Sourcs classification: Auna.numl THling |
| * source description: Suspension of dust by plowing, disiing, harrowing, et

Source specifications: Ammmwm&amria%saﬁdn
content. zs%o!undisdassiﬁedas'huhlyew-' under tha FoodSamﬁtlesAct

{FSA) .
Regulstion: Food Secmilws Actpmvida forreveoetlﬂon o!lughly erudiblo Iand.

BACM: Place 80 acres of the 320-acre field lntn the meemhan Reserve Progmm of
the FSA . : _

Varizble Controlied: Source extent
caplul cost items: Seed, funﬂtzer fancing, gasoline labor, transter and implements.

O&M cost ltems: Labor, gasolina teriizer for grass maintenance; USDA annual
payments :

| Enforcement cost itams: Soll Conservation Service Inspactlon uuder Consearvation
Resave ngram.

Environmental sffects: No adverse enwmnmanul effacts;
g 1o minimal levels soﬂl:mbymrm\vlnd

Caicutation of PM,, emission reduction:
Uncontrelle: Equation (2-18)
€= 021 -4.80 - 16 ib/acre - 320 acres - Siyr = 9136 Ibyr = 4153 kglyr

Controlled : '
| é‘:%#l-usau@ms /YT (after grass is planted)

R=1038kgyr = - . -

Control efficiancy: 25%

Figure 4-7. Pmpondtnoddum—npcnhnlﬂmng.
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erosion by rainwater and eliminatlnq tracking and washing of

soil-onto-paved tratfic areas where it can be resuspended when

dried.
Street dirt contributes a significant amount of pollutants

to urban runoff. As discussed by Lorant (1986), samples
collected from street surfaces identified the snaller particles
as the major carriers of contaminants. Studies by Sartor and
Boyd -(1972) 1ndicated that up to BS percent of pesticxdes, 95 .
percent of lead and 60 percent of other heavy metals are found iﬂ
sediment particles smaller than 850 microns. For example, Pitt
' {1983} showed that concentrations measured in paved parking
runoff or street gutter flow were ten times higher than
concentrations observed from other urban sources. This suggests
that improved control of the silt loading on paved and unpaved
roads will result in a decrease in runoff pollutioa,
: The application of BACH will have some minor influence on
increased water pollution, solid waste production, and energy
- consumption. The primary environmental concerns are the leaching
of chemicai dust suppressants and storage pile soluble material
into surrounding soils and waters, the disposal of temporary
paving material, and voc emissions from petroleum-based dust
suppressants. .
Chemical dust suppressant are likely to leach aut over an
. extended period of time. The Arizona DOT (1975) found that the
_ barcehtage reduction in extractable residues from areas treated
. with chemical dust suppressants ranged between 16 percent and 70
parcent and averaged 42 percent. Thxs figure relates to a 56
percent leachout over the 14-month nonitoring period. _
Calcium chloride produces the samé types of environmental
problems when used as a dust suppressant as when used for road
deicing, but when used as a dust suppressant is considerably less
because of the smaller amounts used. Little internal hazard is -
connected with the use of calcium chloride due to its low
systemic toxicity. Calcium chloride, under conditions of high
duration or intensity rainfall, can move considerable distances
either as surface runoff or as soil leachate. However, calcium
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ressant is insignificant in comparison

added by way of dust supp .
Chloride

to the amount already present in the environment.

jtself is also present in all natural waters.
There is a potential for mobilizing mercury associated with

'the use of calcium chloride. siﬁce calcium and scdium ions

compete with mercury for exchange sites and the chloride ion
reacts with mercury to convert it to a soluble form, the runoff
of calcium chloride could result in the release of mercury from
‘'soils ‘or bottom sediments to lakes or streams. -
Lignin Bulfonates‘have very low mobility through soils and
_pose little, if any, threat to graundwater when applied to the
surface. Except for trout, this dust suppressant seems to pose
little direct systemic toxicity problems in aquntic organisms,

animals and humans, or vegetation.
Temporary paving material used to create "cleaning aprons"”

near construction sites must be disposed of. It is likely to be
 both environmentally and cost beneficial to recycle this

gravel/asphalt mixture for construction of new roads in the
vicinity of the construction site.

Volatile organic compounds {VOC’s) escape fron pavlng
materials made with petroleum based solvents. The VOC eﬁ;sgions
from cutback asphalt are estimated in AP-42, section 4.5. Only
ninor amounts of VOC’s are emitted from emulsified asphalts and.
asphaltic cement. Emulsified asphalts rely on water evaporation
to cure or on ionzc bonding of the .-ulsion and the aggregate
surface, and can substitute for cutback in almost any
application.. :
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application.

SECTION 5

CONTROL COST ANALYSIS METHODOLOGY

. The costé of impleﬁenting BACH for PM-10 emissions from
These costs have

fugitive dust are presented in this §egtibn.
aAll

been developed for the model units presented in Section 4.
costs presented in this chapter have been updated to second
gquarter 1991 dollars,

The following discussion’ descrihes the process for
calculating the cost of an available control measure for BACM
‘Examples are given for selected model units for .
paved roads, unpaved roads, construction/demolition activities,

and wind erosion from open areas.

5.1 ESTIMATING ANNUALIZED COST

Annualized cost is comprised of capital, operating, 3
overhead, and enforcement/compliance costs. Annualized cost, Cy s

is determined using the following eguation:

where: CRF = capital recovery factor (defined in Equation 5-3).
C = direct capital costs. )
Co = annual direct operating costs.

5 = overhead cost rate.

i = direct annual enforcement and inspection costs.

-~
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Annualized cost for an individual control measure is likely
to vary because of economic and environmental conditions. Costs
will vary geographically due to differences in wage rates and
equ1pment/mater1el costs by region. Costs will also vary because
of differences in availability of ‘existing equipment and
‘ personnel. For example, local govermnmente that need to
chenically stabilize unpaved roads to meet PM-10 standards and
that already own tank trucks capable of dzstributing chemical
dust suppressants will have smaller initial costs than other
‘governments without tank trucks.

The individual elements for Equation 5—1 are described in

the following sections.
5.1.1 Capital Costs, Ce

"The capital investment in a fugitive dust control system
consists of those costs incurred in purchase and installation of
equipment, development of support facilities (such as utilities),
and associated labor. In general, capital costs ‘are divided into
‘ direct and indirect costs. Direct capital costs are the costs of
control equipment, support facilities, and labor and materials
needed for installation of utilities. For example, ] )
. implementation of chemical dust suppression measures #ill.require
" tanks for storage and mixing, spray trucks, pumps, piping, etc.
.' . Direct costs cover the cost of purchase of equipment,
_'support facilities and auxiliaries. and the cost of installation.
- Structures way require certain restrictions which add to the
direct costs. General types of direct capital costs associated
with :ugitive dust control systems include: |

1. Equipnent costs for items such as trucks, sweepers or
vacuunms; chemical appl;catian equipment:; storage tanks; end
facilities. _ - _

S 2. Installetion, including adaption into current systah
(or replacement of old system), and testing and adjustnent of
control ﬁPparetus and procedures. :
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3 support facility upgrading costs for 1tens such as

newly paved roads or gravel placement over dirt roads.

4. Associated direct costs, such as ut;lity lines and
connect;ons, site developnent, and materials related eo the
acquisition and installation of the capital items.

Indirect capital costs cover the expenses not attributable
to specific equipment or structures. General types of indirect
- ‘capital costs: assoclated with fugitxve dust emissions control -
systems include:

1. Engineering and admlnlstratzve costs such as
‘specificntlons and design work, overhead costs, training of
personnel, safety engineering, and modeling.

2. construction and field expenses, including buildxngs
and equipment, warehouses, repnxr—work areas, temporary
facilities, and tools. -

3. Contractor’s fee and contlngency costs. _ .

The capital cost to be incurred is dependent on the maximun
amount of control desired. For instance, chemical suppressants
may be applied to unpaved roads & maximum of once every month.

In that case, sufficient capital egquipment should be obtained to
apply chemical suﬁpresSants to the unpaved roads in about a
month’s time. If, however, the maximum number of applications 13
later increased to twice per month, the current capital
investment may not be able to accommodate the increased
application intensity, and additional capital equipment will have
to'be_purchased. Oon the other hand, if enough equipment is

" purchased to allow a maximum of one application per week (on the
assunption that at some time it may be needad), and subsequently
only two applications are made per noﬁth. then excess capital-‘
eguipment is wasted. Therefore, the issue in determining capital
costs is one of optimization: minimizing the capital cost
subject to a minimum equipment utilization rate and minimum
emissions reduction percentage, or alternatively, maximizing the
enissions reduction percentage subject to a maximum equipment
utilization rate and maximum capltal cost.
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nualized cost of capital equipment, support
facilities, and related capitgl expenses is calculated by using a
The CRF provides an average level

Capital Recovery Factor (CRF).
of annualized cost associated with one dollar of initial capital

jnpvestment. The CRF takes into account the real interest rate of

borrowed funds (a pretax nnrgihal rate of return on private
investment, annual percent as a fraction) and the economic life

of the control system (number of_yaars);'

The an

where: i = annual interest rate.

' n = economic life of the control system in years.

For instance, given an annual interest rate of 10 percenélon
borrowed funds, and an economic life of 15 years on capital
equipment; the CRF will be approximately 0.13. This factor,
multiplied by the total capital costs, provides annualized
capital recovery cost, the nnnua;}zéh capital cost over the life

of the eguipment.

