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DISCLAIMER

This Pinal Report was furnished to the U.S. Environmental Protection
Agency by TRC Environmental Consultants, Inc., East Hartford, Connecticut in
fulfillment of Contract Number 68-02-3514, Assignment Number 25. The
opinions, findings, and conclusions expressed are those of the authors and
not necessarily those of the Environmental Protection Agency or of
cooperating agencies. Mention of company or product name is not to be
considered as an endorsement by the Environmental Protection Agency.
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ABSTRACT

Linn County, Iowa is one of the State's four primary non-attainment
areas for total suspended particulate matter. Since non-traditional fugitive
dust sources can be significant contributors to ambient air quality, they
must be properly inventoried and evaluated before control strategies can be
identified. This report presents the results of a study that was performed
to assist the Iowa Department of Environmental Quality in the definition of
the non-traditional sources of fugitive dust in Linn County.

The study was separated into three tasks: update the area source
inventory, analyze the existing monitoring data to determine source impacts,
and provide a control strategy for non-traditional sources.

The results of the study indicate that (1) all future large scale
construction projects must incorporate fugitive dust controls, (2) surfacing
of unpaved roads throughout the region should be continued, and (3) the
impact of industrial fugitive dust sources should be reduced.
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SECTION 1

INTRODUCTION

The Clean Air Act Amendments of 1977 required all states to submit State
Implementation Plans (SIP's) for demonstrating the attainment of National
Ambient Air Quality Standards (NAAQS) by December 31, 1982. Linn County,
Iowa (Cedar Rapids area) is one of the State's four primary non-attainment
areas for total suspended particulate (TSP) matter (Fiqure 1-1). The SIP
addressed attainment through further controls on traditional sources and
possible control of non-traditional sources.

Non-traditional fugitive dust sources (i.e., those sources where
particulate matter become airborne, excluding heating sources and process
sources which emit through a stack) can have a major impact on ambient
particulate air quality. To properly address the non-attainment problem in
the Cedar Rapids area, these fugitive sources must be properly inventoried
and evaluated before control strategies can be identified. Since such an
evaluation has not been adequately performed for regulation impact, the Iowa
Department of Environmental Quality (IDEQ) requested assistance in order to
complete their SIP for attainment of the NAAQS for TSP. TRC Environmental
Consultants, Inc. (TRC) was contracted by EPA Region VII to assist the IDEQ
in this area.

The work performed by TRC was divided into three separate tasks. The
purpose of Task I was to prepare a detailed source inventory listing of those
area sources contributing to the TSP non-attainment problem in Linn County.
The purpose of Task II was to analyze the TSP ambient monitoring data to
determine the contribution by non-traditional fugitive dust sources to the
ambient TSP levels. The purpose of Task III was to utilize the results of
Tasks I and II to provide a strategy for the reduction of the impact of
fugitive sources for the attainment of the TSP NAAQS.

This report discusses the technical approach to each of the three tasks,
presents the results of the analyses, and provides conclusions and

recommendations based on the results. All procedures, assumptions and
calculations used to develop the proposed regulatory control strategy are
identified and documented.
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SECTION 2

CONCLUSIONS

The yearly geometric mean TSP levels recorded at each of the five Linn
County air quality monitoring stations were below the NAAQS for TSP during
the past year (1982). The three main factors contributing to this reduction
in TSP levels were an inordinate amount of precipitation during the year, a
hiatus in major construction activities, and a continued reduction in
industrial activity due to the depressed economic situation that exists
throughout the country. Based on the results of the analyses performed
during this study, it is concluded that, without additional control measures,
violations of the TSP NAAQS could again ocgcur as a result of increased
industrial productivity and/or less than normal precipitation levels and/or a
major construction project in the vicinity of a monitoring station. General
conclusions regarding the non-traditional sources contributing to the
measured air quality and the additional control measures that could be
implemented to reduce the impact of these sources are discussed below.
Specific conclusions are presented in Sections 4, 5, and 6 of this report for
the area source inventory, ambient air impact, and control strategy tasks,
respectively.

AREA SOURCE INVENTORY

Based on the updated area source inventory that resulted from Task I of
this study, traffic on paved and unpaved roads produce the greatest amount of
emissions. Table 2-1 is a summary of the yearly emission totals for each of
the major fugitive dust source categories. While it is noted that
agricultural sources of fugitive dust are also significant, such sources are
seasonal, further removed from population centers, and not readily
controllable. They should thus not be part of an overall control strategy.

Although the inventory gives relative emission rates for the various
source categories, the lack of more specific input coupled with the relative

uncertainties in emission factors and control efficiencies results in a
product of somewhat limited use. The intended use of most inventories is for
computer modeling to predict ambient air quality impact. While this
inventory could certainly be used for modeling, it is concluded that a much -
more detailed inventory should be prepared for the paved and unpaved road
source categories. The other categories are felt to be fairly representative
and they also have a lesser impact on the ambient air quality. This will be
discussed further in the Recommendations section.



AMBIENT AIR IMPACT OF AREA SOURCES

The major area source currently contributing to the air quality data
recorded at the five Linn County monitoring stations is traffic on urban
paved and unpaved roads and {ndustrial roadways. It is concluded that
traffic-related emissions annually contribute 15 to 20 ug/m at
monitoring Sites 2, 4, and § (751 Center Point Road, 445 FPirst Street, and
4401 Sixth Street, respectively) and 5 to 10 |g/m3 at Sites 1 and 3 (4426
Council Street and 14th Avenue and 1l0th Street, respectively).

Industrial fugitive emissions also contribute significantly to the
overall particulate levels recorded at gseveral of the sites. Site 3 is
affected by fugitive dust sources at the Wilson Company and Cargill - l6th
Street to the extent of 5 to 10 ug/m3 annually. Area source emissions
from Penick & PFord annually contribute approximately 5 to 6 u;/m3 to the
particulate levels recorded at Site 4.

To a lesser extent, localized area sources contribute to the particulate
levels recorded at various monitoring stations. The principal example of
this is the Hawkeye Downs fairgrounds where activities contribute
approximately 2 to 3 ug/m3 to the particulate levels recorded at Site 5.

In the past, highway construction has caused an overwhelming impact on
air quality. The emissions produced by the construction of Route 380 through
the middle of Cedar Rapids resulted in an additional 35 ug/m3 annual
impact at Site 2 in 1977. Likewise, the construction of Routes 380 and 30
resulted in an additional 20 ug/m3 annual impact at Site 5 in 1978.

AREA SOURCE CONTROL STRATEGY

To preclude the possibility of another annual NAAQS violation, controls
for specific area sources should be considered.

Since large scale construction activities have been shown to produce the
greatest impact on ambient air quality of any area source category, such
activities should be controlled and strictly enforced. A variety of control
techniques can be applied to construction activities and these are discussed
in Section 6.

The second greatest impact on air quality stems from traffic on paved
and unpaved roads. Emissions from paved roads in the core area are currently
being addressed through a very extensive street cleaning program. This
program could be extended to the environs of Cedar Rapids and also examined
to ensure that clean-up is occurring immediately after sanding and salting
events in the winter. Unpaved roads should be treated as time and budget
allow. Efforts should be initially directed to the unpaved streets in the
core area.

An industrial fugitive dust reduction plan should be initiated to reduce
the impact of this source category. In general, good housekeeping practices
such as road cleaning, spill clean-up .and wheel washes will greately reduce
the quantity of dust being emitted.



TABLE 2-1. RESULTS OF AREA SOURCE EMISSIONS INVENTORY FOR LINN COUNTY

Emission rate

Souce category (tons/year)
Agriculture
Wind erosion 4485
Soil preparation activities 1660
construction 172
Traffic on County Roads
Municipal primary 1223
Municipal interstate 29
Municipal streets 6526
Rural primary 1371
Rural interstate 5
Rural secondary
Unimproved 2
Graded and drained ' 377
Gravel 50324
Bituminous 75
Paved 1943
Traffic on roads in Cedar Rapids
Paved 6782
Unimproved 37
Gravel or stone 13832
0il surface on non-prepared base 12910
Industrial fugitives
Traffic on paved roads/lots 366
Traffic on unpaved roads/lots 181
Storage pile/materials handling 190




SECTION 3

RECOMMENDATIONS

Based on the analyses performed during this study, it was possible to
establish area source contributions to ambient air quality to a fair degree
of certainty in most instances. It was then possible to propose a control
strategy that could be implemented to reduce these contributions. However,
there are certain areas of uncertainty that still exist and further work
could be done to better define these particular areas.

INVENTORY ACCURACY

The main recommendation is to prepare a more detailed paved and unpaved
road emission inventory. The data on mileage, VMT, and road type exist, but
require considerable manipulation in order to be meaningful. Once these data
are prepared, then emissions can be estimated to a greater degree of
certainty and future modeling becomes more precise and useful.

It should be noted that a completely accurate area source inventory can
never be realistically achieved since this would require detailed testing of
each and every source. This means that there will always be some uncertainty
in the use of air quality models. There are, however, receptor modeling
techniques that could be used to "fine tune® the results, but, based on the
current situation in Linn County, such detailed analyses are not recommended.

SOURCE IMPACT DEFINITION

In several cases, there is uncertainty as toc the degree of impact of
specific area sources on a particular monitor. One example is Site 3 where
winds from the south, southwest carry emissions to the monitor from several
types of sources (landfill, industrial fugitives, unpaved roads). It is
recommended that scanning electron microscope analyses be performed on
selected filters to help distinguish individual source impacts. This
technique has proved very successful in similar instances in defining
particle types and size spectra. The results of such a study would be very
useful for fine tuning the proposed control strategy. The results would also
be useful for determining ambient air quality impacts of material less than
10 wm so that the affect of the proposed PM10 standard is addressed. )



INDUSTRIAL AWARENESS

Industrial fugitive emissions were shown to impact several monitoring
sites. While the questionnaires received from the industries are a giant
step in recognizing the types and extents of industrial fugitive sources,
they also tend to show a general lack of awareness of what fugitive sources
are and what controls can accomplish. It is recommended that gome type of
“awareness" program be undertaken to educate the industrial community in the
area of fugitive emissions and their control. This can take the form of
individual plant visits and discussions with plant managers, either by a
consultant or a local air pollution official, or it can be in the form of a
general seminar conducted by an expert for representatives from all
industries.



SECTION 4
TASK I - AREA SOURCE INVENTORY
The purpose of Task I was to prepare a detailed source inventory listing
of those area sources contributing to the TSP non-attainment problem in Linn

County, Iowa. This was to be accomplished in the following manner:

® Review and evaluate all existing information to establish a data
base to be updated.

@ Gather new emissions information necessary for updating the data
base.

e Prepare a new, updated area source emisglons inventory.
The subsections that follow describe in detail the various activities
required to complete Task I.
REVIEW AND EVALUATION OF EXISTING INFORMATION

TRC reviewed four reports that contain fugitive dust information
relating to Iowa in general and Linn County in particular. These four

reports were:

e Inventory of Particulate Area Sources in the State of JIowa.
EPA-907/9-81-010, PEDCo Environmental, Inc., December 1981.

e Iowa State Implementation Plan Revisions to Control Air
Pollution. Iowa Department of Environmental Quality.

e Air Quality Plan (Draft). Barton-Aschman Associates, Inc.,
September 1982.

e Filter Analysis and Particulate Identification - Volume I
(Draft). PEDCo Environmental, Inc., March 1982.

The purpose of the review was to evaluate the thoroughness and accuracy
of the existing area source inventory. Those areas requiring revision and
updating and those sources omitted from the inventory were to be identified.

Upon completion of the reviews, it was evident that the bulk of the
material pertinent to Task I was contained in the PEDCo (1981) report. The

8



PEDCo (1982) report presents microinventory and filter analyses results that
were useful for the Task II work, but not for Task I. The Barton-Aschman
(1982) report presents recommendations for control strategies for emissions
from roads that were useful for the Task III work. Their emissions
estimations were based, in part, on the PEDCo (198l1) work. The Iowa SIP
report presents a very general area source inventory which was based on very
general emission factors. The PEDCo (1981) report is felt to contain much
more specific information. This information is evaluated below.

Evaluation of Existing Area Source Inventory Information

PEDCo calculated emissions for Linn County from four categories of
fugitive dust sources: agriculture, construction, unpaved roads, and paved
roads. The emission factor equations they used in these calculations, the
input data, and the results are summarized in Tables 4-1 and 4.2. TRC's
evaluations of these factors and inputs are presented in the following
paragraphs.

Agriculture--

The wind erosion equation used for estimating the wind blown emissions
is widely used and accepted. The input values selected by PEDCo are
acceptable with the possible exception of V'. The values selected for V'
were obtained from the interpolation of a graph in a region of the graph that
is not well defined by the curves. TRC could not obtain the reference which
presents the data that made up the curves (Craig and Turelle, "Guide for Wind
Erosion Control on Cropland in the Great Plains States,"™ USDA Soil
Conservation Service, 1964), so PEDCo's interpolation has to suffice. The
only area for updating is the planted acreage which PEDCo obtained from the
Iowa Department of Agriculture for the years 1977-1979.

The equation used for estimating the emissions from agricultural tilling
is outdated. Midwest Research Institute (MRI) has produced a new set of
emission factors for soil preparation activities and published the
information.l Their latest equation is as follows:

E=Kk (4.8) (3)0'6 lbs/acre/year

where s = gsoil silt content (%)

k 1.0 for total particulate (all particle sizes)

0.8 for total suspended particulate

0.25 for inhalable particulate (<15 um)

0.10 for fine particulate (<2.5 um)

To account for differences in climatic conditions, this equation should
contain a (PE/45)2 correction term (the factor was based on test data
obtained in the Sacramento area of California, PE = 41, and Kansas, PE = 50,
and so an average value of 45 is selected as the correction parameter). This



factor should also contain a correction term to account for the percentage of
all agricultural emissions represented by soil preparation. Based on
discussions with individuals who have worked in the agricultural area and
TRC's extensive experience with fugitive emissions, it is felt that the soil
preparation phase of the agricultural yearly cycle probably accounts for up
to 70 percent of all of the emissions produced during the year. Harvesting
would account for about 20.percent and all other activities would probably
account for 10 percent.

Incorporating these correction terms, the equation for all agricultural
activity becomes:

E=k (6.86) (s)o'6 lbs/acre/year
(PE/45) 2

Substituting the values of 45 for s and 98 for PE (as assumed by PEDCo), the
resulting emission factor is:

E = k (14.2) lbs/acre/year
ARgain, the planted acreage information can be updated.

Construction=--

The emission factor used for estimating construction emissions is the
only one available. While many assumptions were made by PEDCoO in the
emission calculations (construction durations and acreage), they appear to be
reasonable. The only area for updating is to use 1982 data instead of the
1980 data used by PEDCo.

Unpaved Roads--

A recent draft report by MRI2 presents several emission factors for
unpaved roads that are more applicable and up-to-date than the one used by
PEDCo. The most useful factor for rural unpaved roads is the one developed
by McCaldin and Heidel3 from tests conducted on dirt roads in the southwest:

E = 0.00035 s S2  1bs/VMT
where s = silt content of surface material (%)
S = vehicle speed (mi/hr)

TRC feels that a correction term of the form d/365 should be included in this
equation when calculating yearly emissions to account for the number of dry
days per year (d4).

The segregation of road types by PEDCo with the associated. silt and
speed values are felt to be representative and will be used in the updated
inventory. However, the latest information on VMT can be used. :

Paved Roads--
MRI has also recently developed and published4 a new set of emission

10



factors for
PEDCO. The

Bpsp *

IP

10

where E =
TSP

IP =
10
FP =

sL =

urban paved roads which should be used instead of the one used by
latest factors are:

0.0208 [ sz) °-°
0.7

0.0090 [_sL 0.8
0.7

0.0081 [ sr) %
0.7

0.0036 [ sn) 0°6
0.7

emission factor, lbs/VMT
total suspended particulate
inhalable particulate (<15 m)
particulate <10 um

fine particulate (<2.5 m)

silt loading, grains/ft2

In this same document MRI presents representative sL values for various
roadway types that can be used in lieu of actual data from a particular study

area. These sL values and the roadway definitions are as follows:
Average Daily Traffic Number of sL
Roadway Type (ADT) Lanes ggrainszftzl
Freeways/Expressways >10,000 >4 0.03
Major Streets/Highways >10,000 >4 0.52
Collector Streets 500-10,000 2% 1.32
Local Streets <500 2t 2.02

* Total roadway width 232 ft.
t+ Total roadway width <32 ft.

Substituting these values into the emission factor equations yields the
following recommended emission factors for specific roadway categories and
particle size fractions:

Emission Factor (1lb/VMT)

TSP <15 im <10 um <2.5 um
Local 0.053 0.021 0.018 0.0067
Collector 0.035 0.015 0.013 0.0053
Major 0.016 0.0071 0.0064 0.0030
Expressway 0.0012 0.00074 0.00067 0.00057

11



For the Linn County emission inventory, information can be provided by
the Iowa Department of Transportation on VMT (mileage and ADT) for each of
the roadway categories.

information Omitted From Existing Area Source Inventory

The existing area source emission inventory contains very 1little
information on industrial sources of fugitive dust.? The only data available
are included in the suspended particulate point source inventory (Iowa SIP
document) and this information is very outdated. The fugitive sources
identified in this inventory, with the exception of those listed for the corn
Sweeteners plant, only include bulk receiving and bulk loadout. There is no
mention of vehicular and storage pile sources of emissions. In order to
prepare a more detailed area source inventory for Linn County, the emissions

from these industrial sources must be included.

There are other sources of fugitive emissions not included in the
inventory, sources such as dirt playgrounds, parking lots, racetracks,
drive-in movie lots, etcC. These sources might affect a nearby TSP monitor,
but would not have a significant impact on the overall air quality of the
county. They will therefore not be included in the emission inventory.

GATHERING OF NEW INFORMATION TO UPDATE INVENTORY

In order to update and expand the existing area source inventory, new
input data had to be obtained. Most of the new data were updated versions of
data used by PEDCo. For example, 1981 data on planted acres were obtained
from the Iowa Department of Agriculture and 1981 data on construction permits
were obtained from the Department of Planning and Redevelopment. The data
for the industrial sources of fugitive emissions, however, were obtained from
the individual plants.

