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Introduction
This report:

1. Explains the methodology and uncertainties behind calculation of fluxes of wind-eroded
PM-10 (emission factors) using wind tunnel measurements carried out by UNLV in 1995
and 1998-1999, and

2. Contains emission factor data developed by UNLYV for unstable (disturbed or weak
covering), stable (undisturbed or strong covering) and stabilized (treated with dust
suppressants) vacant lands. The emission factors presented here were used earlier in
UNLYV’s computations of Valley-wide PM-10 vacant land emissions.

In this report, the wind tunnel volumetric flow rates, PM-10 initiation velocities, erosion
velocities and TSI PM-10 concentrations are converted to PM-10 fluxes (emission
factors) in tons/acre/hour, and PM-10 initiation and erosion velocities extrapolated to z =
10 meters. The 1995 wind tunnel field study sampling locations and sampling methods are
descnbed. Methods used in the 1998-99 wind tunnel dust suppressant study are described
and compared to the 1995 wind tunnel study.

This is the second final report developed for this Clark County Comprehensive Planning-
funded project and the fourth report created for this project. The report dates and titles
are:

January 16, 2001 Estimation of PM-10 vacant land emissions factors for Unstabie,
Stable and Stabilized lands using data from 1995 and 1998-1999
UNLYV wind tunnel studies of vacant and dust-suppressant treated
lands. Second final report.

September 13, 2000 Estimation of Valley-Wide PM-10 emissions using UNLV 1995
wind tunnel-derived emission factors, 1998-1999 emission factors,
revised vacant land classifications, and GIS-based mapping of
vacant lands. Final Report

March 28, 2000 Estimation of Valley-Wide PM-10 Emissions using UNLV 1995
wind tunnel measurements, revised vacant land classifications, and
GIS-based mapping of vacant lands. Supplemental Task:
Estimation of stabilized land PM-10 emissions using data from
1998-1999 UNLV wind tunnel study of PM-10 emissions from
different dust suppressants

February 22, 2000  Estimation of Valley-Wide PM-10 Emissions using UNLV 1995
wind tunnel measurements, revised vacant land classifications, and
GIS-based mapping of vacant lands




This report is divided into 10 sections that, taken together, provide a road map through
the wind tunnel data, from the PM-10 and flow measurements in the field to the statistical
summaries of the emission factor data, classified by wind speed category and major soil

group.

Section 1 provides information about the locations and stability classifications of the 1995
wind tunnel sampling sites, 1995 wind tunnel field test methods, and mass balances. It
also provides a companson of the 1995 test methods to the 1998-1999 test methods, an
uncertainty analysis, the 1995 repeatability study, and flow rate corrections.

Section 2 tabulates the soil group and stability classifications, 10 meter velocities, TSI
measured PM-10 concentrations, and tunnel volumetric flow rates for each 1995 wind
tunnel test run. TSI concentrations and tunnel volumetric flow rates were used to
compute individual, non-spike corrected fluxes in mg/m*/min and ton/acre/hour. The
equations for computing fluxes are presented.

Section 3 tabulates 1995 wind tunnel individual and cumulative spike-corrected fluxes.
The method for correcting PM-10 fluxes for the effects of the initial loose PM-10 “spike”
is presented. Equations for computimg cumulative fluxes and example calculations are
presented. Non-corrected individual flux data from Section 2 are used to compute spike-
corrected individual and cumulative flux data in Section 3.

Section 4 presents the methods for computing individual and cumulative spike masses
from the 1995 study, and tabulates the resulting data. Spike areas presented in Section 3
are used with TSI concentrations and wind tunnel volumetric flow rates from Section 2 to
compute results shown in Section 4.

Section S tabulates 10 meter erosion velocities from Section 2, cumulative flux data from
Section 3 and the cumulative spike data from Section 4 by major soil group and stability
classification. These data are used in Section C to compute emission factors classified by
soil group and wind speed range.

Section A tabulates 10 meter erosion velocities from Section 2, cumulative flux data from
Section 3 and the cumulative spike data from Section 4 by wind speed category for
unstable lands, all soil groups, and presents the calculations of logesmeans and
logostandard deviations for each wind speed range for which data are available.