5.1.2 oOperating Cost, C,

Operating cost will be a mﬁjor_compongﬁt of many control
measures. First, those control measures that are mechanical in
_nature or reguire repeated applications or maintenance will
.likely have operating costs exceeding capital cests over time.

An example is chemical stabilization of unpaved road surfaces
where the costs of labor, fuel, and materials (chemical
 stabilizers) will, over time, exceed the cost of capital

equipment (storage tanks, tank truck, spray equipment). . .Second,
operating costs for many control measures will continue for as
long as control is required. Operating costs typically'includcé
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. Utilities: electricity, water, natural gas, telephone,

etc.
Raw materials/process inputs.

‘ operating labor. - _

" Maintenance and repairs: labor and materials.

«  By-product costs: material collected during
application; or as a result of operations, that nust be

disposed. Co - ' .
[ ‘ F‘l.lEl COStS - '
Generally, operating ccsts will increase lincarly with -

'1ncreases ‘in appllcatzon intensity cr-expansion of source extent
to be controlled (i.e., increase the number of miles of roadway
subject to BACM). However, there are many exceptions to this.
As an example, increasing application rates may result in an
'increasing rate of maintenance and repair costs. Estimates cf
operating costs need to reflect the impact of the varylng
intensities of BACM application.

Operating costs are calculated fcr a particular year using

the following equation.

- where: C, = annual direct cpcrating costs.
' - €, = annual direct utility costs..
C.. = annual direct raw mntcrxals/process inputs.
€; = -annual operating labor,
Cp = annual direct maintenance/repair costs.
Cp, = annual dircct by-product costs.
Cy = "annual direct fuel costs. . )
All of these costs may not apply to a particular control measure.

'5.1.2.1 Utilities, cy— : e
Utzlity costs for the current year are calculated directly -
based upon utility rates ana estimated utility usage. Utility
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usage can often be determined from the owner’s manual or_ogher

manufacturer product data.

5.1.2.2 Raw Materials/Process Inputs, Cp=~
some control measures, such as chemical stabilization or
paving roads, have ravw material and/or process inputs.
Determ;nation of these costs are ncconplished by contnctlng area
vendors and determining unit costs for these materials.
" Listed .below are popular publlcations that provide current
cost - data:s
. Hydrocarbon (petroleun-hasad products)
. 0il and Gas Journal (petroleum-based products)
. Chemical Marketing Reporter (chemicals)
iPurchaszng wWorld (major comnodities and industrial
equipment) »
. Engineering News Research (construction costs, heavy
equipment costs, materials costs—gravel, cenent ete.)
. McGraw Plant and Egquipment survey (build;ngs and
‘equipment) : :
. Means Building Construction Cost nata (canstruct;on and
materials) _ . -
It is important in the planning effort to allow for priée
swings, because many raw materials and process inputs mny be
subject to wide changes in price over narrow time frames. It is
not unusual to allow for a %15 percent range in price for basic
raw hatgrials iike,petroleum—baﬁed feedstocks., Moreover, an
estimate or'hiscellaneous losses should be added to the costs of
raw materials. Estimates for price variation allowance and loss
allowance should be determined by local conditions and the =
specific nature of the raw material. For example, if very little
loss is expected either due to the nature of the raw material or
the quality of the specific handling and storage equipment, then
an appropriately low percent loss should be used in _estimating
loss allowance.
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e amount of raw materlals used dur;ng the year will depend

intensity’ Hhich is dependent on the control
(See Section 3 for discussion of emission
Annual costs for raw materials are

Th
upon the appllcatlon

efficiency sought.
control effectiveness.) _
estimated using Equation 5-4.

c, = Raw materials cost.
¢/ = Cost per raw material umit ($/unit).
N = Total units required.
Fy = Price variation factor.
N Fy, = Loss factor.

It is important that crf is estimated carefully. Many
materials are subject to seasonal price swings, and an estimate
based on a yearly low price may not reflect real costs. If the
. material can be stored in sufficient quantities to last through
seasonal usage (i.e., it can be stored and storage facil;tles are
available), then the use of a yearly average price would be
appropriate. However, if the material is likely to be purchasad
during a season of historically high prxces, then the yearly high
price snould be uged for C. Morecver, it is important to :
observe historic price fluctuations over at least a S-year )
per;od. Those raw materials that experience large changes in
pr;ce may require the use of a. multiyear average or waighted
average to accurately reflect Cre -

5.1.2. 3 Operating Labor, Cy~-
Operating labor costs depend on the control measure size and |
frequency of application. Costs are calculated by determining ‘
the types of labor (by Dictionary of Occupational Titles job
description) and hours needed for the annual utilization of the
control measure. Data on wage rates can be obtained from the
U.S. Department of Labor’s Employment and Earnings’ (a quarterly
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publication). Local wage rates can be estimated from data from
the State Job Service (Enployment Security) agency or from the

State occupational Information Coordinating counqx;. To cover
the costs of supervision, an additional 15 percent of estimated

labor costs is qdded.n Equatibh 5-5 jillustrates the method for

calculating labor costs:

'where: C; = Labor costs (8.
' W; = Hourly wage rate for labor category i ($/hour). .

Total annual hours for labor category i.
= Supervision allowance; factor of 1.15.

5.1.5;4' Cost of Maintenance/Repairs, Cp==

Maintenance labor hours. in practice are determined by the
maintenance recommendations (as specified by the .
manufacturer/builder) of the equipment and proéerty to be used.
If mazntenance/repair labor is at a prenium over operating labor,.
a 10 percent premium should be addad to the operating labor wage.
rates for each operating labor -category.
_ Unfortunately, the Department of Labor’s data.limitations do
" not allow for distinguishing between operating labor for a _
particular operation and the maintenance labor for the operation.
- Therefore, maintenance labor costs are determined from operating-
labor costs. There are a few common business service maintenance
categories that are recorded, such as heating and air - :
conditioninq ‘maintenance workers; however, for most industrial
machinery, there is no direct maintenance labor estimate,
, In addition to labor, maintenance typically requires ‘
materials such as lubricants, solvents, cooling fluids, and
replacement parts. Regularly used lubricant, cleaning, cooling,
etc. materials costs are usually estimated as 100 percent of

. 5-8 o September 1992




total maintenance 1abor costs. However, when manufacturers’

speclfxcations can allow dxrect cost estimates, these should be

used instead.
| Equation 5-6 shows the method for estimating

maintenance/repazr cost.

Wy = Hourly wage rate fﬁr'catagory'i.

where: ‘
Total annual hours for labor category 1.’

c = Cost of supplies ($).
c = initial cost of replacement parts, including
taxes and freight {$).

¢, = cost of labor (§).
CRF = capital recovery factor for replacement parts:

~ life span should be defined by manufacturers’
" gpecifications (See Equation 5-4 for CRF ‘
formula).

5.1.2.5 By-Product Costs, cb-

' Some BACM may result in by-product costs (or possibly by-
- product revenues which would be a negative value in the direct
" operating costs eguation) because of possible costs for disposal,
. reuse, etc. For example, street vacuuming produces waste

- material (dirt, trash, organic material, etc.) that must be

disposed. These costs will have to be estimated directly based .
upon local price guotes from local waste disposal firms. '

5.1.2.6 Fuel Costs, Cp—-

BACM that reguire nachipé vehicles, such as street sweepers, |
will have fuel costs. These costs are calculated by multiplying
equippent hourly or mileage fuel consumption estimates by
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Iestimated annual operation hours or miles. Due to volatility of
petroleum fuel prices, fuel costs should be estimated based on
anticipated prices. One method for estimating future prices is
to use predicted prices reported by the Amerzcan Petroleun

Institute or other forecasting organlzatzon.

5.1.3 ngnnead_cnstﬁ

Overheaﬂ represents the costs assoczated with the control

- neasure act1Vity, but not directly tied to the activity.  Payroll
overhead costs include worker’s cogpensation, Social Security,
pension contributions, vacations, and other fringe benefits.
System or operaticnal overhead include security costs (like
outfitting vehicles with alarms or storing them in fenced parking
" lots), facility lighting and heating, parking areas for
employees, etc. Overhead is typically calculated as 50 percent
. of total annualized operating costs (USEPA, 1989).

5.1.4 Enforcement/Compliance Costs

A real cost of implementing control measures will be
enforcement/compliance costs. Government agencies or their -
designees with responsibility for air quality programs will need
to insure BACM is being implemented. Industry will need to
_document and demonstrate to agencies that they.are complying with
the requirements 6: operating permits. Moreover, many centrol
'measures will be implemented by local or State Government bodies
that will require the air pollution control agency to implement
monitoring prograns with these government bodies. Likely costs
to be incurred by enforcement agency and/or industry and
government bodies in compliance and enforcement activities
include:

e Additional labor to 1ssue pernits and conduct
1nspactions;
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Other operatxng expenses such as recordkeep;ng )
mater;als (such as forms, data bases, etc.), fuel,

overhead; etc.
Capital costs such as 1nspectzon vehicles, computer

‘ aqu.lpnent ; ete.

Many local governments will be able to add much of the
enforcenent/compliance functions to existing personnel and
equipment. ' For exanple, BACM permitting activity at constructlon
sites may be easily handled by current inspection staff ‘within

their normal duties. However, costs may vary tremendously from

agency to agency. -
' Likewise, industry operating under air quality permits that

cover BACM will have varying complianceé costs. For example, .
firms that currently staff an environmental raguiation office may
easily be able to handle additional record-keeping activity, but
firms without such staffing may be forced to hire additional
staff.
‘ . Due to such variability, estzmating compllance/entorcament
costs is very difficult. However, hours per
compliance/enforcement activity can be estimated. Typ;cal
. management/supervisory wage rates for the agency or industry
should be used to determine hourly cost. Generally, Government
time and resources will be spent on: |

. Pernmit issuance.