To obtain the plant information necessary to calculate emissions from
industrial fugitive sources, TRC prepared data gathering forms for use by the
Linn County Health Department. Two forms were prepared: one for vehicular
sources of fugitive dust (tcraffic on plant paved roads, unpaved roads, and
parking lots) and one for materials handling sources of fugitive dust
(storage pile loading and unloading, truck and railcar loading and unloading,
and storage pile wind erosion). Examples of these forms are presented in
Figures 4-1 and 4-2.

Copies of the forms were sent by the Health Department to the following
Linn County industries:

swhile it is the policy of the IDEQ to classify all industrial sources
of particulate as straditional®”, it is important to classify industrial
fugitive sources as *non-traditional® for the purposes of this study
since they fit into that category as defined in Section 1 of this report.

12



ADM Corn Sweeteners

B.L. Anderson, Inc.
Robins Quarry
Lisbon Quarry

C.R. Sand Plant
Ivanhoe Sand Plant

Cargill, Inc.

6th Street SE

10th Avenue NW
l6th Street

Cedar Rapids Asphalt & Paving Co.

J Street SW

Marion

Century Engineering Co.

Cherry Burrell

City of Cedar Rapids Water Pollution Control Facilities

E. Cohn & Sons
Wilson Avenue
3rd Street SW
L Street SW

Cryovac Division of W.R. Grace & Co.
Diamond V. Mills

Farmland Industries

6th Street

Bowling Street

C Street

General Mills
Harnischfeger

Bubbard Milling Co.

Iowa Electric Light & Power
6th Street NE

Prairie Creek

Iowa Manufacturing Co.

Iowa Steel and Iron

Katz Salvage

13



o Lee Crawford Quarry Co.
0 Le Febure Corporation
o Martin Marietta

o Midland Forge

o National Oats

o Penick & Ford, Limited

o Quaker Oats

o Rockwell International
Collins Road
Graphic Systems Division

o Wilson Poods

PREPARATION OP UPDATED AREA SOURCE EMISSIONS INVENTORY

A summary of the emission factors used in the preparation of the updated
area source emissions inventory is presented in Tables 4-3 and 4-4.
Table 4-3 presents the factors for the source categories of agriculture,
construction, and traffic on county paved and unpaved roads. Table 4-4
presents the factors for the industrial sources of fugitive dust. While
emission factors in general are usually only accurate to within a few orders
of magnitude when used on sources other than those tested in the original
development of the factor, it is TRC's opinion that the ones selected for use
in this study are the best documented and, therefore, the most acceptable.

Tables 4-5 through 4-7 present the results of the updated area source
inventory for the agriculture and construction source categories. All
assumptions pertinent to the calculations of the emissions are included with
the tables unless otherwise noted. Where possible, emissions are also given
by particle size.

All of the input information necessary for a detailed updating of the
area source inventory for the paved and unpaved roads cateqgories was not
obtainable from IDOT. The information that IDOT transmitted is summarized in
Table 4-8. Additional breakdowns of road type, etc., would require computer
programming work and additional data processing on the part of IDOT which was
outside the scope and resources of this project. Some additional information
was obtained directly from the Linn County Department of Planning and
Redevelopment. This information, which pertains only to unpaved roads in
Cedar Rapids, is summarized below:
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Road Type Miles Annual VMT

Unimproved 3.69 42,231
Gravel or Stone 85.34 7,727,181
0il surface on Non-Prepared Base 37.95 8,664,326

Based on the 1limited road data, an emissions {inventory for
traffic-related sources can be prepared but will require many assumptions.
Table 4-9 presents the inventory for Linn County paved and unpaved roads
(Cedar Rapids included) and Table 4-10 presents the inventory for just Cedar
Rapids. Again, all assumptions are included with the tables and particle
size information is given where possible. Perhaps the most inaccurate
assumption is the one that all county municipal roads are paved. As can be
seen in Table 4-10, this is not the case in Cedar Rapids where the emissions
contribution from the unpaved roads exceed those from paved roads. More
detailed input information is required for the traffic-related area source
inventory to be more accurate.

Table 4-11 presents the results of the updated area source inventory for

the industrial fugitive dust source category along with the pertinent
assumptions.
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SOURCE TYPE:

COMPANT :

VEHICULAR TRAFFIC ON INDUSTRIAL ROADS/PARKING LOTS

{TROAD SEGMENT

SUREACE TYPE ©
LENGTH (MILES) °
NO. OF LANES

T ————————————
SILT CONTENT (%)

| SURFACE LOADING (LB/MI)®

B T
NO. PER DAY

|

NO. PER YEAR

————————————

AVG. SPEED (MPH)

CARS

AVG. WEIGHT (TONS
AVG. NO. OF WHEELS

NO. PER DAY

e

! e ———————————
| 2, o/ 0. PER_YEAR

@
€I AVG. SPEED (v@H)
| >

I Al BT e

" AVG. WeIGHT (TONS)

Plck-

AVG. NO. OF WHEELS

» NO. PER DAY

82 NO. PER YEAR

HH

2% TAVG. SPEED (*H)

55 [AVC. WEIGHT (T0NS)
AVG. NO. OF WHEELS

] = —}-

] —}—]—

v NO. 2ER DAY

IO AR

L NO. PER YEAR

LAVG. SPEED (MPH)
aAVG. WEIGHT (TONS)

e ———————————————

AVG. NO. OF WHEELS

Tiactor
Tratlers

_1—-}1-§} 4 -

T —————————————

T [ ¥0. PER DAY

I'N¥O. PER YEAR

| e T
| _AVG. SPEED (MPH)
. avG. WEIGHT (TONS)

Other

L

. __AVG. “EIGHT (T
H i AVG. NO. OF ~HEELS

——‘i—- - -

HESCRIPTION OF DUST CONTROL METROD(S) NOW USED OR PLANNED AND FREQUENCY OF APPLICATION:

a: Paved, uopaved, gravel, etc.
b: Tor parking loc: assume aid-point of lot to exi:

: Paved roads only
4: Paved areas only

Figure 4-1. Example of data gathering form for traffic sources.
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COMPANY ;

SOURCE TYPE: MNATERIALS MANLLING

TYPE OF OPERATION®

TYPE OF MATERIAL

PILE EXTENT (ACkES)D

AMOUNT IN STOKRACE (TONS)Y

SILT CONTENY (%)

MOISTURE CONFENY (Z)

LOADING METIOb¢

LOADING DEVICE CAPACITY (va})

UNLOADING MErnon®©

UNILOADING DEVICE CAPACITY (Yd")

FRUCLSS RATE (TONS/DAY)

PROCESS RATE (‘TUNS/YEAR)

BESCRIPTION OF DUST CONTROL METHOD(S) NOW USED OR PLANNED AND FREQUENCY OF APPLICATION:

a:  fryck loading, storage plle, ratllcar unloading, etc.

b: Storage pilce only

c: Frontend Jooader, clamshell, stucker, etc.

d: Batch loading only

Figure 4-2. Example of data gathering form for materials handling sources.
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TABLE 4-1.

EMISSION_PACIORS USED BY PEDCo_(1981)

Source Source Emission factor/
category actlvity equation bescription ol varial.les/constants
Agriculture Windblown dust E = alKCL'V’ E = emisslon factor (tons/acre/year)
a = portion of total wind erusion lossen that would be measured as particulates
I = soil erodibility (tons/acre/year)
K = surfuce roughness factor
C = climatic factor
L' = unsheltered field widtn factor

Ayriculture

Construction

Unpaved roads

Paved coads

Agricultural activity

Construction activity

Traffic

Trafkfrc

g« 43010.80(1.4) 8

(PE/SO)2
1.2
e 2
(PE/50)
S, 365-w
E = t(o.sl)a(,o)( 165 )
E=5.1

V' = vegetative cover factor

E = emission factor (lbs/acie/year)

5 = arbitrary constant to account for comblned emissions ot all phases of dactivity
0.8 = 80% of the emissions predicted are likely to remain as suspended particulates
1.4 = cunstant developed by MRI in orlginal emission factor

8 = silt content of surface soil (%)

(PB/SO)2 = correction term to account for climatic differences
PE = Thornthwaite's precipitation-evaporation index

E = emission factor (tons/acre/month)
1.2 = emission factor developed by MRI

(PB/SO)2 = correction term to account for climatic differences
PE = Thornthwaite's precipitation-evaporation index

E = emisslon factocr (1lbs/VMT)
t = constant to account for percent likely to remaln as suspended particulates
(t=0.32 for unimproved and graded and drained roads; t=0.62 tur yravel tuads)

0.81 = constant developed by MRI in original emission [actui

8 = silt content of road surface material (3)

S = average vehicle spced {(ai/hr)

30 = constant developed by MRl in original emission f[actor
(365-w) /365 = correction tecm to account tor precipitation

w = annual number of days with 0.0l inch or wore of craintall und
1 inch or more of snow cover

E = emission factor (g/VMT)
5.1 = constant developed by MRI
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— TADLE 4-2. INPUT DATA AND RISULTS POk PEICO (198L) INVENIORE

Source Source . e Emissions
category activity Input data (tons/year)
Agriculture Windblown dust Crop_type _a__ . K Cc L v _E__ Plauted acres
Corcn 0.025 56 0.6 ag.08 0.75 0.24 0.01 150,000 1500
Wheat 0.025 56 0.6 0.08 0.7% 0 neg 200 -
Oats 0.025 56 0.8 0.08 0.80 0 neq 19,500 -
Sorqhua 0.025 56 0.5 0.08 0.72 0 neg 1,100 -
Soybeans 0.025 56 0.6 0.08 Q.75 0.61 0.0) 85,000 2550
Alfalfa 0.025 56 1.0 0.08 0.72 ] neqg 21,700 -
Hay (other) 0.025 56 0.8 0.08 0.80 0 neg 4,700 -
Agriculture Agricultural activity _8 PE_index _E__ 5 % E Planted acres
45 98 13.1 65.6 282,200 9256
Construction Construction activity Construction type Exposed acres Ducation Permits PE index [
Residential - 1 family 0.1 4 mos. 164 98 0.31 20
Regidential - 2 family 0.1 4 mUS. 12 98 0.31 2
Residential - 3 family 0.5 4 mos. 4) 98 0.31 27
Compmercial 0.5 6 mos. 86 98 g.31 80
Industrial 2.5 6 mos. 19 98 0.31 84
Public 2.5 6 mos. 58 94 0. 31 270
Unpaved roads Traffic koad type Miles Dally VT Annual 103wt t 5 5 _w E__
Unimproved 0.3 8 3 0.32 12 25 111 1.80 3
Graded and drained 3).6 734 268 0.32 L2 30 i1 2.16 289
Gravel 935.5 74595 27227 0.62 12 35 111 4.89 66570

Paved roads Traffic Annual Lo’ VMT

451886 2540
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TABLE 4-3. EMISSION FACTURS USED [N TIE UPDATED

Soutrce Source
category activity

Emission factor/
equation

ARFEA SUURCE INVENTURY:

Principal
references

AGRICULTURE, CUNSTHUCTIUN, TRAFPIC ON

Agriculture Windblown dust

Agriculture Agricultural activity

Construction Construction activaty

Unpaved roads Traltfac

Paved roads Tratfic

E = aIKCL'V®

k(e.8) ()28 (1.ay
(pE/45)2

1.2

E =
(PE/50) 2

E = 0.00035(s) (S) 2(d/365)

E = a(sLz0.7)®

5. 6

1, 2

2, 3

E = emission factor (tons/acre/year)

portion of total wind erusiun losses that would be @easured
as particulates

sn0il erodibility (tons/acre/year)

surface roughness factor

climatic factor

unsheltered field width Eactor

= veqetative cover [actor

<
.r.nx-
[ |

= emission factor (1bs/acre/year)

1.0 for total particulate

0.8 for total suspended particulate

0.25 for matertal <15 =

0.10 for material <2.5 mo

constant develuped by MRI

soil silt content (%)

constant developed by TRC to account tor all phases ol
agricultural actaivity

(PB/CS)2 = correction term to account for climatic dittegences
PE = Thornthwaite's precipitation-evapuration tndex

> m

B = emisslon factor (tons/acre/month)
1.2 = emission tactor developed by MRI

(PB/SO)2 = cocrection term to account for climatic ditlerence
PE = Thronthwaite's precipitation-evaporation i1ndex

-4

0.00035

8

s

(d/365)
/

emission factor (1bs/VMT)

constant developed by McCaldin and Heidel

81lt content of surface material (%)

vehicle speed (mi/bhr)

correction term to account for precipitation

d = annual number of days with less than 0.0l 1uch ul
rainfall or 1 inch of snow cover

emission factor (lbs/VMT)

a, b = constants developed by MRI

a = 0.0208, b = 0.9 for total suspended particulate
a= 0.0090, b = 0.8 for material <15 um

a = 0.008l, b = 0.8 for material <10 mm

a = 0.0036, b = 0.6 for material <2.5 ym

8ilt loading of surface material (granns/ftz)
constant developed by MR1

al

<

.

-4
L]
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__TABLE 4-4.

CMISSION _FACTORS USED IN_THE UPDATED AREA SOURCE INVENTORY: [NDUSTRIAL SOUKCES OF FUGITIVFE DUST _

Source
category

Source
activity

Emission facto
equation

r/

Principal
references

Description ot varlables/conatants

Unpaved roads/
parking lots

Paved roards/
patking lots

Tratfic

Traffic

S W
E = k(5.9) (%—21 55 3

4 .8
E =k (0.09l(ll(n)(lo)(

-1
(

L

1000

.5

d
(32

365

]
)(])

0.7

= cmission factot (lhs/VNT)
= 1.0 for total suspended particulate
= 0.57 for material <15 pmn

= 0.45 for material <10 m

= 0.16 for material <2.5 pm
-
a
=
=

silt cuntent of suctace matecial (%)

vehicle spced (mi/hr)

vehicle weight (tons)

number of wheels

annual number of days with less than 0.0l incn ul raintall
or 1 inch of snow cover

5.9, 12, 130, 3, 4, 365 = constants develaoped vy MR1

(-9 2 7 W]

emission factor (lbs/VMT)

1.0 for total suspended particulate

0.64 for material <15 um

0.51 for material <10 m

0.17 for material <2.5 wm

industrial road augmentation factor

7 for large truck carcy-out

3.5 for vehicles hitting berms 20% of time
1.0 for all traffic on paved surfaces
number of traffic lanes

silt content of surface material (%)
surface loading (lbs/mi)

vehicle weight (tons)
9, 4, 10, 1000, 3 = constants developed by MRl

oXr e

(cont inued)
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TABLE 4-4 (continucd)

Source
category

Source
activity

Fmission factor/
equation

Principal
referencey

pescription ot variables/cunstants

Materlials
handling

Materlals
handling

Materials
handling

Storage
pile

Batch drop (Eront-end/ s U H
bucket loader) E = k(0.0018) (G} () (5)
2 Y 0.33

Py )

Continuous drop - s U N
B u(o.onla)(slls)(lo)
2

M
(2)

Railcar/truck E = 0.001

unloading
nindage e- 17 % Gl 43

E = emission tactoc (lus/ton)

k = 1.0 tor total suspended particulate
= 0.48 tor material <15 um

0.36 tor material <10 um

0.13 for material <2.5 va

silt content of material (%)

wind speed (mi/hr)

drop height (ft)

moisture content of material (V)

s capaclt; of unloading device (ya))
.0018, 5, 5. 5, 2. 6 = constants developed by MRI

emission factor (lbs/ton)

1.0 for total suspended particulate

0.49 for material <15 um

0.37 for material <10 uym

0.11 for materlal <2.5 um

= gilt content of material (%)

= wind speed {(mi/hr)

= drop helght (ft)

M = molsture content of material v)

0.0018, S5, 5, 10, 2 = constants developed by MRI

*m O< EXICO
[T I A )

£ = emission factor (lbs/ton)
0.001 = emission factor developed by TRC

emission factor {1bs/acre/day)

ailt content of material (%)

annual number of days with less than 0.01 1nch of raintall ur

1 1nch of snow cover

f = percent of time that unobstructed wind speed exceeds 12 mph
at the mean pile height

1.7, 1.5, 235, 15 = constants developed by MRI

e m
" a0

e s e ww
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TABLE 4-5.

INPUT DATA AND RESULTS FOR UPDATED

AREA SOURCE

INVENTORY: WINDBLOWN DUST EMISSIUNS_F

Input parameters

Emission factor

Crop type a 1 K (o L' v (tons/acre/year) Planted acres
Curn 0.025 56 0.6 0.08 0.75 0.24 0.01 156,000
Wheat 0.025 56 0.6 0.08 0.75 0 neg 200
Oats 0.025 56 0.8 0.08 0.80 0 neg 16,600
Sorghum 0.025 56 0.5 0.08 0.72 0 neg 100
Soybeans 0.025 56 0.6 0.08 0.75 0.61 0.03 97,500
flay, alfalfa, other 0.025 56 0.8 0.08 0.90 0 neg 21,700

Total 292,100

RUM_AGRICULTURE

‘futal suspended
pacticulate eaissiuns

(tonsa/ycar)

1560

2925

4485

Notes/assumptions:

* values of input parameters (a,

1, K, C, L', V') same as used by PEDCo (1981).

** [nformation on planted acres is for 1981 and was obtained from Mr. Bernie Janssen of the Iowa Department of Ayriculture.
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TABLE 4-6. INPUT DATA AND RESULTS FOR UPDATED AREA SOURCE INVENTORY; _ EMISSIONS PROM AGRICULTURAL, ACTE

Emissions_(tons/year) o

* values of input parameters (8. PE) same a8 used by PEDCo (1981).

*+* Information on planted acres is for 1981 and was obtained from Mr. Bernie Janssen of the lova

- T "7 T 777" "Total auspended Material Materaal
Silt content, emisslon factor Total particulate pacticutate <15 un <2.5 m
8 (pecrcent) PE lndex {ibs/acre/year) Planted acres (k=1.0) {x=0.8) (k=0.295) (k=0.10)
45 98 14.21 k 292,100 2075 1660 519 207
Notes/assumptions:

Department of Ayriculture.
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TABLE 4-7. INPUT DATA AND RESULTS FOR UPDATED ARFA SOURCE INVENTURY: EMISSIONS FROM CONSTRUCTION ACTIVITY _

Total suspended

Caonstruction Emisslon factor particulate emi1ssinns
type PE i1ndex (lbs/acre/year) . Exposed acres puration (months) Number ot permitsa (tons/year)

Residential - 1 family 98 0.31 0.1 4 141 18
Residential - 2 family 98 0.31 0.1 4 2 neg
Residential - 3} family 98 0.31 0.5 4 4?2 26
Commercial 98 0.31 0.5 6 Sk 48
1ndustrial 98 0.31 2.5 6 10 47
Public 98 0.31 2.5 6 7 33

Total 172

N Notes/assumptions: i

* values of input parameters (PE index, exposed acres, duration) same as used by PEDCo (1981).