Section B tabulates 10 meter erosion velocities from Section 2, cumulative flux data from
Section 3 and the cumulative spike data from Section 4 by wind speed category for stable
lands, all soil groups, and presents the calculations of logomeans and log;ostandard
deviations for each wind speed range for which data are available.




Section C presents summaries of the geometric mean emission factors and spike masses
for unstable and stable lands, classified by wind speed range and major soil group. Data
presented in these tables and figures constitute the emission factors that were employed to
compute 1999 Valley-wide PM-10 emission estimates from vacant lands. Data from
Section 5 were used in the computation of these results.

Section D presents statistical summaries of the aerodynamic roughness heights and PM-10
initiation velocities for each major soil group.

Section E presents comprehensive data the 1998-1999 wind tunnel emission factors from
stabilized (treated with dust suppressant), surfaces. Data for each dust suppressant and
test phase (Phase I, August - December, 1998; and Phase II, February - June, 1999), are
presented. Computations of the weighted average fluxes (from 5 and 10 minute runs) and
statistical summaries of the emission factors, averaged over all dust suppressants and
classified by wind speed range, are presented. Plots of emission factor data are presented,
some of which are plotted to the same scale as for stable and unstabie lands, so that the
relative magnitudes of the emission factors can be visually compared for different stability
classifications.




Section 1 - Wind Tunnel Description, Field Methods and Uncertainty Analyses

1-A. Site selection (Table 1 and Figure 1-1)

Wind tunnel sites for the 1995 study were selected to provide uniform coverage in the
urban core of Las Vegas. The approximate distribution of sites across the Valley is shown
relative to major cross streets in Figure 1-1. The 1998-1999 dust suppressant study was
conducted in the long-abandoned sludge beds at the City of Las Vegas Water Pollution
Contro! Facility, located at the east end of Vegas Valley Drive next to Las Vegas Wash.

In the 1995 study, major cross streets and compass direction relative to the nearest
intersection (i.e. North-east corner of Mountain Vista and Gold Dust) were recorded, and
uncorrected global positioning system (GPS) coordinates were determined by a Magellan
hand-held Global Positioning System unit, generalty accurate to +/- 2 seconds of latitude
and longitude (+/- 3 hundredths of a minute, approximately -+/- 50 meters). When near the
intersections of major north-south and east-west streets, the compass location relative to
the intersection (example, north-east corner of Sahara and Walnut for WT006) was
usually recorded. To determine major soil group, site GPS coordinates were manually
mapped onto an enlarged version of the major soil group map from the 1985 Speck and
McKay US Agricultural Research Service soil survey.

Photographs of the site were taken, including an area photograph (nearest landmarks) and
a close-up of the soil surface under the working section of the tunnel. Two digit numeric
site codes were assigned to each tested location. A total of 85 sites were tested in a three-
month period from May 31, 1995 until September 1, 1995.

1-B. Methods for determination of site stability

In 1995, site stability was determined by presence or absence of intact crust, by proportion
of vegetation present (using an average from two 50-foot transects, counting vegetation
every foot), and by evidence of human disturbance (tire tracks, trash, litter, evidence of
recent earthmoving). Additionally, a surface soil sample was collected and subjected to
conventional ASTM sieve analysis. Vegetation coverage and ASTM soil particle size
distributions are available, but are not provided in this report.

Since the 1995 study was completed, new procedures for determination of stability of
vacant lands have been proposed and adopted by ordinances or rules in Maricopa County,
Arizona and by Clark County, Nevada. In late 1999, Clark County requested that the
stability of the 1995 wind tunnel sites be re-evaluated using 1995 close up (generally from
a distance of 2 feet) site photographs (most of which showed sheltering elements, rocks
and cobbles) and the proposed Maricopa/Clark County rules. The 1995 site photos were
evaluated by the 1999 UNLYV field crew (which had been performing field stability
classifications under the proposed Maricopa County rules) as to whether or not they
would pass ball drop and threshold friction velocity (TFV) tests. The result of this re-
estimation using the Maricopa/Clark County rules converted three 1995 “unstable” site
designations to “stable,” at Wind tunnel sites, WT058, WT059 and WT060. All other
1995 site stability designations were unchanged.




