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Appendix B:

Development of a BLM Land Conveyance GIS Layer
Spanning the Period from October 1998 through December 2018

Lands patented by the U.S. Bureau of Land Management (BLM) from October 1998
through December 31, 2003, were mapped with BLM LR2000 data (BLM 2004a) by using
township, range, section, and aliquot part or lot descriptions. Aliquot parts were mapped by
identifying the section in a geographic information system (GIS) layer and using a tool developed
by Argonne National Laboratory to compute the location of the parcel. Lots were mapped by
obtaining a scanned master title plat, georeferencing it by using section corners, and screen-
digitizing the lots into a GIS layer.

Lands from the BLM public auction of November 2003 were not yet registered in
LR2000 since the patents would not be issued until 2004. Locations of these parcels were
provided by BLM (BLM 2003a) and were checked against the parcel descriptions in the final
auction announcement (Fry 2003) and the sale report (BLM 2003b). Parcels listed in the sale
report as having no bid or being defaulted were omitted.

Some information on planned or anticipated conveyances for 2004 and 2005 were
provided by BLM. Parcels for the planned spring 2004 sale (BLM 2003c) were checked against
the BLM auction announcement (BLM 2004b) for consistency, and some adjustments were made
by Argonne where parcel acreages showed a difference or when a serial number was missing or
added. Parcel descriptions for a planned spring 2004 direct sale for Lake Las Vegas (DiPinto
2004) and a planned 2005 sale for Kyle Canyon (Fry 2004a) were also provided by BLM and
mapped by Argonne. Finally, a planned North Las Vegas sale was provided as a general land
description and map (Fry 2004b). These lands were mapped by Argonne by using boundaries in
the BLM land status layer (BLM 2003a) and section boundaries.

The specific planned land conveyance information described above totaled 3,898 acres
for 2004 and 3,964 acres for 2005. These totals may not include all the lands that the BLM will
convey in those years (such as in fall 2004 or spring 2005 public auctions), but they are close to
the target disposal rate of 4,000 acres per year. Information about expected future development
areas was also obtained from contacts at planning agencies in the Las Vegas area. This
information either agreed with the BLM information or was too general or speculative to allow
specific lands to be mapped in the GIS. The lands as described above were used to represent
projected 2004 and 2005 BLM land conveyances.

No specific information was obtained that could be used as a basis for mapping planned
land conveyances for 2006 or later. BLM indicated (Fry 2004b) that lands totaling 3,295 acres
located east of the planned 2005 North Las Vegas sale would likely be sold in the near future, but
not until after the lands planned for 2005 had been substantially developed. When the lag times
associated with issuing patents, obtaining permits, and construction are taken into account, it is
doubtful that the area will be patented by the end of 2006. Furthermore, a planner from North Las
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Vegas indicated that development would likely proceed north rather than east. For these reasons,
the available information was deemed to be too general and speculative to use for the study.

The GIS layers described above provided a map of existing and planned BLM land
conveyances coded by date. To complete the layer, it was necessary to determine the remaining
land administered by BLM. This was obtained by intersecting the BLM December 2003 status
layer (BLM 2003a) with the land conveyance layers.

Note that the agreement between the Argonne-developed land conveyance layers and the
BLM status layer is good but not exact in terms of land boundaries and land status. This resulted
in some unavoidable “sliver” polygons, where boundaries did not match up exactly. There were
some cases where lands shown in LR2000 as being conveyed before December 2003 were shown
as BLM land in the BLM status layer. The areas involved in these discrepancies were
insignificant for the purposes of this study, and resolving them would have required a prohibitive
amount of work.

Figure 4.3 shows BLM land conveyances from October 1998 through December 31,
2000, used for the baseline. Figure 4.5 shows the locations and relative sizes of BLM land
conveyances from January 1, 2001, to December 31, 2003; expected conveyances for 2004 and
2005; and BLM lands remaining after 2005.

References for Appendix B

BLM (U.S. Bureau of Land Management), 2003a, status_1203.e00, file showing GIS layer of
land administration status in the Las Vegas area, provided by FTP file transfer, Dec.

BLM, 2003b, nov62003AuctionResults.pdf, file of November 2003 auction report. Available at
www.nv.blm.gov/snplma/pdf/Results/nov62003AuctionResults.pdf.

BLM, 2003c, land_sold.e00, file showing GIS layer of land parcels conveyed in the disposal
area, provided by FTP file transfer, Dec.

BLM, 2004a, LR2000 Database. Available at www.blm.gov/lr2000. Accessed 2003 and 2004.

BLM, 2004b, Southern Nevada Public Land Management Act June 2, 2004 Auction Properties.
Available at www.nv.blm.gov/snplma/pdf/Sale/june04matrixfinal.pdf.

DiPinto, S., 2004, Legal Description and Map of Lake at Las Vegas Sale, facsimile from DiPinto
(U.S. Bureau of Land Management, Las Vegas, NV) to J. Kuiper (Argonne National Laboratory,
Argonne, IL), Jan. 9.

Fry, J., 2003, Final Nov 03 Matrix FMV 4.xls, e-mail with spreadsheet of November 2003
auction with parcel descriptions, from Fry (U.S. Bureau of Land Management, Las Vegas, NV)
to M. Lazaro (Argonne National Laboratory, Argonne, IL), Oct. 8.
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(Argonne National Laboratory, Argonne, IL), Feb. 9.

Fry, J., 2004b, Nomination for BLM Land Sale Phase II  November 2004, City of North
Las Vegas, facsimile from Fry (U.S. Bureau of Land Management, Las Vegas, NV) to J. Kuiper
(Argonne National Laboratory, Argonne, IL), Jan 9.
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Appendix C:

Development of GIS Layers for Existing and Planned Land Use

Current and planned land use layers developed by the Regional Transportation
Commission of Southern Nevada (RTC 2002) were used to designate land uses for the
U.S. Bureau of Land Management (BLM) lands and were a basis for spatially locating
land-use-related airborne emissions for modeling. Figure C.1 shows this layer, symbolized by the
current land use type. For the baseline analysis, this layer was intersected with a layer containing
the BLM lands patented between October 1998 and December 31, 2000, which yielded a layer
coded with the patent date and current land use. This combined layer was then intersected with
the modeling grid to allow statistics to be calculated on a grid cell basis.

Preparation of data for the future dates of 2006, 2012, and 2018 required designating a
future land use. The RTC provided 10 planned land use layers (RTC 2003), which were
developed for subregions in the Las Vegas area by using vacant parcels from the 2002 current
land use layer. Collectively, these 10 layers covered most of the disposal area. They were
combined into one planned land use layer by Argonne National Laboratory staff. In a small
number of cases, the original layers overlapped and listed different planned land use codes for the
same location. In these cases, the land use type having the highest emission rate was used.
Figure C.2 shows the combined planned land use layer resulting from this work.

The current and planned land use layers were then combined into one layer, and areas not
owned by BLM on January 1, 2001, were eliminated. A final land use designation then was made
for each area that had either a current or future land use code, depending on the conveyance date
(if available) and depending on whether the land was shown as vacant in the current land use
codes. Some BLM land areas, particularly in the northwest, lacked current and planned land use
designations. These areas were added to the combined land use map and designated as having no
land use data. Figure C.3 shows the product of this work: a land use map for all lands in the
disposal area still owned by BLM on January 1, 2001. Finally, the modeling grid was intersected,
and the land use types were summed up on a grid cell and date basis. This process reduced the
volume of information while still providing the data needed to produce an emissions inventory
for the 2006, 2012, and 2018 modeling runs.

References for Appendix C

RTC (Regional Transportation Commission of Southern Nevada), 2002, Las Vegas Area Current
Land Use as of June 2002, GIS layer on CD-ROM, Las Vegas, NV.

RTC, 2003, Las Vegas Area Planned Land Use, 10 GIS layers on CD-ROM, Las Vegas, NV.
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FIGURE C.1  Current Land Use for the Las Vegas Area as of June 2002 (RTC 2002)
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FIGURE C.2  Composite of 10 Planned Land Use GIS Layers for Lands that Were Vacant
in June 2002 (RTC 2003)
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FIGURE C.3  Current and Planed Land Use for All Lands in the Disposal Area Still
Owned by BLM on January 1, 2001
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Appendix E:

Methods and Procedures Used and Quantification
of Uncertainty in Wind Tunnel Field Experiments

E.1  Soil Type and Condition Classification

E.1.1  Methods for Selecting Sites and Determining Sampling Site Locations

The wind tunnel field study was conducted from August 11 to October 7, 2003. The
selection of wind tunnel soil test areas was made to correspond with U.S. Department of
Agriculture (USDA) Soil Conservation Service (SCS), Wind Erodibility Groups (WEGs) 2
through 8, which were physically available in the Las Vegas Valley.

Major cross streets and compass directions relative to the nearest intersection (i.e., north
of Buffalo and West of Washington) were recorded, and uncorrected global positioning system
(GPS) coordinates were determined for sites WT 081 to WT 083, WT 085 to WT 088, and
WT 090 to WT 094 by a Magellan Trailblazer® hand-held GPS unit. They were generally
accurate to ±2 seconds of latitude and longitude (±3 hundredths of a minute, approximately
±50 m). For sites WT 079, WT 079R, WT 080, WT 084, WT 089, and WT 095 to WT 110, a
Garmin eTrex® hand-held GPS unit was used. It was accurate to 15-m RMS for position
accuracy (Table 4.2.4.1 and Tables E.1a and E.1b). To determine site locations relative to major
soil group boundaries, site GPS coordinates were sent to the University of Nevada, Las Vegas
(UNLV) Transportation Research Center for site mapping by using ESRI ArcInfo© software and
a database of WEG boundaries. The approximate locations of the sites across the Las Vegas
Valley are shown relative to major cross streets in Figure E.1.

Tables E.1a and E.1b depict 2003 wind tunnel test data, site numbers, test names, GPS
coordinates, stability classifications, and major soil group information, sorted by wind tunnel site
designation. Disturbance and stability designations in these tables are shown as a one (1 = stable)
or a zero (0 = unstable) and as a one (1 = disturbed) or a zero (0 = undisturbed).

A total of 22 different sites were tested. Two sites (WT 079R and WT 082R) were
revisited after a rain event. Ten of the twenty-two sites were also revisited during the last part of
the study to conduct a slightly different erosion procedure. (See Section E.2.8.4 for an
explanation of the progressive runs.)

E.1.2  Methods for Determining Site Stability

In 2003, the site stability was determined by the presence or absence of intact crust, the
predominant size fraction in surface soils, and the proportion of vegetation present (by using an
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TABLE E.1b  Wind Tunnel Field Study Conditions and Soil Erodibility Condition Class
(SECC) Classifications

Site No. SECC
Same

Site As
Test
WEG Disturbed Geo Stable

Geo &
Bio Stable Rain Date

No. of Days
Since Rain

Wet
or Dry?

079 2SU 2 0 1 1 7/31/2003 11 Dry
079R 2SUw 79 2 0 1 1 8/16/2003 3 Wet
080 2UU 2 0 0 0 7/31/2003 12 Dry
081 3SD 3 1 1 1 7/31/2003 13 Dry
082 3UD 3 1 0 0 7/31/2003 14 Dry

082R 3SDw 82 3 1 1 1 8/16/2003 2 Wet
083 4SD 4 1 1 1 7/31/2003 14 Dry
084 4SD 4 1 1 1 7/31/2003 15 Dry
085 7SU 7 0 1 1 8/19/2003 2 Dry
086 4LUD 4L 1 0 1 8/19/2003 2 Dry
087 6SU 6 0 1 1 8/19/2003 3 Dry
088 4SU 4 0 1 1 8/19/2003 6 Dry
089 5SUw 5 0 1 1 8/26/2003 2 Wet
090 UnSD U 1 1 1 8/26/2003 3 Dry
091 2SD 2 1 1 1 8/26/2003 3 Dry
092 3UU 3 0 0 1 8/26/2003 8 Dry
093 8SD 8 1 1 1 8/26/2003 9 Dry
094 5SD 5 1 1 1 8/26/2003 10 Dry
095 8SU 8 0 1 1 9/5/2003 5 Dry
096 6SU 6 0 1 1 9/5/2003 6 Dry
097 7SD 7 1 1 1 9/5/2003 7 Dry
098 4LSD 4L 1 1 1 9/5/2003 10 Dry
099 4SU 4 0 1 1 9/5/2003 13 Dry
100 3UD 3 1 0 0 9/5/2003 14 Dry
101 7SU 85 7 0 1 1 9/5/2003 15 Dry

101Unst 7UD 85 7 1 0 0 9/5/2003 15 Dry
102 5SU 89 5 0 1 1 9/5/2003 16 Dry

102Unst 5UD 89 5 1 0 0 9/5/2003 16 Dry
103 4SD 88 4 1 1 1 9/5/2003 17 Dry

103Unst 4UD 88 4 1 0 0 9/5/2003 17 Dry
104 2SD 91 2 1 1 1 9/5/2003 18 Dry

104Unst 2UD 91 2 1 0 0 9/5/2003 18 Dry
105 6SD 96 6 1 1 1 9/5/2003 19 Dry

105Unst 6UD 96 6 1 0 0 9/5/2003 19 Dry
106 8SD 95 8 1 1 1 9/5/2003 20 Dry

106Unst 8UD 95 8 1 0 0 9/5/2003 20 Dry
107 4LUD 86 4L 1 0 1 9/5/2003 21 Dry
108 UnSD 90 U 1 1 1 9/5/2003 22 Dry

108Unst UnUD 90 U 1 0 0 9/5/2003 22 Dry
109 6SD 87 6 1 1 1 9/5/2003 23 Dry

109Unst 6UD 87 6 1 0 0 9/5/2003 23 Dry
110 3SD 92 3 1 1 1 9/5/2003 24 Dry

110Unst 3UD 92 3 1 0 0 9/5/2003 24 Dry
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FIGURE E.1  Approximate Major Street Locations of Wind Tunnel Test Sites,
Las Vegas Valley, Clark County, Nevada, in 2003
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average of three 100-ft transects, and by counting the vegetation at every interval of 1 ft). The
site condition (disturbed or undisturbed) was determined by the presence or absence of evidence
of human disturbance (tire tracks, trash, litter, evidence of recent earthmoving) and by an
evaluation of site photographs. The following procedures (geology and geology plus biology)
were used to characterize the sites.

E.1.3  Site Stability Characterization Decision Tree (Flowchart) Using
Geology Only

This procedure classifies the soil surface with no regard for the absence or presence of
vegetative cover (such cover could shelter an otherwise erodible [unstable] surface and render it
stable). This “geology only” classification scheme is valid for use on small length scales (on the
order of 0.15 to 5 m [between the plants] when emissions are measured with the portable wind
tunnel).

1. A 1-ft sampling square made of 1/8-in. steel rod was randomly cast five times
at each site.

2. A “ball drop” test (in which a stainless steel ball that was 3/8 in. [1 cm] in
diameter was dropped from a height of 1 ft) was performed five times within
each sampling square. If a majority of the drops produced no visible crack or
dent in the soil surface, the surface was considered stable. If a majority of the
drops produced a crack or dent, the surface was considered unstable. If the
majority of the results were stable, the site was considered stable.

3. If the site failed the ball drop test, the percentage of  rock cover was measured
in a 1-ft2 area (UNLV cake pan test). All materials that were 3/8 in. (1 cm) in
diameter and sampled to a depth of 1 cm were placed in a metal cake pan and
squared with a straight edge, then measured with a ruler. The test was repeated
for two more samples. If the average used was ≥10% of one square test, the
site was considered stable.

4. If the site failed the rock cover test, a threshold friction velocity (TFV) test
was done by using soil sieves. The sieve stack consisted of 4-mm, 2-mm,
1-mm, 0.500-mm, and 0.25-mm sieves. A soil sample was poured into the top
sieve, the stack was covered, and 10 rapid circular swirls were applied in a
clockwise direction, followed by 10 counterclockwise swirls. The stack was
disassembled, and the volume retained in each sieve was measured in a plastic
graduated cylinder. A TFV for initiation of soil movement was assigned; it
was based on the sieve size with the largest retained volume. If the average
uncorrected TFV was >100 cm/s, the site was considered stable.

5. If the uncorrected TFV was <100 cm/s, a corrected TFV was calculated by
using data from the rock test (cake pan correction factor multiplied by TFV).
If the average TFV was >100 cm/s, the site was considered stable.
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E.1.4  Site Stability Characterization Using Geology Plus Biology
(All Sheltering Elements)

Numerical criteria and the flow scheme from the Nevada Department of Air Quality
Management, Clark County Air Quality Regulations, Section 41 — Fugitive Dust;
Section 41.7.2.2 — Stabilization Criteria (Clark County 2004) were used to determine the site
stability characterization that would be used in a macroscopic windblown dust modeling study.

1. A ball drop test was performed five times in each of five random casts of a
1-ft sampling square. If the average result in three of five sites was “passing,”
the site was considered stable.

2. If the site failed the ball drop test, the flat “vegetative” density was measured
(“vegetative” means all sheltering elements on the ground were >1 cm in
diameter) by using 100-ft transects (string count). Three tests were performed.
If the average of the three tests was >50%, the site was considered stable.

3. If a tested site had a vegetative density of <50%, the nonerodible density was
measured. The rock cover test described in section 4.2.4.1.3 was performed.
Three tests were performed. If the average value was ≥10%, the site was
considered stable.

4. If the average value of the rock test was <10%, the TFV test described in
section 4.2.4.1.3 was done. If the average uncorrected TFV was >100 cm/s,
the the site was considered stable.

5. If the uncorrected TFV was <100 cm/s, the corrected TFV was calculated by
using the rock test result (cake pan correction factor multiplied by the TFV). If
the average was >100 cm/s, the site was considered stable.

E.1.5  Methods for Determining Site Disturbance

Photographs of each site were taken, including area photographs showing the nearest
landmarks and close-up photographs showing the soil surface under the working section of the
tunnel before each run. Site photographs were evaluated for large-scale vegetative density and
evidence of the disturbance or removal of desert soil by human traffic or construction. The
removal of vegetation and desert soil generally results in an increase in the albedo of the surface.
Sites with high albedo relative to the surrounding desert were classified as disturbed.
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E.2  Portable Wind Tunnel Field Measurements

E.2.1  Description of Wind Tunnel

The UNLV wind tunnel used in the 2003 field study was a modification of the draw-
through design developed in the early 1990s by Duane Ono at the Great Basin Unified Air
Pollution Control District, Bishop, California, and by Chatten Cowherd at the Midwest Research
Institute, Kansas City, Missouri. Modifications included a 6-in.-diameter working section instead
of a 4-in. section and the addition of a TSI Incorporated DUSTTRACK™ PM10 monitor in the
riser section. (PM10 is particulate matter with a mean aerodynamic diameter of 10 µm or less.)
Three-inch-wide heavy-gauge plastic flaps, open cell foam, and 2-in.-diameter, 6-ft-long cloth
draft tubes filled with coarse sand were used to seal the tunnel to the soil surface. A rear air
bypass and constant-speed motor were used to control the average flow instead of a venturi and
an electronic motor-speed controller. Major components of the tunnel are shown schematically in
Figure E.2. Wind tunnel processes are diagrammed in Figure E.3.

The working section of the tunnel is 6 in. wide × 6 in. high × 60 in. long. In addition (not
shown in the figure), there is a 60-in.-long flow-conditioning section installed ahead of the
working section of tunnel. It has a honeycomb flow diffuser at the front end, which gives the
incoming air 10 tunnel diameters in which to develop a turbulent profile before it passes into the
tunnel working section.

A Dwyer Model 160-12 90° pitot tube (labeled “profiling pitot tube” in Figure E.2) is
located in the working section. It is attached to a height-adjusting system that allows the tube to
be set at a logarithmic series of elevations above the soil surface. The pitot tube is connected in
parallel to two Magnehelic® pressure gauges, one reading from 0.00 to 0.25 in. of water, and the
other reading from 0.00 to 1.00 in. of water. These allow the pressure drop to be measured over
the range of expected flow conditions.

As air passes through the working section of the tunnel, it entrains particulates from the
soil surface (Figure E.3). The particulates are then conveyed in the air flow through the working
section to the divergence section. The divergence section contains a front bypass air inlet, located
on top of the section. The size of the front bypass opening is controlled by a sliding damper
(Figure E.3). The purpose of this front bypass air inlet is to control the volumetric flow rate of air
in the working section and to thus control the erosion velocity. The rate of the air flow in the
working section is lowest when the damper is wide open and highest when the damper is closed.
In field work, the damper is adjusted to give a specified centerline pitot tube reading for a
particular erosion run.

The divergence section is connected to a rectangular metallic box called the elutriation
chamber (Figure E.2). As air flow enters the elutriation chamber and slows down, the chamber
captures particles with physical diameters that are >70 µm (Figure E.3). A door at the back of the
elutriation chamber allows it to be cleaned after each wind tunnel run. Air flow leaves the
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FIGURE E.2  Wind Tunnel Component Diagram

FIGURE E.3  Wind Tunnel Processes Diagram
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elutriation chamber through a 6-in.-diameter polyvinyl chloride (PVC) pipe section called the
riser (Figure E.2). Air velocity in the riser is generally sufficient to suspend soil particles with
physical diameters that are <70 µm (Figure E.3).

As air and particulates proceed up the riser, a small sample is pulled off by the TSI
DUSTTRAK PM10 monitor. The monitor measures PM10 concentrations in a range of 0.000 to
19.99 mg/m3. The instrument uses the scattering of an infrared laser diode light beam to estimate
the PM10 concentration. Air is drawn into the unit at a fixed rate of 1.7 L/min by a positive
displacement pump. The air passes through a built-in impacting head (50% aerodynamic cut size,
10 µm) before proceeding into a chamber where the suspended particle stream breaks the light
beam. The units are factory-calibrated against a standard dust suspension. The monitor used in
this study was factory-calibrated in late July 2003, just before the start of the field testing.

After passing the TSI sampling port, particle-laden air in the riser makes a 90° turn and
passes by the sampling orifice of the cyclone, filter, venturi, and fan system (Figure E.2). The
venturi, fan motor, and filter housing — from a standard General Metal Works (GMW) PM10
atmospheric sampler — is equipped with a venturi orifice designed to choke the air flow through
sonic velocity, thus making the air flow independent of temperature and pressure. The design
flow rate of the sampler is 40 ft3/min (cfm).

The cyclone was built by UNLV to have a 50% physical cut size of 6.5 µm for
approximately spherical particulates with a density of about 2.5 g/cm3. This physical diameter
corresponds to an aerodynamic diameter of 10 µm for particles with a density of 1.0 g/cm3

settling in Stokesian flow. After passing through the cyclone, air is drawn through a glass fiber
filter to trap particles before it is exhausted to the atmosphere (Figure E.3).

After passing the cyclone orifice, the remaining flow proceeds through a reducing
coupling into a 4-in.-diameter ribbed plastic tube. Then it enters the velocity box (Figure E.2).
The velocity box is a 6-ft-long, 4-in.-diameter PVC pipe that is used for measuring the total
volumetric flow rate in the wind tunnel. A Dwyer Model 300-4 flow sensor (averaging pitot tube)
is located 40 in. (10 tube diameters) downstream of the entrance to the velocity box. The pressure
drop across flow sensor is measured by a Dwyer Model 475 Mark II solid-state manometer with a
range of 0.00-19.99 in. water, a resolution of 0.01 in. water, and an accuracy of ±2%.

After passing the flow sensor, the flow enters the rear bypass air inlet (Figures E.2 and
E.3). The rear bypass air inlet is adjusted to give a specified pressure drop in the flow sensor, so
that the flow sampling at the TSI monitor inlet and the cyclone are nearly isokinetic. Typical flow
sensor drop values were usually in the range of 3.00 to 3.30 in. water.

After leaving the rear bypass, air is drawn into the fan section and exhausted from the
system (Figures E.2 and E.3). The Dayton Model 5K901C fan has a diameter of 10-5/8 in. and is
powered by a 120-VAC 1-hp Dayton electric motor, turning at approximately 3,250 revolutions
per minute (rpm). At field sites, the electric motor is powered by a 5.5-hp Coleman portable AC
generator.
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E.2.2  Wind Tunnel Airflow Balance

Intakes and withdrawals of air in the wind tunnel are graphically depicted in Figure E.4.
Air is drawn into the wind tunnel at the front end of the working section and at the front bypass
air inlet. The combined flow proceeds through the riser, where a small subsample is withdrawn at
1.7 L/min by the TSI monitor. A 40-cfm sample is then withdrawn from the riser by the sampling
tube connected to the cyclone, filter, venturi, and filter fan subsystem. The flow proceeds down
the flexible PVC tube to the velocity box, where it is measured by the averaging pitot tube. Then
it is blended with air drawn in from the rear bypass air inlet before entering the fan and being
exhausted from the system.