** Information on number of permits is for 1981 and was transmitted by Mc. Robert Madson of the Linn County Department of Planning and

Redevelopment.



TABLE 4-8. COUNTY PAVED AND UNPAVED ROAD INFORMATION OBTAINED FROM THE IOWA

DEPARTMENT OP TRANSPORTATION

Miles
System Miles ADT w/ADT zero Annual VMT
Municipal primary 40.08 10,448 - 152,857,602
Municipal interstate 8.84 15,077 0.15 47,809,525
Municipal streets 633.34 1,644 12.10 372,927,973
Rural primary 102.64 4,574 -- 171,370,617
Rural interstate 1.72 13,116 - 8,224,180
Rural secondary
Legal 15.52 - 15.52 -
Unimproved 0.25 6 -- 2,190
Graded and drained 33.53 786 - 286,890
Gravel 934.16 77,024 - 28,113,760
Bituminous 10.33 7,715 - 2,815,975
Paved 179.27 200,830 - 73,302,950
Proposed 5.12 - 5.12 -
Miscellaneous 5.50 - 5.50 -
Total 1,970.30 45,160 38.39 857,709,241
Note: This information is for all of Linn County which includes the

following towns:

Alburnett Lisbon
Bertram Marion
Cedar Rapids Mount Vernon

Center Point Palo
Central City Prairieburg

coggon Robins

Ely Springville
Fairfax Walker
Hiawatha

For Cedar Rapids itself the only data obtained were the following:

478.76 miles of municipal roads with

476,616,000 VMT. The road

mileage 18 broken down as follows: 351.78 paved, 3.69 unimproved,
85.34 gravel or stone, and 37.95 oil surface on non-prepared
base. The breakdown of the VMT is given in Table 4-10.

26
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TABLE 4-9. INPUT DATA AND_RESULTS_FOR UPDATED AREA SOURCE INVENTORY:

Average _Emissluns (tons/yeac) _ ________________ . ___
vehicle Total suspended Material Material Matertal
, Silt content, speed Dry days Emission factor Annual particulate <19% um <10 um 2.5 pm
Road type 8 (percent) S{mi/hi) per year, 4 (lbs/acre/year) vMT (a=.0208, b=.9) (a=.0090, L=.8) (a<=.008l, b=.8) (a=.0036, L=.6)
Municipal primary a(0.743)b 152,857,602 1,22) 54) 449 229
Municipal interstate a(o.oaa)b 47,809,525 29 18 16 14
Municipal streets a(l.BBS)b 372,927,973 6,526 2,197 2,424 9u8
Rural primary a(0.743)b 171,370,617 1,371 608 5480 257
Rural i1nterstate a(0.0lJ)b 8,224,180 5 3 ) 7]
Rural secondary
Unimproved 12 25 254 1.83 2,190 2 -- -- --
Graded & drained 12 30 254 2.63 286,890 37 - - ==
Gravel 12 35 254 ).s58 20,113,760 50,324 - - -
81tuminous at2.e86)P 2,815,975 75 30 25 v
Paved a(2.886)b 73,302,950 1,943 770 660 246

Notes/assumptions:
* Assumed all municipal streets to be paved since more detailed information not available.
** Agsumed municipal and rural interstates to be similar to MRI Ereeway/expressway claasasification.
*es Assumed municipal and rural primaries to be similar to MRI major street/highway classification.
seer  pAgqumed municipal strecets to be similar to MRI collector classification.
tseas pssumed rural secondary paved roads to be similar to MRI local classification. /

asssss  gilt contents, average vehicle speeds, and dry days per year same as used in PEDCo inventory.
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TABLE 4-10. INPUT DATA AND RESULTS FUK UPDATED AREA SUURCE INVENTURY: EMISSIONS FROM TRAEFIC 0N MUNICIEA

Average _Lmssions (tuns/year) .. ...
vehicle To al suspended Material Maturgial

Silt content, speed Dcy days Emission factor Annual particulate <15 n <10 wa

Road type 8 (percent) 5 (mi/hl) per year, d (lbs/VMT) VMT (a=.0208, b=.9) (a=.0090. p=.8) {(a=.0081, bo.B8)

Paved a(l.413)® 460,102,262 6,742 2,82} 2,541
Unimpruved 12 25 254 1.83 42,231 37 -- -
Gravel or stone 12 35 254 31.58 7,727,181 13,832 -- --
oil surface on 10 3s 254 2.98 8,664,326 12,910 - --

non-prepared base

Material

<2.% uld
(a=.0036, L=.0)

1,045

Notes/assumptions:

¢ pasumed paved municipal streets to be composed of 70 percent collector, 20 percent najor/highway, and 10 percent freeway/expressway.

e* sSilt contents, average vehicle speeds, and dcy days per year game as used in PEDCO inventory except for oll surtace whege the values

TRC estimates.

ees aAnnual VMT for paved stceets obtained by subtracting unpaved VMT's from data obtained from IDOT (Refer to Table 4-8).

ot 8 and S are
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TABLE 4-11,

RESULTS FOR UPDATED AREA SOURCE INVENTORY:

Vehicular emissions (tons/year)

Storage pile emissions

(tons/year)

Paved Paved Unpaved Unpaved Load Load Wind Material handling emissions - loading/
Company roads lots roads lots in out erusiun unloading: truck/raillcac (tuns/year)
ADM Corn Sweeteners 25.8 k) - 1.8 ky 0.1 k, - - - 0.2
8.L. Anderson, Inc. - Robins Quarcry 1.5 k) - -~- - neg. - 60.9 ~-
- Lisbon Quatrcy 0.6 k, - -— - neqg. -- 39.0 --
- C.R. Sand Plant -- - 1.7 ko - neq. - 12.2 -—
- Ivanhoe Sand Plant -— - 2.0 kg - neg. -- 4.9 --
Cargill, Inc. - 6th Street SW 5.3 k) neg. -- 0.2 k3 - - -~ --
- 10th Avenue NW 14.7 Ky 0.2 k) - neg. - - - neg.
- 16th Street - - 47.0 K, - - - -- neqg.
Cedar Rapida Asphalt - J Street 2.1 k) - 5.7 kp -- neq. neq. 1.8 -
- Marion 0.6 k) - neg. -~ neq. neq. 1.0 --
Century Engineering Co. - 1.1 xy - - - - - -
Chercy Burrell 4.4 "l 1.2 "1 - - - - - -—
Clty Water Pollution Control 2.8 k) - 1.2 ky -- - -- - neg.
E. Cohn & Sons - Wilson Avenue - - neq. - - - - -
- 3rd Street SW - neg. neg. -— - -- -- --
~ L Street SW neg. - - neq. - - - .
Cryovac Div. of W.R. Grace & Co. 0.2 k) 0.6 k; - - - L - - -
Diamond V. Mills, Inc. 0.1 ky - neg. - - - - ney.
Farmland Industries - - 3.5 k) -—- - -- -- neg.
FMC - Sixth Street 23.4 Kk - 0.1 k; - - - - -
- Bowling Street 46.1 k; - 2.3 ky -— - - - -
- C Street 15.2 ky - neg. -- - - - --
General Mills, Inc. 8.4 k) - 2.8 k; - - - - -
Harnischfeger 79.0 k3 - - . . - _— -
Hubbard Milling Co. - - 7.9 k3 - -- - -- neg.
lowa Electric - 6th Street - - 0.7 k, 0.7 ky - - - 0.1
- Prairie Creek 0.9 k; -- 10.0 k, -- 0.3 0.3 a.9 -
lowa Manufacturing Co. ! 14.7 kg - 0.4 ky - - -— . -
Iowa Steel & Iron -- neg. - neg. neg. neg. neq. -
Katz Salvage ’ - -- 0.4 x5 - - - - -

(cont inued)
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TABLE 4-11 (continued)

Storage pile emiselons

vehicular emissions (tons/year) {tons/year)
Paved Paved Unpaved Unpaved Load Load wind Material handling emissions - loading/

company roads lots roads lote in out erosion unloading: truck/railcar (tons/year)
Lee Crawford Quarry Co. -- -- 37.9 k, -- 0.3 0.3 k3 11.0 --
LeFebure corp. $.2 ky - - - -- - - -
Martin harietta 1.3 Ky - 32.4 Kk -- 0.2 ky 0.2 k3 12.2 0.2 ky
Hidland Forge 0.0 k) 1.4 k) -- -- -- -- -- -
National Oats 0.9 k3 0.1k, - 1.9 &, - - -- neg.
penick & Ford, Ltd. 0.6 &y 0.4 %k, 18.5 k3 -- - - -- neg.
Quaker Oats 9.2 ky 6.9 'l - - - - - neg.
Rockwell Int. - Collins Road NE 31.4 k) - - -- -- -- - --

- Graphic Systems Div. 19.5 ky - - -~ - - -—- --
Wilson Foods 27.5 &) 6.0 kj - - neg. neg. 2.2 neg.

Notes/assumptions: T
¢ Negligible emissions are those less than 0.1 tons/year . )

Unless specified in the questionnaires, the values of the input parameters for the equations presented in Table 4-4 vere assumed to be the

E - N N o ]

The

2 for paved roads and 1 for paved patking lots

1 tfor paved parking lots

10 percent for unpaved roads and 20 percent for paved roads {based on TRC field tests)
5 percent for materials handling except for washed coal where 8 = 1.5 percent

$00 1bs/VMT (based on TRC fleld tests)

10.6 mi/hr (based on 5 years of historical meteorological data from Linn County)

32.7 percent (based on 5 years of historical meteorological data from Linn County)

254 (same as used by PEDCO)

$ ft. for batch drops and 10 ft. for continuous drops

tollowing control efficiencies were used in calculating emissions:

20 percent for gravel road treated with calcium chloride (Parmland Industries, Hubbard Milling)

50 percent for watering storage piles (Lee Crawford Quacey!)

50 percent for oil base road (Cargill - 16th Street)

50 percent for watering unpaved roads (lowa Blectric Light & Power, Martin Marietta, City Water Pollution)
50 percent for oiling a gravel toad (Penick & Pord)

75 percent for oil and water on roads (Lee Crawford Quarry)

Por
for
for
for

total suspended particulate emissions: k) = kz = k3 = 1.0

emissions of material <15 um: Kk; = 0.57, ky = 0.64, ky = 0.48
emissions of material <10 wm: k; = 0.45, ky = 0.51, k3 = 0.36
emissions of material <2.5 wm: k; = 0.16, ky = 0.17, ky = 0.13

tollowing:



SECTION 5

TASK II - TSP AMBIENT MONITORING DATA ANALYSIS

The purpose of Task II was to analyze the TSP ambient monitoring data to
determine the contribution by non-traditional fugitive dust sources to the

ambient TSP levels. The approach taken to perform this task included the
following steps:

® Gather data and perform analyses
ee® Gather historical TSP data
®e® Perform background analysis

e® Perform yearly trend analysis-with and without removal of
background

ee Perform monthly trend analysis

o® Gather and analyze meteorological data
oe Perform pollution rose analysis

e Perform spatial correlation analysis
o® Gather additional reference materials

® Assimilate information: results and conclusions.

The details of each of these steps are presented in the following
subsections.

DATA BASE AND TECHNICAL APPROACH

Historical TSP Data

Historical TSP data were obtained from the IDEQ for the five monitoring

sites in Linn County for the years 1976-1982. The locations of the sites are
as follows:

® Site 1 - Noelridge Park
4426 Council Street NE

® Site 2 ~ Linn County Health Department
751 Center Point Road NE

® Site 3 - Jane Boyd Community Center
1l4th Avenue and 10th Street SE
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0 Site 4 - City Garages
445 First Street SW

o Site 5 - Grant Wood Building
4401 Sixth Street SW

Historical TSP data were also obtajined for a background station located
at Backbone State Park which is approximately 45 miles north of Cedar Rapids
in Dundee. Data for this site were from the years 1978~1982. Descriptions
of the five Linn County sites can be found in Reference 9. A description of
the Dundee site can be found in Reference 10. A map depicting the locations
of the five Linn County sites is presented in Pigure 5-1.

Background Analysis

The monitoring station at Backbone State Park is located in a very
isolated and rural area of Iowa. The TSP levels recorded by this monitor are
considered by the IDEQ to be representative of the background conditions that
exist throughout the State. Contributions to the background TSP levels are
assumed to come from natural sources (worldwide and continental), unpaved
roads, and agricultural activities.

When the IDEQ prepared their SIP (Referéﬁce 9), they assumed a constant,
yearly background level of 36 ug/m3 for the area around Backbone State
Park. They then performed an analysis of agricultural activity throughout
the state and arrived at a background level of 40 ug/m3 for Linn County.
While this approach is appropriate for modeling purposes, it is misleading
for the work to be performed during this current study. To understand
fluctuations in the TSP levels in Linn County, any fluctuations in the
background@ levels have to be known and the reasons for the fluctuations have
to be understood. Thus, a background analysis was performed.

As the first step in the background analysis, the historical TSP data
recorded at Backbone State Park were analyzed and the yearly geometric means
were calculated, as follows (no data were recorded at this site prior to
1978):

Year: 1978 1979 1980 1981 1982
TSP Level (ug/m3): 37.9 35.8 40.7 36.5 26.0

The next step was to hypothesize that the yearly fluctuations in TSP
levels coincided with yearly fluctuations in precipitation. To test this
hypothesis, the total yearly precipitation recorded in Cedar Rapids was
obtained from Reference 10 (it must be assumed that Backbone State Park
experienced similar yearly precipitation fluctuations), as follows:

Year: 1976 1977 1978 1979 . 1980
Precipitation (inches): 23 35 36 39 32

Since the precipitation data available for the years 1981 and 1982 were
insufficient to calculate yearly totals, only three years of precipitation
and TSP data can be compared. Plotting TSP versus precipitation for the
Years 1978-1980 (Figure 5-2) yields a linear relationship of the form:
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TSP = 63.1 - 0.7 (inches of precipitation)
The hypothesis thus appears to be accurate.
Assuming that the above relationship is valid, then interpolated
background levels can be obtained for the years 1976 and 1977 based on the

recorded precipitation for those years. These levels are as follows:

Year: 1976 1977
TSP Level (ug/m3): 47.0 38.6

Yearly Trend Analysis

The historical TSP data were analyzed and the yearly geometric mean
particulate levels were calculated for the five monitoring locations in Linn
County. Table 5-1 and Fiqure 5-3 present the results with the background
levels also included.

To remove the effects of yearly fluctuations in precipitation from the
data, the background levels were subtracted from the levels recorded at the
five Linn County stations. The results are presented in Table 5-2 and
FPigure 5-4.

An important point to note at this time is that 1982 was an extremely
*wet" year which produced a low background level (26 ug/m3). This is one
of the main reasons that all stations recorded levels that were below the
primary standard. The average background level for the seven year period was
37.5 ug/m3, almost 12 ug/m3 higher than the 1982 level. This point
will be discussed in more detail in a later section.

Monthly Trend Analysis

Another analysis technique used was the calculation of monthly means to
note any monthly or seasonal trends that might help characterize the data.
Again, the historical TSP data were analyzed and the monthly ' means were
calculated for all study years combined (1976-1982) and for 1982 alone. The
results are presented in Tables 5-3 and 5-4. Figure 5-5 graphically presents
the 1982 data.

Meteorological Data

To perform the pollution rose and spatial correlation analyses as well
as to provide overall insight into fluctuations in TSP levels, meteorological
data were required for the study area. The only meteorological station in
the area that collected the type of data necessary for analysis was the one
located at the Cedar Rapids Municipal Airport. The data as received from the
National Climatic .Center in Ashville, North cCarolina, were 1in “raw®,
unprocessed form instead of the usual presentation of Local Climatological
Data (LCD) summaries which give daily averages of all recorded parameters as
well as three-hour averages of selected variables. The Cedar Rapids data
were in the form of hourly values for each day of the year with no daily
summaries provided. Another drawback of the format of the meteorological
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data was the lack of meaningful precipitation information for the years
1976-1979.

The parameters that were calculated included average wind speed,
resultant wind speed, resultant wind direction, and wind persistence. Wind
persistence (P) is defined as the ratio of the vector average (resultant)
wind speed to the average wind speed over the 24 hour period and is a measure
of the wind variability. A persistence 20.71 is equivalent to an hourly
wind direction deviation of 555°. In conducting the pollution rose and
spatial correlation analyses, only those days with P>0.71 are used.

The results of the calculations are presented in Tables 5-5 through 5-11
for those days on which TSP data were recorded at any of the monitors and the
wind persistence was 2>0.71. The information received covers the period of
January 1976 through October 1982.

An additional set of meteorological data was obtained from the National
Climatic Center: surface wind tabulations for the five vyear period of
1963-1967. These data were used to calculate historical wind frequencies for
the study area. These frequencies are summarized in Table 5-12. For

comparison purposes, the 1976-1979 data set was analyzed in an identical
manner. The results of this analysis are presented in Table 5-13.

One final meteorological data analysis was performed based on the wind
directions on days when ambient air samples were obtained. The results of
this wind frequency analysis are presented in Table 5-14 for each monitoring
site for each of the study years and for all the years combined.

Pollution Rose Analysis

For the pollution rose analysis, the historical TSP data for each
monitoring station are segregated into eight wind direction categories and
then the average particulate level for each category is calculated. Only
those data recorded on days with P>0.71 are used. The results for all
years are presented in Table 5-15. Figure 5-6 presents the pollution roses
for 1982.