+  Site inspection/testing.

. Permit review/renewal.

. Enforcement action; issuance of warnings, fznes,

administrative/iegal proceedings.
For industry and Government bodies, time and resources will
be spent on:
. Permit application preparation.
. Additional planning necessary to fulfill pernit
requlrements.
. Recordkeeping associated with control measures.
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Total annual compliance/enforcement costs are the sun of
both government and industry annual conplzance/enforcement costs.

$.2 ESTIMATING EMISSION REDUCTION

The ﬁnnuai unit emissioh'raduction, AR, is calculated by:

where: ‘AR = Annual unit emission reduction.
' ' M = annual source extent.
e = uncontrolled emission factor.

c = average control efficiency expressed as a
‘ fraction (see Section 3 for estimates of control

- efficiencies and uncontrolled emission factors).
For companson purposes, the source extent should be defined
as a model unit that typifies the sources to be controlled. By
‘using the same model unit (quantified source extent) for each
source, different control measures for each type of source can be
- compared. | '

5.3 MODEL UNIT EXAMPLES

Example costs have been estimated for the model units of
paved collector roads, unpaved roads, construction/demolition
' site, storage pile, and open areas. The calculations follow the
general format presented in the above sections and are shown in a
stepwise method.

5.3.1 Bnm_ngmr_amum_unn

The mndel unit is a paved collector road with 5, 000 average
da;ly trafrie passes. The collector road is adjacent to a
construction site with daily traffic volume of 40 trucks
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{entering and exiting). The construction site operates for 250

days per year.
BACM for the road will be preventive in nature and will

consist of a 30 meter paved access apron ¢o0 the construction
cite. The opérating permit for the construction site will
require sufflclent flush and sweep cleaning of the apron (at
least once daily) to prevent trackout onto the collector road. A
- 71 percent control effacigncy (cpntrol of trackout onto the
collector road) will be achieved. -

'5.3.1.1 Costs~- :
Capital costs will primarily consist of the equipment and

materials needed to construct the apron. Other equipment would-
include hdses and sweeping equipment needed to clean the apron.
Given the temporary nature of the construction access apron,
asphaltic material will be most lzkely used. In addition, unless
the construction firm currently owns paving equipment, it will be
unlikely that any paving eguipment will be purchased; rather the
firm will contract a paving firm to construct the apron. . For
this model unit the construction site is assumed to only be
operational for a l-year period, therefore, there will be no
application of the CFR since all capital costs will be incurred
during the first year.

Operating costs will be limited to the labor and superv151on
. needed to clean the apron and ensure that it is in good :
. cnndztion. Most likely 2 h of unskilled labor can handle the
- cleaning demands. Overhead costs ‘will be ninimal due to the
small operation costs. :

' Compliance/enforcement costs will include pérnitting and
 inspection costs. Inspection costs shonld be small since only
visual confirmation that the apron was put into place and is
being cleaned is all that is required. The air pollution control
agency may want to require the construction firm to keep a recora
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The compliance/

of when and how often the apron is cleaned.
rative and may not

enforcenment costs presented here.are illust

reflect actual costs.
. pstimates for each of these costs are provided in Table 5~1.

5;3 1.2 Total Annual Reduction, AR--
Total ammual reduction of PM-10 emissions 15 calculated

using Equation 5-7. Given a 5,000 'ADT with an emission rate of .
13 g/vehicle and a control efficiency of 71 percent, the total
'‘daily emission reduction is 55.9 kg. Assuming the construction
site operates 250 days per year (5 day work week with 10
holidays) then total annual emission reduction is 13,975 kg (250

days x 55.9 kg/day). - (See-Figure 4-1.)

5.3.2 nnpnxgd_ngnﬂ_ugnﬂl_nni:

The model unit is a 1-knm unpaved public road with 235 ADT
and a 10 percent silt content. Average vehicle: speed is 32 km/h,
average weight is 9 Mg, and average number of wheels is 6. BACM
ie a chemical suppressant program using Coherex®. A 75 percent
control efficiency should be achievable with 7 applications per

year. .

- 5.3, 2.1 Costs=—-
o Capital costs will consist of the chemical truck(s) and
,_,applzcator(s), storage. tanks or storage ares, and pumps and
piping. The trucks and storage tanks may be purchased, or the
job may be contracted out. For this model unit, the items will
be" purchhéed with intent to use for 5 years. For purposes ot
annualizing the costs, the capital costs will be nnnualized using'
the CRF with a 10 percent annual interest rate.

Operating costs will include labor costs for operation nt
the truck and storage areas as well as maintenance and repair of
the equipment, fuel for the trucks and pumps, and the application
chemicals.
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TABLE 5-1. MODEL PAVED RODAD

paved collector roads

source extent: Carryout from unpaved area onto a paved road
adjacent to site; collector road (S000 ADT)
adjacent to constriction site; 40 truck .

access/day for 25 days
‘pave 30 m of access apron; daily flush and sweep
paved access apron ‘ ,

Source:

Capitul costs'

Apron construction $1,500
pPost-construction restoration costs , 1,500
(Apron pavement reclamation revenues) o
. Sweep materials and hoses - ' 50
Operations and maintenance costs:
Labor for sweep and £1lush (2 hours/day) - 750
Supervision—ls% of labor . - 113
- Water for flush ' 500
overhead coste: ' | 3,988 .
Enforcement compliance costs:
- Permitting - ; ‘ 100

| Cost sources: MRT and Means Building Comstruction Cost Data..
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Enforcement compliance costs include permitting for use of
the chemical, on-site inspection of the application process and
enigssions reduction, and record keeping and review. The on-site
" inspection will include sgnple anh;ysis, and recorad keep?ng will
include documenting amount of chemical applied, emissions
redﬁction, and sample analysis results. Once again, these
estimates are illustrative and may not reflect actual costs.
Estimates for each of these costs is p;bvided in Table 5-2.

5.3.2.2 Total Annual Reduction,; AR—~
‘Given a 225 ADT with emission. rate uf 0. 964 kq/vehicle/kn

and a control efficiency of 75 percent the total daily em;ssion
reduction is 195 kg, or 71,175 kg/yr. (See Figure 4-2.)

5.3.3 ®ind Erosion of Open Areas

, The model unit is an unpaved parking lot, 100 m x 100 m,
with uniform daily disturbance. Average particle size of the lot
surface is 0.56 mm. BACM for the parking lot will consist of
using larger particle sizes for the surface cover. A 70 percent.
control efficiency will be achieved using a less erodible

material{ such as gravel.

5.3.3.1 Costs~--

A gravel surface material with larger particle size is _
'estlmated to have a life span of 10 yr, with 1,000 m2 of material -
of 2 in depth being replaced yearly. capital costs are ‘
annualized using.the CRF. The interest rate is set at 10 percent
for this model unit. Operating costs include periodical grading
of the surface, and operations costs associated with naterial
raplacement in erosion areas. Enforcement cnmpliance costs
include permitting for the lot, on-site inspection of material to
deternmine particle size and emission reduction, and record
keeping of material addition and grading, Table 5-3 lists
component cost categories and annualized costs.
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MODEL UNPAVED ROAD

TABLE 5-2.

Unpaved road
1 km of road (225 ADT) with silt content of 10%,

source:

o s
Source exten averaqe . ) of 32 kn/h, average vehicle weight

¢ Mg, with six wheels

BACH: - ‘Chemical suppressant prograr aimed at 753
' control ,from Table 4-4, seven applicatzons af

COherex a year

‘annualized-

: Hreloost
Capital costs:
Chemical truck(s) with uppllcator $12,390
Storage tanks or area 5,316
Punps - 885
Piping
operations and maintenance costs.
Labor for truck and storage area 10,000
supervision—-15% of labor 1,500
Fuel 4,512
Chemicals ‘ 5,000
Truck maintenance and repair : 10,000
overhead costs: . 15,566‘
Enforcement compliance costs: \ |
_ Permitting | o 100
‘on-site inspection (sample analysis) : 200
Record réviews T 50

“Potal i

Cost sources: MRI, Means Buillding Co
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TABLE S-3. HODELDPEN AREA

'Wind erosion

Spurce:
Source extent: Wind erosion from an unpaved parking lot: dirt
lot 100 m X 100 m; uniform daily disturbance;

. average pnrticle size 0.56 mm
* . Cover with a less erodable material (70%

BACM:
) efficiency}

: cgpltal costs.

Surface material and instnllation $4,069
Operations and maintenance costs:

Periodical grading 5,750 -

Material replacement in erosion areas 2,500-
Overhead costs: 4,125
Enforcement compliance costs:

Permitting 100

on-site inspection 200

Recordkeeping 50

= 515,79¢% :

Cost sources: MRI and Means Building Construction Cost Data. .
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5.3.3.2 Total Annual Reduction, AR-—-
Total annual emission reduction from Eguation 5-8, qlven a

10, 000 sq ® lot with 70 percent control efficiency is 1,380 kg/yr
(see Pigure 4-6).

5.3.4 Storade Piles

The. model unit is a conically-shaped coal storage pile with
'conveyor transfer operations. The gile stands 11 m high, 29.2 m
in diameter and has a volume of 2,455 c¢cu m and capacity of 11,797
.Mg. Two-thirds of the pile is transferred by conveyor into and
~ out of storage daily. The uncontrolled moisture content is 1.5
percent. '

BACH for the storage pile will consist of a water spray
system during conveyor transfer to achieve 60 percent control

efficiency.