Given that the maximum airflow in the tunnel is 100 ft/s (or about 0.1 Mach), one can
assume that changes in the air density in the tunnel are negligible and that air mass-flow-rate
balances can be converted into air volumetric-flow-rate balances. The corresponding equations
for the volumetric-air-flow balances are shown in Table E.2. The key result in Table E.2 is
equation 1, which shows that the sum of two unknown flow rates Qdil + Qwork is equal to the
sum of two known or measured flows Qavg + Qcyc:

Qdil + Qwork = Qavg + Qcyc , (1)
where

Qdil = flow rate entering at the front bypass air inlet,

Qwork = flow rate entering through the working section of the tunnel,

Qavg = flow rate measured by the averaging pitot tube in the velocity box, and

Qcyc = known flow rate passing through the venturi in the cyclone-filter set.

This relationship is used to compute flux rates from the soil surface from wind tunnel
measurements for each site and run, as described in Appendix F.

E.2.3  Wind Tunnel PM10 Mass Balance and PM10 Flux Calculation

Intakes and withdrawals of particulates are graphically depicted in Figure E.5. The
corresponding mass balance equations are shown in Table E.3. The term mdot in Figure E.5 and
Table E.3 corresponds to a particulate mass flow rate in the system.

The purpose of Table E.3 is to lead the reader through the mathematics of the derivation
of the PM10 mass flow rate (shown as mdotsoil) from the soil surface in the tunnel working
section. PM10 mass balances and air flow balances from Table E.3 are used to develop an
equation that estimates the PM10 flux rate from the soil surface in terms of known or measured



September 2004 E-12

FIGURE E.4  Wind Tunnel Airflow Balance

TABLE E.2  Airflow Balance Equations

Assuming changes in air density are negligible, then mass flow = volumetric flow

Primary equations:
(a) Qrise = Qdil + Qwork

(b) Qavg = Qrise – Qcyc

(c) Qfan = Qavg + Qbyp

Measured or known values:
Qavg = measured with averaging pitot just before fan

Qcyc = known, 40 ft3/min
Qtsi = known, 1.8 L/min, assumed negligible in gas flow balance

Unknown values:
Qdil = airflow in bypass inlet, cannot be measured
Qwork = not known but could be estimated from profiling pitot and aerodynamic
roughness height

Derived equations:
(d) From (b), Qrise = Qavg + Qcyc

(e) From (a), Qdil = Qrise – Qwork

(f) Substitute (d) into (e) to obtain Qdil = Qavg + Qcyc – Qwork

(g) Rearrange (f) to obtain Qdil + Qwork = Qavg + Qcyc

With Qavg measured and Qcyc known, then Qdil + Qwork can be computed
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FIGURE E.5  Wind Tunnel PM10 Mass Balance (arrows indicate PM10 mass fluxes)

TABLE E.3  Mass Balance Equations for PM10 (mdot = mass flow rate)

Primary equations:
(a) mdotfan = mdotbyp + mdotavg
(b) mdot avg = mdotrise – mdotcyc
(c) mdotrise = mdotdil + mdotsoil + mdotbak
(d) mdotbak = Qwork × Cbak
(e) mdotdil = Qdil × Cbak
(f) mdotrise = Qrise × Crise

Measured, assumed, or known values:
Crise = measured with TSI DUSTRAK monitor
Cbak = measured with TSI DUSTRAK monitor
Tunnel floor area = 0.5 ft wide by 5 ft long = 2.5 ft2

Derived equations:
(g) From (c), mdotsoil = mdotrise – (mdotdil + mdotbak)
(h) From (d) and (e), mdotdil + mdotbak = (Qdil + Qwork) × Cbak
(i) From Figure E.5 and equation (g), Qdil + Qwork = Qavg + Qcyc
(j) Substitute (i) into (h) and (h) into (g)

To obtain mdotsoil = mdotrise – (Qavg + Qcyc) × Cbak
(k) From (c), mdotrise = Qrise × Crise
(l) From Figure E.5, equation (d), Qrise = Qavg + Qcyc
(m) Therefore, mdotrise = (Qavg + Qcyc) × Crise
(n) Therefore, mdotsoil = (Qavg + Qcyc) × (Crise – Cbak)
(o) fluxsoil = mdotsoil/Tunnel floor area
(p) Therefore, fluxsoil = [(Qavg + Qcyc) × (Crise – Cbak)]/Tunnel floor area
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quantities. Table E.3, equation p, shows the key relationship that is derived from the mass
balance:

G = [(Qavg + Qcyc) × (Crise – Cbak)]/AT , (2)

where

G = horizontal flux expressed as the mass rate per unit area of PM10 eroded
from the soil surface in units of mass per area per time (µg/m2−s),

Qavg = flow rate measured by the averaging pitot tube in the velocity box (m3/s),

Qcyc = known flow rate passing through the venturi in the cyclone-filter set
(m3/s),

Crise = PM10 concentration measured by the TSI monitor in the tunnel riser
(µg/m3),

Cbak = PM10 atmospheric background concentration measured either just before
or just after the erosion run (µg/m3), and

AT = tunnel floor area (i.e., the exposed area under the working section of the
tunnel, which is 2.5 ft2), (m2).

Measured, known, or assumed quantities from each wind tunnel run are substituted into
equation 2 to compute the horizontal wind tunnel flux. An example flux calculation is shown in
Table E.4. Fluxes computed by using this methodology are tabulated in Appendix F, Tables F.2,
F.5, and F.6.

E.2.4  Methods for Determining the Erosion Velocity at Each Site

At each tested wind tunnel site, three wind tunnel erosion runs were performed; each run
was performed at a higher 10-m wind speed. Desired 10-m velocities were usually set at 20 miles
per hour (mph) for run 1, 30 mph for run 2, and 40 mph for run 3. Each wind tunnel run was
performed at a separate location.

Prior to a 10-minute erosion run, the aerodynamic roughness for each erosion run was
determined during a 5-minute profiling run that was carried out at a low tunnel erosion velocity
(tunnel damper wide open), generally corresponding to a 10-m velocity of about 20 mph. In the
profiling run, the longitudinal velocity was measured by using a pitot-static tube at a series of
11 elevations above the ground surface, ranging from 0.4 to 8.21 cm. The pitot-static tube
velocity measurements were plotted against a log of elevation by using a Microsoft Excel™

version 5.0 spreadsheet on a Toshiba Satellite Pro 75-MHz 486 laptop in the field. A linear
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regression was performed on the pitot-static tube velocity measurements, by regressing velocity
(dependent) on the natural logarithm of height (independent), to fit the equation

u(z) = (u*/k) ln(z/zo), (3)

where

u(z) =  velocity measured at height z, (m/s),

u* =  friction velocity (m/s),

k =  von Karman constant of 0.40 (unitless)

z =  height of the velocity measurement (cm) , and

zo =  aerodynamic roughness height (cm).

The aerodynamic roughness corresponds to an elevation above the ground at which the
net longitudinal velocity reaches zero. The term u*/k is the “slope” of the plot of velocity versus
height. The u*/k term depends strongly on the velocity field imposed on the ground by regional
pressure differences and depends weakly on the aerodynamic roughness height.

Equation 3 can be rearranged to form

( ) ( ) ( )oz
k

u
z

k

u
zu lnln ∗∗ −=  , (4)

which is similar in form to

y = mx + b , (5)

where

m = slope of the curve = (u*/k) and (6)

b = y-intercept = – (u*/k) ln(zo) . (7)

A computed 11-point regression of u(z) on ln(z) will produce numerical values for slope m and
intercept b.

Friction velocity u* and aerodynamic roughness zo can be computed from the numerical
values by the following procedure. Rearrange equation 6 as follows:

u* = mk . (8)
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Then substitute the result of equation 8 into equation 9 and rearrange, as follows:

zo = exp(–bk/u*) . (9)

A numerical example follows. A regression from a profiling run produces a slope m of 0.75 and a
slope b of 5.87. By using equation 8, the friction velocity for the run is computed to be

u* = mk = 0.75 × 0.40 = 0.30 m/s .

By using k/u* = 0.40/0.30 = 1.33 and equation 9, the aerodynamic roughness height is computed
to be

zo = exp(–bk/u*) = exp(–5.87 × 1.33) = 0.0004 cm.

The friction velocity u* also corresponds to a longitudinal velocity that occurs at a height
where ln(z/zo) = k, the von Karman constant. This can be seen by setting u(z) = u* and z = z* in
equation 3 and solving for z:

u* = (u*/k) ln(z*/zo) , (10)

k = ln(z*/zo) , (11)

exp(k) = z*/zo ,

z* = zo exp(k) = zo exp(0.40) = 1.49 zo . (12)

As a result, u* corresponds to the velocity at a height that is 1.49 times the aerodynamic
roughness height. This relationship will be used to set the wind tunnel to a value of u* that
corresponds to a desired 10-m velocity.

Computed profiling run results were used to set the desired u* for each erosion run by
using the desired wind speed at 10 m. For example, if a 30-mph erosion run was desired, the
regression developed for the tested plot of land was used to compute the desired velocity (and
pitot-static tube pressure drop) at the centerline of the wind tunnel corresponding to z = 8.21 cm,
which is the centerline of the wind tunnel. The pitot-static tube is set at this elevation during the
PM10 erosion run to monitor the flow rate in the wind tunnel working section.

The following algebraic and numerical procedure was employed:

1. Determine a desired value for a 10-m velocity. For example, u(10) = 30 mph =
13.4 m/s.

2. Substitute the desired value, along with numerical values of z and zo, into
equation 3:

u(10) = (u*/k) ln(10/zo) . (13)
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3. Rearrange equation 13 to form

u* = ku(10)/[ln(10/zo)] . (14)

4. Compute the numerical value of u*.

For our numerical example above, with zo = 0.0004 cm ( 4 × 10-6 m) and with the desired
10-m velocity = 13.4 m/s, substituting all the numerical values into equation 14 results in the
following:

u* = 0.40 (13.4 m/s)/[ln(10/4.00 × 10-6)] , (15)

= 5.36/[14.73] = 0.364 m/s .             (16)

The computed u* value was then used in equation 3 to set the velocity at a wind tunnel
elevation of z = 0.0821 m, corresponding to the location of the pitot-static tube during the erosion
run:

u(0.0821) = (u*/k) ln[0.0821/zo] ,                                     (17)

= (0.364/0.40) ln[0.0821/4 × 10-6] , (18)

= (0.91) ln[20,525] ,                        (19)

= 0.91 × 9.929 = 9.04 m/s .             (20)

The pitot-static tube equation was then used to convert the 0.0821-m velocity into a
measured pressure drop at z = 0.0821 m, which could be used to set the tunnel velocity for the
erosion run. The pitot-static tube equation is

u = [2 ∆P/ρo] 0.50 , (21)

where

u = velocity (m/s),

ρo = ambient gas density (kg/m3), and

∆P = pitot tube pressure drop, Pa (N/m2).

Rearranging equation 21 yields the pitot-static pressure drop

∆P = (u2 ρo)/2 . (22)
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For the given numerical example, when one assumes typical summer conditions in
Las Vegas — ambient temperature = 104°F (40°C), ambient atmospheric pressure = 0.92 atm,
and gas density = 1.10 kg/m3 — substituting all numerical values into equation 22 yields

∆P = (9.042 × 1.10)/2 = 45 Pa/249 (Pa/in. H2O) = 0.181 in. H2O. (23)

The above procedure (equations 3 through 23) was used for each wind tunnel run at a
wind tunnel site. The outcome for a set of three runs at a wind tunnel site is a table that gives
values for zo measured during the profiling run, the desired nominal wind velocities at a
10-m elevation, the corresponding u* at the measured zo, the corresponding u(z) = 0.0821 m at
the wind tunnel centerline, and the pitot-static tube pressure drops used to obtain the desired
nominal 10-m wind tunnel velocity. An example of such a table is shown below for a fictitious
wind tunnel site (Table E.5).

E.2.5  Methods for Determining TFVs by Using Particle Masses Captured in the
Elutriation Chamber Cyclonic Separator

The TFV for each wind tunnel run was estimated by plotting the captured particle mass
from the elutriation chamber (EC) for each of the three wind tunnel runs at each site against the
computed friction velocity u* set for each wind tunnel run.

If the slope in a plot of captured mass versus u* showed a large increase between two of
the pre-set u* values, the increase was interpreted as a passing of the threshold for saltation-sized
particles (>70 µm physical diameter). An example table and plot are shown in Table E.6, which
gives example data for an EC-captured particulate mass obtained at three different values of u*.
Tabulated data are plotted in Figure E.6.

Figure E.7 shows that a significant increase in the slope of the plot of captured mass
versus u* occurred between the second and third run. Classical theory would thus indicate that a
sudden increase in the flux of saltating-size particles occurred between 0.364 and 0.499 m/s.

TABLE E.5  Example Data for a Set of Three Wind Tunnel Runs
at a Selected Wind Tunnel Site

WT Site
No.

Run
No.

zo
(m)

Nominal
u10

(mph)

u*
(m/s)

u (0.0821)
(m/s)

∆P
in. H2O

XYZ 1 5 × 10–5 20 0.293 5.42 0.065
XYZ 2 4 × 10–6 30 0.364 9.04 0.181
XYZ 3 6 × 10–6 40 0.499 11.89 0.313
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TABLE E.6  Example Data for a Set of
Three Wind Tunnel Runs for an
Elutriation-Chamber-Captured Particulate
Mass at a Selected Wind Tunnel Site

WT Site
No.

Run
No.

u*
(m/s)

Elutriation Mass
(g)

XYZ 1 0.293 2.49
XYZ 2 0.364 5.13
XYZ 3 0.499 50.22

0 0.1 0.2 0.3 0.4 0.5
0

10

20

30

40

50

60

FIGURE E.6  Example of TFV from the Saltation Particle Mass Captured in the
UNLV Portable Wind Tunnel EC (The sudden increase in captured mass
between the u* of 0.364 m/s and u* of 0.499 m/s indicates the onset of soil
movement. TFV is estimated as the average of the two u* values.)



September 2004 E-21

FIGURE E.7  Sample Plot of PM10 Concentration versus Time, Showing an Initial
Spike of 49 Seconds, Followed by a 551-Second Trace of Lower Concentration

For the data in Table E.6 and Figure E.6, the TFV u*t (defined as the value of u* at which
the threshold for onset of soil movement occurred) was computed as the arithmetic average of the
u* values for run 2 and run 3. In this case, the TFV would be computed as

TFV = (u* run 2 + u* run 3)/2                                                          (24)

       = (0.364 m/s + 0.499 m/s)/2 = (0.863 m/s)/2 = 0.432 m/s .

At most of the wind tunnel sites, adequate EC masses were available to estimate TFV
values. At a few tested sites, the EC-captured mass was very low, and masses captured in the
wind-tunnel’s cyclonic separator (physical size range of 6 to 70 µm) were used instead. A similar
procedure was employed for estimating TFV, plotting the cyclone-captured mass against u*, and
examining the result for a sudden slope increase.
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E.2.6  Methods for Calculating Horizontal Fluxes

Horizontal fluxes of saltating size particles (captured in the EC) were computed via the
following equation: horizontal flux = mass of particles collected/sampling time/tunnel floor
length. The units of measure employed for the raw calculation were as follows: the mass of
particles was in grams, the sampling time was in minutes (usually 10 or 15 minutes), and the
floor length was in feet (5.00 ft). After the raw rate was computed in grams per foot per minute,
the data were converted to micrograms per meter per second on the basis of the following
conversion factors: (1) 106 micrograms = 1 gram and (2) 3.281 feet = 1 meter. An example
calculation is shown below for a hypothetical wind tunnel run:

Captured saltation mass = 12.47 g

Sampling time = 15 min

Floor length = 5 ft

Horizontal flux = 12.47 g/5 ft/15 min = 0.166 g/ft/min

Horizontal flux = 0.166 g/ft/min × 106 µg/g × 3.281 ft/m × 1 min/60 s

Horizontal flux = 9,092 µg/m/s

Horizontal fluxes were tabulated in Tables F.2 through F.7 in Appendix F. Their values
were used to compute the ratios of horizontal saltation flux to vertical PM10 flux and to compare
the results to literature values reported by Gillette et al. (1996). These ratios were used as a check
on the quality of the data produced by the UNLV wind tunnel for Las Vegas area desert soils.

E.2.7  Procedure for Removing Spikes from the Data to Correct
Short-Term Fluxes for Use in Long-Term Calculations

Measurements of wind-tunnel-eroded PM10 concentrations versus time, recorded every
second with TSI DustTrak, showed a pattern of an initial spike in the concentration data that
typically lasted from 15 seconds to 2-3 minutes. A typical example is shown in Figure E.8. After
the spike, the PM10 concentration values were lower for the remainder of the 10-minute erosion
run.

It is necessary to correctly account for the PM10 spike when computing the fluxes of
PM10 mass versus time that will be used in the longer-term, 1-hour average model calculations.
UNLV initially computed PM10 vertical fluxes that included the spike. These are defined as
“uncorrected” fluxes. These uncorrected PM10 fluxes were converted to corrected fluxes by
removing the spike from the data set and recomputing the flux as the remaining PM10 mass per
area per time. The numerical methodology for computing spike masses can be described by
considering the chart shown below in Figure E.7. The figure can be considered to have two
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Least squares fit
y = 0.6615x + 3.1734

R2 = 0.9734
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4.50

5.00

-1.500 -1.000 -0.500 0.000 0.500 1.000 1.500 2.000 2.500

L n (hei ght )   (cm)

Profile data

Linear (Profile data)

s l ope = U * / k = 0 .6 6 15
k = 0 .4
U * = s l ope * 0 .4  = 0 .2 6 4 6  m/s ec

z o = exp (- i nt er cept /s l ope)
z o = exp (  - 3 .173 4  / 0 .6 6 15)
z o = 0 .0 0 8 2 5

FIGURE E.8  Example of a Standard Analytical Plot of Velocity versus Ln (height)
and the Regression Line for Site WT 103, Run 1, Stable [Fit to data is U(z) = U*/k
ln(z/zo).]

distinct flux regions. Region 1, the spike period, lasts from 0 to 49 seconds. Region 2, the
“nonspike” portion or steady-state period, lasts from 49 to 600 seconds. The total sampling
period of spike plus steady-state lasts 600 seconds.

For the case where PM10 data are collected every second, the average PM10 concentration
in any region may be computed as follows:

∑
=

×=
nt

ti
iRR Ctc 1 . (25)

As shown elsewhere in the wind tunnel mass balance, the horizontal flux of PM10 emitted from
the surface can be computed as

( )[ ]bgPMTT CCAQG −= 10

 
,

(26)
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where

G = horizontal flux (µg/m2-s),

QT = tunnel volumetric flow rate (ft3/min),

AT = tunnel floor area (ft2),

CPM10 = TSI measure PM10 concentration (mg/m3), and

Cbg = background concentration (mg/m3).

Equation 25 can be used to compute average concentrations for each of the regions of
Figure E.8. Equation 26 can then be used to estimate the spike-corrected flux emitted from the
nonspike region (Region 2) of Figure E.8.

Data and calculations for the above two regions in Figure E.8 follow here.

• Average measured tunnel volumetric flow rate QT for duration of run =
445 ft3/min

• Ambient average background PM10 concentration Cbg prior to run =
0.047 mg/m3

• Spike:

Spike PM10 total concentration C1 = 647 mg/m3

Spike duration t1 = 49 seconds

Average PM10 concentration for the spike portion of Figure E.3,
   C1/t1 = 647 mg/m3/49 = 13.20 mg/m3

• Entire signal:

PM10 concentration for the entire run C2 = 1,057 mg/m3

Duration of total run t2 = 600 s

For both regions in Figure E.8, the estimated average PM10 concentration
   C2/t2 = (1057 mg/m3)/600 = 1.762 mg/m3

• Nonspike signal:

Nonspike PM10 total C3 = C2 – C1 = 410 mg/m3
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Nonspike duration t3 = (t2 – t1) = 551 seconds

Average PM10 concentration for the nonspike portion of Figure E.7
   C3/t3 = (410 mg/m3)/551 = 0.744 mg/m3

Uncorrected PM10 Flux

The uncorrected PM10 wind tunnel flux corresponding to the entire Figure E.8 is
computed as follows. Substituting the numerical values corresponding to the totals for the entire
Figure E.8, including the spike, yields

Uncorrected flux = (1.762 mg/m3 – 0.047 mg/m3) × 445 ft3/min/2.5 ft2

                            = 305 mg-ft/m3/min.

Dividing by 3.281 ft/m yields

Uncorrected flux = 305 mg-ft/m3/min × 1 m/3.281 ft = 93 mg/m2/min.

Corrected PM10 Flux

The spike-corrected PM10 wind tunnel flux corresponding to the nonspike portion of
Figure E.7 is computed as follows.

Corrected flux = (0.744 mg/m3 – 0.047 mg/m3) × 445 ft3/min/2.5 ft2

                                    = 124 mg-ft/m3/min.

Dividing by 3.281 ft/m yields

Corrected flux = 124 mg-ft/m3/min × 1 m/3.281 ft = 38 mg/m2/min.

PM10 Spike Mass

To properly account for the contribution of PM10 spikes to air pollution estimates, the
average concentration of PM10 in the spike is multiplied by the volumetric flow rate and spike
duration, then divided by the tunnel floor area to produce a spike mass per unit area that would
be emitted into the atmosphere at the start of a wind erosion event. The relevant equation is

( )bg
T

T
spike CC

A

tQ
m −=′ 1

1  , (27)
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where

spikem = m1 minus normalized spike mass (mass/area),

1C = average spike concentration Cbg minus background concentration, and

QT = tunnel volumetric flow rate multiplied by time AT minus tunnel floor area.

Applying equation 27 to the data shown in Figure E.8 yields

spikem = (13.20 mg/m3 – 0.047 mg/m3) × 445 ft3/min × (49 s)/2.5 ft2

spikem = spike mass/area = 114,720 mg-ft-s/m3/min

Dividing the above result by 60 s/min and by 3.281 ft/m yields spikem  = 583 mg/m2.

Using Spikes to Model PM10 Emissions to the Atmosphere

It is arbitrarily assumed that a spike is emitted only once at the start of a wind erosion
event. The rationale for this assumption is that the reservoir of loose PM10 that is present on the
surface at the start of the event is limited and that the further generation of PM10 results from the
impacts of saltating particles on the ground surface and with each other. It is further arbitrarily
(and conservatively) assumed that weathering of the surface will occur fast enough to regenerate
the reservoir of loose PM10 after a 24-hour resting period between erosion events. If two events
are separated by less than 24 hours, the spike is not included in the estimated emissions to the
atmosphere at the start of the next event. If two events are separated by more than 24 hours, the
spike is included in the estimated emissions to the atmosphere at the start of the next event.

Several illustrative cases can be developed by using the above data and a general equation
for estimating spike mass:

Emitted PM10/area = spike mass/area + spike-corrected PM10 flux × duration of event

Case 1: Single 2-hour event in wind speed range similar to u*, at which the tunnel created
Figure E.9

Emitted PM10 /area = (583 mg/m2) + (38 mg/m2/min) × (120 min) = 5,143 mg/m2
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0 = .6615xo + 3.1734
xo = -3.1734 / .6615 = -4.7975
xo = ln(zo)
zo = exp(xo) = exp(-4.7975)
zo = 0.00825

FIGURE E.9  Example of a Log-Transformed Velocity Profile Showing Extrapolation
(dashed line) to Zero Velocity from Regression to Obtain zo = 0.0083 cm for Site
WT 103, Run 1

Case 2: Two 1-hour events separated by 2 days of calm weather that allow sufficient time for the
PM10 reservoir to weather and regenerate a spike

Emitted PM10/area = (first event: spike + continuous) +

                                   (Second event: Spike + continuous)

= (583 mg/m2 + 38 mg/m2/min × 60 min) +

(583 mg/m2 + 38 mg/m2/min × 60 min) = 5,726 mg/m2

Case 3: Two 1-hour events separated by only 12 hours of calm. PM10 reservoir does not have
sufficient time to weather and regenerate, so the spike does not appear at the start of the
second event

Emitted PM10/area = (583 mg/m2 + 38 mg/m2/min × 60 min) + (38 mg/m2/min × 60 min)

= 2,863 mg/m2 + 2,280 mg/m2 = 5,143 mg/m2
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E.2.8  Wind Tunnel Test Procedure for the 2003 Field Study

E.2.8.1  Tunnel Setup

The disassembled wind tunnel was transported in the back of a standard Ford F 150
pick-up truck and assembled at each site. A flat area approximately 15 ft long by 5 ft wide was
needed to assemble the four rigidly connected units, tunnel flow conditioning section, tunnel
working section, elutriation chamber, and support stand for the cyclone-filter combination. Other
components, attached with flexible PVC, could be arranged in a variety of locations behind the
rigidly connected units. The TSI monitor was turned on and set to measure the ambient PM10
concentration for 10 minutes. The result was recorded in the field data sheet. After the wind
tunnel was assembled, the ambient barometric pressure, atmospheric temperature, and relative
humidity were recorded, and the pressure gauges were “zeroed.”