Spatial Correlation Analysis

The spatial correlation analysis consists of comparing the recorded TSP
levels at the monitoring stations on a daily basis for each wind sector.
Only the data recorded on days with P>0.71 are used. This analysis is used
to help determine which monitors are being affected by local sources and in
what direction these sources might be located. The results are presented in

Tables 5-16 through 5-23.
Additional Reference Materials
The final step of the technical approach prior to drawing conclusions

was to gather additional information that might prove useful in locating
sources or understanding source impact. The information collected included
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the following items:

® Aerial photographs of the study area taken on April 18, 1980
having a scale of 1" = 300°.

® U.S.G.S. topographic maps of the study area having a scale of 1"
= 2000°.

o A detailed road map of the study area, copyrighted 1982,

® The four references received as part of Task I of this study
(References 9-12).

® Traffic volume flow maps for 1977, 1979, and 1981 provided by the
Traffic Engineering Department of the City of Cedar Rapids.

e A map showing the completion dates for various segments of Route
380.

e Correspondence from Robert Madson, Assistant Director, Department
of Planning and Redevelopment, Cedar Rapids, providing some
details on construction, traffic, and street sweeping practices.

e Hawkeye Downs activity data for 1982.

e Traffic data for the year 1981 provided by the Iowa Department of
Transportation.

RESULTS AND CONCLUSIONS OF DATA ANALYSES

To determine the impact of particulate emissions from non-traditional
sources at the monitoring sites, the influences of background and traditional
sources must be subtracted out. For the purposes of this study, the
following definitions are used for traditional and non-traditional sources:

Traditional sources - stacks, fuel combustion, solid waste
disposal, auto exhaust.

Non-traditional sources - industrial fugitive emissions, paved
roads, unpaved roads, construction, exposed areas (playgrounds,
racetracks, etc.)

Background levels have already been addressed (Section 4) and their
influence can be accounted for. The impact of traditional sources on the
five monitoring locations has been modeled for the years 1977 and 1982
(Reference 9). It is felt that modeling of traditional sources is at least
as accurate as the source apportionment techniques used in this study and ‘can
therefore be used as an adjunct method. This is not true, however, for
non-traditional sources where there is such uncertainty in the inventory and
in the emission strengths of the various sources (since the emission factors
are not well defined, as discussed previously). Thus, the
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modeling results presented in Reference 9 for the non-traditional sources
will not be used.

Table 5~24 presents the traditional source impacts, the background
levels, the measured particulate levels, and, by difference, the
non-traditional source impacts at each of the monitoring locations for each
of the study vyears. For those cases where the 1977 and 1982 modeled
traditional source impacts differed, a linear increase or decrease was
assumed for the intervening years. The 1976 levels for traditional source
impacts were assumed identical to the 1977 levels.

Figure 5-7 presents the estimated non-traditional source impacts at each
of the monitoring sites for each of the study years. These impacts are
discussed in the following subsections for each monitoring site.

Site 1 - 4426 Council Street

The air quality data recorded at Site 1 (Figure 5-3) indicate that the
yearly geometric mean particulate levels are well below the NAAQS standard.
Particulate levels have averaged approximately 21 g/m° above background
(Figure 5-4) with approximately 7 ug/m3 of this amount attributable to
traditional sources (Table 5-24). This, in turn, leaves an average impact of
approximately 14 ug/m3 due to non-traditional sources (Figure 5-7). This
impact has varied from a low of 9 ug/m3 in 1978 to a high of 19 u;/m3
in 1980.

Based on the information presented and discussed in this report, it is
concluded that traffic-related sources are contributing the bulk, if not all,
of the 14 ug/m3. In addition, the primary influence is from the region
to the north of the monitoring site - the Collins Road area. The reasoning
behind this conclusion is discussed in the following paragraphs.

In general, the data recorded at Site 1 have tracked the data recorded
at Backbone State Park very closely. This is seen in both the yearly values

(Pigure 5-3) and the monthly values (Figure 5-5). This matching 1is
indicative of general sources of fugitive dust, such as traffic. The greater
deviation from background during the winter months indicates possible
northwest through northeast influence since the prevailing winds are thus
oriented in the winter (Tables 5-12 through 5-14). (This deviation may also
be partly due to increased sanding and salting in the winter months and to
increased residential fuel use).

The pollution rose data (Figure 5-6) again track background with higher
levels when the winds are from the northeast through northwest. Except for
southerly winds, the typical difference between the background and §ite 1l
data is 5-10 ;g/m3 for east through west winds and 20 g/m for
northwest through northeast winds. The deviation with southerly winds is
most likely due to traditional sources in the general Cedar Rapids area. On
a yearly basis, the additional 25 ug/m3 difference with northerly winds
would correspond to approximately 4-5 ug/m3 of the geometric mean (based
on a frequency of 20 percent for southerly winds and a conversion from
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arithmetic to geometric levels). This correlates well with the modeled
values (Table 5-24).

Referring to Figure 5-7, the downwards variation in 1978 can be
reasonably explained by the data presented in Table 5-14 which show an
abnormal increase in southerly wind flow for the sampling days that vyear.
Thus, the influence of traffic in the Collins Road area would be much less.
The' upwards variation in 1980 is most likely due to the land clearing phase
of the construction of Route 380.

Based on the maps, aerial photographs and the site visit, the conclusion
reached for Site 1 is logical. There is a very large industrial park in the
Collins Road area. Many of the large corporations that are located in this
area (Martin Marietta and Rockwell International, for example) have been
shown to have substantial traffic-related emissions with few materials
handling emissions (Section 4). The large volume of traffic in the area
would definitely impact the monitor located in Noelridge Park.

Site 2 - 751 Center Point Road

The air quality data recorded at Site 2 (Figure 5-3) indicate that the
yearly geometric mean particulate levels have been above the NAAQS standard
for all years except 1982. However, it must be remembered that 1982 was a
very "wet” year, as discussed previously. Assuming no change in emission
strengths throughout the area, then Site 2 would again most likely record
particulate levels above the NAAQS standard should precipitation levels be
slightly lower than normal. FPor 1982, the yearly geometric mean particulate
level was approximately 35 ug/m3 above background (FPigure 5-4) with
approximately 14 ug/m3 of this amount attributable to traditional sources
(Table 5-24). The remaining 21 uq/m3 are due to non-traditional sources.

Based on the information presented and discussed in this report, it is
concluded that, for 1982, traffic-related sources are contributing the bulk
of the 21 ug/m3 with the rest being essentially attributable ¢to
industrial operations to the south, southwest. In the years previous to
1982, the construction of Route 380 overwhelmingly impacted the particulate
levels recorded at the monitor, up to 35 ;g/m3 on a yearly basis. The
reasoning behind these conclusions is discussed in the following paragraphs.

In general, the data recorded at Site 2 for 1981 and 1982 have tracked
the data recorded at Site 1 very closely. Again, this indicates general,
traffic-related sources. The higher levels recorded at Site 2 are indicative
of greater traffic density and the monitor's closer proximity to traffic
sources. The montly averages (Figure 5-5) are higher in February, March and
April at this site than at Site 1 and this is may be due to the sanding and
salting in the area.

The pollution rose data (Figure 5-6 and Table 5-15) again show good
tracking between Sites 1 and 2 with a typical difference in levels of about
10-20 ug/m3. When the winds are from the south, southwest, this
difference increases somewhat. This is indicative of a slight influence from
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the industries in that area (Quaker Oats, Cargill, Iowa Electric Light &
Power), both from traditional and non-traditional sources.

This site has been the most severely influenced by the construction of
Route 380 since the highway is located within 500 feet of the monitor. The
data recorded at this site clearly show the effects of large scale
construction on local air quality (Tables 5-16 through 5-23). This will be
discussed more fully in Section 6.

Site 3 - l4th Street and 10th Avenue

The air quality data recorded at Site 3 (Figure 5-3) indicate that the
yearly geometric mean particulate levels have been below the NAAQS standard
for the last two years. However, as in the situation at Site 2, violations
might occur during an overly dry year or if industrial output increases. For
1981 and 1982, the _yearly geometric mean particulate levels averaged
approximately 35 ug/m3 above background (Figure 5-4) with approximately
23 ug/m3 due to traditional sources (Table 5-24). The remaining
12 wg/m3 are attributable to non-traditional sources. .

Based on the information presented and discussed in this report, it is
concluded that, for 1981 and 1982, both industrial fugitive emission sources
and an unpaved road in the vicinity of the monitor are contributing the bulk
of the 12 uwg/m3. To a lesser extent, other local traffic and the
landfill across the river to the south are impacting the monitor. The
reasoning behind these conclusions and further details on these sources are
discussed in the following paragraphs.

Site 3 is severely impacted by local industrial sources, as indicated by
the modeling results for traditional sources (Table 5-24). The two major
industries in the area are the Wilson Company (to the south, southwest) and
Cargill-l6th Street (to the southeast), both of which are only a quarter mile
away. Both of these industries have fugitive dust sources as indicated in
Section 4 and these sources undoubtably contribute to the air quality in the
area.

Immediately to the south of the Jane Boyd Community Center, upon which
the monitor is located, is an unpaved road (part of Otis Road) which is
heavily used by trucks going to and from Wilson and Cargill. Farther to the
south, across the river, is the town landfill. The other areas around the
site are essentially residential with relatively low traffic volumes. One
other industry in the area is the Iowa Manufacturing Company (located to the
west, southwest of the monitor); however, the production in this plant has
been severely cutback in recent years and it does not appear to have any

degree of current influence on local air quality.

The yearly trend data (Figure 5-4) show a decrease in particulate levels
over the years. This is probably due to general reductions in industrial
point and area sources coupled with decreases in productivity due to the
economy .
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The monthly trend data for 1982 (Figure 5-5) show a pattern very
dissimilar to that displayed by the background data and those displayed by
Sites 1 and 2. This is highly indicative of localized, directional sources.

The pollution rose data (Figure 5-6) clearly show the influence of
sources located to the southeast, south, and southwest with the southwest
direction displaying the greatest impact. Again, this is indicative of local
sources located in these directions from the monitoring station. The spatial
correlation data (Tables 5-16 through 5-23) likewise show this directional
influence.

One additional piece of information attesting to the directional impact
relates to the discussion presented previously for Site 1. 1In that case, the
lower particulate level seen in Figure 5-7 was due to southerly winds which
reduced the impact of traffic-related sources to the north. 1In this case,
those same southerly winds increased the impact of the local sources as can
be seen in the figure.

The data available for this study are not of the type that allow for
further definition of source impact. Additional studies, such as microscopic
analysis of filter collections or additional monitoring, would be necessary
for such definition. These are further discussed in the Recommendations
section of this report.

Site 4 - 445 First Street

The air quality data recorded at Site 4 (Figure 5-3) indicate that the
yearly geometric mean particulate levels have been above the NAAQS atandard
for all years except 1982. However, as in the situation at Sites 2 and 3,
violations might again occur during a year with less precipitation and
increased industrial activity. For 1982, the yearly geometric mean
particulate level was approximately 35 ug/m3 above background
(Figure 5-4) with approximately 11 |g/h3 of this amount attributable to
traditional sources (Table 5-24) and the remaining 24 ug/m3 thus
attributable to non-traditional sources.

Based on the information presented and discussed in this report, it is
concluded that traffic-related sources are contributing at least half to
three-quarters of the 24 ug/m3 with another quarter attributable to
industrial fugitive sources at Penick & Ford, situated one-quarter mile away
to the southeast of the monitor. The remainder is most likely due to
operations in an equipment storge lot adjacent to the building upon which the
monitor is situated. The reasoning behind this conclusion is discussed in

the following paragraphs.

In general, the data recorded at Site 4 have tracked the data recorded
at Site 1 and Backbone State Park fairly well, indicating general source
influence. This is seen in both Figures 5-3 and 5-4. The slightly higher
levels in 1976 and 1977 are more than likely due to the construction of Route
380.
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The monthly data for 1982 (Figure 5-5) also track Site 1 and Backbone
State Park data with the exception of a large peak in April. This peak is
the result of one high value of 168 ug/m” being averaged into the data
set. This value was recorded on April 14, a day when the winds were very
persistent from the southeast and no other monitors recorded data
(Table 5-19). This is indicative of a local, directional source.

The pollution rose data (Figure 5-6) suggest a significant source
located to the east and southeast of the monitoring site. It would be
expected that Sites 2 and 4 would be affected by general downtown traffic in
a similar manner and thus their pollution rose data should track fairly
well. This is true for winds from the south through the northwest. However,
when the winds are from the east and southeast, the Site 4 data are much
greater than the Site 2 data. It is postulated that operations at Penick &
Pord are the cause of this peak. When the winds are from the north and
northeast, the Site 2 data are higher than the Site 4 data. This is expected
since the Cedar River lies immediately to the north, northeast of Site 4
while Center Point Road is near Site 2. By using the frequency of wind data
in conjunction with the pollution rose data, a fugitive dust source
contribution of 5-6 ug/m3 can be assumed to be attributable to Penick &
Ford on a Yearly basis.

The spatial correlation data presented in Tables 5-16 through 5-23
clearly show the presence of a local source to the east, southeast. Although
the equipment parking area is also located on this side of the building upon
which the monitor is situated, the monitor's height above ground
(approximately 50 feet) would tend to preclude a significant impact from this
source.

Figure 5-7 shows two interesting features. The first is the increased
levels in 1976 and 1977. These again show the degree of impact that can
result from large scale construction activities. The second item of interest
is the increase in levels in 1980 and 1981. Discussions with local health
department personnel have indicated that Penick & Ford increased production
during this time period, thus further lending credance to the influence of
this source on the air quality data recorded at Site 4.

Site 5 - 4401 Sixth Street

The air quality data recorded at Site 5 (Figure 5-3) indicate that the
yearly geometric mean particulate levels have been below the NAAQS standard
for the last four years. Even in a very dry Yyear, the monitor should not
record a violation of the yearly standard of 75 ug/m>. For 1982, the
yearly geometric mean particulate level was approximately 29 wg/m” above
background (Pigure 5-4) with approximately 6 ug/m3 of this amount
attributable to traditional sources (Table 5-24). The remaining 23 ug/m3
can be attributed to non-traditional sources. )

Based on the information presented and discussed in this report, it is
concluded that traffic-related sources are contributing to the bulk of the
23 ug/m3. Activities at Hawkeye Downs, a dirt racetrack and fairgrounds
located across the street from the monitor to the west, southwest, also
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impact the air quality recorded at the monitor. 1Industrial fugitive sources
to the southwest (ADM Corn Sweeteners and Harnischfeger) also affect the
particulate levels. In previous years, highway construction has
significantly impacted the dust levels in the area. The reasoning behind
these conclusions is discussed in the following paragraphs.

The yearly trend data for the past three years have tracked the data
recorded at Site 1 and at Backbone State Park very well (Figures 5-3 and
5-4). Prior to that, the levels were severely affected by the construction
of highways 380 and 30 with the interchange being immediately to the south,
southwest of the monitor.

The monthly data (Figure 5-5) tend to follow the same general trends as
Site 1 and background with the exception of showing more pronounced
excursions. This indicates some local, directional source which skews the
data set upwards when the winds are from that direction.

The pollution rose data (Pigure 5-6) clearly show the presence of a
local influence to the southwest of the site. Again, there are two types of
sources in this direction - Hawkeye Downs within a thousand feet and two
major industries within a mile. The pollution rose data for the south and
southwest wind directions for the years 1976-1978 (Table 5-15) show the
effect of construction on the particulate levels very dramatically.

The spatial correlation data (Tables 5-16 through 5-23) not only show
the local influence, they also shed some light on the degree of impact of
activities at Hawkeye Downs. Referring to Tables 5-20 and 5-21, it can be
noted that the particulate levels recorded at Site 5 on April 25, 1982, and
July 4, 1982 were higher than expected in relation to the data recorded at
the other sites. Discussions with personnel at Hawkeye Downs revealed that a
large bluegrass festival was being held on April 23 and their annual fair was
being held from July 1-8. The roadways and parking areas within the
fairgrounds are unpaved and the large volume of traffic inherent to certain
festivities would naturally result in dust emissions. However, these events
occur only sporatically and coupled with the frequency of wind from the
south, southwest should have an impact on the monitor of only 2-3 ug/m
on an annual basis.

Figure 5-7 again shows the degree to which construction can affect the

air quality in an area. An impact of approximately 20 wug/m” can be
attributed to construction in 1978.
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Figure 5-1. Monitoring locations in Linn County.
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TABLE 5-1. YEARLY GEOMETRIC MEAN PARTICULATE LEVI‘!LS_LN/!II’)

Site 1 Site 2 Site ) Site 4 Site 5 Backboune
Year 4426 Council St. 751 Center Pt. Rd. 14th and 10th 445 First st 4401 Sixtn St. State Park
1982 45.9 60.9 60.8 60.5 54.8 26.0
1981 54.1 80.0 72.7 76.6 6l.7 36.5
1980 66.5 106.5 84.8 8l.0 70.4 40.7
1979 57.8 95.0 6l1.8 73.2 73.9 5.8
1978 53.6 90.6 89.3 75.1 85.6 37.9
1977 62.0 109.3 85.2 84.1 74.0 38.6*
1976 70.5 98.8 105.7 97.9 94.2 47.0*
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.. TANLE 5:2. YEAULY GLUMETWIC MEAN PARTICULATE LEVELS WITH BACKGROUND RIBWOVED (i/ml) .. ...

Site 1 Site 2 Site ) Site 4 Site S

Year 4426 Council St. 751 Center Pt. Rd. 14th and 10th 445 Ficrat St, 4401 Sixth St.