5.3.4.1 Costs—-

Table 5-4 list annualized costs of $8,721. Capital costs
include a submersible pump, 1200 ft of piping, and a control
'system for the water. For each conveyor belt, three (3) spray
bars will each provide 10 cc/s, using fanjet sprays. .

. Operating costs include fuel (electricity) for the pumps,
 water, repair parts, and labor. PEnforcement compliance costs
- include on-site inspection (sanpling)._record keeping, and
.permitting.

5.3.4.2 Total Annual Reduction, AR--

Total annua) emission reduction to achieve 60 percent
control efficiency is 962 kg/yr (see Figure 4-5).
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storage piles

SO_urce : - . . .
storage pile; 11 m high: 29.2-m

) xtent: Conically shape _
source & diameter; aaa-ng surface area; pile disturbed
every 3 days; moisture content 1.5, LCD as

shown in Figure 11.2.7-4 of AP-42.
Watering to_achieve 60t efficiency

capital costs:

Pump system $s0
Pipe/hose systenm $1,698
control system $81
Operations and mﬁintenance costs: _
" ‘Labor for watering (1 hour/day) $3,163
' suypervision-15% of labor $475
Water . $56
Electricity = $9
Repair parts/labor . , , o $633.
Overhead costs: ' | $2,167
Enforcement compliance costs:-
Permitting o $100
on-gite. inspection | $200
Recordkeeping I ‘ ’ R
Total’
el —

Cost sau:ces: MRI and Means Bﬁiiding Construction Cost Data.
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5.3.5  Agricwltural Tilling

conventional agricultural farming operations include
plowing, disking, harrowing, etc. . This model unit is a 320-acre

field tilled/cultivated five. times per year. The soil has an 18

percent silt content. Twenty-five percent of farmland is

typically classified as “highly erodible“ under the Food
Securities Act (FSA). : : ’

BACM for the field will consist Of placing 80 acres of the
320 acres 1nto the Conservation Resource Program of the FSA.

5.3.5.1 Costs~-—
Table S-5 lists annualized costs of $7,730. The

CDnserﬁation Resource Progran.fequiras specific grasses or trees
be planted and fertilized for a 10-yr period. Capital costs
_ include initial seed and fertilizer, fencing, gasoline, labor,
-and use of tractor and implements. For this model unit, tractor
and implement costs are assumed zero. ' '
Operating costs include periodical fuel, labor, and
fertilizer for grass maintenance. In addition, operating costs -
include the payments made by USDA annually. Enforcement
compliance costs include on-site inspaction by Soil Conservation
Service and record keeping. ' o

5.3.5.2 Total Annual Reduction, AR— X
. Total .annual emission reduction to achieve 25 percent '
' control etficiency is 1,038 kg/yr (see Figure 4=7).

5-3.6 cQns::ns:i9n£ﬂnmn11:inn.hctixixi=s

_The model unit is demolition of a building in an urban area.
The building is 18,500 sq £t located on a l-acre site. .There is
One access point to a paved ‘road carrying 2,000 ADT. The
| demolition will take 30 days, during which 30 vehicles per day
will be removing debris.
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Source:
- xtent:
source e acre rield tilled/cultivated five times per

Wind erosjon from agricultural activities: 320-
year: 18% silt content; 25% classified "highly
erodable* under Food Service Act :

- Place B0 aéres into the Conservation Resoﬁrcg

| Program . o

capital costs:

Seed, fertilizer $1,630
Tractor and implements - $0
Fuel : $41
Fencing $103
Labor $130
Operations and maintenance costs:

Periodical fertiliZing‘ $5,000
" Fuel '$250
Labor . sépo
USDA annual payments ($4,800) .

o $6,050

overhead costs:

" Enforcement compliance costs: .
on-site inspection (sampling) ' o ' '.‘szog'-
Record keeping - -

“Total S

Cost source: MRI. ‘ - .
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BACM for the site will consist of wet suppression of debris

loading’ and watering of unpaved travel surfaces on the l-acre

site. A 30 m access apron will be constructed and then swept and

flushed daily.

5.3, 6 1 Costs=- .
Table 5-6 lists annualzzed costs of $13,190 for BACM which

. includes wet suppression of debris transter operations.  Capital.
costs’ include a gubmersible punp. piping (and/or hoses), and"
control systans Capztal costs remain the same whether debris .
and handling are subject to wet suppression or not.

' operating costs include water and labor for sweeping and
flushing of the access apron, for watering of unpaved travel
surfaces, and for wet suppression of debris. Without wet
suppression of debris, labor costs are cut in half, and water
costs reduced by $20. Enforcement compliance costs include
permitting, on-site inspection (sampling), and record keeping.

5.3.6.2 Total Annual Reduction, AR—

_ Total emission reduction to achieve 83 perceht control
efficiency is 1,517 kg over the 30~day period. Elininatlng the
wet suppression of debris from the BACM results in total emission
reduction of 1, 465 kg, a 80 percent control efficiency (see )

Figures 4-3 and 4-4).
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MODEL CONSTRUCTION/DEMOLITION ACTIVITY

- Source:
n of a building in an urban area;

t: Demoliti ;
Source exten 18,500-:1:g building on 1-acre site; one access
' point to a paved road (2,000 ADT); 30 days of

work: 30 vehicles/day removing debris
| . ° °  wWet suppression of debris handling and
BACH transfer .(6.7 L/Mg); watgring of unpaved
' travel surfaces (0.1 L/m*; sweep and flush
access points R _

 capital costs:

Apron construction _ *$ 1,500
Post-construction restoration costs 1,500
Sweep material and hoses 50
Pump system 548
Piping system 774
céntrol system ‘ 50
Operations and maintenance costs:
| Labor for wet suppression and watering 3,600
unptaved surfaces (8 hours/day) -
Labor for sweeping and flushing acres - 900
-apron (2 hours/day) -
Supervision—15% of labor 675
. Water for flush 550

'Overhead'costs: 2,851

Enforcement compliance costs:
| Permitting _ - ‘ 200
Inspection (included in permitting cost) . |

Record keeping (included in supervision
cost) : '

R o

Cost sources: MRI and Means Building Construction Cost Data.
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SECTION 6

OPERATING PERMITS .

This section outlines a framework of example dust control
regulations, plans, and operating permits for publicly~owned or
controlled FPM~10 sources. Examples are presented to instruct
regulatory personnel who need to implement BACM for PM-10

nonattainnent areas.
6.1 . PAVED ROADS.

Clear and specific enforceable plan provisions are needed to
gain credit for claimed enission reductions in State
implementation plans (SIP’'S), whiéh for paved road dust sources .
will_likely rely on record kéeping,ureporting,'and surrogate
factors rather than sho:t—term-nass emissions or opacity limits. .
surrogate factors will imclude control program regulations,
permits, or intergovernmental agreements to institute programs.
such as vacuun sweeping, mud/dirt carryout precautions, spill .
cleanup, erosion control, and/a; measures tb'pravent or mitigate
entrainment from unpaved adjacent areas. Record review of
control programs (e.q., 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 rbad enissions
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 nensufeménts,
visible emissions at the property line are generaily not
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aved roads because ©of the lower unit emission

applicable for p
' there are usually no visible plumes from a

jevels involved (e.g.,

vehicle pass).
- Many States currently have. regulations related to.the

control of paved roads. COloradq, for example, may require a
control pian from any party that repeatedly deposits materials
- te fugitive emissions from 2 public or private

which might crea : : -
that no quantitative determination of

roadway. Note, however,

loading levels is specified.
an alternative format is presented below to suggest how 'a

quantitative method could be incorporated in a regulation.
Figure 6~1 presents a possible format for use with public paved
road sources. In this example, if the silt loading on a road °
with an average tratfic volume of 2,000 vehicles per day ever
exceeds 2.9 g/m? (the “action level®), the regulatory agency may
require the city or its contractor and subcontractors (e.g., a
construction site with mudy/dirt carryout) to reduce the silt
loading to a level less than the action level. The action level
is an agency-supplied multipie of baseline measurements of the
surface silt loading and should correspond to a minimum control
efficiency level. I

The maximum allowed silt loading reguirement could be made
‘part of a construction permit or an enforceable interguvernmental
_géreement;*,uote that additional traffic due to the construction
activity shonld be included in the daily traffic volume used ‘to -
. determine the action level for the affected roadways. 1In
' ~'mddition, a reguest 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 record
keeping and reporting reguirements. . : ' .

The field measurement of silt loading could either be miﬂe a -
requirenent of the responsible party or be assiéned to agency
inspection personnel, or a combination of the two could be used.
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In either event, ce:tain features of the measurement technigue

must be specified. .
1. The sampling and analysis methods used to determine silt

loading for compliance inspection should conform to the -
techniques used to develop the AP-42 urban paved road eqguation.
These methods are described in Appendices D and E of the AP-42

document. : i
2. Arrangements nust be made to account for spatial |

varlation 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) gampling preselected
strips on the road surface.

‘3. Provision should be made to grant a "“grace period" _
following a spill or other accidental increase in loading. An g-
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. .

The control efficiency equations presented in Table 3-1
prbvide a potential regulatory format for paved road sources.
This approach involves inspection of both road cleaning records
ard traffic counts. By combining the two sets of infdrnation,
regulatory personnel would be able to determine average
efficiency values for the controlled paved roads.. Provision must
be made to collect traffic information. Obtaining traffic data -
may require more frequent inspections than for surface loadihg
. samples; however, analysis of traffic data is more easily
. accomplished. Surface loading sampling provides an additional
means for checking the success of achieving the estimated control -
efficxency.