E.2.8.2  Estimating a Velocity Profile

The TSI monitor was turned on and set to measure the instantaneous PM10 concentration
in order to log profiling data to memory at 1-second intervals for the 5-minute profiling period.
At the same time, the tunnel fans and cyclone were turned on. The rear bypass air inlet was set to
measure a pressure drop of about 3.20 in. of water, giving a riser section flow velocity that was
nearly isokinetic with the flow velocities of the cyclone and TSI monitor sampling ports. During
the profiling run, pressure readings were taken for 10 different pitot-tube height positions. The
tunnel fans and cyclone were turned off after the 5-minute period.

The recorded barometric pressure, air temperature, and profiling pitot pressure drop data
were entered into a Microsoft Excel spreadsheet on a laptop computer. A log transformation and
linear regression routine were used to estimate the aerodynamic roughness height, a pitot tube
centerline pressure drop that would correspond to the desired 10-m erosion velocity, and a U*
value corresponding to the desired erosion velocity. Examples of the velocity profile data
reductions are shown in Figures E.8 through E.11b.

E.2.8.3  Erosion Runs

After the profiling run, the TSI monitor was set to a 10-minute data-logging mode, the
tunnel fans were turned on, and the bypass damper was closed until the indicated pressure drop
from the pitot tube reached the first designated 10-m erosion velocity. At this point, the monitor
was set to begin the logging concentration each second for 10 minutes.

The TSI monitor display went blank at the end of the 10-minute period, and the fans were
turned off. Dust samples captured in the elutriation chamber and cyclone were brushed into new,
preweighed ziplock plastic bags, and the glass fiber filter was changed. The tunnel was
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FIGURE E.11b  Logarithmic Transformation of Figure E.12a to Show U* and
U (8.21 cm) Data Point Where Curves Cross z at 8.21 cm, Pitot Tube Centerline
Velocity

disassembled, cleaned, and reassembled at a different area. The entire procedure was repeated at
the new location at a higher indicated wind speed. After the second run was completed, the entire
procedure was repeated a third time.

The tunnel was run three times at each site. The first run was done at about 20 mph, the
second was run at about 30 mph, and the third was run at about 40 mph. For the first 24 wind
tunnel sites (WT 079 through WT 100), the goal was to conduct three sampling runs per location
(every run in a different spot) at three different, successively higher wind speeds. For sites
WT 101 through WT 110, a fourth run was added. It corresponded to an increasing, step-by-step
progression of wind speeds, all done in one place within one run.

Samples collected from the elutriation chamber and the cyclone were returned to the
laboratory for weighing. Weight changes were determined with a Sargent-Welch electronic
analytical balance with resolution of ±0.1 mg.

Elutriation chamber and flux data were used to estimate TFVs for the tested sites. The
elutriation chamber data were plotted against u*. A sharp increase in the slope of the flux curve
was interpreted as an indication of exceeding the TFV for that site (Figure E.12).
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FIGURE E.12  Example of Determining the Threshold Friction Velocity

Glass fiber filters were preconditioned in a constant humidity of 15% ±2%, chamber
weighed, sealed flat in large plastic ziplock bags, and handled with latex gloves when installed in
the PM10 sampler and removed from the PM10 filter mount in the field. After sampling, they
were returned to the laboratory and reconditioned to the same relative humidity and temperature,
then reweighed. The weights of the filter were determined to be within ±0.1 mg in a Sargent-
Welch electronic balance. The 2003 wind tunnel studies showed that unless an unusually high
PM10 concentration was eroded from the soil surface, the 10-minute wind tunnel sampling runs
were not long enough to detect weight changes in the glass fiber filters. For this reason, TSI
monitor PM10 data were used to estimate PM10 fluxes.

E.2.8.4  Spatial and Temporal Variability Field Studies

Ten locations tested early in the study period were revisited later, and a slightly different
procedure was performed. A progressive velocity run was also added to the field tests at sites
WT 101 to WT 110. During this part of the experiment, the tunnel was assembled on the soil
surface to perform a “stable run.” After each run, the soil was disturbed. A metal-tined yard rake
was used to make the surface unstable, and the “unstable run” was performed. The tunnel was
then moved to another area, and the second run was performed, using the same procedure as that
described above. After the third run, another location was chosen to perform the fourth
progressive-velocity run. In this fourth run, three progressively increasing velocities (nominally
20, 30, and 40 mph at 10 m) were used in the same spot. Each velocity was held for 200 seconds.

Sharp increase in slope of EC
vs u* indicates onset of soil
movement. TFV between .52
and .62 m/sec
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E.2.9  Uncertainty Analysis of Wind Tunnel Measurements

The uncertainties of individual instruments, tabulated from manufacturers’ specifications,
are shown in Table E.7. Spatial variations and short-term temporal fluctuations in field data were
usually larger than individual instrument uncertainties. The approximate magnitudes of the short-
term temporal fluctuations and spatial variations were determined in the uncertainty analyses
presented below. Uncertainties for derived quantities were determined as the square root of the
sum of the squares of uncertainties of directly measured values by using the following formulas
(Bevington 1969, Holman 1989).

For a quantity X that is a function of parameters A, B, C . . ., X = f (A,B,C,…)

( )[ ] ( )[ ] ( )[ ]{ } 21222 �+ωδδ+ωδδ+ωδδ=ω CC/XBB/XAA/XX (28)

where

δX/δA, δX/δB, δX/δC, etc. = partial derivatives of X with respect to A, B, C, etc.,
respectively. (The partial derivatives represent the rate of
change of the quantity X with respect to each parameter,
and can be thought of as “weights” on the uncertainties.

ωA, ωB, ωC, etc. = experimental uncertainties of the parameters A, B, C, etc.,
respectively.

For example, to compute the gas density ρ = [PMW]/[RT],

( )[ ] ( )[ ] ( )[ ] ( )[ ]{ } 212222 RR/TT/MWMW/PP/ ωδδρ+ωδδρ+ωδδρ+ωδδρ=ωρ . (29)

When the partial derivatives are symbolically determined and substituted into equation 29
and the result is divided by the formula for ρ, the following symbolic relationship for the relative
uncertainty of δ ���������	
�

[ ] [ ] [ ] [ ]{ } 212222 R/RT/TMW/MWPP// ω−+ω−+ω+δωρ=ρωρ . (30)

The values of P, MW, R, and T and the values of the uncertainties ωP, ωMW, ωR, and ωT
may be substituted into equation 30 to compute the relative uncertainty of gas density. For
example, for

P = 0.920 atm Uncertainty ωP = 0.00167 atm
(from P = 27.53 in. Hg) (Uncertainty ωP = 0.05 in. Hg)
MW = 28.9 g/gmol Uncertainty ωMW = 0.2 g/gmol
R = 0.08206 atm-L/mol/K Uncertainty ωR = 0.0001 atm-L/mol/K
T = 294K Uncertainty ωT = 0.55K



September 2004 E-33

TABLE E.7  Summary of Instrumental Uncertainties

Instrument Name Manufacturer
Model No.
and Name Accuracy

Readability/
Precision

Differential pressure
gauge

Dwyer Magnehelic 2000-00 ±4% of reading at
21°C

±0.005 in. H2O

Differential pressure
gauge

Dwyer Magnehelic 2001AV ±2% reading at 21°C ±0.02 in. H2O

Pitot tube profiling Dwyer 160–12 See differential
pressure gauge

See differential
pressure gauge

Wind gauge Nielsen-Kellerman Kestrel 4000 ±3 of reading ±0.1 mph

Thermometer VWR Electronic digital
barometer

±1°C ±0.1°C

Barometer VWR Electronic digital
barometer

±0.1477 in. Hg ± 0.01 in. Hg

Relative humidity VWR Electronic digital
barometer

±5% ±1%

Balance Sargent Welch TLA 100 ±1.0 mg ±0.1 mg

DUSTTRAK aerosol
monitor

TSI 8520 NAa ±0.1% reading or
±0.001 mg/m3,
whichever is
greater

GPS Garmin eTrex NA NA

GPS Magellan Trailblazer NA NA

Electronic manometer Dwyer 475-1-Mark II ±0.5% full scale at
15-25°C
±1.5% full scale at
0-15 and 25-40°C

±0.01 in. H2O

Flow sensor Dwyer DS-200-4 See electronic
manometer

See electronic
manometer

a NA = not available.
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ωρ/ρ = {[0.00167/0.920]2 + [0.2/28.9]2 + [−0.0001/0.08206]2 + [−0.55/294)]2}1/2

= 5.62 × 10-5}1/2 = 7.50 × 10-3

ρ = [(0.92) (28.9)]/[(0.08206) (294)] = 1.100 kg/m3, yielding

ωρ = 7.50 × 10-3 × 1.100 kg/m3 = 0.008 kg/m3 .

In this study, uncertainties were computed for gas density, centerline velocity, 10-m velocity,
averaging pitot velocity, tunnel volumetric flow rate, and PM10 flux. Tables E.8 through E.14 (shown
at the end of Section E.2.9) present uncertainty results for the quantities used in determining the
PM10 emission factors. Tables E.13 and E.14 also present uncertainty results for PM10 emission
factors (flux in tons/acre/h) for several combinations of riser flow uncertainty and PM10
concentrations. A summary of the table contents is given here:

Estimated Relative
Uncertainty (%)

Table Parameter Worst Case Best Case
E.8 Air density 0.75  0.75
E.9 Centerline velocity 13  4
E.10 10-m velocity 17 12
E.10 Tunnel volumetric flow rate  6  4
E.11 Tunnel floor area, flux calculations 0.50   0.50
E.12 Others, flux calculations See Tables E.13-E.15 for both cases
E.13 PM10 flux, low riser flow uncertainty 71  7
E.14 PM10 flux, high riser flow uncertainty 71 10

When the relative uncertainty of the riser flow rate is low (4%) and the PM10 background
uncertainty is ±10 µg/m3, the emission factor uncertainty results shown in Table E.13 are
obtained. Corresponding combinations displayed in Table E.13 are underlined. When the relative
uncertainty of the riser flow rate is high (9%) and the PM10 background uncertainty is ±10
µg/m3, the emission factor uncertainty results shown in Table E.14 are obtained.

Tables E.13 and E.14 show that flux (emission factor) relative uncertainties tend to
plateau at the riser flow rate uncertainty for the conditions at which the relative uncertainty in the
PM10 riser concentration is small (low fluctuations and a high average PM10 concentration). This
corresponds to physical conditions where the stochastic fluctuations in the TSI-measured PM10
signal are small. Relative uncertainties in flux estimates are highest for the conditions at which
the riser PM10 concentration is low and the uncertainties in the riser and background PM10
concentrations are high. Physically, this corresponds to occasions when the tunnel is measuring
fluxes from stabilized surfaces that generate low amounts of PM10.
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TABLE E.8  Sources of Uncertainty in Air Density Calculations

Scenario 1 Scenario 2
Low temp, low press High temp, high press

Formulaa r = m/V = P MW/RT r = m/V = P MW/RT Source of Uncertainty

P, in. Hg 27.53 28.43
ωP, in. Hg 0.05 0.05 Last digit of display

ωP/P 1.82E-03 1.76E-03

T, °R 530.0 570.0

ωT, °R 1.0 1.0 Resolution of
thermometer

ωT/T 1.89E-03 1.75E-03

MW, g/gmol 28.9 28.7
ωMW, g/gmol 0.2 0.2 Variation in composition

with relative humidity
changes

ωMW/MW 6.92E-03 6.97E-03

°R, atm-L/gmol-K 0.08206 0.08206

ω°R 0.0001 0.0001 ±1 in last digit
ω°R/°R 1.22E-03 1.22E-03

Sum of squares 5.62E-05 5.62E-05
rms uncertainty ωr/r 7.50E-03 7.50E-03
rms, % 0.750 0.750

Density r, kg/m3 1.100 1.049

rms ωr/2, ±kg/m3 0.004 0.004

a rms = root mean square.
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TABLE E.9  Sources of Uncertainty in Centerline and 10-m Velocities

Scenario 1 2 Source of Uncertainty

Instrument Profiling pitot tube Profiling pitot tube
Measurement Centerline ∆p Centerline ∆p
Conditions Best case Worst case
Formula V = k[2∆P/r]1/2 V = k[2∆P/r]1/2

Typical data
∆P, in. H2O 0.160 0.160
± Uncertainty in meter reading 0.005 0.020
Cause Meter readability Cross-wind

fluctuation
See “cause” in each column

ω∆P, in. H2O ( = 2× fluct) 0.010 0.040
ω∆P/∆P 6.25E-02 2.50E-01
ρ, kg/m3 1.06 1.06
ω ρ, kg/m3 0.008 0.008 Density calculation,

Table E.3
ω ρ/ρ 7.55E-03 7.55E-03
k (pitot constant) 1.000 1.000
ωk 0.020 0.020 Variation in k for ±5º

alignment error
ωk/k 0.020 0.020
Sum of squares S(ωX/X)2 1.39E-03 1.60E-02
ωV/V =  [S(ωX/X)2]1/2 3.73E-02 1.27E-01
rms uncert ωV/V, % 3.7 12.7 V = centerline velocity at

z1 = 7.6 cm

Scenario for U10 1 2
Unit and Source of

Uncertainty

Computed centerline velocity 9.2 9.2 m/s
Uncertainty, ωV 0.3 1.2 m/s
Computed centerline velocity 20.6 20.6 mph
Uncertainty, ωV 0.8 2.6 mph
Sample aerodynamic roughness, zo 0.100 0.100 cm
Uncertainty, ωzo 0.010 0.010 cm, estimate from

regression
Centerline height, z1 7.60 7.60 cm
Uncertainty, ωz1 0.10 0.10 cm, wobble in pitot

adjustment
Wind measurement height, z2 1000 1000 cm
(rms term ωrt zo)2 1.27E-02 1.27E-02
(rms term ωrt z1)2 9.23E-06 9.23E-06
(rms term ωrt V, ωV/V)2 1.39E-03 1.60E-02
rms uncert ω(u10)/(u10), % 11.9 17.0
Extrapolated (u10) 43.7 43.7 mph
Uncertainty ω(u10) 5.2 7.4 mph
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TABLE E.10  Sources of Uncertainty in Averaging Pitot Velocity and Tunnel
Volumetric Flow Rate

Scenario 1 2 Source of Uncertainty

Instrument Averaging pitot tube Averaging pitot tube

Measurement ∆P at 4 locations ∆P at 4 locations

Conditions Best case Worst case

Formula V = k[2∆P/r]1/2 V = k[2∆P/r]1/2

Typical data
∆P, in. H2O 3.200 3.200

± Uncertainty in meter reading 0.050 0.150

Cause Fan pulsation Cross winds See “cause” in each column

ω∆P, in. H2O ( = 2× fluct) 0.100 0.300

ω∆P/DP 3.13E-02 9.38E-02

r, kg/m3 1.06 1.06

ωr, kg/m3 0.008 0.008 Density calculation, Table E.3

ωr/r 7.55E-03 7.55E-03

k (pitot constant) 0.600 0.600

ωk 0.020 0.020 Variation in k for ±5º alignment
error

ωk/k 3.33E-02 3.33E-02

Sum of squares S(ωX/X)2 1.37E-03 3.32E-03

ωV/V =  [S(ωX/X)2]1/2 3.70E-02 5.76E-02

rms uncert ωV/V, % 3.7 5.8
Computed velocity, m/s 24.7 24.7
rms uncertainty, +m/s 0.9 1.4
Computed velocity, mph 55.2 55.2
rms uncertainty, +mph 2.0 3.2
Pipe cross section Round Round
Volumetric flow conversion Q = V (p diam2/4) Q = V (p diam2/4)
Pipe diam, in. 4.00 4.00
Pipe diam, ft 0.333 0.333

Pipe area, ft2 0.087 0.087

Velocity, ft/min 4856 4856
Approximate wall correction 1.00 1.00

Flow rate, ft3/min 424 424

Flow rate uncertainty, ft3/min 16 24
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TABLE E.11  Sources of Uncertainty in Flux Calculations

Variable Typical Value Source of Uncertainty

Working section length,
in.

60

ωLength in. 3.13E-02 Measurement uncertainty, tape

ωLength/Length 5.21E-04

Working section width, in. 6
ωWidth, in. 3.13E-02 Measurement uncertainty, tape

ωWidth/Width 5.21E-03

Area, ft2 2.500

ωArea, ft2 1.31E-02 RMS error computed from length and width uncertainties

ωArea/Area 5.23E-03
Qavg, cfm 424

ωQavg/Qavg 5.76E-02 Max fluctuation in meter reading from cross winds, fan
oscillations

ωQavg, cfm 24 Computed from pitot probe fluctuations (see Table E.10)

Qcyc, cfm 40.0

ωQcyc, cfm 1.0 Assumed venturi choke flow uncertainty

ωQavg/(Qavg + Qcyc) 5.26E-02

ωQcyc/(Qavg + Qcyc) 2.16E-03

Crise, µg/m3 1000

Cbak, µg/m3 20

Crise – Cbak, µg/m3 980

ωCrise, µg/m3 200

ωCrise/(Crise − Cbak) 2.04E-01

If large, RMS error of fluctuating TSI signal. If small,
uncertainty in individual TSI measurement. See flux calculation
scenarios.

ωCbak, µg/m3 10 Assumed clean air background PM10

ωCbak/(Crise − Cbak) 1.02E-02
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TABLE E.12  Uncertainty Analysis of Flux Calculations for High-Riser-Flow Scenarios
Stabilized and Several Riser Concentrations

Scenario 1 2 3 4 5 6 7 8 9

Riser concentration High High High Medium Medium Medium Low Low Low
Riser concentration
uncertainty

High Medium Low High Medium Low High Med Low

Typical site Unstable
lands

Unstable
lands

Stable
lands

Stable
lands

Stabilized
lands

Stabilized
lands

Stabilized
lands

Surface condition Torn up Not torn
up

Riser flow uncertainty High High High High High High High High High
Data
Area, ft2 2.500 2.500 2.500 2.500 2.500 2.500 2.500 2.500 2.500

ωArea, ft2 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.013

ωArea/Area 5.23E-03 5.23E-03 5.23E-03 5.23E-03 5.23E-03 5.23E-03 5.23E-03 5.23E-03 5.23E-03

Qavg, cfm 438 438 438 438 438 438 438 438 438

Qcyc, cfm 40 40 40 40 40 40 40 40 40

Qavg + Qcyc, cfm 478 478 478 478 478 478 478 478 478

ωQavg, cfm 43 43 43 43 43 43 43 43 43

ωQavg/(Qavg + Qcyc) 9.00E-02 9.00E-02 9.00E-02 9.00E-02 9.00E-02 9.00E-02 9.00E-02 9.00E-02 9.00E-02

ωQcyc, cfm 1 1 1 1 1 1 1 1 1

ωQcyc/(Qavg + Qcyc) 2.09E-03 2.09E-03 2.09E-03 2.09E-03 2.09E-03 2.09E-03 2.09E-03 2.09E-03 2.09E-03

Crise, µg/m3 1000 1000 1000 200 200 200 40 40 40

Cbak, µg/m3 20 20 20 20 20 20 20 20 20

Crise – Cbak, µg/m3 980 980 980 180 180 180 20 20 20

ωCrise, µg/m3 200 100 50 50 20 10 10 6 2

ωCrise/(Crise – Cbak) 2.04E-01 1.02E-01 5.10E-02 2.78E-01 1.11E-01 5.56E-02 5.00E-01 3.00E-01 1.00E-01

ωCbak, µg/m3 10 10 10 10 10 10 10 10 10

ωCbak/(Crise – Cbak) 1.02E-02 1.02E-02 1.02E-02 5.56E-02 5.56E-02 5.56E-02 5.00E-01 5.00E-01 5.00E-01

S(ωX/X)2 4.99E-02 1.86E-02 1.08E-02 8.84E-02 2.36E-02 1.43E-02 5.08E-01 3.48E-01 2.68E-01

RMS uncert
[S(ωX/X)2]1/2

2.23E-01 1.37E-01 1.04E-01 2.97E-01 1.53E-01 1.20E-01 7.13E-01 5.90E-01 5.18E-01

RMS uncertainty, % 22 14 10 30 15 12 71 59 52
Flux, tons/acre/h 1.53E-02 1.53E-02 1.53E-02 2.81E-03 2.81E-03 2.81E-03 3.12E-04 3.12E-04 3.12E-04
RMS uncertainty,
   tons/acre/h

0.34E-02 0.21E-02 0.16E-02 0.84E-03 0.43E-03 0.34E-03 2.23E-04 1.84E-04 1.62E-04
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TABLE E.13  Results Summary for 4% Riser Flow
Uncertainty and +10 �g/m3 Background PM10
Uncertainty

PM10 Flux Relative Uncertainty (%)
per Riser PM10 Concentration

Riser PM10
Uncertainty

(µg/m3) 40 µg/m3 200 µg/m3 1000 µg/m3

10 71 9 4
20 112 13 5
50 a 29 7

100 a 56 11
200 a a 21

a Combination is not physically real.

TABLE E.14  Results Summary for 9% Riser Flow
Uncertainty and +10 �g/m3 Background PM10
Uncertainty

PM10 Flux Relative Uncertainty (%)
per Riser PM10 Concentration

Riser PM10
Uncertainty

(µg/m3) 40 µg/m3 200 µg/m3 1000 µg/m3

10 71 12 9
20 112 15 9
50 a 30 10

100 a 57 14
200 a a 22

a Combination is not physically real.
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E.2.10  1995 Field Repeatability Study

In late 1995, a field repeatability study was conducted with the portable wind tunnel in
order to estimate the inherent variability of its particulate measurements. About 3 ft3 of soil was
collected in five 5-gal plastic buckets from 1995 wind tunnel site WT 078. This was an unstable
site with one of the highest measured PM10 production rates. It was located on the east side of
the Las Vegas Valley near the intersection of Mountain Vista and Gold Dust. The bucket
contents were thoroughly mixed before the soil was applied to the ground.

A 1-in. thick, 1-ft wide, 8-ft long uniform layer of soil was placed on a level concrete pad
in the utility yard of the UNLV College of Engineering, a site partially shielded from the wind by
a 10-ft high wall. The top surface was smoothed with flat cardboard and then indented with about
1/8 in. of surface relief with corrugated cardboard. The cardboard was removed, and the portable
wind tunnel was placed on the soil. Its flaps were sealed to the surface with more soil from the
site. The wind tunnel was operated at a fixed flow rate. Then PM10 filter, cyclone, saltation, and
TSI measurements were obtained.

Eight controlled runs were conducted at the same tunnel flow rate, with each run
conducted on a new batch of soil. (Soil from the previous run was swept up before new soil was
applied to the concrete pad.) The results of these eight controlled runs are shown in Table E.15.

The average TSI monitor PM10 mass collected was 46.2 µg, with a standard deviation
(sd) of 21.0 µg, giving a coefficient of variation (CV) of 21.0/46.2 = 0.45, or 45%, for an average
riser concentration of 2.72 mg/m3 (2,720 µg/m3). This CV was lower than the CVs for the other
collected size fractions but higher than the theoretical uncertainty estimated for single
measurements of high riser PM10 concentrations in Tables E.13 and E.14.

E.3  References for Appendix E

Bevington, 1969, to be provided.

Clark County, 2004, Clark County Air Quality Regulations, amended Oct. 21, 2003. Pdf files
available at http://www.co.clark.nv.us/air_quality/Regs/. Accessed Feb. 3, 2004.

Gillette, D., et al., 1996, “Causes of the Fetch Effect in Wind Errosion,” Earth Surface Processes
and Landforms 21, 641-659.