1982 19.9 4.9 34.8 34.5 28.8

1981 17.6 43.5 6.2 40.1 25.2

1980 25.8 65.8 44.1 40.3 29.7

1979 22.0 59.2 46.0 37.4 Jg.1

1978 15.7 52.7 51.4 37.2 4.7

19717 231.4 70.7 46.6 45.5 35.4

19:I6 23.5 51.8 58.7 50.9 47.2




TAGLE 5-3. MONTILY GEOMETRIC MEAN PARTICULATE LEVELS - 1976 to 1982

Site January February March April May June July Auqust Septembe

q
&
~ |
[+]
g
]
-
4
[}
é
n
5
4
£
&
g
3

1 - 4426 Counci) St. NE 55.6 56.5 54.1 51.7 73.8 62.5 63.4 62.7 58.9 56.7 524.0 50.6
2 - 751 Center Pt. Rd. NE 70.3 70.8 88.2 92.6 119.8 106.1 95.1 105.2 106.8 86.5 80.5 .6
3 - l4th Ave. and 10th St. SB 73.4 72.60 83.7 79.2 104.5 89.9 79.0 88.5 89.4 93.4 72.6 o7.v
4 - 445 Figst St. SW 58.0 67.8 al.1 77.7 101.2 86.2 80.8 90.6 83.0 80.4 72.7 3.6
5 - 4401 Sixth St. Sw 56.4 61.6 64.7 64.7 90.9 82.5 78.1 85.5 79.9 71.1 65.2 54.4
Backbone State Park® 28.0 28.5 32.7 34.7 48.3 52.6 40.2 42.0 1.1 27.17 3e.0 2.4

1§

* 1978 - 1982 data
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TABLE 5-4. MONTHLY ARITIMETIC MEAN PARTICULATE LEVELS - 1982 thln-’l

Site January February March Aprcil May June = July August Scptember October
1 - 4426 Council St. NB 80.5 58.7 37.4 55.0 51.0 54.0 45.6 76.4 41.8 50.4
2 - 751 Center Pt. Rd. NE 89.4 717.6 65.2 82.2 64.2 64.0 54.5 85.4 54.2 67.4
3 -.ldth Ave. and 10th St. SE 78.2 71.0 58.2 86.6 85.0 55.6 54.4 94.8 62.8 a2.8
4 - 445 Picst St. SHW 73.4 70.6 70.2 96.6 668.6 59.2 54.2 83.4 58.0 80.4
5 - 4401 Sixth St. SW 89.8 57.98 53.0 72.0 55.8 66.6 53.4 76.4 62.0 68.6
Backbone State Park 29.5 24.8 22.3 38.0 37.6 43.6 28.6 41.0 23.0 37.2

47.0

48.0

508.2

56.8

29.4

53.8

42.8

33.7

17.3




TABLE 5-5. METEOROLOGICAL SUMMARY POR 1976 (P>0.71)

13

Average Resultant Average Resultant
wind speed Wind wind wind speed wind wind
Date (mph) persistence direction Date {mph) persistence dicection
01-01-76 14.7 0.914 116.0 07-11-76 10.7 .83)3 278.17
01-07-76 18.4 0.938 33o.1 07-17-76 6.9 .801 265.0
o0l1-13-76 13.0 0.903 336.6 07-23-76 5.6 .739 271.9
01-25-76 12.0 0.807 357.5 07-29-76 4.4 .784 78.5
01-31-76 12.5 0.876 242.4
08-04-76 11.0 .970 182.0
02-06-76 15.98 0.969 307.5 08-10-76 11.3 975 170.2
02-12-76 16.9 0.945 214.4 00-16-76 8.5 -924 121.6
02-14-76 16.8 0.957 137.2 08-22-76 6.7 -928 174.2
02-18-76 13.1 0.842 314.3 08-28-76 8.3 .948 312.9
02-24-76 9.5 0.973 186.5
09-03-76 12.6 . 787 211.5
0)-01-76 18.13 0.963 76.6 09-09-76 13.2 <974 317.5
03-07-76 14.0 0.794 312.9 09-10-76 9.5 .B47 277.0
03-19-76 16.5 0.973 179.3 09-15-76 9.3 <932 34.)
03-25-76 14.6 0.9138 162.6 09-21-76 10.1 .859 322.1
03-31-76 12.5 0.912 299.0 09-27-76 7.5 <902 357.1
04-12-76 9.5 0.930 147.4 10-03-76 10.5 .914 133.8
04-130-76 10.0 0.759 260.8 10-15-76 17.8 .971 309.5
10-21-76 14.0 .958 285.5
05-06-76 14.7 0.941 30.5
05-12-76 14.1 0.954 148.5 11-08-76 12.3 .809 181.9
05-24-76 10.1 0.938 44.6 11-14-76 6.6 .882 202.2
05-30-76 7.8 0.926 48.0 11-20-76 7.6 .784 286.3
11-26-76 16.2 - .884 348.9
06-05-76 11.5 0.912 103.2
*06-11-76 12.1 0.959 181.8 12-14-76 14.4 .912 216.2
06~17-76 14.1 0.971 164.6 12-20-76 21.8 .9684 318.1

06-23-76 10.7 0.907 108.2 12-26-76 12.9 .76l 304.2
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TABLE 5-6.

METEOROINGICAL 1

e e

UMMARY FOR 1977 (P>0.71)

Average Resultant Averaye Resultant
wind apeed Wind wind wind rpeed wWind wind
Date (mph) persiatence dicection Date (mph) persistence direction
01-01-77 12.6 976 302.1 07-06-77 9.9 .881 216.8
01-25-77 15.4 <954 296.2 07-12-77 8.8 .824 299.6
07-18-77 11.1 .806 172.0
02-01-77 12.1 .901 293.0 07-30-77 8.1 .851 173.1
02-06-17 10.9 .986 3.5
02-12-77 19.0 .890 296.5 08-05-77 6.3 .81319 226.8
02-18-717 11.2 .892 297.8 08-11-77 7.2 .906 318.3
02-19-77 13.0 .91 327.8 08-17-77 9.1 .964 314.5
02-24-17 20.1 .904 252.9 08-23-77 8.9 .809 47.0
08-25-177 10.9 .94 141.0
03-02-17 14.3 .978 124.8 08-26-177 10.7 .974 175.2
03-03-17 16.6 931 140.1
03-008-77 11.2 .955 189.8 09-10-77 7.7 .809 320.6
03-14-77 12.5 .915 145.2 09-13-1717 8.8 .914 13.5
03)-26-77 16.6 .976 157.5
10-04-77 8.6 .949 185.2
04-01-77 15.0 .835 137.2 10-22-77 14.7 .920 60.0
04-13-717 9.3 .900 236.2 10-26-77 7.2 .854 175.5
04-19-17 9.8 «855 145.9 10-28-77 10.3 .941 813.3
04-25-17 10.7 .93} 335.9
11-03-77 5.9 716 3J41.6
05-01-77 10.0 .855 186.6 11-09-77 21.1 .815 200.6
05-07-17 10.5 .899 62.1 11-15-77 11.2 .1786 244.4
05-10-77 7.9 .905 141.8 11-21-77 12.68 .940 281.5
05-13-77 9.9 «972 229.6
05-17-77 12.9 .923 185.) 12-03-77 7.5 .885 322.8
05-19-77 10.9 .951 178.4 12-09-77 24.0 - .995 jo1.1
05-25-17 4.1 .785 126.2 12-15-77 10.5 .95 150.9
05-31-77 18.3 .988 295.6 12-21-77 19.) .996 303.6
12-27-17 10.4 157 280.9
06-01-77 14.5 .903 317.9
06-06-1217 15.3 . 955 154.5
06-09-77 8.7 .872 115.9
06-12-77 13.1 .951 60.9
06-15-17 8.2 . 906 129.9
06-18-77 12.8 .951 299.8
06-22-717 12.4 .902 116.9
06-24-717 7.0 -840 225.6

I




TABLE 5-7. METEOROLOGICAL_SUMMARY FOR 1978 (P>0.71)

SS

Average Resultant Average Resultant
wind speed wWind wind wind speed Wind wind
Nate (mph) persistence direction Date (mph) persistence direction

01-02-78 13.9 .939 272.)3 07-01-78 9.5 .846 142.)
Nl-08-78 24.4 .997 317.4 07-13-78 10.5 <976 163.5
01-14-78 12.0 .865 346.4 07-19-78 8.2 .916 195.1
01-20-78 12.3 .900 3j4l.0 07-25-78 4.5 .905 170.9
01-26-78 26.7 .999 300.8 07-31-78 5.4 727 68.0
02-02-78 8.4 .864 328.0 00-06-78 5.6 .878 218.7
02-07-78 6.9 .893 350.3 08-08-78 5.5 .925 195.0
02-08-78 5.7 . 855 3152.6 08-12-78 5.6 .878 143.8
02-13-78 17.1 .957 41.9 08-18-178 11.7 .892 160.5
02-19-78 5.5 <967 187.7 08-24-78 6.7 .728 230.5
02-25-78 19.0 +995 107.2

09-05-78 6.9 -965 171.7
03-03-78 14.2 .985 3l8.1 09-11-78 8.6 .985 181.7
03-07-78 15.0 .9813 62.0 09-17-78 11.9 . 785 46.4
03-09-78 6.6 .919 232.2 09-23-78 7.1 .887 173.6
03-15-78 7.3 «927 291.3 09-18-78 6.4 .729 181.2
03-16-78 11.3 <955 3Jo2.7 09-29-78 8.5 <794 199.6
03-21-78 13.0 .778 282.7
03-27-78 10.0 .907 193.0 10-05-78 14.1 .963 291.0

10-11-78 7.2 .805 198.8
04-02-78 19.8 «964 106.7 10-17-78 9.8 .973 173.3
04-04-19 15.0 .875 305.9 10-23-78 6.7 <952 353.3
04-08-78 18.2 -973 98.7 10-29-78 15.0 .954 148.0
04-20-78 15.9 .965 306.7

11-10-78 8.6 .890 144.4¢
05-08-78 15.0 .911 235.4 11-11-78 11.2 .873 35.8
05-10-78 9.9 .960 190.1 11-16-78 10.4 .963 69.8
05-14-78 19.3 -912 342.0 11-22-78 10.7 961 108.1
05-16-78 7.6 .879 77.7
05-20-78 12.2 <77 303.4 12-04-78 14.6 <936 231.7
05-26-78 11.3 .970 175.4 12-10-78 8.5 922 154.6

12-16-78 13.5 <966 288.0
06-01-78 12.5 .938 286.5 12-22-78 15.1 917 272.0
06-02-78 9.1 .877 320.6 12-28-78 20.1 -966 139.2
06-14-78 13.2 .919 174.5
06-15-78 14.1 .899 167.0
06-19-78 10.9 <963 171.6
056-25-78 9.7 .919 177.4
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TABLE 5-8. METEOROLOGICAL SUMWMARY FOR 1979 (P>0.71)

Avecaye Resultant Average Resultant
wind speed Wind wind wind speed wind wind
Date (mph) persistence direction Dute (mph) persiatence direction
01-03-79 11.0 .972 254.0 06-02-79 9.7 .851 245.2
01-09-79 12.5 .899 297.8 06-08-79 9.} . 804 357.4
o1-11-79 15.7 .935 127.1 06-14-79 14.4 .961 163.7
01-15-79 8.3 . 758 159.6 06-20-79 16.1 .854 211.)
01-21-79 18.1 .976 315.8 06-26-79 10.2 .0886 195.0
01-24-79 21.6 .97} 318.7
01-27-179 10.0 .817 352.1 07-02-79 10.3 <941 119.6
07-08-79 4.8 .922 121.7
02-08-79 12.9 .838 357.) 07-22-79 4.6 .852 162.1
02-10-79 11.3 -984 106.5
02-14-79 9.5 .890 127.6 08-07-79 7.0 -947 2113.8
02-19-79 12.0 .984 161.2 08-21-79 8.0 .904 102.5
02-20-79 13.0 .990 164.3 08-31-79 8.3 . 956 163.3
03-04-79 11.4 .967 284.) 09-06-79 8.3 .920 321.1
03-05-79 13.8 .99 286.7 09-18-79 9.4 .828 J14.4
01-10-79 19.7 .995 295.7 09-24-79 6.0 .833 152.4
0)-16-79 11.8 <974 156.4
03-22-79 8.5 .989 96.3 10-06-79 13.1 -969 301.0
10-12-79 16.2 .988 3J07.9
04-03-79 5.9 .810 327.3 10-18-79 13.1 .876 134.6
04-09-79 10.7 .863 351.0 10-24-79 6.2 .965 296.1
04-15-79 10.9 .973 31l.4 10-30-79 17.1 .9089 120.1
04-21-79 11.1 .97 334.2
04-27-79 19.8 .810 315.0 11-11-79 13.9 .992 167.0
11-17-79 10.5 .963 197.8
05-03-79 16.5 .978 346.1 11-23-79 10.3 .918 234.6
05-09-79 13.4 .892 172.1 11-29-79 18.2 .990 293.2
05-15-79 8.0 .872 329.3
05-22-79 14.2 .768 177.4 12-05-79 16.6 <799 265.4
05-24-79 9.9 .918 . 359.1 12-17-79 10.6 .896 192.8
05-27-79 7.1 .886 300.0 12-29-79 6.2 .879 1.2




TABLE 5-9. METEUROLOGICAL SUMMARY FOR 1980 ({P>0.71)

LS

Average Resultant Average Resultant
wind speed Wind wind wind speed Wind wind
Date {mph) persistence direction Date (aph) persistence direction

01-04-80 7.7 177 120.7 07-02-80 5.8 .732 231.0
ol-10-80 17.2 -944 151.9 07-14-80 11.0 .975 175.8
01-22-80 19.3 -951 295.5 07-26-80 8.2 717 14.9
01-28-80 12.1 .987 312.)

0a-n7-80 10.0 954 175.3
02-03-80 7.1 <965 61.2 08-19-80 8.9 .893 179.6
02-09-80 7.4 903 304.5 08-25-80 10.1 .984 161.6
02-15-80 17.1 .873 358.1
02-16-80 15.7 .965 305.2 09-24-80 4.1 .817 152.2
02-21-80 16.2 984 83.9

10-12-80 3.9 . 798 314.2
03-04-80 1.6 766 8.8 10-18-80 12.9 .955 271.1
03-10-80 19.8 .044 300.3 10-24-80 15.3 .982 297.6
03-22-80 12.5 .831 96.8 10-30-80 10.6 .914 217.9
03-28-80 16.0 .994 56.1

11-11-80 10.2 967 113.2
04-09-80 18.2 .993 300.2 11-17-80 10.3 984 359.3
04-15-80 10.2 .930 317.2 11-29-80 16.2 . 866 275.9
04-21-80 11.2 .850 168.9
04-27-80 12.3 .836 350.2 12-05-80 8.4 .890 127.6

12-11-80 7.4 .860 94.7
05-09-80 8.9 .950 187.3 12-29-80 8.9 925 341.6
05-15-80 9.7 .958 6l1.3
06-08-80 1 .9117 312.0

3.5
06-21-80 6.9 .964 186.1




TABLE 5-10. METEOROLOGICAL _SUMMARY FOR 1981 (P>0.71)

8S

Avecage Resultant Average Resultant
wind speed Wind wind wind speed Wind wind
Date (mph) persistence direction Date (mph) persistence direction
01-04-81 7.0 712 59.4 07-03-81 6.7 .932 120.7
01-10-81 6.3 -891 326.9 07-09-81 6.3 .918 329.9
01-16-81 13.4 .986 3jla2.8 07-15-81 6.0 .710 42.9
01-22-81 9.3 .947 298.3 07-16-81 5.9 .94} 74.0
01-28-81 10.5 -940 303.0 07-27-61 10.1 -963 75.6
02-01-81 19.4 .919 283.5 068-02-81 6.1 - 159 90.3
02-03-81 11.6 .970 272.8 08-08-81 6.3 - 750 303.1
02-15-81 17.5 .986 177.2 08-20-81 3.5 -743 54.4
02-21-81 14.7 .882 105.6
09-01-81 7.6 .980 323.0
03-05-81 10.7 .850 319.6 09-13-81 2.5 .911 192.2
03-11-81 11.2 .848 292.2 09-19-81 9.0 .17 255.4
03-14-81 9.4 .832 216.4 09-25-81 8.8 .955 153.1
03-23-81 5.2 .80l 317.0
03-29-81 18.8 .868 174.5 10-01-81 15.1 .952 301.6
10-07-81 4.3 .710 342.7
04-01-81 21.5 .876 277.8 10-13-81 9.6 974 143.)
04-04-81 19.9 .856 277.6 10-19-81 9.0 .841 213.5
04-10-81 11.5 .815 157.6 .
04-16-81 13.0 .985 170.5 11-06-81 8.1 .988 293.4
11-12-81 6.3 .877 131.2
05-04-81 12.4 2177 194.1 11-18-81 13.0 -915 96.6
05-10-81 15.5 .990 17.1 11-30-81 14.2 .97} 102.2
05-11-81 17.1 917 7.3
05-16-81 11.3 .958 136.0 12-06-81 10.8 .961 171.1
05-22-861 16.8 +969 156.3 12-12-81 6.1 .954 153.3
05-26-81 9.8 .758 171.0 12-18-81 18.2 .986 312.1
12-24-81 9.4 .878 226.5
06-03-81 10.1 .967 302.1 12-30-81 11.4 +965 142.7

06-27-81 12.0 .955 151.2




TABLE 5-11. METEOROINGICAL SUMMARY POR 1982 (P>0.71)

6S

Average Resultant Average Resultant
wind speed Wind wind wind apeed Wind wind
Date {mph) persistence direction Date {mph) persistence direction
01-06-82 16.6 .960 335.0 06-04-82 9.0 955 69.8
0l1-11-82 16.5 <978 297.6 06-10-82 12.1 942 305.9
01-17-82 14.4 .980 162.3 06-22-82 6.0 -728 20.5
01-23-82 27.9 .955 270.7
01-29-82 8.6 .839 112.7 07-04-82 6.8 «720 165.8
07-16-82 9.3 .901 182.%
02-04-82 7.8 .943 333.2 07-22-82 8.6 .850 11.3
02-10-82 9.5 971 177.0 07-28-82 6.3 .789 27.1
02-16-82 9.9 .980 57.2
02-22-82 10.8 917 169.6 08-03-82 10.6 .976 196.2
08-09-82 9.6 -951 305.5
03-06-82 8.7 710 275.13 08-15-82 6.3 .801) 111.5
03-18-82 6.2 . 753 23.3 00-27-82 8.8 .767 7.8
03-24-82 10.2 .913 299.4
03-30-82 21.8 .812 201.6 09-02-82 10.4 -89} 297.2
09-08-82 7.0 .918 140.5
04-05-82 18.1 .819 29.6 09-14-82 7.6 . 786 17.0
04-11-82 8.5 .798 127.3 09-20-82 9.5 934 33401
04-14-82 11.4 <9613 140.7
04-17-82 18.6 .980 299.8 10-08-82 8.6 .938 104.7
04-23-82 11.1 . 946 212.5 10-14-82 9.5 965 240.)
04-29-82 13.8 -965 94.2 10-20-82 16.) <965 290.7
10-26-82 8.4 973 144.2
05-17-82 13.2 .832 164.5