6.1.1 Example SIP Lanquage |
Public paved roads are important PM-10 sources in areas’
| acrbss the country.- Unlike the industrial sources described in
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this manual, control of municipal paved roads generally requires
a close working agreement between various Government bodies and

the general public.

5.1.1.1 General Description--
The purpose of this rule is to reduce the amount of

pafticulate,matter, especially the amount of fine particulate
matter (PM-10), reentrained in the ambient air as a xesqlt_of |
motor vehicle traffic on paved roadways and‘to control sources
that are contrihutlng to particulate matter loadlngs on the.

roadways. .

6.1.1.2 Haterial Transport-

. No person shall" cause or parnit the handlinq or
transporting of any material in a manner which allows or
may allow controllable particulate matter to become
airborne. Visible dust emizsions 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 (local Devartment of Sanitation at _

) and removed within 8 h subject to safety
- . considerations by the party or pe:son responsible for
: such deposits.

6.1.1.3 Motor Vehicle Parking Arsas--
«  Effective , the City of
—_ shall not cause, permit, suffer, or
allow the operation or use, or an unpaved motor vehicle
parking area.
Low-use parking area exemption: Motor vehicle parking arsa
requirements shall not apply to any parking area from which lesz
than (e.g., 10} vehicles exit on each day. Any person
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seeking'such an exemption'shallz (1) submit a petition to the
n 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 exemptiqn has been granted. .

control Oofficer i

'6.1.1.4- Erosion and Entrainnent_?rom Nearby Areas—- .

; ;. The City of ' will pave or treat by using
cheﬁical binders, caleium chloride, or acceptable
equivalent materials the following: paveglroad
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), in amounts and frequencies as is
necessary to effectively cgntrol PM-10 emissions to a
level of x'percent control efficiency (e.g., paving--90
paercent; chemical treatment per spacified requirements-—
70 percent). [Include list of roads in memorandum of
undérstanding and specify whether those areas will be

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 contractor
or user of said public land that said situation is to be
corrected .within a specified period of time, dependent
upon the scope and extent of the problem, but in mo
case may such a period of time exceed X (e.g., 2) days..
The Control Officer, pr'a-designated agent, must take such
remedial and corrsctive action as may be deemed appropriate to
relieve, reduce, or remedy the existent dust condition, where the
contractor or user of the subject land, fails to do so. :
Any cost incurred in connection with any such ramedial or
corrective action by the Control Officer shall be assessed
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against the contractor or user of the involved property, and
failure to pay the full amount of such costs shall result in a
lien against contractor or user of real property, which lien
shall remain in full force and effect until any and all such
costs shall have been fully paid, which shall 1nc1ude, but not be
11mited to, costs of collectlon and ransonable attorney's fee
therefore.. |
. [A preferable option is to include pravxsions in applicable.
city contracts that require specified dust control measures and
‘establish penalties for not meeting contract objectives.)

6.1.1.5 Road Sanding/Salting and Traffic Reduction-- _
. 'The city of will, beginning with the
| (year) winter season, restrict the use of sand used for
antiskid 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 conduct its street
cleasning once per year at the end of the winter ‘sesdson.
The street cleaning program shall be designed to provide
for paxipun effort thfnughout spring months and shall
provide for adequate personnel and equipment to ensure
thorough cleanup within safety constraintig. The City
will begin cleaning the roads sand/salt loadings from.
streéets per the following priority schedule: [include
schedule in memo of understanding).

6.2 . UNPAVED ROADS

There are numerous regulatory formats possible for unpaved
roads. For example, some States rules have heen developed using
opacity readings to determine compliance. Michigan nnd Illinois
formulated rules based on opacity and both resulted in
considerable debates_of merit.
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ortant to note that opacity has yet to be related

It is imp
Oone often-raised -question deals

to emission levels from roads.
with prevailing wind speeds during opacity readings; ambient air

concentrations (and hence, opacity levels) tend to be greater
under lower wind speeds. Consequently, for a road with even a
constant emission rate, opacity raadings would vary indirectly

with wznd speed.
Record keeping offers anothor conplianco tool for unpaved

road dust controls. The level of detail needed va;xes ‘with the
cantrol option employed. Record keeping, together with traffic

' records as required, will allow the regulator to estimate control
performance for s variety of control programs, such as for
estimation of chemical suppressant efficiency between
applications. While record keeping affords a convenient method
of assessing long~-term control performance, it is inportant that
regulatory personnel have "spot-check” compliance tools at their
disposal. S )

, For chemically controlled surfaces, it has beéen found that
the control efficiency equation tends to overestimate the
controlled emission factor (and thus, underestimate instantaneous
control efficiency) (Muleski and Cowherd, 1987). Thus, an
inspector could collect an unpaved sample with a whisk broom and
~ dustpan and, after labo:atory analysis for silt content, _

" calculate a conservatively low estimate of control efficiency

_resulting from the chemical treatment. If a rule is written to
. maintain-a certain hiéher lavel of éfficiency, the inspector

-could then instruct the responsible party to reapply the chem;cnl
or use paved road controls (if feasible).
6.3 s-rom'cs ‘PILES

There are several possible regulatory formats for control of
dust emissions from formation and loadout of storage piles.
Opacity standards are suitable for observations at the point of
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emjssions, such as continuous drop from a stacker; however, in
some States they may not be legally applied at the property 11ne.
For wet suppressxon and chemical stabilization, suitable
record keeping forms would provide evidence of control plan
implementation. In addition, simple measurements of moisture
jevel in transferred material or of the crust strength of the
chemically treated surface could be used to verify compliance.
In addition, the surface 1oading as well as the texture of - |
material daposited around the pile could be used to check. whether
good work practices are being employed relative to pile
'reclamation and maintenance operations. The suitability of these
measurements of surrogate parameters for source emissions stems
from the emission ‘factor models uhich relate the parameters

directly to enisgsion rate.

6.3.1 Example SIP Language

The purpese of this rule is to reduce the amount of
particulate matter, especially the amount of fine particulate
matter (PM-10), entrained in the ambient air related to the
1oadihg or unloading of open storage piles of bulk materials.

6.3.2 Reguirements

1. .The city and its contractors shall not engage in the
loadlng, unloading, convnying or transporting of bulk naterials
‘unless a dust control plan is approved by tha APCO which
demonstrates that an overall X percent (e.q.. 75 percent)
reduction of PM-10 emissions from storage piles and related
activities will be achieved. Control measures may include, but
are not ‘limited to, the following: application of water or
chemical suppressants, application of wind breaks or wind fences,
enclosure of the storage piles, enclosure of conveyor belts, |

6-9 September 1992



minimizing material drop at transfer point, securing loads and
cleaning vehicles leaving worksite, and other means as specified

by the APCO.
2. ' The contractor/operator is .in possessxon of a
currently*valid permit which has been issued by the _APCO.

6.3. 3 sgn::Ql_gt_unﬂzni:t_cn::xnn:

1. 5:r§g;_g1g§hing:- No person shall engage in any dust-
producing sié:age pile related activity at any work site unless
the paved streets (including shoulders) adjacent to the site
where the storage pile-related activity occurs are cleaned at a
frequency of not less than X (e.g., once) a day unless:
vehicles do not pass from the work site onto
adjacent paved streets, or
b.. vehicles that do pass'from the work site onto

adjacent paved streets are cleaned and have loads

secured to effectively prevent the carryout or dirt
or mud onto paved street surfaces.

6.4 CONSTRUCTION/DEMOLITION

This section discusses record keeping, measures of control
performance, and enforcement issues as well as an example rule
which implements a permit system for construction and demolition
sites. Example regulatory formats are provided for the following
sources associated with construction/déemolition: unpaved roads,
haul roads, disturbed soil, and mud carryout. These example
formats provide a starting point for develqpment of construction
rules in a specific area..

The reader is especially encouraqed to review a separate EPA |
document issued September 25, 1990, Survey of Cbnstrnctiaq/
Demolition Open Source Rngulations and Dust Control Plans. This
64-page final report issued under EPA Contract 68-02-4395, WA.QB,
gives a detailed assessment of existing regulations, presents an
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example regulation (reproduced in Table 6-1), and also offers

example dust control plans for four scenarios.
The example regulation presented in Table 6-1 was largely

based on features found during the review of existing and draft

regulat;ons.
Several points should be noted about the example:

First, the example presents only a gkeleton of a

1.
For exgmple,.'

"regulatiorn which must be "fleshed out® for use.
agencies will need to decide if dust control plans are to be

attached to building permits or .if a separate air regulatory
permit is to be issued. -
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TABLE 6~1. EXAMPLE REGULATION

Section 100—General |
101 Purpose-To reasonably regulate construction and Qenolition
' hcigvities that release particulate matter emissions to the
_ ambient atmosphere : :

102 A 'licability—mhis regulation gpplies to all,cunstrugtion
o aﬁg demolition activities within the __ ‘s -
jurisdiction unless specifically exempted below. _

Section 200-Definitions

For the purpose of this regulation, the following definitions
apply

201 APCO (Air Pollution Control Officer)-The person heading the
{agency} or any of his/her designees. .

- 202 Applicant-The individual, public and/or private. _
corporation, or any other legal entity preparing the dust
" control plan described in Section 301.