Holman, 1989, to be provided.
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TABLE E.15  Results of 1995 Experimental Repeatability Study

Parameter Saltation Cyclone Filter TSI PM10

Mass per run no., mg
   D003 10,086.3 124.5 171.9 0.05949
   C001 4,853.3 141.8 36.0 0.03835
   C002 7,366.1 353.0 72.0 0.05722
   D004 6,137.5 167.0 37.0 0.04166
   E001 2,201.3 198.0 108.4 0.02516
   E002 10,527.4 644.2 17.3 0.07374
   E003 (g) 11,822.9 871.1 123.4 0.06267
   E004 594.6 94.4 111.9 0.01115

Avg. 6,698.7 324.3 84.7 0.0462

SDa 4,036.3 285.1 53.1 0.0210
Coeff. var., % 60 88 63 45

Avg. – 1 SD, mg 2,662.3 39.2 31.6 0.0252
Avg., mg 6,698.7 324.3 84.7 0.0462
Avg. + 1 SD, mg 10,735.0 609.3 137.9 0.0672

Flow rate, cfm 440 40 40
Flow rate, L/min 1.7
Avg. conc., mg/m3 53.77 28.63 7.48 2.72

a SD = standard deviation.
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Appendix F:

Wind Tunnel Data Analysis, Measurement,
Reduction, and Compilation

Compiled results of wind tunnel field measurements at the tested sites are summarized in
Tables F.1 through F.10. Figures F.1 to F.9 show the plots, aerial photos, ground surface photos,
and closeup photos of tunnel soil for the selected soil erodibility condition class (SECC) fits used
in the model. All selected SECC fit data were plotted by using u*(u*

2 – u*
2), measured in cubic

meters per cubic second, in the X axis and by using the PM10 flux, measured in micrograms per
square meter, in the Y axis. (PM10 = particulate matter with a mean aerodynamic diameter of
10 µm or less.) Each figure shows the equation that was used for developing the emission factor
functions.

Figure F.10 shows the PM10 data series versus time for site WT 102, emission run 3,
dated September 23, 2003. The highlighted portion of the trace, at the front of the time series,
indicates the “spike” that was removed from the sampled mass prior to calculating a spike-
corrected PM10 flux that would be used over time periods of an hour or more.
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TABLE F.1  Results of 2003 Wind Tunnel Field Study: Flow Calculations

This table presents data from measurements taken in the field, such as barometric pressure and
temperature measurements, as well as flow results with the isokinetic error percentage for all sites
tested during the study period. ACFM = actual cubic feet per minute.

Date Site Run

Barometric
Pressure
(in. Hg)

Temperature
(ºF)

Avg. Pitot �P
(in. H2O)

Q
(ACFM)

Isokinetic
Error
(%)

8/11/2003 WT079 1 27.70 90.0 3.20 474 0.00
8/11/2003 WT079 2 27.76 99.5 3.20 481 0.00
8/11/2003 WT079 3 27.79 111.2 3.50 513 9.37

8/19/2003 WT079R 1 27.70 83.3 3.20 468 0.00
8/19/2003 WT079R 2 27.73 87.8 3.20 471 0.00
8/19/2003 WT079R 3 27.76 92.3 3.20 474 0.00

8/11/2003 WT080 1 27.79 122.9 3.20 500 0.00
8/11/2003 WT080 2 27.82 128.3 3.70 542 15.63
8/11/2003 WT080 3 27.82 124.7 3.65 535 14.06

8/12/2003 WT081 1 27.58 95.0 3.30 487 3.12
8/12/2003 WT081 2 27.58 99.5 3.20 484 0.00
8/12/2003 WT081 3 27.61 105.8 3.20 489 0.00

8/13/2003 WT082 1 27.64 90.5 3.30 482 3.12
8/13/2003 WT082 2 27.67 94.1 3.60 507 12.50
8/13/2003 WT082 3 27.67 97.7 3.30 488 3.12

8/18/2003 WT082R 1 27.61 84.2 3.31 478 3.44
8/18/2003 WT082R 2 27.52 90.5 3.31 485 3.44
8/18/2003 WT082R 3 27.55 65.0 3.29 461 2.81

8/14/2003 WT083 1 27.34 86.0 3.26 481 1.87
8/14/2003 WT083 2 27.29 88.7 3.35 491 4.69
8/14/2003 WT083 3 27.32 94.1 3.30 491 3.12

8/15/2003 WT084 1 27.82 82.4 3.73 502 16.56
8/15/2003 WT084 2 27.37 81.5 3.30 479 3.12
8/15/2003 WT084 3 27.32 84.2 3.49 496 9.06

8/21/2003 WT085 1 27.61 84.2 3.31 478 3.44
8/21/2003 WT085 2 27.82 84.2 3.30 474 3.12
8/21/2003 WT085 3 27.85 87.8 3.79 511 18.44

8/21/2003 WT086 1 27.85 96.8 3.30 484 3.12
8/21/2003 WT086 2 27.80 97.7 3.30 486 3.12
8/21/2003 WT086 3 27.08 99.5 3.80 537 18.75

8/22/2003 WT087 1 27.73 95.9 2.45 418 -23.44
8/22/2003 WT087 2 27.73 96.8 3.20 479 0.00
8/22/2003 WT087 3 27.70 102.2 3.20 484 0.00

8/25/2003 WT088 1 27.43 83.3 3.21 473 0.31
8/25/2003 WT088 2 27.46 89.6 3.20 477 0.00
8/25/2003 WT088 3 27.49 90.5 3.69 513 15.31

8/28/2003 WT089 1 27.40 77.9 3.20 468 0.00
8/28/2003 WT089 2 27.43 79.7 3.20 469 0.00
8/28/2003 WT089 3 27.43 80.6 3.20 470 0.00
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TABLE F.1  (Cont.)

Date Site Run

Barometric
Pressure
(in. Hg)

Temperature
(ºF)

Avg. Pitot �P
(in. H2O)

Q
(ACFM)

Isokinetic
Error
(%)

8/29/2003 WT090 1 27.58 81.5 3.20 468 0.00

8/29/2003 WT090 2 27.61 86.9 3.20 472 0.00

8/29/2003 WT090 3 27.61 88.7 3.20 474 0.00

8/29/2003 WT091 1 27.67 98.6 3.20 481 0.00

8/29/2003 WT091 2 27.64 99.5 3.20 483 0.00

8/29/2003 WT091 3 28.11 97.7 3.21 474 0.31

9/3/2003 WT092 1 27.64 84.2 3.20 470 0.00

9/3/2003 WT092 2 27.64 89.6 3.20 474 0.00

9/3/2003 WT092 3 26.67 94.1 3.20 496 0.00

9/4/2003 WT093 1 27.91 85.1 3.20 466 0.00

9/4/2003 WT093 2 28.05 86.0 3.20 464 0.00

9/4/2003 WT093 3 28.05 89.6 3.71 503 15.94

9/5/2003 WT094 1 28.26 87.8 2.87 438 -10.31

9/5/2003 WT094 2 28.26 89.6 3.20 464 0.00

9/5/2003 WT094 3 28.26 95.0 2.87 444 -10.31

9/10/2003 WT095 1 27.76 79.7 3.20 464 0.00

9/10/2003 WT095 2 27.82 80.7 3.20 464 0.00

9/10/2003 WT095 3 27.82 82.4 3.20 465 0.00

9/8/2003 WT096 1 27.94 79.7 3.20 461 0.00

9/8/2003 WT096 2 27.96 82.4 3.20 463 0.00

9/8/2003 WT096 3 27.96 85.1 3.20 465 0.00

9/9/2003 WT097 1 27.96 87.8 3.23 469 0.94

9/9/2003 WT097 2 27.96 86.9 3.20 466 0.00

9/9/2003 WT097 3 27.96 89.6 3.20 469 0.00

9/9/2003 WT098 1 27.73 77.90 3.20 463 0.00

9/9/2003 WT098 2 27.76 78.80 3.20 463 0.00

9/9/2003 WT098 3 27.79 83.30 3.20 466 0.00

9/18/2003 WT099 1 27.26 73.40 3.20 467 0.00

9/18/2003 WT099 2 27.26 75.20 3.25 472 1.56

9/18/2003 WT099 3 27.26 77.00 3.20 470 0.00

9/19/2003 WT100 1 27.76 69.8 3.20 455 0.00

9/19/2003 WT100 2 27.76 75.2 3.20 460 0.00

9/19/2003 WT100 3 27.73 78.8 3.20 463 0.00
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TABLE F.1  (Cont.)

Date Site Run

Barometric
Pressure
(in. Hg)

Temperature
(ºF)

Avg. Pitot �P
(in. H2O)

Q
(ACFM)

Isokinetic
Error
(%)

9/22/2003 WT101 1 27.76 82.4 3.20 466 0.00

9/22/2003 WT101 2 27.79 90.5 3.20 472 0.00

9/22/2003 WT101 3 27.79 100.4 3.20 481 0.00

9/22/2003 WT101 4 27.79 104.0 3.20 484 0.00

9/22/2003 WT101 1 27.79 86.9 3.20 469 0.00

9/22/2003 WT101 2 27.79 93.2 3.20 475 0.00

9/22/2003 WT101 3 27.79 101.3 3.20 482 0.00

9/22/2003 WT101 4 27.79 113.0 3.20 492 0.00

9/23/2003 WT102 1 27.34 77.9 3.20 469 0.00

9/23/2003 WT102 2 27.40 83.3 3.20 473 0.00

9/23/2003 WT102 3 27.40 90.5 3.20 479 0.00

9/23/2003 WT102 4 27.40 95.0 3.20 483 0.00

9/23/2003 WT102 1 27.37 82.4 3.20 473 0.00

9/23/2003 WT102 2 27.40 85.1 3.20 474 0.00

9/23/2003 WT102 3 27.40 92.3 3.20 481 0.00

9/23/2003 WT102 4 27.40 95.0 3.20 483 0.00

9/24/2003 WT103 1 27.37 74.3 3.20 466 0.00

9/24/2003 WT103 2 27.43 81.5 3.20 471 0.00

9/24/2003 WT103 3 27.46 90.5 3.20 478 0.00

9/24/2003 WT103 4 27.40 95.9 3.20 484 0.00

9/24/2003 WT103 1 27.40 79.7 3.20 470 0.00

9/24/2003 WT103 2 27.43 85.1 3.20 474 0.00

9/24/2003 WT103 3 27.43 92.3 3.20 480 0.00

9/24/2003 WT103 4 27.43 104.0 3.20 490 0.00

9/25/2003 WT104 1 27.70 78.8 3.20 464 0.00

9/25/2003 WT104 2 27.73 82.4 3.20 466 0.00

9/25/2003 WT104 3 27.73 85.1 3.20 469 0.00

9/25/2003 WT104 4 27.70 88.7 3.20 472 0.00

9/25/2003 WT104 1 27.73 79.7 3.20 464 0.00

9/25/2003 WT104 2 27.73 84.2 3.20 468 0.00

9/25/2003 WT104 3 27.73 86.0 3.20 470 0.00

9/25/2003 WT104 4 27.70 89.6 3.20 473 0.00

9/26/2003 WT105 4 27.82 88.7 3.20 470 0.00

9/26/2003 WT105 1 27.82 89.6 3.20 471 0.00

9/26/2003 WT105 2 27.79 90.5 3.20 472 0.00

9/26/2003 WT105 3 27.79 92.3 3.20 474 0.00

9/26/2003 WT105 4 27.79 100.4 3.20 481 0.00
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TABLE F.1  (Cont.)

Date Site Run

Barometric
Pressure
(in. Hg)

Temperature
(ºF)

Avg. Pitot �P
(in. H2O)

Q
(ACFM)

Isokinetic
Error
(%)

9/29/2003 WT106 4 27.82 88.7 3.20 470 0.00

9/29/2003 WT106 1 27.82 89.6 3.20 471 0.00

9/29/2003 WT106 2 27.82 89.6 3.20 471 0.00

9/29/2003 WT106 3 27.82 91.4 3.20 473 0.00

9/29/2003 WT106 4 27.82 95.0 3.20 476 0.00

9/30/2003 WT107 1 28.08 82.2 3.20 461 0.00

9/30/2003 WT107 2 28.05 84.2 3.20 463 0.00

9/30/2003 WT107 3 28.08 91.4 3.20 468 0.00

10/1/2003 WT108 4 27.67 81.5 3.20 467 0.00

10/1/2003 WT108 1 27.67 84.2 3.20 469 0.00

10/1/2003 WT108 2 27.70 89.6 3.20 473 0.00

10/1/2003 WT108 3 27.70 85.1 3.20 469 0.00

10/1/2003 WT108 4 27.70 91.4 3.20 475 0.00

10/7/2003 WT109 1 27.61 82.4 3.20 469 0.00

10/7/2003 WT109 2 27.64 83.4 3.20 469 0.00

10/7/2003 WT109 3 27.64 84.4 3.20 470 0.00

10/7/2003 WT109 4 27.61 89.6 3.67 508 14.69

10/7/2003 WT109 4 27.61 89.6 3.20 475 0.00

10/7/2003 WT110 1 27.49 93.2 3.20 480 0.00

10/7/2003 WT110 2 27.46 92.3 3.20 480 0.00

10/7/2003 WT110 3 27.43 92.3 3.63 511 13.44

10/7/2003 WT110 4 27.43 91.4 3.20 479 0.00
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TABLE F.2  Results of 2003 Wind Tunnel Field Study: Uncorrected PM10 Flux Data

This table depicts results for uncorrected PM10 flux. It also shows values for the aerodynamic roughness (z0), erosion velocity at the profiling run
(u* Profile), erosion velocity during each erosion run (u* Erosion), raw erosion velocity at 10 meters (u*t) by saltation/cyclone flux increase,
corrected velocity at 10 meters (Corrected u10) in miles per hour, average TSI concentration during runs, average TSI ambient concentration,
vertical PM10 dust flux (PM10 Flux), horizontal flux in the elutriation chamber (EC Horizontal Flux), and K factor for each run.

Date Site Run

Aero-
dynamic

Roughness,
zo (cm)

u*
Profile
(m/s)

u*
Erosion

(m/s)

Raw u*t by
Saltation/Cyclone Flux
Increase with No Data
for Progressive Runs

(m/s)

Corrected
u10

(mph)

Avg.
TSI

Conc.
(mg/m3)

Avg. TSI
Ambient

Conc.
(mg/m3)

PM10 Flux
(Uncorrected)

(�g/m2/s)

EC
Horizontal

Flux
(mg/m/min)

K Factor =
PM10

Vertical Flux/
EC Horizontal

Flux (m)-1

8/11/2003 WT079 1 0.0000 0.0795 0.1200 0.1200 16.27 0.047 0.03 1.78E+01 1.87E+00 5.70E-01

8/11/2003 WT079 2 0.0031 0.2333 0.3898 0.1200 27.67 0.126 0.036 9.53E+01 2.40E+06 2.39E-06

8/11/2003 WT079 3 0.0079 0.2067 0.6372 0.1200 41.84 0.467 0.053 4.65E+02 2.83E+03 9.85E-03

8/19/2003 WT079R 1 0.0073 0.2531 0.3404 0.6200 22.52 0.097 0.024 7.54E+01 1.10E+03 4.12E-03

8/19/2003 WT079R 2 0.0979 0.3303 0.6203 0.6200 32.01 0.29 0.033 2.67E+02 7.74E+03 2.07E-03

8/19/2003 WT079R 3 0.0126 0.2822 0.6530 0.6200 41.19 0.412 0.28 1.38E+02 1.56E+05 5.31E-05

8/11/2003 WT080 1 0.0194 0.3071 0.3522 0.3300 21.36 3.42 0.426 3.29E+03 2.62E+01 7.52E+00

8/11/2003 WT080 2 0.0009 0.2285 0.3303 0.3300 25.76 35.73 0.628 4.16E+04 1.19E+05 2.09E-02

8/11/2003 WT080 3 0.0030 0.2271 0.4170 0.3300 35.27 101.318 0.147 1.18E+05 1.92E+08 3.70E-05

8/12/2003 WT081 1 0.0304 0.3224 0.3788 0.5240 22.03 0.109 0.041 7.29E+01 5.03E+02 8.70E-03

8/12/2003 WT081 2 0.0418 0.3204 0.5237 0.5240 29.52 0.2203 0.018 2.15E+02 1.25E+03 1.04E-02

8/12/2003 WT081 3 0.0081 0.2508 0.6185 0.5240 40.52 0.441 0.091 3.76E+02 5.12E+04 4.41E-04

8/13/2003 WT082 1 0.0071 0.2017 0.2697 0.4590 17.88 0.045 0.051 -6.37E+00 1.46E+03 -2.62E-04

8/13/2003 WT082 2 0.0119 0.2587 0.4589 0.4590 29.09 0.831 0.025 8.96E+02 5.81E+03 9.24E-03

8/13/2003 WT082 3 0.0074 0.2733 0.6042 0.4590 39.90 1.18 0.01 1.26E+03 6.92E+04 1.09E-03

8/18/2003 WT082R 1 0.0130 0.3015 0.3435 0.5920 21.62 0.111 0.038 7.69E+01 4.18E+03 1.10E-03

8/18/2003 WT082R 2 0.8324 0.7445 0.8533 0.5920 33.83 0.089 0.053 3.84E+01 5.69E+02 4.06E-03

8/18/2003 WT082R 3 0.0074 0.2979 0.5920 0.5920 39.10 0.85 0.039 8.26E+02 9.58E+04 5.17E-04
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TABLE F.2  (Cont.)

Date Site Run

Aero-
dynamic

Roughness,
zo (cm)

u*
Profile
(m/s)

u*
Erosion

(m/s)

Raw u*t by
Saltation/Cyclone Flux
Increase with No Data
for Progressive Runs

(m/s)

Corrected
u10

(mph)

Avg.
TSI

Conc.
(mg/m3)

Avg. TSI
Ambient

Conc.
(mg/m3)

PM10 Flux
(Uncorrected)

(�g/m2/s)

EC
Horizontal

Flux
(mg/m/min)

K Factor =
PM10

Vertical Flux/
EC Horizontal

Flux (m) -1

8/14/2003 WT083 1 0.0292 0.2680 0.4112 0.4210 24.01 0.049 0.029 2.12E+01 2.24E+03 5.66E-04

8/14/2003 WT083 2 0.0052 0.2278 0.4210 0.4210 28.64 0.21 0.032 1.92E+02 6.30E+02 1.83E-02

8/14/2003 WT083 3 0.1708 0.4407 0.9401 0.4210 45.60 0.241 0.022 2.37E+02 4.46E+04 3.18E-04

8/15/2003 WT084 1 0.0000 0.0986 0.1416 0.2790 16.59 0.051 0.024 2.98E+01 7.61E+02 2.35E-03

8/15/2003 WT084 2 0.0104 0.1899 0.4888 0.2790 31.34 0.052 0.016 3.80E+01 1.03E+03 2.21E-03

8/15/2003 WT084 3 0.0000 0.1131 0.2794 0.2790 30.81 0.366 0.014 3.84E+02 5.17E+04 4.46E-04

8/21/2003 WT085 1 0.0152 0.3214 0.3421 0.5080 21.22 0.152 0.078 7.80E+01 4.55E+02 1.03E-02

8/21/2003 WT085 2 0.029 0.305 0.5084 0.5080 29.70 0.11 0.033 8.04E+01 1.31E+03 3.69E-03

8/21/2003 WT085 3 0.0014 0.1929 0.5111 0.5080 38.54 1.78 0.043 1.94E+03 2.12E+05 5.51E-04

8/21/2003 WT086 1 0.004 0.2139 0.2432 0.5060 16.91 0.124 0.01 1.22E+02 3.54E+02 2.06E-02

8/21/2003 WT086 2 0.0474 0.3703 0.5062 0.5060 28.18 0.138 0.044 1.01E+02 7.54E+04 7.99E-05

8/21/2003 WT086 3 0.0015 0.1924 0.5129 0.5060 38.44 0.431 0.032 4.68E+02 4.02E+02 6.98E-02

8/22/2003 WT087 1 0.0251 0.2976 0.2696 0.5150 15.97 0.054 0.014 3.73E+01 2.01E+03 1.11E-03

8/22/2003 WT087 2 0.0535 0.3738 0.5152 0.5150 28.33 0.062 0.018 4.64E+01 8.27E+02 3.37E-03

8/22/2003 WT087 3 0.0294 0.2727 0.7495 0.5150 43.73 0.092 0.019 7.78E+01 7.26E+02 6.43E-03

8/25/2003 WT088 1 0.0003 0.1713 0.1980 0.1980 16.58 0.055 0.025 3.13E+01 1.90E+03 9.87E-04

8/25/2003 WT088 2 0 0.1037 0.2444 0.1980 25.63 0.198 0.102 1.01E+02 8.29E+04 7.31E-05

8/25/2003 WT088 3 0 0.1293 0.3398 0.1980 33.51 0.425 0.023 4.52E+02 8.23E+04 3.29E-04

8/28/2003 WT089 1 0 0.1929 0.2030 0.3400 20.01 0.029 0.028 1.03E+00 1.71E+03 3.62E-05

8/28/2003 WT089 2 0.0186 0.3046 0.4702 0.3400 28.64 0.05 0.061 -1.14E+01 -6.04E+02 1.13E-03

8/28/2003 WT089 3 0.0025 0.2595 0.5343 0.3400 38.56 0.357 0.032 3.37E+02 2.10E+03 9.63E-03

8/29/2003 WT090 1 0 0.1186 0.1747 0.3850 17.04 0.050 0.050 0.00E+00 1.06E+03 0.00E+00

8/29/2003 WT090 2 0.0018 0.1933 0.3852 0.3850 28.49 0.051 0.044 7.29E+00 1.52E+03 2.88E-04

8/29/2003 WT090 3 0.0096 0.2383 0.6191 0.3850 39.98 0.057 0.041 1.67E+01 1.06E+04 9.44E-05
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8/29/2003 WT091 1 0.0009 0.1930 0.2110 0.3360 16.40 0.102 0.015 9.22E+01 1.31E+01 4.22E-01

8/29/2003 WT091 2 0.0026 0.3234 0.3357 0.3360 24.14 0.058 0.011 5.00E+01 1.26E+04 2.38E-04

8/29/2003 WT091 3 0.0026 0.2279 0.5486 0.3360 39.49 0.131 0.024 1.12E+02 3.60E+04 1.86E-04

9/3/2003 WT092 1 0.0003 0.1604 0.2031 0.7330 16.96 0.050 0.046 4.14E+00 1.31E+01 1.89E-02

9/3/2003 WT092 2 0.0764 0.3685 0.5611 0.7330 29.74 0.035 0.055 -2.09E+01 -2.39E+03 5.24E-04

9/3/2003 WT092 3 0.0361 0.351 0.7331 0.7330 41.92 0.036 0.035 1.09E+00 6.42E+03 1.02E-05

9/4/2003 WT093 1 0.0815 0.3612 0.4368 0.5180 23.00 0.030 0.021 9.26E+00 4.06E+03 1.37E-04

9/4/2003 WT093 2 0.029 0.2923 0.5176 0.5180 30.24 0.044 0.023 2.15E+01 9.19E+02 1.41E-03

9/4/2003 WT093 3 0.0063 0.2191 0.6252 0.5180 41.87 0.224 0.029 2.15E+02 5.83E+04 2.21E-04

9/5/2003 WT094 1 0.0051 0.3203 0.2934 0.4200 25.00 0.034 0.030 3.89E+00 1.07E+03 2.18E-04

9/5/2003 WT094 2 0.0089 0.3071 0.4203 0.4200 27.34 0.058 0.016 4.30E+01 1.29E+03 2.01E-03

9/5/2003 WT094 3 0.0076 0.3016 0.6002 0.4200 39.54 0.122 0.023 9.73E+01 1.07E+04 5.47E-04

9/10/2003 WT095 1 0.0075 0.2714 0.3344 0.3730 22.05 0.040 0.033 7.17E+00 6.78E+02 6.34E-04

9/10/2003 WT095 2 0.0012 0.185 0.3733 0.3730 28.51 0.113 0.019 9.62E+01 1.98E+03 2.92E-03

9/10/2003 WT095 3 0.0415 0.3209 0.7826 0.3730 44.14 0.151 0.025 1.29E+02 4.43E+04 1.75E-04

9/8/2003 WT096 1 0.008 0.2383 0.2600 0.8240 17.05 0.024 0.070 -4.68E+01 2.38E+03 -1.18E-03

9/8/2003 WT096 2 0.3889 0.3195 0.5289 0.8240 30.03 0.054 0.007 4.80E+01 1.08E+03 2.67E-03

9/8/2003 WT096 3 0.0581 0.3375 0.8237 0.8240 44.92 0.055 0.006 5.03E+01 2.16E+03 1.40E-03

9/9/2003 WT097 1 0.0285 0.3285 0.3758 0.4340 21.99 0.022 0.046 -2.49E+01 1.12E+03 -1.33E-03

9/9/2003 WT097 2 0.1173 0.4335 0.5522 0.4340 27.94 0.027 0.016 1.13E+01 1.99E+03 3.41E-04

9/9/2003 WT097 3 0.0002 0.1841 0.4339 0.4340 37.38 0.093 0.013 8.28E+01 5.85E+04 8.49E-05

9/15/2003 WT098 1 0.0028 0.2499 0.3025 0.4200 21.64 0.024 0.014 1.02E+01 2.66E+03 2.30E-04

9/15/2003 WT098 2 0.0071 0.281 0.4204 0.4200 27.87 0.121 0.100 2.15E+01 2.20E+03 5.87E-04

9/15/2003 WT098 3 0.079 0.3911 0.8363 0.4200 44.17 0.105 0.111 -6.18E+00 7.55E+03 -4.91E-05
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9/18/2003 WT099 1 0.0157 0.2376 0.2863 0.5330 17.71 0.037 0.013 2.47E+01 1.05E+03 1.42E-03