TABLE 5-12. WIND FREQUENCY PER WIND DIRECTION CATEGORY BASED ON 1963-1967

DATA
Month N NE E SE ] SW W NW Calm
January 10.2 5.9 6.4 6.9 16.0 10.3 14.2 25.7 4.5
February 13.3 6.2 8.0 7.8 17.6 10.5 10.2 23.3 3.2
March 15.8 6.2 8.7 11.0 17.4 7.6 10.0 2l1.1 2.4
April 9.7 6.8 15.4 15.8 16.2 7.4 9.0 17.2 2.7
May 8.9 6.9 13.8 11.5 19.9 12.5 9.6 1l2.1 5.0
June 6.7 6.4 10.8 13.8 26.3 16.2 7.6 7.2 5.3
July 9.7 5.2 1l.0 13.3 20.6 1ll.3 8.1 1l.5 9.5
August 9.9 3.6 6.7 10.0 20.6 11.9 9.8 14.9 12.8
September 9.6 7.9 13.2 14.6 19.3 9.3 7.9 10.5 8.0
October 11.2 3.0 5.0 8.7 26.0 12.1 1l1l.1 18.6 4.3
November 9.6 2.0 5.0 9.0 25.0 10.7 13.0 23.1 2.8
December 10.4 4.7 5.4 9.1 19.9 9.4 13.4 25.7 2.2

Annual
average 10.3 5.3 9.2 10.9 20.5 10.7 10.3 17.6 5.2

60



TABLE 5-13. WIND FREQUENCY PER WIND DIRECTION CATEGORY BASED ON 1976-1979

DATA

Month N NE E SE ] SwW L NW
January 12.2 3.8 3.7 6.7 11.8 6.6 19.1 36.2
February 16.9 6.9 9.1 7.8 15.2 6.3 13.9 23.7
March 11.6 6.2 9.4 13.7 17.7 7.3 11.7 22.4
April 13.8 9.2 16.2 14.5 15.9 6.4 8.1 16.0
May 16.0 8.9 14.2 12.1 23.1 8.7 6.1 10.8
June 12.4 5.3 10.5 l1.8 25.6 11.1 10.8 12.5
July 21.4 6.3 10.4 11.6 24.9 8.1 6.3 1l1.1
August 15.2 5.5 8.6 13.6 29.2 lo.1 6.8 11.0
September 17.3 6.8 8.1 10.9 28.3 8.3 7.6 12.8
October 14.5 5.1 7.9 9.6 21.2 7.3 13.4 21.0
November 10.6 6.8 6.1 8.3 19.5 9.6 17.9 21.2
December 12.0 3.1 6.4 9.0 18.5 8.2 15.7 27.2
Annual

average 14.5 6.1 9.2 10.8 20.9 8.2 11.4 18.8

61



TABLE 5-14. FREQUENCY OF WIND DIRECTION ON SAMPLING DAYS (8), P>0.71

Monitoring Wind Direction Sector
Year location N NE E SE ] SW W
Site 1 4.8 7.1 4.8 14.3 21.4 4.8 16.7 26.2
Site 2 6.5 8.7 8.7 8.7 2.7 8.7 13.0 23.9
1976 Site 3 6.4 8.5 8.5 10.6 21.3 8.5 12.8 23.4
Site 4 6.5 8.7 8.7 10.9 21.7 8.7 13.0
Site 5 4.8 4.8 4.8 4.8 23.8 4.8 23 28.6
Site 1 4.5 9.1 2.3 18.2 13.6 1l3.6 4.5
Site 2 4.5 4.5 2.3 15.9 18.2 13.6 6.8 34.1
1977 Site 3 2.3 6.8 2.3 15.9 20.5 1l.4 6.8
Site 4 6.4 8.5 2.1 19.1 14.9 12.8 6.4 29.8
Site § 5.4 10.8 2.7 18.9 13.5 13.5 2.7 .
Site 1 10.2 6.1 10.2 12.2 28.6 10.2 12.2 10.2
Site 2 9.6 7.7 7.7 11.5  28.8 9.6 13.5 1ll.5
1978 Site 3 7.8 5.9 9.8 11.8 31.4 7.8 13.7 1l.8
Site 4 7.7 5.8 1ll.5 11l.5 28.8 9.6 13.5 11.5
Site S 10.2 6.1 10.2 10.2 26.5 10.2 14.3 1l2.2
Site 1 13.0 0.0 2.2 17.4 19.6 8.7 6.5
Site 2 11.1 0.0 4.4 15.6 20.0 8.9 6.7 33.3
1979 Site 3 13.3 0.0 2.2 15.6 20.0 8.9 6.7 33.3
Site 4 13.3 0.0 2.2 17.8 20.0 8.9 6.7
Site 5 15.6 0.0 2.2 13.3 20.0 8.9 6.7
Site 1 15.2 1l2.1 9.1 15.2 15.2 3.0 6.1
Site 2 18.2 12.1 9.1 15.2 18.2 3.0 3.0
1980 Site 3 18.2 12.1 9.1 15.2 15.2 3.0 3.0 24.2
Site 4 17.1 11l.4 8.6 14.3 17.1 2.9 5.7
Site 5 17.1 1l.4 8.6 14.3 17.1 2.9 5.7 22.9
Site 1 4.3 6.5 10.9 19.6 17.4 4.3 8.7
Site 2 4.3 6.5 10.9 19.6 17.4 4.3 8.7 28.3
1981 Site 3 4.3 6.5 10.9 19.6 17.4 4.3 8.7
Site 4 4.3 6.5 10.9 19.6 15.2 4.3 10.9 28.3
Site S 4.3 6.5 10.9 19.6 17.4 4.3 8.7
Site 1 1.1  11.1 11.1 1l1l.1 19.4 5.6 8.3 22.2
Site 2 8.3 11.1 1ll.1 1l.1 22.2 5.6 8.3
1982 Site 3 10.8 1l0.8 10.8 10.8 18.9 5.4 8.1 24.3
Site 4 10.8 10.8 10.8 10.8 18.9 5.4 8.1
Site 5 10.8 10.8 10.8 10.8 18.9 5.4 8.1 24.3
Site 1 8.8 7.1 7.1  15.5 19.6 7.4 9.1
All Site 2 8.6 7.0 7.6 13.9 21.2 7.9 8.9 24.8
years Site 3 8.6 6.9 7.6 14.2 21.1 7.3 8.9 25.4
combined Site 4 9.1 7.1 7.8 14.9 19.8 7.8 9.4 24.0
Site S5 10.0 7.0 7.4  13.7 19.6 7.4 9,2 25.6




TABLE 5-15. ARITHMETIC MEAN PARTICULATE LEVELS BY WIND SECTOR FUR ALL DAYS WITH P>0.7L (wy/mb)
Site 1 - 4426 Council Strect

Year N NE E SE ] SW W Nw
1982 45.8(9) 47.5(4) 74.0(4) 50.3(4) 57.7(7) 60.0(2) 40.13(3) 60.6(8)
1981 44.5(2) 60.0(3) 41.21(5) 66.7(9) 63.4(8) 38.0(2) 55.014) 64.2(13)
1980 62.8(5) 70.8(4) 63.7(3) 71.6(5) 126.8(5) 48.0(1) 48.0(2) 84.1(8)
1979 40.7(6) - 88.0(¢1) 86.1(8) 73.7(9) 74.8¢4) 46.3(3) 56.2(1%)
1978 36.2(5) 46.7(3) 52.8(5) 63.3(6) 74.3(14) 68.0(5) 39.2(6) 46.21(5)
1977 93.0(2) 50.3(4) 51.0(1) 71.9(8) 72.5(6) 81.7(6) 44.5(2) 87.1(15)
1976 50.5(2) 65.0(3) 41.5(2) 90.5(6) 97.0(9) 47.01{2) 73.4(7) 98.1(11)
Average 49.9(26) 56.6(21) 56.1(21) 72.7(46) 78.5(58) 66.7(22) 52.4(27) 67.4175)

Site 2 - 751 Center Point Road

€9

Year N NE E SE S SwW W N
1982 63.7(3) 66.8(4) 83.3(4) 76.3(4) 82.4(8) 86.512) 44.303) 69.4(8)
1981 63.5(2) 87.3(3) 67.6(5) 94.8(9) 90.1(8) 59.0(2) 71.8(4) $7.3(13)
1980 91.0(6) 104.5(4) 91.7(3) 118.4(5) 178.2(6) 100.0(1) 37.0(L) 126.6(7)
1979 102.0(5) - 109.0(2) 127.947) 118.6(9) 141.8(¢) 54.0¢3) 103.9(15)
1978 63.6(5) 118.0(4) 83.3(4) 95.8(6) 129.3(15) 100.2(5) 57.1(7) 130.3(6)
1977 172.542) 124.0(2) 129.0(1) 134.4(7) 145.68(8) 200.2(6) 66.0(3) 115.9(15)
1976 62.7(3) 102.3(4) 97.5(4) 131.3(4) 160.6(10) 112.0(4) 99.0(6) 85.3(11)
Average 85.6(26) 99.2(21) 87.7(23) 111.6(42) 128.5(64) 129.5124) 67.1(27) 103.0(75)

Site 3 - 14th Avenue and 10th Street

Year N NE 4 SE S Sw w NW
1982 44.0(4) 48.0(4) 85.5(4) 908.5(4) 94.0(7) 113.512) 50.0(3) 59.6(9)
1981 51.5(2) 70.31(3) 60.2(5) 90.9(9) 90.9(8) 72.012) 79.3(4) 88.5(13)
1980 61.3(6) 70.0(4) 73.7(3) 90.6(5) 204.8(5) 104.0(1) 36.0(1) 102.01(8)
1979 50.7(6) -- 119.0(1) 146.1(7) 130.0(9) 113.0(4) 70.3(3) 79.11(15)
1978 58.0(4) 54.3{3) 80.8(5) 94.5(6) 131.1(16) 111.0(4) 90.6(7) 110.8(6)
1977 75.0(1) 85.3(3) 67.0(1) 103.1(7) 110.2(9) 112.61{5) 88.0(3) 97.1(15)
1976 71.3(3) 91.0(4) 868.3(4) 133.2(5) 150.4(10) 134.8(4) 105.7(6) 109.9(11)
Average 56.6(26) 70.0(21) 78.6(23) 108.0(43) 125.6(64) 112.4(22) 83.2(27) 90.4(77)

(continued)



TABLE 5-15 (continued)

Site 4 - 445 Pirat Street

Yearx N NE E SE S SW

1982 52.51(4) 54.54) 94.0(4) 118.13(4) 83.4(7) 95.0(2) 40.714) 57.1(9)

1981 62.5(2) 76.0(3) 62.4(5) 108.4(9) 87.0(7) 55.0(2) 83.8(5) 80.v(13)
1980 71.7(6) 88.3(4) 75.343) 88.0(5) 151.3(6) a1.0¢1) 54.5(2) 98.8(8)

1979 51.8(6) - 118.0(1) 117.3(8) 95.0(9) 89.5(4) S1.3(3) 66.2(14)
1978 55.8(4) 56.3(3) 93.81(6) 86.31(6) 103.7(1%5) 717.8(5) 56.7(7) 717.316)

1977 92.7(3) 62.0(4) 97.0(1) 132.8(9) 110.1(7) 107.2(6) 66.0()) 96.2(14)
1976 57.0(3) 63.8(4) 93.3(4) 165.4(5) 209.1(10) 95.8(4) 94.8(6) 99.2(10)
Average 62.4(28) 66.91(22) 86.0(24) 116.7(46) 120.9(61) 90.6(24) 67.9(29) 82.1174)

Site 5 - 4401 Sixth Street

14°)

Year N NE E SE s s W NW
1982 55.5(4) 52.0(4) 87.3(4) 64.0(4) 67.9(7) 93.512) 48.3(3) 70.7(9)
1981 50.0(2) 66.0(3) 43.0(5) 68.1(9) 64.3(8) 38.5(2) 91.8(4) 84.2(13)
19680 56.21(6) 87.0(4) 60.3(1) 65.6(5) 129.0(6) $9.0(1) 43.0(2) 85.8(8)
1979 64.0(7) - 94.0(1) 116.0(6) 95%.7(9) 121.3(4) 50.7¢3) 72.5¢(15)
1978 61.61(5) 83.3(3) 81.6(5) 87.0(S) 152.5(13) 144.01(5) 50.6(7) 161.7(6)
1977 83.5(2) 63.5(4) 100.0(1) 76.0(7) 72.6(5) 161.0(5) 76.0(1) 101.8(12)
1976 58.0(1) 85.0(1) 67.0(1) 42.0(1) 121.2(5) 65.0(1) 114.8(5) 140.216)
Averaqge 60.7(27) 70.8(19) 70.7(20) 76.4(37) 105.2(53) 119.9(20) 70.2(25) 94.7(69)

Backbone State Park

Year N NE E SE s SW W NW
1982 24.8(4) 26.8(4) 69.5(4) 41.3(3) 28.4(7) 50.0(2) 20.5(2) 21.8(6)
1981 25.0(2) 51.5{2) 4.0(6) $9.9(9) 45.8(8) 30.0(2) 39.7(3) 34.6(9)
1980 38.6(5) 42.5(4) 33.0¢3) 50.5(2) 73.3(6) 43.0(1) 39.5(2) 45.6(7)
1979 29.7¢(3) -- 47.5(2) 37.743) 56.7(7) 82.3(J) 21.5(2) 35.3(7)
1978 24.2(5) 33.5(2) 41.3(4) 82.5(2) 44.0(10) 39.3(3) 22.0(48) 50.5(6)
Average 29.1(19) 37.3{12) 44.3(19) 54.8(19) 46.5(38) 51.6(11) 28.5(L)) 36.3(35)

Note: HNumbers in parentheses indicate number of observations.



TANLE 5-16. SPATIAL CORMKELATIONS: WINDS _FROM_NORTH SECTOR _ e

Particulate level (wq/m3d)

S9

- e e Average Resultant
Dackbone wind speed wind
Date Site | Site 2 Site 3 Site 4 Site 5 State Park {mph) Persistence dlcection

01-25-76 41 1] 75 26 - -—- 12.0 .807 358
09-27-76 60 81 a3 97 -- - 7.9 902 157
11-26-76 - 69 56 48 58 -— 16.2 .884 349
06-06-77 136 150 -- 112 -- - 15.3 . 955 155
09-13-77 - -- -- 71 70 - 8.8 .914 14
11-03-77 50 195 75 95 97 - 5.9 <716 342
N1-14-78 21 25 28 29 32 10 12.0 .865 346
01-20-78 46 92 60 61 56 20 12.) .900 41
02-07-78 34 59 37 54 a4 - 6.9 .09 350
02-08-78 - - - -— - 26 5.7 .855 153
05-14-78 31 56 -- -- 3o 24 18.3 .912 342
10-23-78 49 86 107 79 106 41 6.7 «952 153
01-27-79 26 28 27 26 2l -— 10.0 -817 352
02-08-79 28 - 30 32 30 - 12.9 .838 157
04-09-79 42 126 71 55 55 35 10.7 .0863 3si
05-03-79 4) 150 59 66 61 36 16.5 .978 146
05-24-79 - - -- -- 157 -- 9.9 .918 3159
06-08-79 35 95 50 58 s2 - 9.3 .804 3157
12-29-79 70 111 67 M 72 18 6.2 .879 1
02-15-80 41 52 51 5L 50 - 17.1 .873 3se
03-04-80 59 84 64 68 67 3 11.6 - 766 9
04-27-80 76 153 99 101 70 10 12.3 .836 350
07-26-80 81 56 36 4“ 32 29 8.2 717 15
11-17-80 57 114 58 90 54 59 10.3 .984 359
12-29-80 -- 87 60 76 64 32 8.9 . 925 a2
05-10-61 49 71 51 59 47 - 15.5 .990 L7
05-11-81 - -- - -- -- 37 17.1 917 7
10-07-81 40 56 52 66 53 13 4.3 .710 343
06-22-82 47 64 49 55 69 25 6.0 .728 21
07-22-82 40 -~ 36 46 40 26 8.6 .850 11
08-27-82 71 84 59 72 7n 33 8.8 . 767 8
09-14-82 25 4] J2 37 42 15 7.6 . 786 1?
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TABLE 5-17. SPATIAL CORRELATIONS;: WINLS FROM NORTHEAST SECTOR

I Particulate level {w/m}) . Average Redultant
Backbone wind speed wind
Date Slte 1} Site 2 Site 3 Site 4 Slte S State Park {mph) Persistence dicection

05-06-76 74 118 8l 66 - - 14.7 . 941 31
05-24-76 63 107 68 68 - -- 10.1 .938 45
05-30-76 - 101 69 50 - - 7.8 «926 49
09-15-76 58 0‘3 144 71 8s - 9.3 -932 34
05-07-717 75 139 168 88 94 - 10.5 .899 62
06-12-77 51 - 55 52 52 - 13.1 .951 61
08-23-77 49 109 -- 68 71 - 8.9 .809 47
10-22-77 26 -- 33 40 37 -- 14.7 .920 60
02-13-78 36 45 41 34 47 16 17.1 .957 42
03-07-78 ~-- 141 -—- -- -- - 15.0 .98) 62
04-26-78 65 228 79 90 153 150 6.8 .890 39
09-17-78 39 58 4] 45 50 -- 11.9 «785 46
11-11-78 -- - - - - 51 11.2 .873 6
02-03-80 75 95 69 74 62 38 7.1 .965 61
03-28-80 80 132 90 113 111 58 16.0 .994 56
05-15-80 46 80 45 55 55 24 9.7 .958 61
07-02-80 82 111 76 111 123 50 5.8 <132 23
01-04-81 53 58 45 " 45 27 7.0 .712 59
07-15-81 52 9l 69 67 52 -- 6.0 .710 43
08-20-81 75 113 97 117 101 76 3.5 - 743 54
02-16-82 65 a2 63 60 70 44 9.9 .980 57
0)-18-82 39 102 54 68 51 18 6.2 ° «753 23
04-05-082 33 39 36 32 34 17 18.1 .819 30
07-28-82 53 52 42 50 53 28 6.3 .789 27