203 Chemical Stabilization/Suppression—-A means of dust control
implemented by any person to mitigate PM-10 emissions by
applying petroleum resins, asphaltic emulsion, acrylics,
adhesives, or any other APCO-approved materials.

204 Construction/Demolition Related Activities—-Any on-site
mechanical activities preparatory to or related to the
‘building, alteration, rehabilitation, or demoliti~nn of an
improvement on real property, including but not limited to:
grading, excavation, loading, crushing, cutting, planing,
-shaping, or breaking. . ' :

- 205 Disturbed Surface Area—A portion of earth’s surface, or
materials placed thereon, which has been physically moved,
uncovered, destabilized, or otherwise modified, thereby
increasing the potential for emission of fugitive dust.

206 Dust Suppressants-Water, hygroscopic materials, chemical
stabilization/ suppression materials (see definition 203),
and other materials not prohibited for use by the
Environmental Protection Agency or any other applicable
law, rule, or regulation, as a treatment material to reduce
PM-10 emissions. -
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207

208

.209

210

211

212

213

214

215

- particulat
vehicles,

Fugitive Dust-The particulate matter entrained in the
ambient air which is caused from man-made and natural
activities such as, but not limited to, movement of soil,
vehicles, equipment, blasting, and wind. This excludes

e matter emitted directly in the exhaust of motor
other fuel combustion devices, from portable
prazing, soldering, or welding eguipment, and from pile

drivers.

Lot—A désignated parcel], tract, oriaréas of land . o
established by plat, subdivision, or as otherwise permitted

by law, to be used, developed, or built upon a unit.

Open Atea—An unsealed or unpaved motor vehicle parking

"area, truck stop, vacant lot, or any other disturbed

surface area located on public or private property which is
subject to wind erosion, and is a source of PM-10 :
emissions..

Paved Surface—An improved street, highway, ﬁlley, public
way, easement, or other area that is covered by concrete,
asphaltic concrete, asphalt, or other materials specified

by the APCO. ,

PM-10-Particulate matter with an aerﬁdynnmic dianéter '
smaller than or equal to a nominal 10 u as measured by the
applicable Federal reference metheod. ' ' .

(PM-10 Dust Prevention and) Control Plan—A written document .
that describes dust emission sources present at the site
and identifies the means and strategies used to reduce the
emissions.

Site-The real property ﬁéon which constructioﬁ/demoliticn
activities occur. ' . :

(Surface, Soil) Stabilization—The process used to mitigate
PM-10 emissions for an extended period of time by applying
petroleun resins, asphaltic emmlsion, acrylics, adhesives,
or any other APCO-approved material or physical T

‘stabilization by vegetation or the addition of aggregate .

material to the surface.

Traffic Volume (ADT)-The average daily traffic (ADT) is y
number of vehicle trips on a paved orynnpaved s&rfaéa Ehe.
during a 24-h period. The ADT value for a publicly owned
road shall be determined according to the regulations of
the public agenty responsible for that road. )
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216

Unpaved Sﬁrface—hny surface not defined as paved in
definition 210 above. ~

Section 300—Prohibitions/Requirements

301

engage in any construction/demolition
(as defined =bove) without having an APCO-
prevention and control plan, unless
exempted below. This control plan will be in writing and,
at a minimmm, will ~ : - _

ribe construction/demolitiori activities to
be performed at the site that wil) produce PM-10 dust
enissions. These dust-generating activities shall -
jnclude, but not be limited to:

I. Removal of Obstructions (Natural/Man-made)
Transter of the debris into vehicles for

No person shall
related activity
approved PH-10 dust

1..brie£1y desc

a.
‘ ‘haulage .

b. Transportation of the debris on-site

Ce Additional transfers of the debris (if on-

site, as for f£ill material)

II. Preparation of the Site ‘ 1,
a. Bulldozing and scraping operations

b. ‘Truck transportation of materials (such as
"imported™ £ill) on-site '
c. Transfers of materials
III. Construction Operations o
a. Traffic on paved surfaces and staging areas
b. Traffic on unpaved surfaces and staging
areas . .

2. present estimated uncontrolled PM-10 emission rates for
each activity and summarize the total uncontrolled PN-

10 enmissions expected. :

" 3. describe the control ﬁeasures-(if any) to be applied to

each activity and estimate the corresponding controlled
emission rate for each activity. : _ _

4. estimate the overall efficiency of the control plan by
comparing the total controlled emissions to total
uncontrolled emissions. (Note that the APCO may choose
to prescribe & minimum target overall efficiency for
the control plan.) -

The applicant is responsible for cﬁsuring &hat each
contractor or subcontractor working at the site adhere to

the provisions of the dust control plan.
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301

302

303

304

305

The APCO shall make available for inspecﬁion examples of
approved dust contral plans at the offices of

y exempted below, no person shall allow

specificall
Dnless SP lation of mud, dirt, dust, or other

ible accumu
any visl on the paved roads, including paved shoulders

material jte where construction/dempolition:

adjacent to the s -
activity occurs. The methods used to prevent accumulation
as well as the scheduled fregquency of cleaning must

addressed in the dust control plan. L

Unless.-specifically exempted below, disturbed surfaces may
not be aliowed to remain in an unstabilized state.
Disturbed surfaces must be stabilized against wind and
water erosion within ___ calendar days after the
disturbing activity ceases. In no event shall a disturbed
area be allowed to remain unstabilized for a period _
greater than ___ calendar days. The method(s) used to
stabjilize the surface shall be described in the dust

contrel plan. o

As evidence of control application, the applicant shall :
keep dust control records on agency~supplied forms. These -
forms will be included with the APCO’s written approval of
the applicant’s dust control plan. Records are to be kept
current; be submitted upon the request of the APCO, and be

-open for inspection during unscheduled inspections.

For construction projects with a duration of at least

- calendar days, the APCO shall perform at least one on-
site inspection. Prior to this scheduled inspection, the
APCO may reguire the appli:ant to furnish information or

other records.

' For construction projects with a duration of at least

—— Calendar days, the APCO will formally review the dust

control plan within ___ calendar-days of the on-site

inspection.

Section 400-Exemptions

' The following sources are specifically exempted from the
provision of this regulation: : -

401

Construction/demolition activity inﬁnlving a floor. plan of
less than sq feet .
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402

403

- 404

405

Any constructioh/demolition meeting the following activity

levels or regquirenments

occurring entirely within an enclosed structure from

S I
which no visible airborne particulate matter escapes;

2. nodifications to the residential dwellings by the
owner/occupant that do not require building permits;

cubic yards of dirt. .

3. movement of less than

acre.

Disturbed surface areas of less than

The imbaosion'or mechanical disnenberﬁent of -any
structure. (Note, however, that this activity may be

‘subject to regulatjon _______ -, which requires a permit or

variance to be granted.

Blasting of rock or other earthen matérials in conjunction
with construction/ demolition activities. (Note, however,
that this activity may be subject to regulation .

" which requires a permit or variance to be granted.)
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similarly, it is important that regulators have legal
counsel rephrase the example for consistency with State and local
laws. Table 6-1, for example, only prohibits persons from
ngllowing" certain situations; many agencies will need to
- supplement this with verbs such as "cause"™ or spermit.” Also, no

specific pention of fees or penalties is made.
2. The -éxample regulation contains several blank fields for

' jtems such as the minimum size of areas to be considered or tiwe
periods within which control must be applied. Agenc;es need to

determine an appropriate value for each blank.
3. As noted in the example, dust .emigsions resulting from

mechanical dismemberment oOr implosion of an existing structure or
from blasting of rock are not covered by the regulation.
However,.it is recommsnded that agencies provide additional
phrasing referring to a separate permit or variance to cover this
type of emission source.

" 4. Readers are reminded that the requlation given in
Table 6-1 is meant solely as an example and is intended only to
provide a general framework around which regulations may be ‘
developed. Agencies should freely add or delate material as
' appropriate for their jurisdictions. - -

'6.4.1 Permit Svstem

: ..The regulatory approach involves the implementation ana
. enforcement of a permit program for canstruction and demolition
sites. A pernit system would require the site operator to file
an application with the appropriate regulatory agency having
jurisdiction. This permit application would include the specitic-
dust control plan to be implemented at the site which would
involve the individual elements discussed in Section 3.4.

The air permit. for cnnstruction and demolition sites would
be coupled teo the standard building or demolition pernitting
process uhereby no pernit to conduct such activity would be
issued by the county or city unt11 such time that the nir pernit
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is apprbved. To reduce the burden of processing large numbers of
such. permlts, a de minimis level would be established whereby

struction and denolitxon projects below a certain cut-off size

con
This de minimis level would

would not require an air pernitt
~ depend on l6cal factors such as the amount of emission reduction

required to meet the applicable PM-10 NAAQS.
As part'of the permit application, record keeping should be

one of the main conditions for approval, Records of site
actzvity -and control should be submitted to the regulatory agency
on.a monthly basis as indicated above. These records must be
certified by a responsible party as. to their completeness and
.accﬂracy; All site records should be maintained by the local
agency for the duration of the project.

- To enforce the dust control plaﬁ_suhnitted as part of the
permit application, field audits of key control parameters should
be made by regulatory persdnnel. The results of these audits
would then be compared to site records for that period to
determine compliance with permit conditions. An example form to
be used by regulatory personnel during inspection of the site is
shown in Figure 6-2. An example permit for a contractnr

- operat;ng a construction site is shown in Pigure 6-3.

No quantitative data are regquired for enforcement of the
dust control plan. Thin eliminﬁtes the need for a set
performance standard (e.qg., opacity limits) againsf which the.
~ site operator is evaluated. This approach is, however, _
predicated on the fact that strict implementation of the dust
control plan will achieve certain reductions in PM-10 emissians

associated with site operation.