9/18/2003 WT099 2 0.0506 0.3487 0.5328 0.5330 29.43 0.051 0.011 4.16E+01 4.29E+02 5.83E-03

9/18/2003 WT099 3 0.0758 0.3412 0.8633 0.5330 45.79 0.330 0.011 3.31E+02 2.32E+04 8.56E-04

9/19/2003 WT100 1 0.0914 0.3917 0.4290 0.7310 22.31 0.084 0.207 -1.24E+02 1.68E+03 -4.42E-03

9/19/2003 WT100 2 0.2489 0.5851 0.7314 0.7310 33.93 0.130 0.109 2.13E+01 9.76E+02 1.31E-03

9/19/2003 WT100 3 0.0567 0.307 0.8430 0.7310 46.08 0.370 0.028 3.50E+02 4.19E+05 5.01E-05

9/22/2003 WT101 1 0.0096 0.2624 0.3503 0.695 22.62 0.098 0.153 -5.66E+01 9.89E+02 -3.43E-03

9/22/2003 WT101 2 0.0778 0.3719 0.5618 0.695 29.02 0.068 0.044 2.50E+01 1.03E+03 1.46E-03

9/22/2003 WT101 3 0.025 0.3353 0.6945 0.695 41.11 0.188 0.044 1.53E+02 4.64E+02 1.97E-02

9/22/2003 WT101 4a 0.0236 0.3136 0.3661 21.81 0.116 0.020 1.02E+02 8.19E+03 7.50E-04

9/22/2003 WT101 4b 0.0236 0.3136 0.4987 29.70 0.166 0.020 1.56E+02

9/22/2003 WT101 4c 0.0236 0.3136 0.6753 40.22 0.166 0.020 1.56E+02

9/22/2003 WT101 1 0.0298 0.3135 0.3874 0.5000 22.57 0.081 0.057 2.49E+01 8.31E+02 1.79E-03

9/22/2003 WT101 2 0.0298 0.3317 0.4898 0.5000 28.54 0.153 0.024 1.35E+02 1.10E+03 7.35E-03

9/22/2003 WT101 3 0.0045 0.2687 0.5003 0.5000 34.46 0.425 0.046 4.02E+02 3.02E+02 7.99E-02

9/22/2003 WT101 4a 0.0024 0.2337 0.2944 21.31 1.570 0.046 1.65E+03 4.01E+04 2.46E-03

9/22/2003 WT101 4b 0.0024 0.2337 0.3730 27.00 1.570 0.046 1.65E+03

9/22/2003 WT101 4c 0.0024 0.2337 0.5302 38.39 1.570 0.046 1.65E+03

9/23/2003 WT102 1 0.0006 0.1949 0.2159 0.5200 17.36 0.145 0.302 -1.63E+02 4.24E+02 -2.30E-02

9/23/2003 WT102 2 0.1017 0.467 0.5197 0.5200 26.71 0.070 0.070 0.00E+00 3.37E+02 0.00E+00

9/23/2003 WT102 3 0.0134 0.2678 0.6641 0.5200 41.65 0.376 0.035 3.60E+02 4.32E+04 5.00E-04

9/23/2003 WT102 4a 0.0065 0.1984 0.3563 23.79 0.676 0.040 6.76E+02 1.00E+05 4.05E-04

9/23/2003 WT102 4b 0.0065 0.1984 0.4469 29.84 0.676 0.040 6.76E+02

9/23/2003 WT102 4c 0.0065 0.1984 0.6100 40.73 0.676 0.040 6.76E+02
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9/23/2003 WT102 1 0.0097 0.2608 0.3491 0.4030 22.83 0.141 0.088 5.52E+01 2.86E+03 1.16E-03

9/23/2003 WT102 2 0.0037 0.2328 0.4029 0.4030 28.15 0.491 0.051 4.60E+02 1.77E+03 1.56E-02

9/23/2003 WT102 3 0.0785 0.3517 0.8521 0.4030 45.03 3.200 0.051 3.33E+03 2.58E+05 7.75E-04

9/23/2003 WT102 4a 0.017 0.276 0.3680 22.60 2.060 0.036 2.15E+03 1.44E+05 8.98E-04

9/23/2003 WT102 4b 0.017 0.276 0.4726 29.03 2.060 0.036 2.15E+03

9/23/2003 WT102 4c 0.017 0.276 0.6609 40.59 2.060 0.036 2.15E+03

9/24/2003 WT103 1 0.0083 0.2646 0.3416 0.795 22.35 0.089 0.061 2.88E+01 7.13E+02 2.42E-03

9/24/2003 WT103 2 0.0119 0.2906 0.4448 0.795 28.20 0.054 0.028 2.70E+01 1.12E+03 1.44E-03

9/24/2003 WT103 3 0.0625 0.3795 0.7946 0.795 43.00 0.075 0.027 5.06E+01 1.26E+03 2.41E-03

9/24/2003 WT103 4a 0.0377 0.3952 0.3790 21.58 0.101 0.033 7.24E+01 9.97E+03 4.36E-04

9/24/2003 WT103 4b 0.0377 0.3952 0.4655 26.51 0.101 0.033 7.24E+01

9/24/2003 WT103 4c 0.0377 0.3952 0.7056 40.18 0.101 0.033 7.24E+01

9/24/2003 WT103 1 0.1061 0.4245 0.4615 0.462 23.61 0.090 0.042 4.93E+01 9.60E+02 3.08E-03

9/24/2003 WT103 2 0.0053 0.2485 0.4148 0.462 28.37 0.478 0.047 4.50E+02 2.46E+03 1.10E-02

9/24/2003 WT103 3 0.007 0.2023 0.4796 0.462 37.95 6.430 0.050 6.75E+03 7.17E+05 5.65E-04

9/24/2003 WT103 4a 0.0261 0.3054 0.3749 22.12 3.310 0.044 3.52E+03 2.84E+05 7.43E-04

9/24/2003 WT103 4b 0.0261 0.3054 0.4865 28.71 3.310 0.044 3.52E+03

9/24/2003 WT103 4c 0.0261 0.3054 0.7097 41.88 3.310 0.044 3.52E+03

9/25/2003 WT104 1 0.1005 0.2577 0.3583 0.506 22.96 0.051 0.041 1.02E+01 1.12E+03 5.47E-04

9/25/2003 WT104 2 0.0281 0.304 0.5062 0.506 29.66 0.046 0.034 1.24E+01 3.52E+03 2.11E-04

9/25/2003 WT104 3 0.0065 0.2488 0.6021 0.506 40.18 0.12 0.02 1.03E+02 2.06E+04 3.02E-04

9/25/2003 WT104 4a 0.0011 0.188 0.2192 16.82 0.179 0.019 1.67E+02 1.24E+05 8.09E-05

9/25/2003 WT104 4b 0.0011 0.188 0.3659 28.07 0.179 0.019 1.67E+02

9/25/2003 WT104 4c 0.0011 0.188 0.5126 39.32 0.179 0.019 1.67E+02
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9/25/2003 WT104 1 0.7287 0.504 0.6246 0.625 25.23 0.059 0.032 2.77E+01 -5.69E+01 -2.92E-02

9/25/2003 WT104 2 0.028 0.2789 0.5208 0.625 30.52 0.177 0.032 1.50E+02 1.77E+03 5.08E-03

9/25/2003 WT104 3 0.0449 0.3419 0.7757 0.625 43.42 0.383 0.022 3.74E+02 4.67E+04 4.81E-04

9/25/2003 WT104 4a 0.0027 0.2373 0.3196 22.72 1.31 0.023 1.34E+03 1.97E+05 4.10E-04

9/25/2003 WT104 4b 0.0027 0.2373 0.3847 27.59 1.31 0.023 1.34E+03

9/25/2003 WT104 4c 0.0027 0.2373 0.5475 39.27 1.31 0.023 1.34E+03

9/26/2003 WT105 4a 0.0177 0.3339 0.3422 20.94 0.046 0.025 2.18E+01 6.06E+03 2.16E-04

9/26/2003 WT105 4b 0.0177 0.3339 0.4490 27.47 0.046 0.025 2.18E+01

9/26/2003 WT105 4c 0.0177 0.3339 0.6625 40.53 0.046 0.025 2.18E+01

9/26/2003 WT105 1 0.0505 0.3412 0.4075 0.382 22.54 0.031 0.019 1.25E+01 3.29E+03 2.27E-04

9/26/2003 WT105 2 0.0014 0.1767 0.3822 0.382 28.73 0.23 0.018 2.21E+02 2.15E+04 6.16E-04

9/26/2003 WT105 3 0.0121 0.3025 0.6381 0.382 40.40 0.474 0.01 4.85E+02 1.12E+05 2.59E-04

9/26/2003 WT105 4a 0.0469 0.3623 0.3832 21.36 0.316 0.018 3.16E+02 8.87E+03 2.13E-03

9/26/2003 WT105 4b 0.0469 0.3623 0.5087 28.35 0.316 0.018 3.16E+02

9/26/2003 WT105 4c 0.0469 0.3623 0.7597 42.34 0.316 0.018 3.16E+02

9/29/2003 WT106 4a 0.0504 0.3872 0.4041 22.36 0.108 0.031 7.99E+01 7.65E+03 6.27E-04

9/29/2003 WT106 4b 0.0504 0.3872 0.5045 27.91 0.108 0.031 7.99E+01

9/29/2003 WT106 4c 0.0504 0.3872 0.7619 42.15 0.108 0.031 7.99E+01

9/29/2003 WT106 1 0.0127 0.2464 0.2710 0.451 17.08 0.056 0.037 1.97E+01 3.11E+03 3.80E-04

9/29/2003 WT106 2 0.0198 0.3023 0.4755 0.451 28.79 0.517 0.03 5.06E+02 5.27E+03 5.76E-03

9/29/2003 WT106 3 0.006 0.1889 0.4513 0.451 36.26 4.61 0.023 4.78E+03 5.25E+05 5.47E-04

9/29/2003 WT106 4a 0.000 0.1399 0.1720 16.45 2.47 0.019 2.57E+03 1.29E+04 1.20E-02

9/29/2003 WT106 4b 0.000 0.1399 0.2779 26.58 2.47 0.019 2.57E+03

9/29/2003 WT106 4c 0.000 0.1399 0.3409 32.61 2.47 0.019 2.57E+03
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9/30/2003 WT107 1 0.0187 0.3003 0.3680 0.402 22.40 0.079 0.174 -9.67E+01 2.23E+03 -2.60E-03

9/30/2003 WT107 2 0.0034 0.2343 0.4024 0.402 28.32 0.105 0.104 1.02E+00 9.41E+02 6.52E-05

9/30/2003 WT107 3 0.0002 0.1842 0.4497 0.402 38.40 0.319 0.082 2.45E+02 2.73E+04 5.39E-04

10/1/2003 WT108 4a 0.0003 0.207 0.2511 21.04 0.223 0.106 1.21E+02 1.88E+04 3.86E-04

10/1/2003 WT108 4b 0.0003 0.207 0.3157 26.46 0.223 0.106 1.21E+02

10/1/2003 WT108 4c 0.0003 0.207 0.4449 37.28 0.223 0.106 1.21E+02

10/1/2003 WT108 1 0.0096 0.3009 0.3289 0.396 21.25 0.070 0.071 -7.12E-01 2.47E+03 -1.73E-05

10/1/2003 WT108 2 0.0058 0.2685 0.5699 0.396 38.40 0.715 0.062 6.81E+02 2.50E+04 1.63E-03

10/1/2003 WT108 3 0.0043 0.2648 0.3956 0.396 27.35 0.101 0.034 6.95E+01 9.27E+02 4.50E-03

10/1/2003 WT108 4a 0.0157 0.2845 0.3618 22.38 0.888 0.04 8.88E+02 1.45E+05 3.68E-04

10/1/2003 WT108 4b 0.0157 0.2845 0.4661 28.82 0.888 0.04 8.88E+02

10/1/2003 WT108 4c 0.0157 0.2845 0.6745 41.72 0.888 0.04 8.88E+02

10/7/2003 WT109 1 0.0094 0.2942 0.3315 0.778 21.45 0.037 0.31 -2.82E+02 6.54E+03 -2.59E-03

10/7/2003 WT109 2 0.0384 0.3682 0.4918 0.778 27.96 0.033 0.028 5.17E+00 1.22E+02 2.53E-03

10/7/2003 WT109 3 0.0586 0.3974 0.7778 0.778 42.38 0.078 0.019 6.12E+01 1.96E+03 1.88E-03

10/7/2003 WT109 4a 0.0071 0.2572 0.3347 22.19 0.2 0.016 2.05E+02 -8.84E+02 -1.39E-02

10/7/2003 WT109 4b 0.0071 0.2572 0.4272 28.32 0.2 0.016 2.05E+02

10/7/2003 WT109 4c 0.0071 0.2572 0.6270 41.56 0.2 0.016 2.05E+02

10/7/2003 WT109 4a 0.0028 0.2355 0.3047 21.80 4.59 0.022 4.78E+03 2.48E+05 1.15E-03

10/7/2003 WT109 4b 0.0028 0.2355 0.3863 27.64 4.59 0.022 4.78E+03

10/7/2003 WT109 4c 0.0028 0.2355 0.5233 37.45 4.59 0.022 4.78E+03
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10/7/2003 WT110 1 0.0465 0.3766 0.3734 0.373 20.82 0.022 0.025 -3.17E+00 3.46E+02 -5.51E-04

10/7/2003 WT110 2 0.0008 0.2125 0.3404 0.373 26.77 0.036 0.013 2.43E+01 6.56E+01 2.22E-02

10/7/2003 WT110 3 0.0000 0.133 0.3383 0.373 33.33 0.128 0.011 1.31E+02 5.50E+04 1.43E-04

10/7/2003 WT110 4a 0.053 0.3724 0.4068 22.39 0.095 0.01 8.98E+01 3.44E+04 1.57E-04

10/7/2003 WT110 4b 0.053 0.3724 0.5150 28.35 0.095 0.01 8.98E+01

10/7/2003 WT110 4c 0.053 0.3724 0.7880 43.37 0.095 0.01 8.98E+01
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TABLE F.3  Results of 2003 Wind Tunnel Field Study: PM10 Flux Spike Data

Table F.3 shows results for PM10 spike data. Results of TSI total mass and TSI spike mass are
given in milligrams, and the duration of the spikes are given in seconds. This table also summarizes
the corrected TSI PM10 concentrations, in milligrams per cubic meter, after the spike removal.

Date Site Run

Uncorrected TSI
Average Conc.

(mg/m3)

TSI Total
Mass
(mg)

TSI Spike
Mass
(mg)

Spike
Duration

(s)

Corrected
(Spike Removed)
TSI PM10 Conc.

(mg/m3)

8/11/2003 WT079 1 0.047 0.0512 0.0122 81 0.0411

8/11/2003 WT079 2 0.126 0.1378 0.0670 105 0.0782

8/11/2003 WT079 3 0.467 0.5133 0.2928 92 0.2371

8/19/2003 WT079R 1 0.097 0.1070 0.1070 600 0.0974

8/19/2003 WT079R 2 0.29 0.3190 0.3186 600 0.2901

8/19/2003 WT079R 3 0.412 0.4530 0.2932 158 0.1972

8/11/2003 WT080 1 3.42 3.1990 0.5507 60 2.4881

8/11/2003 WT080 2 35.73 38.9499 3.2862 81 0.0000

8/11/2003 WT080 3 101.318 111.2473 103.2142 58 100.5445

8/12/2003 WT081 1 0.109 0.1010 0.0329 39 0.0668

8/12/2003 WT081 2 0.2203 0.1010 0.0556 134 0.1340

8/12/2003 WT081 3 0.441 0.4840 0.4300 298 0.0984

8/13/2003 WT082 1 0.045 0.0495 0.0133 57 0.0365

8/13/2003 WT082 2 0.831 0.9130 0.7323 155 0.2216

8/13/2003 WT082 3 1.18 1.3000 1.0051 97 0.3154

8/18/2003 WT082R 1 0.111 0.1220 0.1057 46 0.1057

8/18/2003 WT082R 2 0.089 0.0980 0.0383 152 0.0728

8/18/2003 WT082R 3 0.85 0.9330 0.6358 125 0.3461

8/14/2003 WT083 1 0.049 0.0534 0.0332 88 0.0422

8/14/2003 WT083 2 0.21 0.2310 0.1150 35 0.1118

8/14/2003 WT083 3 0.241 0.2390 0.1630 103 0.0945

8/15/2003 WT084 1 0.051 0.0601 0.0196 70 0.0418

8/15/2003 WT084 2 0.052 0.0576 0.0364 66 0.0270

8/15/2003 WT084 3 0.366 0.4050 0.3216 177 0.1069

8/21/2003 WT085 1 0.152 0.1670 0.0407 85 0.1338

8/21/2003 WT085 2 0.11 0.1210 0.0507 70 0.0728

8/21/2003 WT085 3 1.78 1.9600 0.0137 113 1.0377

8/21/2003 WT086 1 0.124 0.0712 0.0183 74 0.1226

8/21/2003 WT086 2 0.138 0.4730 0.2666 66 0.2152

8/21/2003 WT086 3 0.431 0.4730 0.2659 66 0.2156
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TABLE F.3  (Cont.)

Date Site Run

Uncorrected TSI
Average Conc.

(mg/m3)

TSI Total
Mass
(mg)

TSI Spike
Mass
(mg)

Spike
Duration

(s)

Corrected
(Spike Removed)
TSI PM10 Conc.

(mg/m3)

8/22/2003 WT087 1 0.054 0.0593 0.0593 600 0.0540

8/22/2003 WT087 2 0.062 0.0676 0.0676 600 0.0616

8/22/2003 WT087 3 0.092 0.1012 0.0454 66 0.0571

8/25/2003 WT088 1 0.055 0.0599 0.0599 66 0.0559

8/25/2003 WT088 2 0.198 0.2180 0.1427 140 0.0892

8/25/2003 WT088 3 0.425 0.4670 0.3589 123 0.1233

8/28/2003 WT089 1 0.029 0.0314 0.0314 300 0.0286

8/28/2003 WT089 2 0.05 0.0545 0.0163 86 0.0407

8/28/2003 WT089 3 0.357 0.3920 0.4410 93 0.0879

8/29/2003 WT090 1 0.050 0.0547 0.0547 600 0.0498

8/29/2003 WT090 2 0.051 0.0559 0.0559 600 0.0509

8/29/2003 WT090 3 0.057 0.0621 0.0216 95 0.0439

8/29/2003 WT091 1 0.102 0.1120 0.0302 52 0.0818

8/29/2003 WT091 2 0.058 0.0636 0.0180 49 0.0452

8/29/2003 WT091 3 0.131 0.1440 0.0904 140 0.0635

9/3/2003 WT092 1 0.050 0.0545 0.0101 92 0.0477

9/3/2003 WT092 2 0.035 0.0388 0.0087 47 0.0300

9/3/2003 WT092 3 0.036 0.0399 0.0153 61 0.0250

9/4/2003 WT093 1 0.030 0.0326 0.0326 600 0.0297

9/4/2003 WT093 2 0.044 0.0482 0.0482 600 0.0440

9/4/2003 WT093 3 0.224 0.2460 0.1690 87 0.0826

9/5/2003 WT094 1 0.034 0.0375 0.0109 91 0.0290

9/5/2003 WT094 2 0.058 0.0637 0.0449 146 0.0226

9/5/2003 WT094 3 0.122 0.1340 0.1070 99 0.0296

9/10/2003 WT095 1 0.040 0.0443 0.4430 600 0.0404

9/10/2003 WT095 2 0.113 0.1240 0.0768 114 0.0525

9/10/2003 WT095 3 0.151 0.1660 0.1060 46 0.0598

9/11/2003 WT096 1 0.024 0.0259 0.0259 600 0.0236

9/11/2003 WT096 2 0.054 0.0596 0.0596 600 0.0543

9/11/2003 WT096 3 0.055 0.0602 0.0602 600 0.0548

9/12/2003 WT097 1 0.022 0.0243 0.0243 600 0.0221

9/12/2003 WT097 2 0.027 0.0302 0.0102 57 0.0199

9/12/2003 WT097 3 0.093 0.4020 0.0600 104 0.0466

9/15/2003 WT098 1 0.024 0.0267 0.0088 93 0.0193

9/15/2003 WT098 2 0.121 0.1332 0.0232 63 0.1120

9/15/2003 WT098 3 0.105 0.1156 0.0331 46 0.0814
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TABLE F.3  (Cont.)

Date Site Run

Uncorrected TSI
Average Conc.

(mg/m3)

TSI Total
Mass
(mg)

TSI Spike
Mass
(mg)

Spike
Duration

(s)

Corrected
(Spike Removed)
TSI PM10 Conc.

(mg/m3)

9/18/2003 WT099 1 0.037 0.0409 0.0042 36 0.0356

9/18/2003 WT099 2 0.051 0.0558 0.0163 36 0.0383

9/18/2003 WT099 3 0.330 0.3630 0.2334 99 0.1410

9/19/2003 WT100 1 0.084 0.0920 0.0920 600 0.0000

9/19/2003 WT100 2 0.130 0.1430 0.0393 51 0.1032

9/19/2003 WT100 3 0.370 0.4060 0.3170 177 0.1156

9/22/2003 WT101 1 0.098 0.1070 0.0146 39 0.0901

9/22/2003 WT101 2 0.068 0.0752 0.0116 46 0.0627

9/22/2003 WT101 3 0.188 0.2060 0.0549 46 0.1495

9/22/2003 WT101 4a 0.116 0.1040 0.0000 0 0.1040

9/22/2003 WT101 4b 0.166 0.1280 0.0306 69 0.1280

9/22/2003 WT101 4c 0.166 0.1143 0.0237 66 0.1143

9/22/2003 WT101 1 0.081 0.0890 0.0890 600 0.0811

9/22/2003 WT101 2 0.153 0.1680 0.0702 48 0.0969

9/22/2003 WT101 3 0.425 0.4660 0.3300 202 0.0187

9/22/2003 WT101 4a 1.570 0.3154 0.0438 85 0.3354

9/22/2003 WT101 4b 1.570 0.3491 0.0607 67 0.2468

9/22/2003 WT101 4c 1.570 3.9705 1.1400 86 1.5915

9/23/2003 WT102 1 0.145 0.1590 0.0374 101 0.1330

9/23/2003 WT102 2 0.070 0.0768 0.0326 175 0.0568

9/23/2003 WT102 3 0.376 0.4132 0.3553 301 0.1059

9/23/2003 WT102 4a 0.676 0.1003 0.0202 79 0.0709

9/23/2003 WT102 4b 0.676 0.4987 0.1320 86 0.1608

9/23/2003 WT102 4c 0.676 1.2421 0.4344 77 0.3809

9/23/2003 WT102 1 0.141 0.1550 0.0947 185 0.0792

9/23/2003 WT102 2 0.491 0.5390 0.4374 314 0.1942

9/23/2003 WT102 3 3.200 3.5200 3.0300 353 1.0000

9/23/2003 WT102 4a 2.060 0.1164 0.0268 68 0.0715

9/23/2003 WT102 4b 2.060 0.4440 0.1120 61 0.2006

9/23/2003 WT102 4c 2.060 6.2566 1.9206 127 1.4202

9/24/2003 WT103 1 0.089 0.0978 0.0166 90 0.0636

9/24/2003 WT103 2 0.054 0.0593 0.0274 141 0.0380

9/24/2003 WT103 3 0.075 0.0824 0.0563 197 0.0354

9/24/2003 WT103 4a 0.101 0.0438 0.0090 66 0.0295

9/24/2003 WT103 4b 0.101 0.0520 0.0066 67 0.0503

9/24/2003 WT103 4c 0.101 0.1975 0.0595 72 0.0842
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TABLE F.3  (Cont.)

Date Site Run

Uncorrected TSI
Average Conc.

(mg/m3)

TSI Total
Mass
(mg)

TSI Spike
Mass
(mg)

Spike
Duration

(s)

Corrected
(Spike Removed)
TSI PM10 Conc.