TABLE 5-18. SPATIAL CORRELATIONS: WINDS FROM EAST SECTOR

Lo

Particulate level (;q/m’) _ Avexage Resultant
Backbone wind speed wind
Date Site 1 Slite 2 Site ) Site 4 Site 5 State Park (mph) Persistence Airection

03-01-76 25 42 40 27 -- - 18.3 .96) 117
06-05-76 - 138 123 133 - -- 11.5 .912 103
06-23-76 - 123 118 124 - - 10.7 .907 io08
07-29-76 58 87 72 89 67 - 4.4 .784 79
10-28-77 51 129 67 97 L00 -— 10.1 -941 /)
04-02-78 68 -- 135 8] 116 34 19.8 .964 107
04-08-78 29 55 40 39 35 51 18.2 .97) 99
05-16-78 -- - - 191 - -— 7.6 479 78
07-31-78 74 10} 112 125 128 59 5.4 <727 68
11-16-78 35 67 3l 41 51 21 10.4 .96} 70
11-22-78 58 108 86 84 78 -- 10.7 .961 108
02-10-79 - 54 - - - - 11.3 .984 107
03-22-79 88 164 119 118 94 59 8.5 .989 96
08-21-79 - - -—- - L 36 8.0 «904 103
02-21-80 69 77 66 72 60 31 16.2 . 984 04
03-22-80 52 83 64 66 52 3l 12.5 .831 97
12-11-80 70 115 91 88 69 37 7.4 . 860 99
02-21-81 59 a0 87 77 56 44 14.7 .882 106
07-16-81 - - - -— - 51 5.9 .943 74
07-27-81 17 48 20 31 21 16 10.1 «963 76
08-02-81 39 58 46 50 k13 23 6.1 7155 90
11-18-81 46 90 91 85 60 3S 13.0 -.915 97
11-30-81 46 62 57 69 42 15 14.2 .973 102
04-29-82 108 142 131 144 138 1] 13.8 «965 94
06-04-82 56 74 46 55 7 76 9.0 <955 70
08-15-82 84 80 89 - 97 84 84 6.3 .803 112
10-08-82 48 37 76 80 56 30 8.6 .938 105




TABLE 5-19, SPATIAL CORRELATIONS: WINDS FROM SOUTHEAST SECTOR

— e e o et

89

pacrticulate level Luq/m]) Averajge Resultant
packbone wind speed wind
Date site 1| Site 2 Site } Site 4 Site 5 State pPagk {mph) Perslatence direction
01-01-76 97 151 121 66 -- -- 14.7 .914 116
02-14-76 88 - - -- -- -- 16.8 .957 137
04-12-76 94 - 133 158 - - 9.5 .930 147
05-12-76 109 163 170 235 -- - 14.1 <954 149
08-16-76 66 84 100 125 - - 8.5 .924 122
10-03-76 89 127 142 243 42 - 10.5 .914 134
03-02-77 70 139 127 127 -- - 14.3 .978 125
03-03-717 -- - - - 85 - 16.6 .931 140
03-14-77 84 129 120 146 - - 12.5 915 145
03-26-717 74 119 103 - 80 - 16.6 976 1S7
04-01-177 54 -- 8]l 129 - -- 15.0 .835 137
04-19-77 49 154 104 118 80 - 9.8 .855 146
05-10-77 -- - - 152 - - 7.9 .90% 142
05-25-717 100 184 138 149 152 - 4.7 .78S 126
06-09-77 - -- -— - 57 - 8.7 .872 116
06-15-717 - - - 160 39 - 8.2 .906 130
06-22-77 - 156 - - - -— 12.4 .902 117
08-25-77 - -— - 147 - - 10.9 .943 L4l
11-29-77 102 - - -- - - 7.7 .9137 145
12-15-717 42 60 47 617 39 -- 10.5 .957 151
07-01-78 60 15 85 71 -- -- 9.5 .846 142
08-12-78 a8 138 137 131 134 B4 5.6 .8178 144
10-29-78 57 98 96 88 71 8l 15.0 954 148
11-10-78 85 118 133 127 141 -- 8.6 .890 144
12-10-78 49 65 49 5) j8 - 8.5 .922 155
12-28-78 41 8l 67 48 51 - 20.1 .996 139

{cont inued)



TABLE 5-19 (cogglpged)

Particulate level (i19/m}) Average
Dackhone wind speed
Date Site 1 Site 2 Site 1 Site 4 Site 5 State Park (rmph) Pecsistence
01-11-79 -- - - 65 - - 15.7 <935
02-14-79 108 104 135 103 92 -- 9.5 .890
02-22-79 45 - -- -- -- - 16.8 .977
03-16-79 85 154 190 122 -- 57 11.8 .974
07-02-79 78 140 141 122 124 -- 10.3 .94
07-08-79 97 106 125 119 114 -- 4.8 .922
09-24-79 72 137 105 97 70 48 6.0 .833
10-10-79 118 171 173 165 137 -- 13.1 .876
10-30-79 86 8) 154 145 159 8 17.1 .989
01-04-80 72 104 88 55 51 34 7.7 .177
01+~10-80 78 56 a0 78 64 - 17.2 . 944
09-24-80 79 267 126 130 89 -— 4.1 .817
11-11-80 7 105 9} 102 79 617 10.2 .967
12-05-60 56 60 66 75 45 - 8.4 890
05-16-81 65 9) 83 91 62 7 11.3 .958
05-22-81 76 123 12) 137 76 95 16.8 .969
06-27-81 64 105 92 92 63 62 12.0 « 955
07-03-81 91 106 120 113 78 97 6.7 .932
09-25-81 47 65 70 71 45 k1] 8.8 .955
10-13-81 66 80 90 120 65 27 9.6 .974
11-12-81 78 116 120 141 106 63 6.3 .877
12-12-81 57 86 60 83 59 45 6.1 .954
12-30-81 56 79 60 128 59 43 1l.4 <965
01-29-82 33 45 49 5] 38 -— 8.6 .8319
04-11-82 3 53 86 - 34 17 8.5 .798
04-14-82 -- - - 168 -- - 11.4 .963
n9-08-82 54 71 127 107 58 36 7.0 .918

Requltant
wind
dicection

127
128
121
156
120
122
152
135
120

121
152
152
113
128

136
156
151
121
153
14
131
153
143

113
127
141
141
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TABLE 5-20.

SPATIAl, CORRELATIONS: WINDS FROM SOUTH SECTOR

————me e =

. particulate level (wg/m}) Average
Backbone wind speed
Date site 1 Site 2 Site 3 gite 4 Site 5 State Park (mph) persistence

02-24-76 101 155 95 137 - - 9.5 «973
03-19-76 114 180 61 214 - - 16.5 .913
03-25-76 121 210 250 354 - - 14.6 .938
06-11-76 5 143 147 182 -- - 12.1 .959
06-117-176 70 1086 194 289 -—- - 14.1 .971
08-04-76 105 158 177 175 145 - 11.0 <970
08-10-76 100 162 154 224 106 - 11.3 . 975
08-22-76 -- 133 132 162 134 - 6.7 .928
11-08-76 85 145 170 221 102 - 12.) .809
11-14-76 102 134 116 13) 119 -- 6.6 .882
03-08-77 107 174 158 188 - - 13.2 .955
05-01-77 7 122 108 138 80 - 10.0 .855
05-17-17 - - 100 - -- - 12.9 .92)
05-19-77 117 242 175 162 114 - 10.9 951
07-18-177 53 78 70 65 48 - 1l.1 .806
07-30-177 58 116 85 88 59 - 8.1 .851
08-26-717 - -- 120 - - - 10.7 974
10-04-177 - 252 129 89 -- - 8.6 .949
10-26-77 - 113 -- - - - 7.2 .854
11-09-77 23 69 47 44 62 - 21.1 .815
02-19-78 90 108 84 78 86 29 9.5 967
03-27-178 112 140 206 134 100 - 10.0 .907
05-10-78 - - 170 - - -— 9.9 .960
05-26-78 103 22} 197 184 401 - 11.3 .970
06-14-78 - - - - -- 84 13.2 .919
06-15-78 - -— - - 70 - 14.1 .899
06-19-78 66 108 109 99 299 - 10.9 .963
06-25-78 82 99 102 103 172 -— 9.7 .919
07-13-78 34 9) m a0 - 51 10.5 .976
07-19-78 - 57 70 54 - 36 8.2 .916
07-25-78 76 183 149 100 104 34 4.5 .905
08-08-78 - - - - - 73 5.5 .925
09-18-78 64 152 118 96 99 52 11.7 .892
09-05-78 117 173 148 126 219 - 6.9 .965
09-11-78 104 179 179 154 171 - 8.6 .985
09-23-78 64 109 118 82 -- - © 7.1 .887
09-28-78 - - - -— -- 24 6.4 <729
09-29-78 58 104 121 79 75 - 8.5 . 794
10-11-78 44 79 107 65 7 21 7.2 .B80S
10-17-78 66 132 142 121 109 36 9.8 .91713

{cont inued)

Resultant
wind
dicection

o ———— e e

187
179
163
182
165
182
170
174
182
202

190
189
185
178
122
173
175
185
176
201

188
191]
190
175
175
167
172
177
164
195
171
195
161
172
182
174
181
200
199
173



TABLE 5-20 (continued)

L

. Particulate level;j.q/nlj _— Average Resultant
Backbone wind specd wind
Date Site 1| Site 2 Site 3 Site 4 Site 5 State Park (mph) Perslstence direction

01-15-79 41 51 37 31 35 - 8.3 . 750 160
02-19-79 - -- - - - 38 12.0 .984 161
02-20-79 - 82 79 68 59 -- 13.0 +990 164
05-09-79 118 201 292 172 190 78 13.4 .892 173
05-22-79 127 - - - - - 14.2 . 768 177
06-14-79 64 128 190 122 98 92 14.4 .961 164
06-26-79 66 225 153 131 199 3s 10.2 .0886 195
07-22-79 - -- - - -- 70 4.6 .852 162
08-31-79 64 128 159 109 92 - 8.3 . 956 163
11-11-79 37 59 61 4 32 36 13.9 .992 167
11-17-79 al 107 89 93 84 48 10.5 .963 198
12-17-79 65 86 110 8s 72 - 10.5 .896 193
04-21-80 165 209 271 214 176 119 11.2 .850 169
05-09-80 143 227 196 200 201 - 8.9 .950 187
06-21-80 - - - - - 67 6.9 964 186
07-14-80 134 258 204 170 126 87 11.0 975 176
08-07-80 79 111 127 106 76 34 10.0 . 954 175
08-19-80 - 118 -- 84 94 49 8.9 .893 180
08-25-80 113 146 226 134 101 84 10.1 .984 162
02-15-81 68 68 76 68 56 sl 17.5 .986 177
03-29-81 6l 89 79 - 71 40 18.8 .868 175
04-10-81 53 87 112 98 50 47 11.5 .835 158
04-16-81 52 75 91 72 49 4 13.0 .985 17
05-04-81 61 78 a8 60 59 SL 12.4 M 194
05-28-81 75 12) 114 98 79 49 9.8 .758 171
09-13-81 85 135 119 128 104 58 2.5 911 192
12-06-81 52 66 48 85 38 26 10.8 .961 171
01-17-82 - 96 - - - -— 14.4 .980 162
02-10-82 55 84 70 69 41 23 9.5 .971 177
02-22-82 56 89 83 as 57 15 10.8 917 170
03-30-82 q1 67 75 95 1 32 21.8 .812 202
05-17-82 4 72 130 83 59 38 13.2 .832 165
07-04-82 55 64 9) 70 924 43 6.8 .720 166
07-16~-82 42 52 63 58 4?2 24 9.3 .901 183
08-03-82 111 135 144 124 111 24 10.6 976 196
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_ TABLE 5-21. SPATIAL CORRELATIONS: WINDS FROM SOUTHWEST SECTOR o
particulate level gg(m’[ Average Resultant
Backbone wind speed wind
Date Site 1 Slte 2 Site 3} Site ¢ Site 5 State Park (aph) peraistence direction

01-31-76 54 59 10l 55 - - 12.5 .876 242
02-12-76 - 121 171 105 - - 16.9 .945 214
09-03-176 - 204 173 153 -- - 12.6 .787 212
12-14-76 40 64 94 70 65 - 14.4 .912 216
04-13-77 111 16) 166 143 165 -- 9.3 .900 216
05-13-717 133 362 - 168 231 - 9.9 .972 230
06-24-717 66 191 106 75 169 - 7.0 .840 226
07-06-77 1] 234 111 99 111 - 9.9 .881 217
08-05-77 41 90 71 6l - - 6.3 .819 221
11-15-77 51 161 109 97 129 - 11.2 . 786 244
03-09-78 124 169 177 155 147 46 6.6 .919 232
05-08-78 31 45 - 4 42 20 15.0 911 235
08-06-78 74 122 105 94 344 - 5.6 .878 219
08-24-78 87 133 111 103 157 52 6.7 .728 231
12-04-78 24 32 51 30 30 -- 14.6 .936 232
06-02-79 90 135 124 88 156 129 9.7 .851 245
06-20-79 75 185 136 91 109 95 16.1 .854 211
08-07-79 108 219 141 136 180 - 7.0 .947 234
11-23-79 26 28 S1 43 38 2) 10.3 .918 235
10-30-80 48 100 104 a1l 59 4] 10.6 .914 218
03-14-81 -- - -- -- - 40 9.4 .832 216
10-19-81 40 71 99 62 19 20 9.0 .841 214
12-24-81 36 47 45 48 38 - 9.4 .878 227
04-23-82 76 118 141 111 124 60 11.1 .946 213
10-14-82 44 55 86 59 63 40 9. . 965 240
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TABLE 5-22.

SPATIAL CORRELATIONS:

WINUS FROM WEST SECTUR

Particulate level (!LQE{L, Average Resultant
Backbone wind speed wind
Date Site 1 Site 2 Site 3 Site 4 Site 5 State Park (mph) Persistence dlcect ion

04-30-76 91 98 128 93 - -- 10.0 . 759 261
07-11-76 85 93 79 112 17) -- 10.7 -833 279
07-17-76 90 122 109 11l 122 - 6.9 .80l 265
07-23-76 65 89 91 94 105 - 5.6 «7139 272
09-10-76 47 - -- - - - 9.5 .847 2717
10-21-76 4 53 76 56 61 -— 14.0 .958 286
11-20-76 89 139 151 10} 13 - 7.6 .784 286
02-24-77 - 52 91 50 -- - 20.1 -904 253
11-21-77 39 6l 74 66 - - 12.8 .940 282
12-27-77 50 85 99 82 76 - 10.4 .157 281
0l-02-78 32 b1 ] 36 3 3 2) 13.9 <939 272
03-15-78 34 56 121 72 47 -— 7.3 ° -927 291
03-21-78 -- 82 133 91 75 - 13.0 .778 283
06-01-78 45 54 153 54 79 - 12.5 .938 287
10~05-78 33 17 8l 50 47 22 14.1 .963 291
12-16-78 498 54 43 41 36 21 13.5 .966 208
12-22-78 43 4 67 56 37 22 15.1 <917 272
01-03-79 29 24 58 35 31 - 11.0 .972 254
03-04-79 20 22 24 2) 22 -- 11.4 .967 284
03-05-79 -- - - - - 21 13.8 .993 287
12-05-79 90 116 129 96 99 22 16.6 «759 265
10-18-80 26 37 36 31 31 34 12.9 «955 271
11-29-80 70 - -- 78 55 45 16.2 .866 276
02-01-81 -- 40 - - - - 19.4 .919 284
02-03-81 50 - 63 58 55 46 11.6 .970 273
03-11-81 48 79 98 74 87 -- 11.2 .848 292
04-01-81 - - -- 132 -- - 21.5 .876 278
04-04-81 37 50 50 51 41 2) 19.9 .856 278
09-19-81 85 110 106 104 184 50 9.0 .717 255
01-23-82 62 5) 64 37 70 35 27.9 .955 271
03-06-82 44 6] 63 66 55 - 8.7 .710 275
10-20-82 15 17 23 19 20 6 16.3 -965 291
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TADLE 5-23. SPATIAL CORRELATIONS: WINDS FROM NORTIWEST SECTOR

partlculate level (ug/n‘) Average
Backbone wind speed
Date Site 1 Site 2 Site 1 Site 4 Site 5 State Park {iph) peraintence
01-07-76 i1l 141 174 134 - - 10.4 .938
01-13-76 80 130 144 116 - - 13.0 .90
02-06-76 97 72 141 90 - - 15.8 .969
02-18-76 27 5] - 49 -—- -- 13.1 .842
03-07-76 31 68 57 40 - -- 14.0 . 794
03-31-76 4) 55 62 39 - - 12.5 .912
08-28-76 102 75 121 93 130 - 8.3 .948
09-09-76 - 93 103 64 94 - 13.2 .974
09-21-76 60 65 7 - 99 - 10.1 859
10-15-76 401 - 450 290 kB1) - 17.8 977
12-20-76 71 107 111 7 116 - 21.8 .984
12-26-76 56 79 74 - 68 - 12.9 .761
01-01-77 S3 54 58 (1) 48 - 12.6 .976
01-25-17 34 38 42 23 26 - 15.4 .954
02-01-77 65 64 111 87 66 -— 12.1 .901
02-06-77 44 62 57 48 46 - 10.9 .986
02-12-77 67 a4 a9 53 - - 19.0 .890
02-18-77 69 125 - 124 - - 11.2 .892
02-19-77 - - - -- 127 - 13.0 97
04-25-77 8l 126 93 114 92 - 10.7 .933
05-31-77 - - -- 265 -- - 16.3 .968
06-01-77 111 182 127 - 116 - 14.5 .903
06-18-77 -— -- 49 41 - - 12.9 .951
07-12-717 80 147 109 86 88 - 8.8 .824
08-11-77 517 94 13 - 57 - 7.2 .906
08-17-77 45 91 60 80 54 - 9.1 .964
09-10-77 49 110 75 -- -- -- 7.7 .809
12-03-717 40 61 62 63 - - 7.5 .885
12-09-77 455 446 371 267 43 - 24.0 .995
12-21-77 56 54 80 47 68 - 19.3 .996
01-08-78 60 17 8] 65 96 27 24.4 .997
0l1-26~-78 -- 309 251 185 624 101 26.7 .999
02-02-78 - -- - - - 34 8.4 .864
02-25-78 30 25 82 36 35 18 19.0 .995
03-013-78 40 - 61 48 49 - 14.2 . 985
03-16-70 - - - - - 22 11.3 +955
04-04-78 - 217 - -— - - 15.0 .875
04-20-78 14 24 34 26 29 85 15.9 .965
05-20-78 87 130 154 104 17 - 12.2 <1717
06-02-78 -—— - - -—— - 101 9.1 .877