Table 1 contains 1995 test date, site cross street and compass comer locations, GPS
coordinates, stability classification and major soil group information, sorted by Wind
tunnel site designation. Stability designations are shown as a 1 (unstable) or O (stable) in
Table 1.

1-C. Spatial and temporal variability field studies (Table 1A)

Several locations tested early in the summer season were visited later in the season in an
attempt to determine temporal and small scale spatial variability. During the late season
visit, the wind tunnel was operated at a location adjacent to the early season site visit
(excavation of earth for sealing the tunnel flaps to the soil surface made it difficult to re-
position the tunnel at exactly the same location. Because the tunnel was not run in exactly
the same location, the late-season site revisits were given a new two-digit designation.
One unstable site, WT031, was tested over a 6-day period at eight different locations
(WTO031-A through WTG31-H) on a small lot on the east site of the Las Vegas Valley in
an attempt to determine small-scale spatial variability. A concordance of early and late
season site visits is shown in Table 1A.

1-D. Description of Wind Tunnel (Figures 1-2 and 1-3)

The UNLV-CCHD wind tunnel used in the 1995 field study and the 1998-99 dust
suppressant study is a modification of the draw-through design developed by Duane Ono
at Great Basin Unified Air Poltution Control District, Bishop, California. Modifications in
the UNLYV tunnel include a 6 inch diameter working section instead of 4 inch section,
addition of a TSI Dust-Trak"™ PM-10 monitor in the riser section, use of heavy gauge
plastic flaps and soil or draft tubes to seal the tunnel to the surface instead of sharp metal
runners, and use of a rear air bypass to control averaging flow instead of a venturi and an
electronic motor speed controller. Major components of the tunnel are shown
schematically in Figure 1-2. Wind tunnel processes are diagrammed in Figure 1-3.

The working section of the tunnel is 6.00 inches wide x 6.00 inches high x 60 inches long.
Additionally, not shown in the figure, there is a 60-inch long flow-conditioning section
installed ahead of the working section of tunnel with a honeycomb flow diffuser at the
front end, giving incoming air 10 diameters to develop a turbulent profile before it passes
into the tunnel working section.

The working section is sealed to the soil surface with 3-inch wide heavy gauge flexible
PVC flaps. In 1995, the flaps were sealed to the surface with soil and rock excavated
from the site being tested. In 1998-1999, to allow measurement of much lower fluxes on
stabilized surfaces treated with dust suppressants, the flaps were sealed to the surface with
closed cell foam and 2-inch diameter 6 foot long cloth draft tubes filled with sand.

A Dwyer 90-degree pitot tube (labeled “profiling pitot tube” in Figure 1-2) is located in
the working section, 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(r) pressure gauges, one reading from 0.00 to 0.20 inches of
water, and the other reading from 0.00 to 1.00 inches of water.

As air passes through the working section of the tunnel, it entrains particulates from the
soil surface (Figure 1-3), and the particulates are conveyed in the air flow through the
working section to the divergence section. The expansion section contains a front bypass
atr inlet, located on the top of the section. The size of the front bypass opening is
controlled by a sliding damper. The purpose of this front bypass air inlet is to control the
volumetric flow rate of air in the working section, and thus control the erosion velocity.
Air flow rate 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 expansion section is connected to a rectangular metallic box cailed the elutriation
chamber (Figure 1-2). As air flow enters the elutriation chamber and slows down, the
chamber captures particles with diameters greater than 70 microns physical diameter
(Figure 1-3). A door at the back of the elutriation chamber allows it to be cleaned after
each wind tunnel run.

Air flow leaves the elutriation chamber through a 6-inch diameter PVC pipe section, called
the riser (Figure 1-2). Air velocity in the riser is generally sufficient to suspend soil
particles with physical diameters less than 70 microns (Figure 1-3).