6.4.2 other Indirect Measures of Contro) Performance

The most obvious approach to indirectly measuring control
performance involves the collection and analysis of.natéfial
samples from various sources operating on-gite. For mud/dirt
carryout, collection of surface samples at site access points and

.6-18 | September 1992



Type of construction activity (check one)

a. Residential
b. Commercial
c. Industrial:
Additional description (i.e., multlunzt, residential, or
suburban commerczal, etc.)

How lang have you worked at this location?

Note- In the case of a nultiyear project, we are only
interested in the current season.

How long is the job projected to last?

What percentage of the work is completed?

- What construction activities are you currently performing?

What construction activities havé:you bean performing over

‘the past week to 10 days?

What is the construction activity’s source extent which is
currently being performed (e.g., tons of earth moved/day or

- yards of concrete poured/day)?

'Estimate the number of daily vehicle passes through’ the site
_ entrance.

What types of vehicles entér the site daily and what
percentage of the traffic is of each type? X

Vehicle tvpe

~a. Ccars ,
" b. Pickups/vans '

c. Medium-duty trucks
'd. Other -

‘Do you employ control measures to keep dust down? If
yes, what type?

What is the usual frequency and intensity of application? -
When was the most recent applicntion? o PR _

_H ]

Figure 6~2. Questionnaire for construction sité personnel,
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' IT WILL BE PROMINENTLY DISPLAYED IN THE
THIS PERK ON-SITE CONSTRUCTION OFFICE :

Locat ion: .No. of Acres:
Name of Praject:

PERMITTEE: Telephone No.:
Address: . :

Prime Contractor: : ~ Telephone No.:
Subcontractor: Telephone No.: -

. Issue Date of Permit: : Expiration Date of Permit:

PERNIT NO.: CFEE: $ RECEIPT NO.:

" THE PERMITTEE SHALL COMPLY WITH THE FOLLOWING CONDITIONS:
regulation for cnnstruction/demoiition-rglated

1. (Reference to local APCD
activities.)

2. The PERMITTEE is responsible for dust control ‘from commencement of
R;%Iﬁ%}oﬁ? final compietion. Areas which will require particular

Unimbrﬁved access roads used for entrance to or exit from

a.
construction site. -
b. -Areas in and around buildinESS) being constructed.
c. Dirt and mud deposited on adjacent improved streets and roads.

3. If wind conditions are such that' PERMITTEE cannot control dust
PERMITIEE shall shut down operat fons (excep; for equipment use& for dust

control). : i

4.  The PERMITIEE is responsible for enséring his céntractur‘s% and/or
subcontractor(s) and all other persons abide by the conditions of the

permit from commencement of project to final completion.

5.-'. The PERMITTEE also 1is subjeét to combliance with all applicable state, .
county, and local ordinances and regulations. . Issuance of this pennil
shall not be a defense to violation of above-referenced statutes, -

ordinances, and reguiations.
6.  On-site permit conditions (attached)

AT PoTToEToR ToRtFoT DTVisTan—(3ata)—

Figure 6-3, Example dust permit.
6-20 - . September 1992



analysis of these sampies for silt content would indicate the
gffiéacy of control for this particular source. The silt
loadings obtained could be conpared with "typical" surface
loading values for similar uncontrolled sites to determine the
degree of loading (and thus emissions) reductions achieved. This
‘would, of course, necessitate the availability of a data base of
runcontrolled” silt loadings due to mud/dirt carryeut for a wide
variety of construct;on and demolitinn sites for comparlson 'with
szte-specific data..

Another indirect measure of control erficiency can be
' determined from the collection and analysis of material samples
from unpaved surfaces and materials handling and storage
operations. 1In this case, analysis of the moisture content of
these samples would indicate the amount of water applied and thus
the degree of control achieved by wet suppression. - Appropriate
| equations presented in Section 3.4 would be used to determine
-control eff;ciency based on the sample data.

6.5 WIND EROSION

Potential regulatory formats for control of open area wind.
erosion are listed in Table 6-2. Tﬁese focus on appropriate
measures for compliance determination. An example regulation for-
water mining activities is presented in Figure 6-4. ‘

6.5.1 'Exnﬁnlz_sxz_hnngnngg - .

The purpose of this rule is to reduce the amount of
particulate matter, especially the amount of fine particulate .
matter (PM-10), entrained in the ambient air as a result of
emissions from open areas. '

6~21 Septemher 1992



T uoleoR okmA

S92 o

: . JUAUGD PiSION ,
" UORATHINS (BN A AJOaA UORDH} PIOYSaRLL soA dins 4o paasdupy
! . : . . . SpRq JaA
SIPNEA J00W NGO ON g sasem g
(%) 19402 3ApEIREIA 89y Bumjw olH
- (%) 52400 aapeleBap - ON Pus) uum paiiey
. oup Apsadoxd 839U} PUIM LOISOID OYISIA . .
18 ORI mmto——.t (9%} iaA02 eapuialiap, : WU FMIEON {dwpesids)
fsamnps/ouy Ayedosd 38 3'A % - LOREZEGNE (KUY AJR0jeA LORIY ploysINY | A (ssodsyp pus)
, ) {panuguos) . ,
(%) A00 SARMelay
o ) ()]
) Ausdond Buppom pur 569328
39 uopenuao? 4510wy - 10 vassasddng Jop .
fomasjouy .Ex_oa WAA%N 938} Duppom Juin) 95 Sipusy
. . © (hapas :
LOISSIWIA) SIPNRA A 38 Uaeen
_ - poqinsip B3R Ju| : . $IA PROX}0
n Wy Apedoxd . ' S93UR) PUP (Bupnaas) VOE0IL SEIA
18 UOREARUIII0D 4510t N UORBZHGNS [RO{UING) WU SISIOW
tnosnosfau)| Apsedowd 38 “J'A % UORELRKNE 190 A0ojan UORIN) ploysanyy sap sz Buiielg
oujp Auadoxd : : ’ pamoje
- 18 vopeAuRIN0S 4510w $30U) PUM PUYM-IE -
faanosiuy Ayadosd 38 3'A % {ssappds) wossasddas 3o WO RSP U "PUBD-STA 1 pod3
suy Auadasd . S .
: 18 UORENUANI0D _ VORBIYIGNS jeopuay) WI0D JMsioNy sjo)
d5 10t wd feomosfeuy Auiadosd 3¢ *3'A % - Buyennig Apopa BORdN ploysINY, 59A  Oupped passdup
sujj Ausdosd {BupPnods) UOISID LA : ,
38 vopRRLRI0D g5 10wy (%) Jaa02 JUBLCT INISPWN PRI .
i20inos)ouy) AuSdoM 18 “T'A % DARBIABIA UOREIHIGIS [EIUNED) AJO0[RA LOROY) POYSIHIL BB UD "PUDI-SIA 510§ JUBDEA,
: auj| Apadad _ SAJUI} PUIAA, {Bupnuas) UDIBOII BIGISIA
1» vopenudues 4s0bng | UORBIRNS (SO W0 DISION ssam
@amasiauy Auedosd 18 3 % VOREI)IQNS Ja AYDO{A UOJIINY PIOYSINLY, saA uojaNIsW)
WAANSEIL Vojesg (Budeanpoaas) BT sSypne piag - $9dA) BOIWG

. September 19%2

6-22'.



Genera)

- a.

i i --

REGULATION-PARTICULATE MATTER
RULE-WATER MINIKG ACTIVITIES

The purpose of this Rule is to reduce the amount of particulate matter,
es egizgly fine particulate matter (PM-10) entrained in the ambient air
regated to water mining activities.

For the purpose of this Rule, water mining activities are defined as
those activities related to the production, diversion, storage, or

 conveyance of water which has been developed for export purposes.

Dyst: Particulate matter, excluding any materials emitted directly in
the exhaust of motor vehicles and other internal combustion engines, from
portable brazing, soldering, or welding equipment, and from piledrivers.
: . Any material emitted or entrained into the air as

.1iquid or solid particles. . ' i
PM-10: Particulate matter with an aerodynamic diameter of a nominal
10 pm or less as measured by reference or equivalent methods that meet
the requirements specified for PM-10 in 40 CFR Part 50, Appendix J.

' - : Techniques used to prevent
the emission and/or airborne transport of dust and dirt from water mining .
activities including: application of water or other liquids, covering, .
paving, enclosing, shrouding, compacting, stabilizing, planting,
.cleaning, or such other measures the Air Pollution Control Officer (APCO)

may specify to accomplish equal or greater control.

Requirements

No person shall engage in any water mining activity unless all of the ~
following conditions are satisfied:

a.

A dust control plan is approved by the APCO which demonstrates that an
overall x '{e.g., 75) percent reduction from water mining activities will
be achieved by applying reasonably available contro]l measures. Such

" measures may include, but are not limited to, revegetation, chemical

stabilization, application of wind fences, and other means as specified =
#{ the APEO. - -

e owner/operator is in possession of a currently valid permit -
been issued by the APCO. P - y permit which has }

Record Control Application
The owner and/or operator shall record the evidence of the application of the"

control measures. Records shall be submitted upon request from APCO,
shall be open for inspection during unscheduIedpauditg. o e

Figu:e 6-4. Example regulation for water mining activities.
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6.5.2 Reguirements

6.5.2.1 Parking Lnts, Truck Stops, Driving, etc.--
The City of shall not operate, maintain,

- use, OF permit the use of any area larger than x (e.g., 5,000)
square feet for the parking, storage, or servicing of more than x
(e.g., 6) vehicles in any one day, unless a dust control plan is

approved by the APCO which denanstrates an overall x (e.g., 75
percent) reduction of pu-zo.