(mg/m3)

9/24/2003 WT103 1 0.090 0.0888 0.0342 140 0.0742

9/24/2003 WT103 2 0.478 0.5250 0.4804 353 0.9790

9/24/2003 WT103 3 6.430 7.0700 4.9880 139 2.4642

9/24/2003 WT103 4a 3.310 0.1927 0.0464 70 0.1097

9/24/2003 WT103 4b 3.310 0.6621 0.2130 128 0.2611

9/24/2003 WT103 4c 3.310 9.9387 2.8032 96 3.2180

9/25/2003 WT104 1 0.051 0.0557 0.0106 72 0.0467

9/25/2003 WT104 2 0.046 0.0503 0.0285 174 0.0279

9/25/2003 WT104 3 0.12 0.1310 0.0999 192 0.0421

9/25/2003 WT104 4a 0.179 0.0505 0.0053 43 0.0460

9/25/2003 WT104 4b 0.179 0.1451 0.0379 95 0.0704

9/25/2003 WT104 4c 0.179 0.3342 0.0964 112 0.1754

9/25/2003 WT104 1 0.059 0.0652 0.0347 226 0.0446

9/25/2003 WT104 2 0.177 0.1950 0.1668 298 0.0503

9/25/2003 WT104 3 0.383 0.4210 0.3834 354 0.0825

9/25/2003 WT104 4a 1.31 0.1421 0.0306 86 0.0946

9/25/2003 WT104 4b 1.31 0.2394 0.0646 109 0.1633

9/25/2003 WT104 4c 1.31 3.7226 1.0792 100 1.3331

9/26/2003 WT105 4a 0.046 0.0199 0.0025 57 0.0181

9/26/2003 WT105 4b 0.046 0.0275 0.0070 66 0.0164

9/26/2003 WT105 4c 0.046 0.0746 0.0452 92 0.0338

9/26/2003 WT105 1 0.031 0.0336 0.0219 252 0.0183

9/26/2003 WT105 2 0.23 0.2520 0.2070 219 0.0652

9/26/2003 WT105 3 0.474 0.4210 0.4628 323 0.1140

9/26/2003 WT105 4a 0.316 0.0446 0.0105 86 0.0290

9/26/2003 WT105 4b 0.316 0.1239 0.0335 84 0.0571

9/26/2003 WT105 4c 0.316 0.8179 0.2582 120 0.2019

9/29/2003 WT106 4a 0.108 0.0472 0.0000 0 0.0472

9/29/2003 WT106 4b 0.108 0.0460 0.0071 54 0.0358

9/29/2003 WT106 4c 0.108 0.2452 0.0665 71 0.0801

9/29/2003 WT106 1 0.056 0.0615 0.0615 600 0.0560

9/29/2003 WT106 2 0.517 0.5680 0.5085 353 0.1309

9/29/2003 WT106 3 4.61 5.0700 4.7700 463 1.2022

9/29/2003 WT106 4a 2.47 0.1318 0.0244 80 0.1092

9/29/2003 WT106 4b 2.47 2.0744 0.5741 88 0.8741

9/29/2003 WT106 4c 2.47 5.3086 1.6001 113 2.0166
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TABLE F.3  (Cont.)

Date Site Run

Uncorrected TSI
Average Conc.

(mg/m3)

TSI Total
Mass
(mg)

TSI Spike
Mass
(mg)

Spike
Duration

(s)

Corrected
(Spike Removed)
TSI PM10 Conc.

(mg/m3)

9/30/2003 WT107 1 0.079 0.0870 0.0305 127 0.0655

9/30/2003 WT107 2 0.105 0.1150 0.0624 128 0.0607

9/30/2003 WT107 3 0.319 0.3500 0.3141 307 0.0673

10/1/2003 WT108 4a 0.223 0.1200 0.0221 87 0.1074

10/1/2003 WT108 4b 0.223 0.1158 0.0156 60 0.1041

10/1/2003 WT108 4c 0.223 0.4706 0.1289 120 0.2261

10/1/2003 WT108 1 0.070 0.0772 0.0772 600 0.0703

10/1/2003 WT108 2 0.715 0.7850 0.7270 395 0.1520

10/1/2003 WT108 3 0.101 0.1110 0.0541 166 0.0714

10/1/2003 WT108 4a 0.888 0.1288 0.0277 78 0.0913

10/1/2003 WT108 4b 0.888 0.2527 0.0757 110 0.1133

10/1/2003 WT108 4c 0.888 2.5434 0.7452 126 0.8583

10/7/2003 WT109 1 0.037 0.0402 0.0402 600 0.0366

10/7/2003 WT109 2 0.033 0.0366 0.0094 99 0.0297

10/7/2003 WT109 3 0.078 0.0851 0.0539 167 0.0394

10/7/2003 WT109 4a 0.2 0.0416 0.0091 81 0.0286

10/7/2003 WT109 4b 0.2 0.0524 0.0143 94 0.0305

10/7/2003 WT109 4c 0.2 0.5938 0.1547 98 0.2145

10/7/2003 WT109 4a 4.59 0.8364 0.2591 110 0.3090

10/7/2003 WT109 4b 4.59 2.2270 0.6793 89 0.7421

10/7/2003 WT109 4c 4.59 11.1883 3.1828 100 4.2475

10/7/2003 WT110 1 0.022 0.0242 0.0242 600 0.0220

10/7/2003 WT110 2 0.036 0.0399 0.0188 141 0.0251

10/7/2003 WT110 3 0.128 0.1410 0.1210 305 0.0359

10/7/2003 WT110 4a 0.095 0.0213 0.0043 81 0.0166

10/7/2003 WT110 4b 0.095 0.0420 0.0095 60 0.0420

10/7/2003 WT110 4c 0.095 0.2272 0.0629 88 0.0934
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TABLE F.4  Results of 2003 Wind Tunnel Field Study: Raw TFV Data

Date Site
New Final

SECC Run
U*erosion

(m/s)

Revised Raw u*t
by Saltation/Cyclone
Flux Increase with
EC/Cyclone TFV

Assigned to
Progressive Run

(m/s)
u* – u*t

(m/s)

8/11/2003 WT079 2SU 1 0.1200 0.273 −0.1530

8/11/2003 WT079 2SU 2 0.3898 0.273 0.1168

8/11/2003 WT079 2SU 3 0.6372 0.273 0.3642

8/19/2003 WT079R 2SUw 1 0.3404 0.620 −0.2796

8/19/2003 WT079R 2SUw 2 0.6203 0.620 0.0003

8/19/2003 WT079R 2SUw 3 0.6530 0.620 0.0330

8/11/2003 WT080 2UU 1 0.3522 0.292 0.0602

8/11/2003 WT080 2UU 2 0.3303 0.292 0.0383

8/11/2003 WT080 2UU 3 0.4170 0.292 0.1250

8/12/2003 WT081 3SD 1 0.3788 0.454 −0.0752

8/12/2003 WT081 3SD 2 0.5237 0.454 0.0697

8/12/2003 WT081 3SD 3 0.6185 0.454 0.1645

8/13/2003 WT082 3UD 1 0.2697 0.543 −0.2733

8/13/2003 WT082 3UD 2 0.4589 0.543 −0.0841

8/13/2003 WT082 3UD 3 0.6042 0.543 0.0612

8/18/2003 WT082R 3SDw 1 0.3435 0.592 −0.2485

8/18/2003 WT082R 3SDw 2 0.8533 0.592 0.2613

8/18/2003 WT082R 3SDw 3 0.5920 0.592 0.0000

8/14/2003 WT083 4SD 1 0.4112 0.580 −0.1688

8/14/2003 WT083 4SD 2 0.4210 0.580 −0.1590

8/14/2003 WT083 4SD 3 0.9401 0.580 0.3601

8/15/2003 WT084 4SD 1 0.1416 0.580 −0.4384

8/15/2003 WT084 4SD 2 0.4888 0.580 −0.0912

8/15/2003 WT084 4SD 3 0.2794 0.580 −0.3006

8/21/2003 WT085 7SU 1 0.3421 0.486 −0.1439

8/21/2003 WT085 7SU 2 0.5084 0.486 0.0224

8/21/2003 WT085 7SU 3 0.5111 0.486 0.0251

8/21/2003 WT086 4LUD 1 0.2432 0.459 −0.2158

8/21/2003 WT086 4LUD 2 0.5062 0.459 0.0472

8/21/2003 WT086 4LUD 3 0.5129 0.459 0.0539

8/22/2003 WT087 6SU 1 0.2696 0.646 −0.3764

8/22/2003 WT087 6SU 2 0.5152 0.646 −0.1308

8/22/2003 WT087 6SU 3 0.7495 0.646 0.1035
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TABLE F.4  (Cont.)

Date Site
New Final

SECC Run
U*erosion

(m/s)

Revised Raw u*t
by Saltation/Cyclone
Flux Increase with
EC/Cyclone TFV

Assigned to
Progressive Run

(m/s)
u* – u*t

(m/s)

8/25/2003 WT088 4SU 1 0.1980 0.443 −0.2450

8/25/2003 WT088 4SU 2 0.2444 0.443 −0.1986

8/25/2003 WT088 4SU 3 0.3398 0.443 −0.1032

8/28/2003 WT089 5SUw 1 0.2030 0.340 −0.1370

8/28/2003 WT089 5SUw 2 0.4702 0.340 0.1302

8/28/2003 WT089 5SUw 3 0.5343 0.340 0.1943

8/29/2003 WT090 UN_SD 1 0.1747 0.502 −0.3273

8/29/2003 WT090 UN_SD 2 0.3852 0.502 −0.1168

8/29/2003 WT090 UN_SD 3 0.6191 0.502 0.1171

8/29/2003 WT091 2SD 1 0.2110 0.403 −0.1920

8/29/2003 WT091 2SD 2 0.3357 0.403 −0.0673

8/29/2003 WT091 2SD 3 0.5486 0.403 0.1456

9/3/2003 WT092 3UU 1 0.2031 0.481 −0.2779

9/3/2003 WT092 3UU 2 0.5611 0.481 0.0801

9/3/2003 WT092 3UU 3 0.7331 0.481 0.2521

9/4/2003 WT093 8SD 1 0.4368 0.625 −0.1882

9/4/2003 WT093 8SD 2 0.5176 0.625 −0.1074

9/4/2003 WT093 8SD 3 0.6252 0.625 0.0002

9/5/2003 WT094 5SD 1 0.2934 0.510 −0.2166

9/5/2003 WT094 5SD 2 0.4203 0.510 −0.0897

9/5/2003 WT094 5SD 3 0.6002 0.510 0.0902

9/10/2003 WT095 8SU 1 0.3344 0.783 −0.4486

9/10/2003 WT095 8SU 2 0.3733 0.783 −0.4097

9/10/2003 WT095 8SU 3 0.7826 0.783 −0.0004

9/11/2003 WT096 6SU 1 0.2600 0.646 −0.3860

9/11/2003 WT096 6SU 2 0.5289 0.646 −0.1171

9/11/2003 WT096 6SU 3 0.8237 0.646 0.1777

9/12/2003 WT097 7SD 1 0.3758 0.525 −0.1492

9/12/2003 WT097 7SD 2 0.5522 0.525 0.0272

9/12/2003 WT097 7SD 3 0.4339 0.525 −0.0911

9/15/2003 WT098 4LSD 1 0.3025 0.669 −0.3665

9/15/2003 WT098 4LSD 2 0.4204 0.669 −0.2486

9/15/2003 WT098 4LSD 3 0.8363 0.669 0.1673
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TABLE F.4  (Cont.)

Date Site
New Final

SECC Run
U*erosion

(m/s)

Revised Raw u*t
by Saltation/Cyclone
Flux Increase with
EC/Cyclone TFV

Assigned to
Progressive Run

(m/s)
u* – u*t

(m/s)

9/18/2003 WT099 4SU 1 0.2863 0.443 −0.1567

9/18/2003 WT099 4SU 2 0.5328 0.443 0.0898

9/18/2003 WT099 4SU 3 0.8633 0.443 0.4203

9/19/2003 WT100 3UD 1 0.4290 0.543 −0.1140

9/19/2003 WT100 3UD 2 0.7314 0.543 0.1884

9/19/2003 WT100 3UD 3 0.8430 0.543 0.3000

9/22/2003 WT101 7SU 1 0.3503 0.521 −0.1707

9/22/2003 WT101 7SU 2 0.5618 0.521 0.0408

9/22/2003 WT101 7SU 3 0.6945 0.521 0.1735

9/22/2003 WT101 7SU 4a 0.3661 0.521 −0.1549

9/22/2003 WT101 7SU 4b 0.4987 0.521 −0.0223

9/22/2003 WT101 7SU 4c 0.6753 0.521 0.1543

9/22/2003 WT101 7UD 1 0.3874 0.481 −0.0936

9/22/2003 WT101 7UD 2 0.4898 0.481 0.0088

9/22/2003 WT101 7UD 3 0.5003 0.481 0.0193

9/22/2003 WT101 7UD 4a 0.2944 0.481 −0.1866

9/22/2003 WT101 7UD 4b 0.3730 0.481 −0.1080

9/22/2003 WT101 7UD 4c 0.5302 0.481 0.0492

9/23/2003 WT102 5SU 1 0.2159 0.564 −0.3481

9/23/2003 WT102 5SU 2 0.5197 0.564 −0.0443

9/23/2003 WT102 5SU 3 0.6641 0.564 0.1001

9/23/2003 WT102 5SU 4a 0.3563 0.564 −0.2077

9/23/2003 WT102 5SU 4b 0.4469 0.564 −0.1171

9/23/2003 WT102 5SU 4c 0.6100 0.564 0.0460

9/23/2003 WT102 5UD 1 0.3491 0.724 −0.3749

9/23/2003 WT102 5UD 2 0.4029 0.724 −0.3211

9/23/2003 WT102 5UD 3 0.8521 0.724 0.1281

9/23/2003 WT102 5UD 4a 0.3680 0.724 −0.3560

9/23/2003 WT102 5UD 4b 0.4726 0.724 −0.2514

9/23/2003 WT102 5UD 4c 0.6609 0.724 −0.0631

9/24/2003 WT103 4SD 1 0.3416 0.580 −0.2384

9/24/2003 WT103 4SD 2 0.4448 0.580 −0.1352

9/24/2003 WT103 4SD 3 0.7946 0.580 0.2146
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TABLE F.4  (Cont.)

Date Site
New Final

SECC Run
U*erosion

(m/s)

Revised Raw u*t
by Saltation/Cyclone
Flux Increase with
EC/Cyclone TFV

Assigned to
Progressive Run

(m/s)
u* – u*t

(m/s)

9/24/2003 WT103 4SD 4a 0.3790 0.580 −0.2010

9/24/2003 WT103 4SD 4b 0.4655 0.580 −0.1145

9/24/2003 WT103 4SD 4c 0.7056 0.580 0.1256

9/24/2003 WT103 4UD 1 0.4615 0.384 0.0775

9/24/2003 WT103 4UD 2 0.4148 0.384 0.0308

9/24/2003 WT103 4UD 3 0.4796 0.384 0.0956

9/24/2003 WT103 4UD 4a 0.3749 0.384 −0.0091

9/24/2003 WT103 4UD 4b 0.4865 0.384 0.1025

9/24/2003 WT103 4UD 4c 0.7097 0.384 0.3257

9/25/2003 WT104 2SD 1 0.3583 0.403 −0.0447

9/25/2003 WT104 2SD 2 0.5062 0.403 0.1032

9/25/2003 WT104 2SD 3 0.6021 0.403 0.1991

9/25/2003 WT104 2SD 4a 0.2192 0.403 −0.1838

9/25/2003 WT104 2SD 4b 0.3659 0.403 −0.0371

9/25/2003 WT104 2SD 4c 0.5126 0.403 0.1096

9/25/2003 WT104 2UD 1 0.6246 0.543 0.0816

9/25/2003 WT104 2UD 2 0.5208 0.543 −0.0222

9/25/2003 WT104 2UD 3 0.7757 0.543 0.2327

9/25/2003 WT104 2UD 4a 0.3196 0.543 −0.2234

9/25/2003 WT104 2UD 4b 0.3847 0.543 −0.1583

9/25/2003 WT104 2UD 4c 0.5475 0.543 0.0045

9/26/2003 WT105 6SD 4a 0.3422 0.596 NAa

9/26/2003 WT105 6SD 4b 0.4490 0.596 NA

9/26/2003 WT105 6SD 4c 0.6625 0.596 NA

9/26/2003 WT105 6UD 1 0.4075 0.542 −0.1345

9/26/2003 WT105 6UD 2 0.3822 0.542 −0.1598

9/26/2003 WT105 6UD 3 0.6381 0.542 0.0961

9/26/2003 WT105 6UD 4a 0.3832 0.542 −0.1588

9/26/2003 WT105 6UD 4b 0.5087 0.542 −0.0333

9/26/2003 WT105 6UD 4c 0.7597 0.542 0.2177

9/29/2003 WT106 8SD 4a 0.4041 0.762 −0.3579

9/29/2003 WT106 8SD 4b 0.5045 0.762 −0.2575

9/29/2003 WT106 8SD 4c 0.7619 0.762 −0.0001



September 2004 F-23

TABLE F.4  (Cont.)

Date Site
New Final

SECC Run
U*erosion
(m/sec)

Revised Raw u*t
by Saltation/Cyclone
Flux Increase with
EC/Cyclone TFV

Assigned to
Progressive Run

(m/s)
u* – u*t

(m/s)

9/29/2003 WT106 8UD 1 0.2710 0.476 −0.2050

9/29/2003 WT106 8UD 2 0.4755 0.476 −0.0005

9/29/2003 WT106 8UD 3 0.4513 0.476 −0.0247

9/29/2003 WT106 8UD 4a 0.1720 0.476 −0.3040

9/29/2003 WT106 8UD 4b 0.2779 0.476 −0.1981

9/29/2003 WT106 8UD 4c 0.3409 0.476 −0.1351

9/30/2003 WT107 4LUD 1 0.3680 0.459 −0.0910

9/30/2003 WT107 4LUD 2 0.4024 0.459 −0.0566

9/30/2003 WT107 4LUD 3 0.4497 0.459 −0.0093

10/1/2003 WT108 UN_SD 4a 0.2511 0.570 −0.2085

10/1/2003 WT108 UN_SD 4b 0.3157 0.570 −0.1042

10/1/2003 WT108 UN_SD 4c 0.4449 0.570 0.1042

10/1/2003 WT108 UN_UD 1 0.3289 0.483 −0.1541

10/1/2003 WT108 UN_UD 2 0.5699 0.483 0.0869

10/1/2003 WT108 UN_UD 3 0.3956 0.483 −0.0874

10/1/2003 WT108 UN_UD 4a 0.3618 0.483 −0.1212

10/1/2003 WT108 UN_UD 4b 0.4661 0.483 −0.0169

10/1/2003 WT108 UN_UD 4c 0.6745 0.483 0.1915

10/7/2003 WT109 6SD 1 0.3315 0.583 −0.2515

10/7/2003 WT109 6SD 2 0.4918 0.583 −0.0912

10/7/2003 WT109 6SD 3 0.7778 0.583 0.1948

10/7/2003 WT109 6SD 4a 0.3347 0.564 −0.2293

10/7/2003 WT109 6SD 4b 0.4272 0.564 −0.1368

10/7/2003 WT109 6SD 4c 0.6270 0.564 −0.0630

10/7/2003 WT109 6UD 4a 0.3047 0.471 −0.1663

10/7/2003 WT109 6UD 4b 0.3863 0.471 −0.0847

10/7/2003 WT109 6UD 4c 0.5233 0.471 0.0523

10/7/2003 WT110 3SD 1 0.3734 0.454 −0.0806

10/7/2003 WT110 3SD 2 0.3404 0.454 −0.1136

10/7/2003 WT110 3SD 3 0.3383 0.454 −0.1157

10/7/2003 WT110 3UD 4a 0.4068 0.591 −0.1842

10/7/2003 WT110 3UD 4b 0.5150 0.591 −0.0760

10/7/2003 WT110 3UD 4c 0.7880 0.591 −0.1970

a NA = not available.
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TABLE F.5  Results of 2003 Wind Tunnel Field Study: Spike-Corrected PM10 Flux Data

Table F.5 depicts results for the spike-corrected PM10 fluxes individually corrected, given in
micrograms per square meter per second. Values of the average TSI ambient concentration and
average spike-corrected TSI concentration are used to calculate the corrected PM10 flux.

Wind tunnel data were grouped according to their soil erodibility condition class (SECC). After
the results for each wind tunnel run were analyzed, some data were discarded. The criteria for
excluding data from the model were outliers and negative fluxes. Outliers were the data that
demonstrated disproportionalety high PM10 fluxes when compared to erosion velocities. Negative
fluxes resulted from a depleted loose soil reservoir. The data used to calculate the functions are
presented in Tables F.6 and F.7.

Date Site
New Final

SECC Run

Spike-Corrected
TSI Average

Conc.
(mg/m3)

Avg. TSI
Ambient

Conc.
Qactual

(ft3/min)

PM10 Flux
( �/m2-s)

Indiv.
Corrected

8/11/2003 WT079 2SU 1 0.0411 3.00E-02 473.5463 1.16E+01

8/11/2003 WT079 2SU 2 0.0782 3.60E-02 480.6870 4.47E+01

8/11/2003 WT079 2SU 3 0.2371 5.30E-02 512.6761 2.07E+02

8/19/2003 WT079R 2SUw 1 0.0974 2.40E-02 467.7759 7.58E+01

8/19/2003 WT079R 2SUw 2 0.2901 3.30E-02 471.1413 2.67E+02

8/19/2003 WT079R 2SUw 3 0.1972 2.80E-01 474.4994 −8.66E+01

8/11/2003 WT080 2UU 1 2.4881 4.26E-01 500.2561 2.27E+03

8/11/2003 WT080 2UU 2 0.0000 6.28E-01 542.3200 −7.44E+02

8/11/2003 WT080 2UU 3 100.5445 1.47E-01 535.3462 1.17E+05

8/12/2003 WT081 3SD 1 0.0668 4.10E-02 487.3730 2.77E+01

8/12/2003 WT081 3SD 2 0.1340 1.80E-02 483.8242 1.24E+02

8/12/2003 WT081 3SD 3 0.0984 9.10E-02 488.7421 8.00E+00

8/13/2003 WT082 3UD 1 0.0365 5.10E-02 482.3707 −1.54E+01

8/13/2003 WT082 3UD 2 0.2216 2.50E-02 506.5657 2.18E+02

8/13/2003 WT082 3UD 3 0.3154 1.00E-02 488.1517 3.28E+02

8/18/2003 WT082R 3SDw 1 0.1057 3.80E-02 478.0896 7.14E+01

8/18/2003 WT082R 3SDw 2 0.0728 5.30E-02 485.2076 2.11E+01

8/18/2003 WT082R 3SDw 3 0.3461 3.90E-02 460.8229 3.13E+02

8/14/2003 WT083 4SD 1 0.0422 2.90E-02 480.7359 1.40E+01

8/14/2003 WT083 4SD 2 0.1118 3.20E-02 490.6345 8.62E+01

8/14/2003 WT083 4SD 3 0.0945 2.20E-02 491.2131 7.83E+01

8/15/2003 WT084 4SD 1 0.0418 2.40E-02 502.0185 1.96E+01

8/15/2003 WT084 4SD 2 0.0270 1.60E-02 479.1629 1.16E+01

8/15/2003 WT084 4SD 3 0.1069 1.40E-02 496.1280 1.01E+02

8/21/2003 WT085 7SU 1 0.1338 7.80E-02 478.0896 5.88E+01

8/21/2003 WT085 7SU 2 0.0728 3.30E-02 473.7635 4.15E+01

8/21/2003 WT085 7SU 3 1.0377 4.30E-02 510.5291 1.11E+03



September 2004 F-25

TABLE F.5  (Cont.)