As air proceeds up the riser, a small sample is pulled off by the TSI Dust-Trak PM-10
monitor. The Dust-Trak(r) measures PM-10 concentrations in the range 0.000 to 19.99
mg/m’. The instrument uses attenuation of a laser diode light beam to estimate PM-10
concentration. Air is drawn into the unit at a fixed rate of 1.70 liters per minute by a
positive displacement pump, and passes through a built-in cyclonic separator (50%
aerodynamic cut size, 10 microns) 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 manufacturer (TSI) recommends annual servicing and recalibration.
UNLV’s first unit (Unit A) was acquired in the Spring of 1995, and was used during the
summer 1995 study with its original factory calibration. Prior to the start of the 1998-1999
wind tunnel study, Unit A was shipped to the factory for calibration. A second TSI Dust-
Trak", Unit B, acquired in 1999, was employed at the end of the 1998-1999 study, when
Unit A was returned to the factory for calibration.

After passing the TSI sampling port, particle-laden air in the riser makes a 90-degree turn
and passes by the sampling orifice of the cyclone, filter, venturi and fan system (Figure 1-
2). The venturi, fan motor and filter housing, from a standard General Metal Works PM-
10 atmospheric sampler, is equipped with a venturi orifice designed to choke air flow
through sonic velocity, and thus make air flow independent of temperature and pressure.
Design flow rate is 40 cubic feet per minute. The cyclone was built by UNLYV to have a
50% physical cut size of 6.5 m;crons for approximately spherical particulates of density
approximately 2.5 grams/cm’. This physical diameter corresponds to an aerodynamic




diameter of 10 microns for particles of density 1.0 gram/cm’ for particles settling in
Stokesian flow. After passing through the cyclone, air is drawn through a glass fiber filter
for particle trapping before exhaust to the atmosphere (Figure 1-3).

After passing the cyclone orifice, the remaining flow proceeds through a reducing
coupling into a 4-inch diameter flexible tube, and then enters the velocity box (Figure 1-2).
The velocity box is a 6-foot long 4-inch diameter PVC pipe that is used for measurement
of the total volumetric flow rate in the wind tunnel. A Dwyer averaging pitot tube is
located 40 inches (10 diameters) downstream of the entrance to the velocity box.

Pressure drop across this pitot tube is measured by a Dwyer solid-state pressure logger
with a range of 0.00-9.99 inches of water, a resolution of 0.01 inches of water, and an
accuracy of 2%.

After passing the averaging pitot tube, flow enters the rear-bypass air inlet (Figures 1-2
and 1-3) . The rear by-pass air inlet is adjusted to give a specified pressure drop in the
averaging pitot tube, so that the flow sampling at the TSI and the cyclone is nearly
isokinetic. Typical pressure drop values were usually in the range of 3.00-3.30 inches of
water.

After leaving the rear bypass, air is drawn into the fan section and exhausted from the
system (Figures 1-2 and 1-3). The Dayton 10 5/8” diameter fan is powered by a 1
horsepower Dayton electric motor, turning approximately 3000 rpm. At field sites, the
electric motor is powered by a 5 horsepower portable AC generator.

1-E. Wind Tunnel Air flow balance (Figures 1-4 and 1-5)

Intakes and withdrawals of air in the wind tunnel are graphically depicted in Figure 1-4.
Air is drawn into the wind tunnel at 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 liters/minute by the TSI Dust-Trak®. A 40 cfmn sample is then
withdrawn from riser by the sampling tube connected to the cyclone, filter, venturi and
filter fan subsystem. The flow then proceeds down the flexible PVC tube to the velocity
box, where it is measured by the averaging pitot tube, and then blended with air from the
rear bypass air inlet before entering the fan and being exhausted from the system.

Assuming negligible air density changes in the tunnel, air mass flow rate balances can be
converted into air volumetric flow rate balances. The corresponding volumetric air flow
balance equations are shown in Figure 1-5. The key result is equation g, 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,

(Equation 1-5g) Qdil + Qwork = Qavg + Qcyc

where;




Qdil is the flow rate entering at the front bypass air inlet

Qwork is the flow rate entering through the working section of the tunnel
Qavg is the flow rate measured by the averaging pitot tube in the velocity box
Qcyc is the known flow rate passing through the venturi in the cyclone-filter set.