(cont inued)

Resultant
wind
direction

330
337
Jjne
314
il
299
3
k1Y)
322
iio
J18
J04

jo2
296
29)
332
297
298
328
336
296
318
3oo
300
318
315
J21
323
301
o4

317
301
328
7
318
303
306
307
3a)
321



TABLE 5-23 (continued)

SL

Particulate level (u/n‘) ——— Average Resultant
Backbone wind speed wimd
Date Site 1 Site 2 Site )3 Site 4 Site 5 State Park (mph) Persistence dicection

01-09-79 38 3) 45 - J8 - 12.5 .899 298
01-21-79 - 30 34 28 316 -- 18.1 .976 316
01-24-79 39 - -- - - - 21.6 «97) 319
03-10-79 50 64 9s 63 58 - 19.7 <995 296
04-03-79 40 179 89 73 59 -- 5.9 .810 27
04-15-79 68 94 70 53 68 34 10.9 .97% i
04-21-79 56 120 75 77 57 22 11.1 <977 334
04-27-79 27 8s 57 46 49 -- 19.8 .810 315
05-15-79 92 209 121 8s 106 89 8.0 .872 329
05-27-79 69 96 83 62 68 -- 7.1 .086 300
09-06-79 52 101 69 61 100 -~ 8.3 .928 321
09-18-79 111 192 132 123 159 - 9.4 .828 n4
10-06-79 85 147 111 95 122 31 13.1 +969 303
10-12-79 39 96 65 4 59 24 16.2 .988 3osg
10-24-79 39 75 68 6) 66 29 6.2 -965 296
11-29-79 38 38 73 S 43 19 18.2 -990 293
01-22-80 118 107 132 113 113 75 19.3 .951 296
01-28-80 41 92 72 61 67 17 12.1 .987 312
02-09-80 122 -- 125 137 126 -- 7.4 903 305
02-16-80 - - -- -- -- 21 15.7 +965 305
03-10-80 71 96 106 92 8) 40 19.8 .844 300
04-09-80 18 21 36 25 19 7 18.2 .993 300
04-15-80 59 168 104 122 76 24 10.2 -930 17
06-08-80 138 129 121 125 100 105 13.5 917 113
10-12-80 106 273 120 115 102 51 3.9 .798 314
0l-10-81 52 91 70 66 63 - 6.3 .891 327
01-16-81 51 68 79 65 8l 19 13.4 .986 313
01-22-81 95 134 140 110 120 34 9/ 947 298
01-29-81 54 80 87 64 71 48 10.5 940 3Jol
03-05-81 42 64 6) 65 46 21 10.7 .858 J20
03-23-81 120 191 160 166 173 60 5.2 .801 317
06-03-81 49 60 58 49 91 39 10.1 967 302
07-09-81 99 123 100 110 107 - 6.3 .918 330
08-08-01 41 92 56 51 51 28 6.1 750 303
09-01-81 61 98 80 8l 74 35 7.6 .980 32}
10-01-81 64 100 a0 55 78 - 15.1 952 302
11-06-81 56 66 93 el 61 27 8.1 .988 293
12-18-81 57 98 77 69 78 - 18.2 .986 12

{cont inued)



TADLE 5-2) (continued)

Particulate level (ug/lll) Average Resultant
Backbone win. speed wind

Date Site 1 Site 2 Site 3 Site 4 Site 5 State Park (mph) pPersistence dlrection
01-06-82 - -- LR 40 417 - 16.6 960 3135
01-11-82 186 196 141 130 210 -- 16.5 .978 298
02-04-82 40 52 47 62 62 - 7.8 .94) 3
03-24-82 24 4?2 46 45 44 12 10.2 -913 299
04-17-82 27 59 19 28 30 8 18.6 .980 300
06-10-82 73 64 72 74 86 44 12.1 .942 306
08-09-82 51 49 50 47 51 28 9.6 .951 106
09-02-682 517 59 69 51 66 28 10.4 .89) 291
09-20-82 27 k1] 29 3 40 11 9.5 .94 334
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TABLE 5-24. ESTIMATED SOURCE IMPACTS AT MONITORING LOCATIONS (GEOMETRIC EQUIVALENTS IN ug/md)

Site L - 4426 Council Street

Site 2 - 751 Center Puint Ruad

Source Type 1976 1977 1978 1979 1980 1981 1982 1976 1977 1978 1979 1940 1981 1982
Background 47.0 38.6 37.9 35.8 40.7 36.5 26.0 47.0 Jyu.6 37.9 35.8 40.7 36.5 46.0
Traditional:

Stack 4.0 4.0 4.0 4.0 4.0 4.0 4.0 8.8 8.8 8.0 8.9 8.8 8.4 4.8

Fuel combustion 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Solid waste disposal 1.1 1.1 1.0 i.0 0.9 0.9 0.8 2.1 2.1 2.0 L.8 1.7 L.y 1.4

Auto exhaust 1.4 1.4 1.4 1.4 1.5 1.5 1.5 2.1 2.7 2.7 2.7 2.8 2.4 2.8

Annual recorded wean 70.95 62.0 53.6 57.8 66.5 54.1 45.9 98.8 109.3 90.6 95.0 106.5 80.v 60.9

Non-traditional impact 16.5 16.4 8.8 5.1 18.9 10.7 13.1 37.2 56.1 3e.2 44.9 51.5% 29.4 20.9
Site 3 - l4th Avenue and 10th Street Site 4 - 445 Pirst Street

Source Type 1976 1977 1978 1979 1980 1981 1982 1976 1977 1978 1979 1980 1981 1982
Backyround 47.0 38.6 37.9 35.8 40.7 36.5 26.0 47.0 38.6 37.9 35.8 40.7 36.5 26.0
Traditlional:

Stack 24.9 24.9 23.6 22.2 20.9 19.5 18.2 10.8 10.8 9.8 8.7 7.7 6.6 5.6
Fuel coabustion 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.8 0.8 0.8 0.8 0.8 0.8 0.8
Solid waste disposal 1.8 1.8 1.7 1.6 1.4 1.3 1.2 1.8 1.8 1.7 1.6 1.4 1.3 1.2
Auto exhaust 2.5 2.5 2.6 2.6 2.7 2.7 2.8 3.0 3.0 3.0 3.1 3.1 3.2 3.2
Annual recorded mean 105.7 85.2 89.3 8l1.8 84.8 72.7 60.8 97.9 84.1 75.1 73.2 81.0 76.6 60.5
Non-traditional impact 28.6 16.5 22.6 18.7 18.2 11.8 11.2 4.5 29.1 21.9 23.2 27.) 28.2 23.7
Site 5 - 4401 Sixth Street
Source Type 1976 1977 1978 1979 1980 1981 1982
Background 47.0 38.6 37.9 35.8 40.7 36.5 26.0
Traditional:

Stack 4.5 4.5 4.5 4.5 4.5 4.5 4.5

Fuel combustion 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Solld waste disposal 0.5 0.5 0.5 0.5 0.4 0.4 0.4

Auto exhaust 0.8 0.8 0.8 0.8 0.9 0.9 0.9

Annual recorded mean 94.2 74.0 85.6 73.9 70.4 61.7 54.06

Non-traditional impact 41.2 29.4 41.7 J2.1 23.7 19.2 22.8




SECTION 6

TASK III - CONTROL STRATEGY FOR AREA SOURCE EMISSIONS

The purpose of Task III was to provide a strategy for the reduction of
the impact of non-traditional fugitive dust sources for the attainment of the
TSP NAAQS. This was to be based on the most current emission inventory
information (Task I) and the available meteorological and TSP ambient
monitoring information (Task II).

The first step in developing this strategy was to determine the degree
of emissions reduction required. As discussed in Section 5 (Task II), the
yearly geometric mean TSP levels at all monitoring stations were below the
NAAQS for 1982 (refer to Figure 5-3). However, as mentioned previously, 1982
was a very "wet" year and the background level was well below average
(approximately 12 |g/m3). While the addition of 12 ug/m3 to the
recorded 1982 levels would still result in all stations being in attainment,
it is felt that this same addition coupled with increased industrial activity
(which should occur if the economy recovers) would again result in NAAQS
violations. Likewise, should a very "dry" year again occur (as in 1976), the
increased background level could result in violations at several of the
monitoring stations. Lastly, increased construction activity near a
particular monitoring station (as in the current situation near Site 4) can
cause TSP exceedences as noted in Section 5. Therefore, a dust control
strategy should be implemented throughout the area with the aim of producing
the following reductions in the yearly geometric mean TSP levels:

- 4426 Council Street: No reduction needed
- 751 Center Point Road: 5-10 ug/m3

- 14th Street and 10th Avenue: 5-10 ug/m3
— 44S Pirst Street: 5-10 ug/m3

- 4401 Sixth Street: 0-5 yg/m3

Site
Site
Site
Site
Site

N wiv e~

Based on the results of Tasks I and II, the primary ambient air impacts
due to non-traditional emissions are caused by traffic-related sources,
industrial fugitive sources, and construction activity sources. Each of
these categories of sources should be addressed in the control strategy for
the study area.

TRAFFIC-RELATED SOURCES OF FUGITIVE DUST

It was concluded in Task II that- emissions from traffic on paved and
unpaved roads throughout the study area produce the greatest ambient air
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impact of any of the non-traditional sources. Barton-Aschman Associates,
Inc. conducted a study for the Linn County Regional Planning Commission that
addressed control measures and costs for traffic-related souzces.12 They
looked at various options for paved roads including improved sweeping,
staggered work hours, mass transit, etc.

Their options for unpaved roads included speed reductions, paving,
oiling, watering, and others. Their recommended control packages for
traffic-related sources were:

1) Treat approximately two miles of unpaved roads in the core area
(downtown Cedar Rapids) with chip seal.

2) Speed reductions on unpaved roads in the study area.

3) Restrict multi-tired vehicles from unpaved roads in the study
area.

It should be noted that these recommendations are all for unpaved roads.

As a result of this present study, it is felt that these control
strategies are worthwhile and should be implemented as soon as possible.
Such actions should result in immediate air quality monitoring responses at
Sites 2, 3 and 4. However, some further specification is needed. Treating
the unpaved roads in the core area with chip seal should be effective in
reducing fugitive dust. However, the surfaces must be properly maintained
and use by multi-tired, heavy equipment should be restricted. 1In addition to
the core area, unpaved roads throughout the non-attainment area should be
treated. The preferred, long-term method of treatment would be sealing or
paving. In the short-term, watering or oiling could be done during extensive
dry spells and neglected during wetter periods.

For those roads that are not sealed, speed reductions and heavy
equipment restrictions are necessary. The latter of the two is felt to be
more effective since previous work by TRC has shown that, even at extremely
low speeds (<5 mph), multi-tired, heavy equipment can produce significant
emissions when travelling over unpaved areas.

For paved, urban roads, Barton-Aschman did not recommend any
cost-effective control strategies. Due to the extensive street cleaning
program that already exists in the core area and, to a lesser extent its
environs, it is agreed that further urban paved road controls are not really
practical. The only point to stress is that cleaning should be performed
immediately after sanding and salting in the winter months. It is also
recommended that the after-storm clean-up be extended to all major roads in
the non-attainment area and not just the core area.

INDUSTRIAL SOURCES OF PUGITIVE DUST

Another major result of the Task IT analyses was that fugitive dust from
traffic and materials handling activities within Linn County industries were
directly affecting the ambient air quality. This was particularly evident at
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Sites 3, 4, and 5. The overall control strategy should include provisions
for reductions in industrial fugitive dust source emissions.

The main areas to address within the industries are the traffic
sources: paved and unpaved roads and parking lots. As seen in Table 4-10,
these sources predominate. According to many of the comments given on the
inventory questionnaires, very little is being done to keep these source
emissions minimized. Typical responses to the question on controls, where
there were responses, were "the paved areas are swept once a year...' and
*when deemed necessary we sweep the lots®. While some plants seem to be
making an honest effort at controlling their dust problems, the majority
apparently are not doing anything at all. Dust control programs should be
instituted at all major industries and these programs should concentrate on
the traffic-related dust areas. In particular, the following controls should
be considered (with particular emphasis on items 1, 2, 4 and 5):

1) Sweep ‘and/or flush all paved areas on a regular basis
(immediately after sanding and salting, otherwise two to three
times weekly).

2) Stabilize all unpaved areas or, at the very least, institute
speed controls.

~

3) Reduce the amount of material being deposited on the various
plant surfaces through truck covers, wheel washes, etc.

4) Add curbs to un-curbed paved roads.

5) Eliminate bare areas in the plant vicinity through vegetation
or stabilization; in particular, roadway berms.

6) Provide perimeter parking and shuttle buses for employees,
where feasible, to reduce traffic on plant roads.

The other category of industrial fugitive dust sources is materials
handling activities. Based upon the emission inventory, there does not
appear to be a lot of dusty materials handling operations in Linn County;
unlike some non-attainment areas where the contribution from this category
has been shown to be significnat (such as areas with iron and steel plants).
Those that are shown to be significant, such as the quarries, are further
removed from the general populace and should not really impact the measured
ambient air quality. Whether the low emission levels calculated for the
inventory accurately reflect the actual situation in Linn County or whether
they are the result of using inappropriate emission factors for grain
handling operations is not known. Unfortunately, there are no better factors
available for use for those types of operations. Therefore, until such time
that there are better factors available for use or testing shows significant
impacts from these operations, county-wide control programs -cannot be
recommended other than to stress that good maintenance practices be follpwed
such as watering, spill clean-up, etc.
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CONSTRUCTION ACTIVITY SOURCES OF PUGITIVE DUST

It has been shown that extensive construction projects, such as the
building of highways 30 and 380, significantly affect the ambient air
quality. Smaller-scale construction, such as office complexes and shopping
malls, would likewise impact the air quality, but the impact would be more
localized. 1In the future, all construction projects must not be undertaken
without fugitive dust control measures as standard operating procedure.
Measures to be considered would include the following (with particular
emphasis on items 3 and 5):

1) Minimization of time that erodible soil is exposed through
stabilization or vegetation and by more careful site planning.

2) Wheel washes for all vehicles leaving the site.
3) Immediate clean-up of any carry-out that occurs from the site.
4) Truck covers on all vehicles.

5) Frequent waterings of exposed areas (up to several times per
day during dry spells).

6) Wetting down of loading/unloading areas during activity.
7) 1Installation of wind breaks and barriers around the site.

8) Restriction of certain activities (such as blasting), where
possible, on dry, windy days. |

Barton-Aschman also recommended construction controls and some associated
costs are provided in their report.

AIR QUALITY IMPROVEMENT DUE TO CONTROL STRATEGY

The recommended controls for the traffic-related and industrial sources
of fugitive dust should result in the desired reductions discussed at the
beginning of this section. The costs of such controls, except where given in
Reference 12, are not provided as part of this study. It is felt that local
contractors and industrial personnel can establish these costs much more
accurately than could be established within the framework of this study.

Ideally, these controls should be instituted immediately and
continuously applied. Realistically, from both an economic and environmental
standpoint, the control program need only be incorporated on an as warranted
basis. The data from all monitoring stations currently indicate no NAAQS
violations. Should dry spells occur or should industrial activity
significantly increase, then the control program might have to be applied to
ensure compliance.
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On the other hand, the recommended control strategy for construction
activity sources should be incorporated for all future projects of
considerable extent. NAAQS violations will definitely be recorded at
monitoring stations nearby any large scale construction activity that does
not jincorporate a good fugitive dust control program. Again, costs
associated with this type of control program are not provided with this
report for the reasons stated above.

CHANGES TO CONTROL STRATEGY DUE TO CHANGES IN AIR QUALITY STANDARD

Over the past several years the Environmental Protection Agency has been
formulating a policy designed to change the current TSP standard. The
current standard is associated with a particle mass-median diameter of
approximately 30 um. The new policy would be to compare the ambient air
quality to a standard based on a smaller mass-median diameter - one that more
accurately represents a health hazard to the general populace. As of this
writing, the median particle size being considered is 10 um and the
standard is known as PM10.

While some particle size data have been recently collected within Linn
county, not enough information exists to determine on a statistically sound
basis the current ambient level of particulate material having a mass-median
diameter of 10 um. Even if this information was available, it could not be
compared to any new standard since one has not yet been determined. It is
entirely conceivable that the air quality in Linn County would be well below
the standard and thus a dust control program would not be necessary.
Alternatively, it is also possible that the county would still be designated
non-attainment, but that the primary reason for violations would be the
emissions from traditional sources of particulate and thus a dust control
program would not be cost-effective. The third possibility is that the
county would still be non-attainment and that fugitive dust sources would

still be the primary contributors to the violations.

control efficiencies of techniques applied to fugitive dust sources have
not been determined with any degree of statistical accuracy. Added to the
inaccuracy in control efficiencies for total particulate is the inaccuracy in
the measurement of particle sizes. Most of the historical work done in
determining control technique effectiveness has either been in the form of
engineering judgment or else through the use of high volume air samplers
which collects material having a mass-median diameter of 30 um. In recent
years, some data have been collected using size-fractionating devices
(cyclone preseparators, cascade impactors, size selective inlets, dichotomous
samplers), but the accuracy of these devices is dependent on wind speed,
sampling velocity, degree to which isokinetic sampling was maintained, etc.
In summary, there is a paucity of reliable data regarding the efficiency of
fugitive dust control techniques for all size ranges and particularly the
smaller size ranges. The impact of the recommended control strategy on @ine
particles therefore has to be almost entirely speculative.

Based on TRC's experience, the following general comments can be made
regarding the effect of controls on fine particulate:
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Watering, particularly with a fine, atomized spray, will be
effective.

Street sweeping using broom-type sweepers will be ineffective.
Paving, sealing, and oiling will still be as effective initially
but will remain as effective only with proper maintenance (i.e.,
sweeping of paved areas is ineffective).

Speed reductions and multi-tire vehicle restrictions should
remain effective.
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