Date Site
New Final

SECC Run

Spike-Corrected
TSI Average

Conc.
(mg/m3)

Avg. TSI
Ambient

Conc.
Qactual

(ft3/min)

PM10 Flux
( �/m2-s)

Indiv.
Corrected

8/21/2003 WT086 4LUD 1 0.1226 1.00E-02 484.2138 1.20E+02

8/21/2003 WT086 4LUD 2 0.2152 4.40E-02 485.8690 1.83E+02

8/21/2003 WT086 4LUD 3 0.2156 3.20E-02 536.9700 2.15E+02

8/22/2003 WT087 6SU 1 0.0540 1.40E-02 418.3462 3.73E+01

8/22/2003 WT087 6SU 2 0.0616 1.80E-02 478.8842 4.60E+01

8/22/2003 WT087 6SU 3 0.0571 1.90E-02 484.0536 4.06E+01

8/25/2003 WT088 4SU 1 0.0559 2.50E-02 473.1179 3.22E+01

8/25/2003 WT088 4SU 2 0.0892 1.02E-01 477.3376 −1.35E+01

8/25/2003 WT088 4SU 3 0.1233 2.30E-02 512.8619 1.13E+02

8/28/2003 WT089 5SUw 1 0.0286 2.80E-02 468.1959 5.94E-01

8/28/2003 WT089 5SUw 2 0.0407 6.10E-02 469.2494 −2.10E+01

8/28/2003 WT089 5SUw 3 0.0879 3.20E-02 470.0321 5.79E+01

8/29/2003 WT090 UN_SD 1 0.0498 5.00E-02 468.2542 −1.81E-01

8/29/2003 WT090 UN_SD 2 0.0509 4.40E-02 472.4114 7.20E+00

8/29/2003 WT090 UN_SD 3 0.0439 4.10E-02 473.9667 3.01E+00

8/29/2003 WT091 2SD 1 0.0818 1.50E-02 481.4746 7.08E+01

8/29/2003 WT091 2SD 2 0.0452 1.10E-02 482.7739 3.64E+01

8/29/2003 WT091 2SD 3 0.0635 2.40E-02 473.9131 4.13E+01

9/3/2003 WT092 3UU 1 0.0477 4.60E-02 469.5682 1.76E+00

9/3/2003 WT092 3UU 2 0.0300 5.50E-02 474.2290 −2.61E+01

9/3/2003 WT092 3UU 3 0.0250 3.50E-02 495.5023 −1.09E+01

9/4/2003 WT093 8SD 1 0.0297 2.10E-02 465.7949 8.95E+00

9/4/2003 WT093 8SD 2 0.0440 2.30E-02 464.2355 2.15E+01

9/4/2003 WT093 8SD 3 0.0826 2.90E-02 503.1591 5.92E+01

9/5/2003 WT094 5SD 1 0.0290 3.00E-02 437.8193 −9.72E-01

9/5/2003 WT094 5SD 2 0.0226 1.60E-02 463.8249 6.76E+00

9/5/2003 WT094 5SD 3 0.0296 2.30E-02 443.5755 6.49E+00

9/10/2003 WT095 8SU 1 0.0404 3.30E-02 463.6711 7.53E+00

9/10/2003 WT095 8SU 2 0.0525 1.90E-02 463.5286 3.43E+01

9/10/2003 WT095 8SU 3 0.0598 2.50E-02 464.9864 3.57E+01

9/11/2003 WT096 6SU 1 0.0236 7.00E-02 460.6840 −4.72E+01

9/11/2003 WT096 6SU 2 0.0543 7.00E-03 462.6582 4.84E+01

9/11/2003 WT096 6SU 3 0.0548 6.00E-03 464.9619 5.01E+01

9/12/2003 WT097 7SD 1 0.0221 4.60E-02 469.4509 −2.48E+01

9/12/2003 WT097 7SD 2 0.0199 1.60E-02 466.4978 4.02E+00

9/12/2003 WT097 7SD 3 0.0466 1.30E-02 468.8015 3.48E+01
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TABLE F.5  (Cont.)

Date Site
New Final

SECC Run

Spike-Corrected
TSI Average

Conc.
(mg/m3)

Avg. TSI
Ambient

Conc.
Qactual

(ft3/min)

PM10 Flux
( �/m2-s)

Indiv.
Corrected

9/15/2003 WT098 4LSD 1 0.0193 1.40E-02 462.6242 5.45E+00

9/15/2003 WT098 4LSD 2 0.1120 1.00E-01 462.8976 1.23E+01

9/15/2003 WT098 4LSD 3 0.0814 1.11E-01 466.2610 −3.05E+01

9/18/2003 WT099 4SU 1 0.0356 1.30E-02 466.6622 2.33E+01

9/18/2003 WT099 4SU 2 0.0383 1.10E-02 471.8814 2.84E+01

9/18/2003 WT099 4SU 3 0.1410 1.10E-02 469.8128 1.35E+02

9/19/2003 WT100 3UD 1 0.0000 2.07E-01 455.1631 −2.08E+02

9/19/2003 WT100 3UD 2 0.1032 1.09E-01 459.8038 −5.90E+00

9/19/2003 WT100 3UD 3 0.1156 2.80E-02 463.3984 8.96E+01

9/22/2003 WT101 7SU 1 0.0901 1.53E-01 465.9915 −6.47E+01

9/22/2003 WT101 7SU 2 0.0627 4.40E-02 472.4420 1.95E+01

9/22/2003 WT101 7SU 3 0.1495 4.40E-02 480.9407 1.12E+02

9/22/2003 WT101 7SU 4a 0.1040 2.00E-02 484.0312 8.95E+01

9/22/2003 WT101 7SU 4b 0.1280 2.00E-02 484.0312 1.15E+02

9/22/2003 WT101 7SU 4c 0.1143 2.00E-02 484.0312 1.01E+02

9/22/2003 WT101 7UD 1 0.0811 5.70E-02 469.3515 2.50E+01

9/22/2003 WT101 7UD 2 0.0969 2.40E-02 474.7598 7.63E+01

9/22/2003 WT101 7UD 3 0.0187 4.60E-02 481.7133 −2.90E+01

9/22/2003 WT101 7UD 4a 0.3354 4.60E-02 491.7574 3.13E+02

9/22/2003 WT101 7UD 4b 0.2468 4.60E-02 491.7574 2.17E+02

9/22/2003 WT101 7UD 4c 1.5915 4.60E-02 491.7574 1.67E+03

9/23/2003 WT102 5SU 1 0.1330 3.02E-01 469.2234 −1.75E+02

9/23/2003 WT102 5SU 2 0.0568 7.00E-02 472.8976 −1.38E+01

9/23/2003 WT102 5SU 3 0.1059 3.50E-02 479.1665 7.49E+01

9/23/2003 WT102 5SU 4a 0.0709 4.00E-02 483.0846 3.28E+01

9/23/2003 WT102 5SU 4b 0.1608 4.00E-02 483.0846 1.28E+02

9/23/2003 WT102 5SU 4c 0.3809 4.00E-02 483.0846 3.63E+02

9/23/2003 WT102 5UD 1 0.0792 8.80E-02 472.6314 −9.22E+00

9/23/2003 WT102 5UD 2 0.1942 5.10E-02 474.4648 1.50E+02

9/23/2003 WT102 5UD 3 1.0000 5.10E-02 480.7337 1.00E+03

9/23/2003 WT102 5UD 4a 0.0715 3.60E-02 483.0846 3.78E+01

9/23/2003 WT102 5UD 4b 0.2006 3.60E-02 483.0846 1.75E+02

9/23/2003 WT102 5UD 4c 1.4202 3.60E-02 483.0846 1.47E+03

9/24/2003 WT103 4SD 1 0.0636 6.10E-02 465.5712 2.67E+00

9/24/2003 WT103 4SD 2 0.0380 2.80E-02 470.8149 1.04E+01

9/24/2003 WT103 4SD 3 0.0354 2.70E-02 478.1195 8.85E+00
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TABLE F.5  (Cont.)

Date Site
New Final

SECC Run

Spike-Corrected
TSI Average

Conc.
(mg/m3)

Avg. TSI
Ambient

Conc.
Qactual

(ft3/min)

PM10 Flux
( �/m2-s)

Indiv.
Corrected

9/24/2003 WT103 4SD 4a 0.0295 3.30E-02 483.8682 −3.71E+00

9/24/2003 WT103 4SD 4b 0.0503 3.30E-02 483.8682 1.84E+01

9/24/2003 WT103 4SD 4c 0.0842 3.30E-02 483.8682 5.46E+01

9/24/2003 WT103 4UD 1 0.0742 4.20E-02 469.7631 3.34E+01

9/24/2003 WT103 4UD 2 0.9790 4.70E-02 473.9459 9.74E+02

9/24/2003 WT103 4UD 3 2.4642 5.00E-02 480.2079 2.55E+03

9/24/2003 WT103 4UD 4a 0.1097 4.40E-02 490.3838 7.08E+01

9/24/2003 WT103 4UD 4b 0.2611 4.40E-02 490.3838 2.34E+02

9/24/2003 WT103 4UD 4c 3.2180 4.40E-02 490.3838 3.42E+03

9/25/2003 WT104 2SD 1 0.0467 4.10E-02 463.9003 5.84E+00

9/25/2003 WT104 2SD 2 0.0279 3.40E-02 466.4956 −6.28E+00

9/25/2003 WT104 2SD 3 0.0421 2.00E-02 468.8185 2.29E+01

9/25/2003 WT104 2SD 4a 0.0460 1.90E-02 472.4267 2.81E+01

9/25/2003 WT104 2SD 4b 0.0704 1.90E-02 472.4267 5.36E+01

9/25/2003 WT104 2SD 4c 0.1754 1.90E-02 472.4267 1.63E+02

9/25/2003 WT104 2UD 1 0.0446 3.20E-02 464.1727 1.29E+01

9/25/2003 WT104 2UD 2 0.0503 3.20E-02 468.0442 1.90E+01

9/25/2003 WT104 2UD 3 0.0825 2.20E-02 469.5927 6.27E+01

9/25/2003 WT104 2UD 4a 0.0946 2.30E-02 473.2018 7.47E+01

9/25/2003 WT104 2UD 4b 0.1633 2.30E-02 473.2018 1.46E+02

9/25/2003 WT104 2UD 4c 1.3331 2.30E-02 473.2018 1.37E+03

9/26/2003 WT105 6SD 4a 0.0181 2.50E-02 470.3889 −7.19E+00

9/26/2003 WT105 6SD 4b 0.0164 2.50E-02 470.3889 −8.92E+00

9/26/2003 WT105 6SD 4c 0.0338 2.50E-02 470.3889 9.16E+00

9/26/2003 WT105 6UD 1 0.0183 1.90E-02 471.1607 −6.81E-01

9/26/2003 WT105 6UD 2 0.0652 1.80E-02 472.4420 4.92E+01

9/26/2003 WT105 6UD 3 0.1140 1.00E-02 473.9872 1.09E+02

9/26/2003 WT105 6UD 4a 0.0290 1.80E-02 480.9407 1.16E+01

9/26/2003 WT105 6UD 4b 0.0571 1.80E-02 480.9407 4.14E+01

9/26/2003 WT105 6UD 4c 0.2019 1.80E-02 480.9407 1.95E+02

9/29/2003 WT106 8SD 4a 0.0472 3.10E-02 470.3889 1.68E+01

9/29/2003 WT106 8SD 4b 0.0358 3.10E-02 470.3889 5.03E+00

9/29/2003 WT106 8SD 4c 0.0801 3.10E-02 470.3889 5.10E+01

9/29/2003 WT106 8UD 1 0.0560 3.70E-02 471.1607 1.97E+01

9/29/2003 WT106 8UD 2 0.1309 3.00E-02 471.1607 1.05E+02

9/29/2003 WT106 8UD 3 1.2022 2.30E-02 472.7043 1.23E+03
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TABLE F.5  (Cont.)

Date Site
New Final

SECC Run

Spike-Corrected
TSI Average

Conc.
(mg/m3)

Avg. TSI
Ambient

Conc.
Qactual

(ft3/min)

PM10 Flux
( �/m2-s)

Indiv.
Corrected

9/29/2003 WT106 8UD 4a 0.1092 1.90E-02 475.7914 9.46E+01

9/29/2003 WT106 8UD 4b 0.8741 1.90E-02 475.7914 8.97E+02

9/29/2003 WT106 8UD 4c 2.0166 1.90E-02 475.7914 2.10E+03

9/30/2003 WT107 4LUD 1 0.0655 1.74E-01 460.5111 −1.10E+02

9/30/2003 WT107 4LUD 2 0.0607 1.04E-01 462.7046 −4.43E+01

9/30/2003 WT107 4LUD 3 0.0673 8.20E-02 468.3274 −1.52E+01

10/1/2003 WT108 UN_SD 4a 0.1074 1.06E-01 466.7312 1.44E+00

10/1/2003 WT108 UN_SD 4b 0.1041 1.06E-01 466.7312 −2.00E+00

10/1/2003 WT108 UN_SD 4c 0.2261 1.06E-01 466.7312 1.24E+02

10/1/2003 WT108 UN_UD 1 0.0703 7.10E-02 469.0591 −7.12E-01

10/1/2003 WT108 UN_UD 2 0.1520 6.22E-02 473.2018 9.37E+01

10/1/2003 WT108 UN_UD 3 0.0714 3.39E-02 469.3262 3.89E+01

10/1/2003 WT108 UN_UD 4a 0.0913 4.00E-02 474.7521 5.37E+01

10/1/2003 WT108 UN_UD 4b 0.1133 4.00E-02 474.7521 7.67E+01

10/1/2003 WT108 UN_UD 4c 0.8583 4.00E-02 474.7521 8.56E+02

10/7/2003 WT109 6SD 1 0.0366 3.10E-01 468.5231 −2.83E+02

10/7/2003 WT109 6SD 2 0.0297 2.80E-02 468.8777 1.72E+00

10/7/2003 WT109 6SD 3 0.0394 1.90E-02 469.7408 2.12E+01

10/7/2003 WT109 6SD 4a 0.0286 1.60E-02 508.4144 1.40E+01

10/7/2003 WT109 6SD 4b 0.0305 1.60E-02 508.4144 1.61E+01

10/7/2003 WT109 6SD 4c 0.2145 1.60E-02 508.4144 2.21E+02

10/7/2003 WT109 6UD 4a 0.3090 2.20E-02 474.7443 3.00E+02

10/7/2003 WT109 6UD 4b 0.7421 2.20E-02 474.7443 7.54E+02

10/7/2003 WT109 6UD 4c 4.2475 2.20E-02 474.7443 4.42E+03

10/7/2003 WT110 3SD 1 0.0220 2.50E-02 479.9409 −3.17E+00

10/7/2003 WT110 3SD 2 0.0251 1.30E-02 479.6833 1.28E+01

10/7/2003 WT110 3SD 3 0.0359 1.10E-02 511.4553 2.79E+01

10/7/2003 WT110 3UD 4a 0.0166 1.00E-02 479.4252 6.97E+00

10/7/2003 WT110 3UD 4b 0.0420 1.00E-02 479.4252 3.38E+01

10/7/2003 WT110 3UD 4c 0.0934 1.00E-02 479.4252 8.81E+01
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TABLE F.6  Results of 2003 Wind Tunnel Field Study: Corrected PM10 Flux and TFV Data
Used for Fits � Power Functions

Table F.6 presents the raw selected data for the vertical PM10 fluxes and erosion velocities used for
power function fits. These data were used to run the model. The effective threshold friction velocity
(TFVeff) and the average K factor for each SECC in the model are also shown in this table.

Date Site Run
New Final

SECC
u*e

(m/s)

Finalrev u*t
by Saltation/Cyclone
Flux Increase with
PM10 Increase for
Progressive Runs

(m/s)
TFVeff
(m/s)

Kavg
Factor

PM10 Flux
(mg/m2/s)

9/25/2003 WT104 4a 2SD 0.2192 0.359 0.30 1.32E+03 2.81E+01

8/29/2003 WT091 2 0.3357 0.403 3.64E+01

9/25/2003 WT104 4b 0.3659 0.359 5.36E+01

9/25/2003 WT104 4c 0.5126 0.359 1.63E+02

8/11/2003 WT079 1 2SU 0.1200 0.273 0.38 1.22E-03 1.16E+01

8/11/2003 WT079 2 0.3898 0.273 4.47E+01

8/11/2003 WT079 3 0.6372 0.273 2.07E+02

10/7/2003 WT110 3 3SD 0.3383 0.454 0.47 1.63E-03 2.79E+01

10/7/2003 WT110 2 0.3404 0.454 1.28E+01

8/12/2003 WT081 1 0.3788 0.454 2.77E+01

8/12/2003 WT081 2 0.5237 0.454 1.24E+02

10/7/2003 WT110 4a 3UD 0.4068 0.591 0.41 2.16E-04 6.97E+00

10/7/2003 WT110 4b 0.5150 0.591 3.38E+01

10/7/2003 WT110 4c 0.7880 0.591 8.81E+01

9/24/2003 WT103 4b 4SD 0.4655 0.564 0.46 3.11E-04 1.84E+01

8/15/2003 WT084 2 0.4888 0.580 1.16E+01

9/24/2003 WT103 4c 0.7056 0.564 5.46E+01

9/24/2003 WT103 3 0.7946 0.580 8.85E+00

8/14/2003 WT083 3 0.9401 0.580 7.83E+01

8/25/2003 WT088 1 4SU 0.1980 0.443 0.57 6.89E-04 3.22E+01

9/18/2003 WT099 1 0.2863 0.443 2.33E+01

8/25/2003 WT088 3 0.3398 0.443 1.13E+02

9/18/2003 WT099 2 0.5328 0.443 2.84E+01

9/18/2003 WT099 3 0.8633 0.443 1.35E+02

9/26/2003 WT105 4a 6UD 0.3832 0.577 0.45 6.84E-05 1.16E+01

9/26/2003 WT105 4b 0.5087 0.577 4.14E+01

9/26/2003 WT105 3 0.6381 0.542 1.09E+02

9/26/2003 WT105 4c 0.7597 0.577 1.95E+02

10/7/2003 WT109 4a 6SD 0.3347 0.564 0.51 5.09E-04 1.40E+01

10/7/2003 WT109 4b 0.4272 0.564 1.61E+01

10/7/2003 WT109 4c 0.6270 0.564 2.21E+02
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TABLE F.7  Results of 2003 Wind Tunnel Field Study: Corrected PM10 Flux and TFV Data
Used for Fits � Default Functions

Table F.7 depicts the raw selected data for the vertical PM10 fluxes and erosion velocities used for
default function fits. The effective threshold friction velocity (TFVeff) as well as the average K factor for
each SECC in the model are also shown in this table.

Date Site Run
New Final

SECC
u*e

(m/s)

Finalrev u*t
by Saltation/Cyclone
Flux Increase with
PM10 Increase for
Progressive Runs

(m/s)
TFVeff
(m/s)

Kavg
Factor

PM10 Flux
(mg/m2/s)

9/25/2003 WT104 4a 2UD 0.3196 0.383 0.27 1.07E-03 7.47E+01

9/25/2003 WT104 4b 0.3847 0.383 1.46E+02

9/25/2003 WT104 4c 0.5475 0.383 1.37E+03

8/11/2003 WT080 1 2UU 0.3303 0.292 0.34 6.68E-03 4.16+04

8/11/2003 WT080 2 0.3522 0.292 2.27+03

8/11/2003 WT080 3 0.4170 0.292 1.17+05

9/3/2003 WT092 1 3UU 0.2031 0.481 0.53 1.08E-03 1.76E+00

9/15/2003 WT098 1 4LSD 0.3025 0.669 0.53 2.30E-04 5.45E+00

9/15/2003 WT098 2 0.4204 0.669 1.23E+01

8/21/2003 WT086 1 4LUD 0.2432 0.459 0.46 4.56E-03 1.20E+02

8/21/2003 WT086 3 0.5129 0.459 2.15E+02

9/24/2003 WT103 4a 4UD 0.3749 0.568 0.40 4.23E-04 7.08E+01

9/24/2003 WT103 2 0.4148 0.384 9.74E+02

9/24/2003 WT103 3 0.4796 0.384 2.55E+03

9/5/2003 WT094 2 5SD 0.4203 0.510 0.50 1.07E-04 6.76E+00

9/5/2003 WT094 3 0.602 0.510 6.49E+00

9/23/2003 WT102 4a 5SU 0.3563 0.519 0.62 1.97E-05 3.28E+01

9/23/2003 WT102 4b 0.4469 0.519 1.28E+02

9/23/2003 WT102 4c 0.6100 0.519 3.63E+02

9/23/2003 WT102 4a 5UD 0.3680 0.562 0.43 2.66E-04 3.78E+01

9/23/2003 WT102 2 0.4029 0.724 1.50E+02

9/23/2003 WT102 3 0.8521 0.724 1.00E+03

8/22/2003 WT087 1 6SU 0.2696 0.646 0.64 2.16E-03 3.73E+01

9/11/2003 WT096 3 0.8237 0.646 5.01E+01

9/12/2003 WT097 3 7SD 0.4339 0.525 0.53 1.22E-04 3.48E+01

9/12/2003 WT097 2 0.5522 0.525 7.11E+00

8/21/2003 WT085 1 7SU 0.3421 0.486 0.53 3.44E-03 5.88E+01

8/21/2003 WT085 2 0.5084 0.486 4.15E+01

9/22/2003 WT101 4a 0.3661 0.507 8.95E+01

9/22/2003 WT101 3 0.6945 0.521 1.12E+02



September 2004 F-31

TABLE F.7  (Cont.)

Date Site Run
New Final

SECC
u*e

(m/s)

Finalrev u*t
by Saltation/Cyclone
Flux Increase with
PM10 Increase for
Progressive Runs

(m/s)
TFVeff
(m/s)

Kavg
Factor

PM10 Flux
(mg/m2/s)

9/22/2003 WT101 4a 7UD 0.2944 0.398 0.37 3.54E-04 3.13E+02

9/22/2003 WT101 4b 0.3730 0.398 2.17E+02

9/22/2003 WT101 4c 0.5302 0.398 1.67E+03

9/29/2003 WT106 4a 8SD 0.4041 0.762 0.62 1.97E-04 1.68E+01

9/4/2003 WT093 1 0.4368 0.625 8.95E+00

9/4/2003 WT093 2 0.5176 0.625 2.15E+01

9/4/2003 WT093 3 0.6252 0.625 5.92E+01

9/10/2003 WT095 1 8SU 0.3344 0.783 0.78 3.23E-04 7.53E+00

9/10/2003 WT095 3 0.7826 0.783 3.57E+01

9/29/2003 WT106 4a 8UD 0.1720 0.341 0.55 2.86E-04 9.46E+01

9/29/2003 WT106 4b 0.2779 0.341 8.97E+02

9/29/2003 WT106 1 0.2710 0.476 1.97E+01

9/29/2003 WT106 3 0.4513 0.476 1.23E+03

10/1/2003 WT108 4a UN_SD 0.2511 0.445 0.42 1.41E-04 3.75E+01

8/29/2003 WT090 2 0.3852 0.502 7.20E+00

8/29/2003 WT090 3 0.6191 0.502 3.01E+00

10/1/2003 WT108 4a UN_UD 0.3618 0.570 0.37 2.33E-04 5.37E+01

10/1/2003 WT108 3 0.3956 0.483 3.89E+01

10/1/2003 WT108 2 0.5699 0.483 9.37E+01
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TABLE F.8  Results of 2003 Wind Tunnel Field Study: Summary Table, Effective TFV, and Effective Aerodynamic Roughness

Table F.8 presents a summary of the effective threshold friction velocity (TFVeff) and the effective aerodynamic roughness (Zoeff) results for the

main soil erodibility condition classes (SECCs) tested.

TFVeff Threshold Velocity Wind Tunnel Site

Function u*t zo ut10 ut10 Data File Data Source
SECC Type n m/s mph cm m (m/s) (mph) (spreadsheet/tab ID) (WT Test ID)

2SU Power 3 0.38 0.85 0.0055 5.50E-05 11.5 25.8 WINDFLUX16 (corrTSIflux) WT079

2SD Power 4 0.30 0.68 0.0015 1.47E-05 10.2 22.9 WINDFLUX16 (corrTSIflux) WT91, WT104progressive

2UD Default 3 0.27 0.60 0.0090 9.03E-05 7.7 17.3 WINDFLUX16 (corrTSIflux) WT104progressive

2UU Default 3 0.34 0.77 0.0078 7.77E-05 10.1 22.5 WINDFLUX16 (corrTSIflux) WT080

0.0059 0.0001 9.9 22.1 Average

3SU n/aa n/a No data n/a n/a n/a n/a n/a WINDFLUX16 (corrTSIflux)

3SD Power 4 0.47 1.02 0.0243 2.43E-04 12.1 27.1 WINDFLUX16 (corrTSIflux) WT081, WT110

3UD Power 3 0.40 0.89 0.0530 5.30E-04 9.8 22.0 WINDFLUX16 (corrTSIflux) WT110progressive

3UU Default 1 0.53 1.15 0.0376 3.76E-04 13.1 29.3 WINDFLUX16 (corrTSIflux) WT092

0.0383 0.0004 11.7 26.1 Average

4LSU n/a n/a n/a n/a n/a n/a n/a n/a

4LSD Default 2 0.53 1.18 0.2666 2.67E-03 10.9 24.3 WINDFLUX16 (corrTSIflux) WT098

4LUD Default 2 0.46 1.03 0.0176 1.76E-04 12.6 28.3 WINDFLUX16 (corrTSIflux) WT086

4LUU n/a n/a n/a n/a n/a n/a n/a n/a

0.1421 0.0014 11.8 26.3 Average

4SU Power 5 0.57 1.28 0.0356 3.56E-04 14.6 32.7 WINDFLUX16 (corrTSIflux) WT088, WT099

4SD Power 5 0.46 1.02 0.0638 6.38E-04 11.0 24.7 WINDFLUX16 (corrTSIflux) WT084, WT103; WT103progressive

4UD Default 3 0.40 0.89 0.0328 3.28E-04 10.3 23.1 WINDFLUX16 (corrTSIflux) WT103; WT103progressive

4UU n/a n/a n/a n/a n/a n/a n/a n/a

0.0441 11.97 26.81 Average
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TABLE F.8  (Cont.)