This relationship will be used in section F to estimate flux rates from the soil surface.
1-F. Wind tunnel PM-10 mass balance and PM-10 flux calculation

Intakes and withdrawals of particulates are graphically depicted in Figure 1-6. The
corresponding mass balance equations are shown in Figure 1-7. The term “mdot” in
Figures 1-6 and 1-7 corresponds to a particulate mass flow rate in the system.

The purpose of Figure 1-7 is to lead the reader through the mathematics of the derivation
of the PM-10 mass fiow rate (shown as mdotsoil) from the soil surface in the tunnel
working section. PM-10 mass balances and air flow balances from Figure 1-5 are used to
develop am equation that estimates PM-10 flux rate from the soil surface in terms of
known or measured guantities.

Figure 1-7, equation p shows the key relationship that is derived from the mass balance:

(Equation 1-7p) fluxsoil = [(Qavg + Qcyc) x (Crise - Cbak)] / [Tunnel fioor area)

where:

fluxsoil is mass rate per unit area of PM-10 eroded from the soil surface in units of
mass/area/time, generally milligrams per square meter per minute and tons
per acre per hour.

Qavg is the flow rate measured by the averaging pitot tube in the velocity box

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

Crise is the PM-10 concentration measured by the TSI Dust-Trak™ in the tunnel
riser

Cbak is the PM-10 atmospheric background concentration, typically assumed to
be 20 or 30 pg/m’

Tunnel floor area is the exposed area under the working section of the tunnel, 2.5 ft?

Measured, known or assumed quantities from each wind tunnel run are substituted into 1-

7p to compute the wind tunnel flux. An example calculation of the flux is shown in Figure
1-8.




Fluxes computed using this methodology are tabulated in Section 2 of this report. These
fluxes are not corrected for the initial “spike” of loose PM-10 that was recorded by the
TSI Dust Trak” in many of the wind tunnel field study runs.

Spike corrections are computed and explained in Section 3 of this report.
1-G. Wind Tunnel Test procedure - 1995 field study

The wind tunnel was transported disassembled in the back of a medium size (Dodge
Dakota) pick-up truck, and assembled at each site. A flat area at least 15 feet long x 5
feet wide was needed for assembly of four rigidiy-connected units, the 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. Soil was excavated
from locations outside of the tunnel working section with hand trowels and shovels and
deposited in a 2-3 inch thick layer on the flexible plastic flaps to form a sea!l to the surface.

After assembly, the ambient barometric pressure, atmospheric temperature and relative
humidity were recorded, and the pressure gauges were zeroed. The rear bypass air inlet
was set to measure a pressure drop of 3.20 inches of water to give a riser section flow
velocity that was nearly isokinetic with the flow velocities of the cyclone and TSI Dust-
Trak(r) sampling ports.

The TSI Dust-Trak™ was turned on and set to measure instantaneous PM-10
concentration, with no logging of data to memory. The tunnel fans were turned on and the
damper on the front bypass air inlet was closed until & “spike” of PM-10 exceeding 1
mg/m’ was observed on the TSI display. Damper position was fixed at this point, and the
velocity profile over the soil surface was determined by the profiling pitot tube. The
tunnel fans were then tumned off and the front bypass air inlet was opened all the way.

Barometric pressure, air temperature, and profiling pitot pressure drop data were entered
into a Quick-BASIC® computer program on a laptop computer to determine the
aerodynamic roughness and a corresponding set of pitot tube centerline pressure drops
that would correspond to a range of three or four 10-meter erosion velocities.

For the first wind tunnel run, the TSI Dust-Trak(r) was then set to datalogging 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-meter erosion velocity. At this
point, the Dust-Trak was set to begin recording one PM-10 concentration each second for
10 minutes.

The TSI display would blank at the end of the 10-minute period, and the tunnel fans were
turned off. Dust captured in the elutriation chamber and cyclone was brushed into new,
preweighed zip-lock plastic bags, and the glass fiber filter was changed. The tunnel was
reassembled, and the sampling repeated in exactly the same location, at a higher indicated




wind speed. For the first 49 wind tunnel sites (WT001 through WT049), the goal was to
conduct three sampling runs per location at progressively higher wind-speeds. For sites
WTO0S50 through WTO078, this was changed to four runs per location. at the request of
Clark County Health District.