. 6.5.2.2 Industrial, Manufacturing-and Commercial Staging Areas--

The City,of shall not allow the operation,
use or maintenance of a staginq area largar than x (e.g., 5,000)
square feet, unless a dust control plan is approved by the APCO
. which demonstrates an overall x (e. q., 75 percent) reduction of
PM~10 emissions from the staging area will be achieved by
reasonably available meagures. Such measures may include, but
are not limited to, adegquate use.of,chenical suppressants,
.paving, and other means, as specified by the APCO.

6.5.2.3 Record Control App;icatioﬁu-
The owner and/or operator shall record the evidence of the
application of the control measures. Records shall be submittead

upon request from APCO and shall be open for inspection during

' unscheduled audits.

6.6  AGRICULTURAL TILLING

Land classified as "highly erodible™ (HEL) is already
controlled for water and wind erosion through the Food Schrity
Act (FSA) of 1985. Another provision of the FSA has paid farnars
to take HEL out of production under the Conservation Reserve '
 Program. This program comnits a minimum of 40 million acres to -
permanent ground cover, ;
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The Conservation Compliance provision of the FSA requires
that tillage practices be modified to leave more crop residue on
the surface. For example, V-blade implements undercut the roots
of surface vegetation, rather than plowing plants under the soil.

other modified tillage practices may also have the potential
to reduce PM-10 emissions. Currently, the agricultural industry
is working with the EPA and California air quality organizations
to conduct a multiyear research study to identify and quantify
'pn-lo emzssions from agricultural operatiqns,and to develop

effective control measures. _
currently available data indicate that replacement of tilling

operations, where feasible, with plug and punch plqnt;ng and
aerial seeding will reduce dust emissions.

6.7 OPACITY MEASUREMENT

once a speeific'Pu-lo-control strategy has been developed and
impléﬁented, it becomes necessary for either the control agency
or industrial concern to assure that it is achieving the desired
level of control. As stated previously, the control effipiency )
actually attained by a particular technique depends on its proper'
impleméntatian. This section will discuss opacity measurement as
a means for determining compliance with various regulatory
~ requirements relating to PM-10 control strategies.

visible enission measurement methods have been adopted by a
number of States as a tool for compliance. Although opacity
- observations at the property line have commanly been employed in
earlier fugitive dust control regulations, recent court decisions -
in Colorado and Alabama have found that rules of that type are
unconstitntiongl (fgiling to provide equal protection). It is

- strongly recommended that propertv=line opacitv observitiuns-
~ serve only as an indicator of a potential problem, thus -
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n¢riggering” further investigation. Source-gpecific Opqcity
Ideterminations, on the other hand, have long been a court-tested

approach to regulation. The following section describes two

States’ approach to fugitive dust regulation using v151b1e

emission methods.

6. 7 1.1 Tennessee Vvisible Emission Method--
The State of Tennessee has developed a method (TVEE Method 1).

for evaluating visible emissions (VE) from roads and parking lots
: The following discussion focuses on. TVEE Method
A (M1) in the technical areas: (1) reader position/technigues,
and (2) data reduction/evaluation procedures. Table 6-3
summarizes the relevant features of TVEE Ml. .

- As indicated in Table 6~3, TVEE Method 1 specifies an

. observer location of 15 feet from the source. In most cases,
thisdistance should allow an unobstructed view and, at the same

time, meet observer safety requirements.

M1 also specifies that the plume be read at ‘ o
approximately 4 feet directly above the emitting surface. This
specification presumably results from field experiments conducted
to support the method. - It is probably intended to represent the
point (i.e., location) of maximum opacity. While there is no
quantitative suppeorting evidence, it seems likely that the height
. -and locatzon of maximum opacity relative to a passing vehicle
will vary depending upon ambient factors (wind speed and
direct;on) as well as vehicle type and sEpeead. )

.. Implied in the M1 specification that the plume be read
approximately 4 feet above the emitting surface is the fact that
Observations will be made against a terrestrial (vegetation)
background. ' The results of one study using a conventional smoke
generator, modified to emit horizontal plumes, indicated: that
under these conditions observers are likely to nnderestinat.
opacity levels. More specifically, the study found that as
opacity levels increased, opacity readings showed an increasing
negative bias. Por example, at 15 percent opacity, the observers
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TABLE 6~3. SUMMARY OF TVEE METHOD 1 REQUIREMENTS (M1)

sun in 140° sectof behind the reader.
Observer position - 15 ft from the source. - ]
. = Observer line of sight eshould be as perpendicular as.

possible to both plume and wind direction. _
_Only one plume thickness read. :
Plume read at - 4 ft directly above enitting surface.
Indivxdual opacity readings taken each 15 s, recorded to

nearest 5% opacity.

Readings terminated if vehiclesg passing in opposite
directions create intermixed plume.,

.2=min time-averages consisting of eight consecutive 15-5
readings. .

: £icat

'+ Per Tennessee requlrenents
e — -

L
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underestzmated opacity by about S percent, and at 40 percent
opacity, observations averaged about 11 percent low (Rose, 1684).
Black plumes vere underestimated at all opacity levels.

M1 specifies that only one plume thickness be read. It
1no1udes qualifying provisions that: (1) readings terminate if
vehicles passing in oppesite directions create an inng:m;xgn
plume, but (2) readings continue if intermixing occurs as a
result of vehicles moving in the same direction. Unlike (1), the
latter condition ‘is considered representative of the surfaco.

The intent here is probably to minimize the influence of
-increasing plume density which results from “overlaying” multzple

pluoes.
There ar
opacity readings for comparison with VE regulations.

approach involves the time-averaging of consecutive 15-s
- observations over a specxfied time period to produce an average

e two basic approaches that can be used to redooe
Oone

opac;ty value. .
In the development of Ml, the State of Tennessee concluded

that a short averaging period——z nin {(i.e., eight consecutive
15-s readings)--was appropriate tor rouds and parking lots,
because these sources typically produce brief, intermittent
opacity peaks. - ) : _
Although not specified in M1, discrete 15-s VE readings from
'opeo sources could be evaluated in a time-aggregating framework.
In this case, the individual cbservations are compiled into a
histogfnm from which the number of observations (or eguivalent
- percent of observation time) in excess of an opacity limit naj
' then be ascertained. The principal advantage of using the time-
aggregate technique as a method to reduce VE readings is that the
resultant indicator of opacity conditions is then compatible with
regulations that include a time exemption clause. Under time
exemption standards, a source is permitted opacity in excess of
the standard for a specified fraction of the time (e.g.,
3 min/h). The concept of time exemption was originally.developed
to accommodate stationary source combustion processes.
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Wwithout more detailed supporting information, it i; difficule

to determine which of the two approaches is most appropriate for

evaluating VE from open sources. With respect to time-averaging,

statistics of observer bias in reading plumes from a smoke
'generator do indicate at least a slight decrease in the
naccuracy” of the mean observed opacity value as averaging time
décreases. .In M1 (2-min average), this is reflected in the
inclusion of an 8.8 percent buffer for observational error. This
buffer is taken into account before issuing a Notice of Violation
{Telecon, 1934).

One potential problem with applying time-averag;ng to opaczty
from roads and parking lots is that the resulting average will be
sensitive to variations in source activity. For'example.

_ interpreting one conclusion offered in support of Method 1, it is
" likely that under moderate wind conditions a single vehicle pass
will produce only two opacity readings 2 5 percent. Averaging .
these with six zero (0) readings yields a 2-min value below any
reasonable opacity standard. Yet, under the same conditions w;th
two or more vehicle passes, the average value will suggest
elevated opacity levels. While there is no information available
on the use of time aggregation for open source opacity, it
appears that this approach would more easily accommodate varjia-
tions in level of source. activity. For this reason alone, it nmay
be the evaluation approach better suited to roads and pnrking

6.7.1.2 Ohio Draft Rule 3745-17-(03)(B)=-

The State of Ohio submitted a fugitive dust visible emission -
measurement technique which the EPA proposed to approve in the
Federal Register on January 2, 1987. Unlike the Tennessee .
method, the Ohio draft rule contains provisions for sources other
than roads and parking lots. Average opacity values are based on-
- 12 consecutive readings. Table 6-4 summarizes the Ohio method;
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as can be seen from the table, many'f.eatures of the' Ohio draft
rule are similar to TVEE Method 1. Conseguently, the remarks
made earlier in this section are egqually applicable here.
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SUMMARY OF OHIO DRAFT RULE 3745-17-({03)(B)
Reader posztion/teohniques

TABLE 6-4.

-

.....

All ‘other: sou:oggﬂ

..................................................

Llne of vision approx;mately-perpendicular to plume
dlrection.‘

Plume read at - 4 £t above surface.

Readlngs suspended if vehicle obstructs line of s;ght.
subsequent readings considered consecutive to that taken
before the ohstruct;on. ,

Readings suspended if vehicles passing in- opposite
direction create an intermixed plume: subseguent readings .
considered consecutive to that taken before intermixing.

If unusual condition (e.g., spill) occurs, another set of
readings must be conducted

sun behind observer.
Minipum of 15 ft from source.

Line of sight approximately perpendiculaf to flow of
fugitive dust and to longer axis of the emissions.

Dpacit; observed for point of highest og=city. ) i '»4_
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