TFVeff Threshold Velocity Wind Tunnel Site

Function u*t zo ut10 ut10 Data File Data Source
SECC Type n m/s mph cm m (m/s) (mph) (spreadsheet/tab ID) (WT Test ID)

5SU Default 3 0.62 1.39 0.0065 6.50E-05 18.5 41.5 WINDFLUX16 (corrTSIflux) WT102; WT102progressive

5SD Default 2 0.50 1.11 0.0083 8.25E-05 14.5 32.5 WINDFLUX16 (corrTSIflux) WT094

5UD Default 3 0.43 0.97 0.0266 2.66E-04 11.4 25.6 WINDFLUX16 (corrTSIflux) WT102; WT102progressive

5UU n/a n/a n/a n/a n/a n/a n/a n/a

0.0138 1.38E-04 14.82 33.19 Average

6SU Default 2 0.64 1.43 0.1110 1.11E-03 14.6 32.6 WINDFLUX16 (corrTSIflux) WT087; WT096

6SD Power 3 0.51 1.15 0.0071 7.10E-05 15.2 34.0 WINDFLUX16 (corrTSIflux) WT109progressive

6UD Power 4 0.45 1.00 0.0382 3.82E-04 11.4 25.5 WINDFLUX16 (corrTSIflux) WT105; WT105progressive

6UU n/a n/a n/a n/a n/a n/a n/a n/a

0.0521 5.21E-04 13.71 30.72 Average

7SU Default 4 0.53 1.18 0.0240 2.40E-04 14.0 31.3 WINDFLUX16 (corrTSIflux) WT085; WT101; WT101progressive

7SD Default 2 0.53 1.18 0.0487 4.87E-04 13.0 29.2 WINDFLUX16 (corrTSIflux) WT097

7UD Default 3 0.37 0.82 0.0024 2.40E-05 11.9 26.6 WINDFLUX16 (corrTSIflux) WT101progressive

7UU n/a n/a n/a n/a n/a n/a n/a n/a

0.0250 2.50E-04 12.96 29.04 Average

8SU Default 2 0.78 1.75 0.0167 1.67E-04 21.4 48.0 WINDFLUX16 (corrTSIflux) WT090

8SD Default 4 0.62 1.40 0.0447 4.47E-04 15.6 35.0 WINDFLUX16 (corrTSIflux) WT093; WT106progressive

8UD Default 4 0.55 1.22 0.0128 1.28E-04 15.4 34.4 WINDFLUX16 (corrTSIflux) WT106; WT106progressive

8UU n/a n/a n/a n/a n/a n/a n/a

0.0247 2.47E-04 17.48 39.16 Average

U_SU n/a n/a n/a n/a n/a n/a n/a n/a

U_SD Default 3 0.42 0.95 0.0030 3.00E-05 13.5 30.2 WINDFLUX16 (corrTSIflux) WT090; 108progressive

U_UD Default 3 0.37 0.83 0.0114 1.14E-04 10.6 23.6 WINDFLUX16 (corrTSIflux) WT108; WT108progressive

U_UU n/a n/a n/a n/a n/a n/a n/a n/a

0.0072 7.22E-05 12.02 26.92 Average

a n/a = not available; no measurements were made for this condition.
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TABLE F.9  Results of 2003 Wind Tunnel Study Field Study: Ranges of Parameters Used for Model Fits

Table F.9 summarizes ranges of validity for threshold friction velocities for each SECC and compares F factors from the field study (LVWBD
model) to data published by Dale Gillette in 1993 (LV-KfG model).

Valid Range
LV-KfG Model
(Gillete 1993) LVWDB Model

SECC and
Model

Kavg
Factor
(1/m)

A
0-3.5 A�

u*min

(m/s)

u*max

(m/s)
TFVeff
(m/s) K�=A��K K�= K′��/g

Fmax

(�g/m2-s)

Fmax/50

(�g/m3-s)

Fmax

(�g/m2-s)

Fmax/50

(�g/m3-s) Equation Used in Model

2SD 1.32E-03 3.3 3.3E+06 0.30 0.4101 0.30 4.36E+03 4.75E+02 14.7 0.29 81.0 1.62 F = 328.43 [u
*
(u

*
2 – u

*
2)]0.4032

LVWBD         Good  Good  

2SU 1.22E-03 2.9 2.9E+06 0.38 0.5735 0.38 3.54E+03 3.86E+02 40.8 0.82   F = 374.77 u
*
(u

*
2 – u

*t
2)0.5178

LVWBD         Good    

2UD 1.07E-03 3.5 3.5E+06 0.27 0.6023 0.27 3.74E+03 4.07E+02 71.6 1.43   F = 4.07E+02 u
*
(u

*
2 – u

*t
2)

LV-KfG         Good    

2UU 6.68E-03 3.1 3.1E+06 0.34 0.4170 0.34 2.07E+04 2.25E+03 53.5 1.07 n/a n/a F = 2.25E+03 u
*
(u

*
2 – u

*t
2)

LV-KfG         Good    

3SD 1.63E-03 3.1 3.1E+06 0.47 0.4765 0.47 5.04E+03 5.49E+02 1.1 0.02 7.8 0.16 F = (989.83 × u
*
2) – (284.44 × u

*
)

LVWBD         Good  Good  

3SU     No data

No data             

3UD 2.16E-04 3.3 3.3E+06 0.41 0.7250 0.41 7.13E+02 7.77E+01 20.0 0.40 94 1.88 F = 334.49 [u
*
(u

*
2 – u

*t
2)]0.8532

LVWBD         Good  Good  

3UU 1.08E-03 2.9 2.9E+06 0.53 0.7521 0.53 3.14E+03 3.42E+02 72.9 1.46   F = 341.8 u
*
(u

*
2 – u

*t
2)

LV-KfG         Good    

4LSD 2.30E-04 2.9 2.9E+06 0.53 0.67 0.53 6.66E+02 7.25E+01 8.2 0.2   F = 72.5 u
*
(u

*
2 – u

*t
2)

LV-KfG         Good    

4LUD 4.56E-03 3.1 3.1E+06 0.46 0.5129 0.46 1.41E+04 1.54E+03 39.3 0.8   F = 1541.3 u
*
(u

*
2 – u

*t
2)

LV-KfG         Good    

4SD 3.11E-04 2.7 2.7E+06 0.46 0.8931 0.46 8.39E+02 9.14E+01  48.1 1.0 38.1 0.76 F = 47.349 [u
*
(u

*
2 – u

*t
2)]0.3379

LVWBD           Good  
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TABLE F.9  (Cont.)

Valid Range
LV-KfG Model
(Gillete 1993) LVWDB Model

SECC and
Model

Kavg
Factor
(1/m)

A
0-3.5 A�

u*min

(m/s)

u*max

(m/s)
TFVeff
(m/s) K�=A��K K�= K′��/g

Fmax

(�g/m2-s)

Fmax/50

(�g/m3-s)

Fmax

(�g/m2-s)

Fmax/50

(�g/m3-s) Equation Used in Model

4SU 6.89E-04 2.4 2.4E+06 0.57 0.6474 0.57 1.65E+03 1.80E+02  11.0 0.2 64.4 1.29 F = 141.53 [u
*
(u2

*
 – u2

*
t)]0.2818

LVWBD           Good  

4UD 4.23E-04 2.9 2.9E+06 0.40 0.7807 0.40 1.23E+03 1.34E+02 47.0 0.94   F = 134 u
*
(u

*
2 – u

*t
2)

LV-KfG         Good    

5SD 1.07E-04 2.8 2.8E+06 0.50 0.8402 0.50 3.00E+02 3.27E+01 12.6 0.25   F = 32.7 u
*
(u

*
2 – u

*t
2)

LV-KfG         Good    

5SU 1.97E-05 2.8 2.8E+06 0.62 0.7930 0.62 5.50E+01 6.00E+00 1.2 0.02   F = 6.0 u
*
(u

*
2 – u

*t
2)

LV-KfG         Good    

5UD 2.66E-04 2.5 2.5E+06 0.43 0.6609 0.43 6.64E+02 7.23E+01 11.9 0.24   F = 72.3 u
*
(u

*
2 – u

*t
2)

LV-KfG         Good    

6SD 5.09E-04 2.4 2.4E+06 0.51 0.5768 0.51 1.22E+03 1.33E+02  5.4 0.11 27.2 0.54 F = 892.4 [u
*
(u

*
2 – u

*t
2)]1.0911

LVWBD         Good  Good  

6SU 2.16E-03 2.2 2.2E+06 0.64 0.7002 0.64 4.74E+03 5.17E+02 29.2 0.58   F = 657 u
*
(u

*
2 – u

*t
2)

LV-KfG         Good    

6UD 6.84E-05 2.6 2.6E+06 0.45 0.7065 0.45 1.78E+02 1.94E+01 4.1 0.08 117.5 2.35 F = 337.73 [u
*
(u

*
2 – u

*t
2)]0.6785

LVWBD         Good  >2  

7SD 1.22E-04 2.2 2.2E+06 0.53 0.8006 0.53 2.69E+02 2.93E+01 8.6 0.17   F = 29.3 u
*
(u

*
2 – u

*t
2)

LV-KfG         Good    

7SU 3.44E-03 2 2.0E+06 0.53 0.5417 0.53 6.88E+03 7.50E+02 7.2 0.14   F = 749.7 u
*
(u

*
2 – u

*t
2)

LV-KfG         Good    

7UD 3.54E-04 2.4 2.4E+06 0.37 0.7953 0.37 8.49E+02 9.25E+01 36.6 0.73   F = 92.5 u
*
(u

*
2 – u

*t
2)

LV-KfG         Good    

8SD 1.97E-04 2 2.0E+06 0.62 0.7238 0.62 3.93E+02 4.28E+01 4.2 0.08   F = 42.8 u
*
(u

*
2 – u

*t
2)

LV-KfG         Good    
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TABLE F.9  (Cont.)

Valid Range
LV-KfG Model
(Gillete 1993) LVWDB Model

SECC and
Model

Kavg
Factor
(1/m)

A
0-3.5 A�

u*min

(m/s)

u*max

(m/s)
TFVeff
(m/s) K�=A��K K�= K′��/g

Fmax

(�g/m2-s)

Fmax/50

(�g/m3-s)

Fmax

(�g/m2-s)

Fmax/50

(�g/m3-s) Equation Used in Model

8SU 3.23E-04 1.8 1.8E+06 0.78 0.7826 0.78 5.81E+02 6.32E+01 0.2 0.004   F = 63.2 u
*
(u

*
2 – u

*t
2)

LV-KfG         Good    

8UD 2.86E-04 2.2 2.2E+06 0.55 0.6544 0.55 6.30E+02 6.86E+01 5.8 0.12   F = 68.6 u
*
(u

*
2 – u

*t
2)

LV-KfG         Good    

UN_SD 1.41E-04 2 2.0E+06 0.42 0.7119 0.42 2.81E+02 3.06E+01 7.1 0.14   F = 30.6 u
*
(u

*
2 – u

*t
2)

LV-KfG         Good    

UN_UD 2.33E-04 2.8 2.8E+06 0.37 0.8094 0.37 6.52E+02 7.10E+01 29.7 0.59  8.50 F = 71.0 u
*
(u

*
2 – u

*t
2)

LV-KfG         Good    
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TABLE F.10  Example Showing How Spike Removal Data Are Processed,
Taken from Site WT 102, Run 3, 9/23/2003, SECC 5SU

Table F.10 shows an example of the data used to estimate the spike-corrected
PM10 flux from wind tunnel site WT 102, emission run 3, dated 9/23/2003.

Data
Duration

(s)
Avg. Conc.

(mg/m3)
Mass
(mg)

Flux
(�g/m2/s)

Whole signal 600 0.376 0.413 360

Spike 301 0.645 0.355 Not applicable

Nonspike 299 0.106 0.058 74.9
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FIGURE F.1  Locations of Portable Wind Tunnel Test Sites within Las Vegas Valley

WT 110
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FIGURE F.2a  Vertical PM10 Soil Flux as Function of the Erosion Friction Velocity Cubed � WEG 2, Stable Disturbed Soil
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Amigo Test Site
WT 104/91
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Amigo Test Site
WT 104/91
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Amigo Test Site
WT 104/91
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FIGURE F.3a  Vertical PM10 Soil Flux as Function of the Erosion Friction Velocity Cubed � WEG 2, Stable Undisturbed Soil
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FIGURE F.3d  Closeup Photo of Tunnel Soil at Sunset Park Wind Tunnel Test Sites WT 79 and 80
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FIGURE F.4a  Vertical PM10 Soil Flux as Function of the Erosion Friction Velocity Cubed � WEG 3, Stable Disturbed Soil



Septem
ber 2004

F
-48

FIGURE F.4b  Ground Surface Photos of Pebble and Cheyenne Wind Tunnel Test Sites WT 81 and 100
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FIGURE F.4c  Aerial Photos of Pebble and Cheyenne Wind Tunnel Test Sites WT 81 and 110

WT 110
WT 81
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FIGURE F.4d  Closeup Photos of Tunnel Soil at Pebble and Cheyenne Wind Tunnel Test Sites WT 81 and 100
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FIGURE F.5a  Vertical PM10 Soil Flux as Function of the Erosion Friction Velocity Cubed � WEG 3, Unstable Disturbed Soil
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FIGURE F.6a  Vertical PM10 Soil Flux as Function of the Erosion Friction Velocity Cubed � WEG 4, Stable Disturbed Soil
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FIGURE F.6b  Aerial Photos of Durango & Alexander and Washington & Buffalo Wind Tunnel Test Sites WT 103 and 84

WT 103
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FIGURE F.6c  Ground Surface Photos of Durango & Alexander and Washington & Buffalo Wind Tunnel Test Sites WT 103 and 84
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FIGURE F.6d  Closeup Photos of Tunnel Soil at Durango & Alexander and Washington & Buffalo Wind Tunnel Test Sites WT 103
and 84
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FIGURE F.7a  Vertical PM10 Soil Flux as Function of the Erosion Friction Velocity Cubed � WEG 4, Stable Undisturbed Soil
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FIGURE F.7b  Aerial Photos of Durango & Alexander and Buffalo-Blue Wind Tunnel Test Sites WT 88 and 99



Septem
ber 2004

F
-61

FIGURE F.7c  Ground Surface Photos of Durango & Alexander and Buffalo-Blue Wind Tunnel Test Sites WT 88 and 99
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FIGURE F.7d  Closeup Photos of Tunnel Soil at Durango & Alexander and Buffalo-Blue Wind Tunnel Test Sites WT 88 and 99
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FIGURE F.8a  Vertical PM10 Soil Flux as Function of the Erosion Friction Velocity Cubed � WEG 6, Unstable Disturbed Soil
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FIGURE F.8b  Aerial Photo of Hollywood Wind Tunnel Test Site WT 105

WT 105
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FIGURE F.8c  Ground Surface Photo of Hollywood Wind Tunnel Test Site WT 105
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FIGURE F.8d  Closeup Photo of Tunnel Soil at Hollywood Wind Tunnel Test Site WT 105
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FIGURE F.9a  Vertical PM10 Soil Flux as Function of the Erosion Friction Velocity Cubed � WEG 6, Stable Disturbed Soil
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FIGURE F.9b  Aerial Photo of Lamb Wind Tunnel Test Site WT 109

WT 109
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FIGURE F.9c  Ground Surface Photo of Lamb Wind Tunnel Test Site WT 109
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FIGURE F.9d  Closeup Photo of Tunnel Soil at Lamb Wind Tunnel Test Site WT 109
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SECC 5SU - Site WT 102 Emission run 3 - 9/23/03 (TSI run # 10)
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FIGURE F.10a  First Example of TSI PM10 Spike Removal (Solid lines/square symbols show portion of
signal judged to be initial spike, and dashed lines/diamonds show portion of signal judged to be steady-
state emission.)
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Log transformed data - SECC 5SU Site WT102 Emission run 3 - 9/23/03 (TSI run # 10)
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FIGURE F.10b  Second Example of TSI PM10 Spike Removal (Solid lines/square symbols show portion of
signal judged to be initial spike, and dashed lines/diamonds show portion of signal judged to be steady-state
emission.)
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Appendix G:

Modeling Domain and Surrogate Ratios

G.1  Supporting EPA Data Layers

A set of data layers provided by the U.S. Environmental Protection Agency (EPA) were
obtained from the site ftp://ftp.epa.gov/EmisInventory/emiss_shp/us2000 in the ESRI Shapefile
format. These geographic information system (GIS) layers covered the full extent of the
Continental United States and were in a Lambert projection that differed from the modeling
projection. To reduce data volume, portions of the layers that extended beyond the large grid
were deleted. The layers were then reprojected to the modeling projection. Figure G.1 shows the
outer, intermediate, and inner modeling domains used in the model simulations.

A total of 18 land-use variables were added to the gridded modeling domain for use as
surrogate ratios in the model. Gridding surrogates are used to spatially allocate emission sources
from a coarse geographic area to the finer grid cells that are used for modeling. There can be
hundreds of unique source categories in an emissions inventory, which is typically developed for
counties, states, or other areas. The exact locations of most major emission sources are known,
and their geographic coordinates are usually contained in the inventory. These sources are usually
are referred to as “major point sources” and include electric utilities and major industrial
facilities. However, other emission sources are estimated for the entire county or some other area
in aggregate, since their exact locations are not included in the modeling inventory. “Surrogates”
are data on human activities or land use that are used to represent more precise locations for
emission source category groups. A gridded surrogate ratio is the ratio of the amount of a
surrogate in a modeling grid cell to the total amount of that surrogate in a county. Grid cell
emissions are calculated by multiplying the cell’s gridded surrogate ratio by the county
emissions.

Table G.1 lists each variable along with its units of measurement, source GIS layer,
feature type, and input data field. In addition, the Federal Information Processing Standards
(FIPS) code for each cell was assigned on the basis of the county in which the cell center
occurred.

G.2  GIS Processing

To determine the value for the surrogate ratio in the grid cells, the polygon and line GIS
layers were combined with the grids by using an intersection and summation process. Initially
this work was done with ESRI ArcView 3.3 GIS software by using the original shapefiles, but
this process was time consuming, and it failed to complete correctly for some of the more
complex polygon layers. Later work was done by using ESRI ArcGIS 8.2 Toolbox functions,
which required that the layers be converted to the coverage GIS data format before processing
could occur.
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FIGURE G.1  Locations and Extents of the Three Modeling Grids
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TABLE G.1  Surrogate Ratio Input Data, Including Variable, Unit of Measure,
Source Layer, Feature Type, and Input Field

Variable Unit of Measure Source GIS Layer Feature Type Input Field

Land area m2 us_lw2k Polygon h2o-code

Water area m2 us_lw2k Polygon h20-code

Rural areaa m2 N/A Polygon N/A

Urban area m2 us_urban Polygon area

Agricultural area m2 us_ag2k Polygon Grid-code

Forested area m2 us_for2k_dis Polygon forest
Major highways m usrds2k_rev Line Length
Urban primary roads m usrds2k_rev Line newrd_clas
Rural primary roads m usrds2k_rev Line newrd_clas
Urban secondary roads m usrds2k_rev Line newrd_clas
Rural secondary roads m usrds2k_rev Line newrd_clas

Railroadsb m us_rail2k Line Length
Airports Count of airports us_air-pt Point N/A

Portsc,d Count of shipping ports us_port2k Point N/A
Total population Count of population pophu2k Polygon total_sample
Housing units Count of housing units pophu2k Polygon hse_units
Urban population Count of population pophu2k Polygon urban
Rural population Count of population pophu2k Polygon rural

FIPS Codee N/A esri\dtl_cnty Polygon fips

a The EPA data layers did not include information on rural areas. Rural areas were estimated by
subtracting urban area and forested area from land area. Negative values were set to 0.

b Railroad lines coded as abandoned were removed.

c Some records were dropped from the us_port2k input layer to eliminate nonshipping ports based on the
function field. Records with functions of "MORNG BRTH," "PASSENGER," and "REPAIR FAC" were
removed.

d The port variable was omitted from the results for the intermediate and small grids because there are no
ports within their extents.

e FIPS codes were derived from the detailed county (dtl-cnty) layer provided with the GIS software.

f N/A = not applicable.

The process in ESRI ArcView 3.3 for a polygon or line layer starts with preparing the
input layer with one or more fields to generate the desired statistic. If the desired statistic is a
count, such as total population, a density field is added and calculated as population per square
meter by dividing the total population by the polygon area. Next, the intersection is performed by
using the geoprocessing extension. This process subdivides the polygons in the input layer with
the polygons in the grid, and it attributes to each subpolygon the fields from both original layers.
The areas of the subpolygons are calculated and then multiplied by the density field to get an
estimate of the count for each subpolygon. Finally, a summary operation is performed by using
the unique ID of the grid as the key field. In this process, the subpolygons making up each grid
cell are merged, and, at the same time, the counts for each subpolygon are summed. This yields a
restored version of the original grid with the counts added.
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The same process can be performed with line input layers, except that the intersection
process splits the lines at the grid cell edges but does not add the grid cell lines to the layer.
Because of this, only a tabular file is created during the summation process, which contains the
unique grid ID and the summary value. To place the values into the grid layer, the summary table
is joined to the grid by using the unique ID to associate the cells with their corresponding
statistics. The joined result can be then saved as a new shapefile.

The processing for point layers is different because the intersection process is not needed.
In ESRI ArcView 3.3, the tables associated with both layers are opened, and the shape fields are
used for a spatial join. The point table is used as the root table, and a point-in-polygon
association is used to link it to the grid cell that encompasses it. Then a summary operation is
performed on the table by using the grid-unique ID as the key value and counting the number of
points for each unique value. As is done for the line layer processing, the new summary table is
joined to the original grid by using the unique ID to associate the cells with their corresponding
statistics. The joined result can be then saved as a new shapefile.

In many cases, there are cells in the grid that have no data for a particular variable.
Examples are when the grid extends into the ocean while the input layer does not, or when no
part of a line or point layer falls under a particular cell. The null values for these cells were set to
zero.

Processing of the more detailed polygon layers in ArcView 3.3 was very slow and
sometimes yielded incomplete and incorrect results. To correct this and reduce computation time,
ESRI ArcGIS 8.2 Toolbox functions were used. This required first converting the input layers
from shapefile to coverage format by using the SHAPEARC, CLEAN, and REGIONPOLY
commands. Then the INTERSECT and STATISTICS functions were used to perform the
intersection and summary operations.

FIPS codes presented yet another special case, since they cannot be summed when a cell
covers portions of two or more counties, and only one code per cell was to be used. For the
processing, it was the county under the cell center that determined the FIPS code for that cell. In
ESRI ArcView 3.3, the cell center coordinates were used to generate a point layer. The table
from the county layer was joined to the point table by using a spatial join. This table then
contained the grid cell ID and the associated FIPS code, and a new layer was produced from it.
An additional problem needed to be solved with regard to the 12-km grid, since the centers of
some cells fell in the ocean. Those cells were manually coded with the FIPS code of the county
that contained the largest part of the cell. Cells fully in the ocean were coded as N/A for their
FIPS codes.

G.2.1  Cross Checking

Since the large, intermediate, and small grids were aligned, it was possible to compare the
results in order to check for processing errors. A 12-km cell in central Las Vegas was used. Each
of the 18 surrogate ratio variables was checked for this location, by summing the 3-by-3 set of
4-km cells and the 9-by-9 set of 1.3-km cells covering the same location. Although there were
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some small differences in the values as a result of rounding, the statistics in the layers were
consistent.

G.2.2  County Totals and Surrogate Ratios

When the 18 variables are used for modeling input, the total emissions for each county
are distributed over the grid extent on the basis of calculated values, by using the ratio of the
cell’s value to the county total. Thus, one more calculation was needed for each of the
18 variables: to total the values on a county-by-county basis by using the FIPS code as the key,
then divide the cell totals by their county totals to get a ratio. These ratios are the surrogate ratios.

For example, the surrogate ratio for total population in 4-km Cell No. 992 is determined
as follows: Cell 992 falls in Clark County, Nevada, which has a FIPS code of 32003. The total
population calculated for that cell is 34,705. The total population calculated for Clark County is
1,311,888. Therefore, that cell contributes 34,705/1,311,888, or 2.6% of the emissions for that
county when related to the total population. Therefore, 0.026 is the total population surrogate
ratio for that cell, which is multiplied by the county total population emission value when that
cell is processed in the model.
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