Samples collected in the elutriation chamber were brushed into clean, plastic bags at the
end of each run and returned to the laboratory for weighing. Weight changes were
determined in a Sargent-Welch electronic analytical balance with resolution of +/- 0.1
milligram (mg). These data are available, and were reported in the UNLV M.S. thesis by
Joe Alvin Haun, but are not reported in this study.

Samples collected in the cyclone were brushed into clean, plastic bags at the end of each
run and retumed to the laboratory for weighing. Weight changes were determined in a
Sargent-Welch electronic analytical balance with resolution of +/- 0.1 milligram (mg).
These data are available, and were reported in the UNLV M.S. thesis by Joe Alvin Haun,
but are not reported in this study.

Glass fiber filters were pre-conditioned in a constant relative humidity chamber, weighed,
sealed flat in large plastic ziplock bags, handled with latex gloves when instailed and
removed from the PM-10 filter mount in the field. After sampling, they were returned to
the lab and reconditioned to the same relative humidity and temperature, and then
reweighed. Filter weights were determined to +/- 0.1 milligram in a Sargent-Welch
electronic balance. Experience in both the 1995 and 1998-99 wind tunnel studies showed
that, unless an unusually high PM-10 concentration was eroded from the soil surface, 10
minute wind tunnel sampling runs were of insufficient duration to obtain a detectable
weight change on the glass fiber filters. For this reason, TSI Dust-Trak PM-10 data are
the only values reported in this study. PM-10 filter data are available, and were reported
in the UNLV M.S. thesis by Joe Alvin Haun.

1-H. Variations in wind tunnel field test methods and flux calculations for the 1998-
1999 dust suppressant study

Changes in sampling techniques developed for the 1998-1999 dust suppressant study are
described in this subsection.

1) Surface seals

In the 1995 study, soil was excavated from locations outside of the tunnel working section
with hand trowels and shovels and deposited in a 2-3 inch thick layer on the flexible plastic
flaps to form a seal to the surface. In the 1998-1999 study, this approach was not found
to work on the dust-suppressant-treated surfaces, as good surface seals could not be made
with some of the crusted suppressant material, and cleaner sampling techniques were
required. Instead, the tunnel flaps were placed on pad of flexible closed cell foam, and
weighed down with 6-foot long, 3-inch diameter cloth tubes filled with sand.




2) Determination of aerodynamic roughness and velocity profile

During the 1995 study, PM-10 eroded in during first three minutes of low-velocity
operation of the tunnel, was assumed to be small relative to the reservoir on the surface,
and other than observing the first exceedance over 1 mg/m3, was not recorded by the TSI
Dust-Trak™. During the 1998-1999 dust suppressant study, it became apparent that the
PM-10 reservoir on dust suppressant-treated surfaces was very limited, and the first three
minutes operation during velocity profile determination was significantly depleting the
reservoir. A revised sampling procedure was developed as a result of this realization.

The TSI Dust-Trak™ was set to record PM-10 concentrations for a fixed period of five
{5) minutes during the velocity profile determination. The tunnel was set to operate at a
fixed centerline profiling pitot pressure drop during this initial 5-minute run. During this
initial run, the velocity profile was measured and the fans and TSI were shut off exactly 5
minutes after they were started.

The aerodynamic roughness and corresponding wind velocity at 10 meters were then
calculated with the Quick-BASIC computer program. Then tunnel fans were then
restarted, and tunnel was operated at exactly the same damper opening as in the 5 minute
run, while the TSI logged PM-10 for 10 minutes. At the conclusion of the 10 minute run,
the elutriation chamber and cyclone contents were swept into plastic bags, and the glass
fiber filter was changed.

Fluxes obtained during the 1998-1999 sampling were then computed as a weighted
average of the 5 minute (weight 1/3)and 10 minute (weight 2/3) runs.

3) Flux (emission factor) calculations

As discussed above, the wind tunnel was operated only one time in each place during the
1998-1999 dust suppressant testing study. In contrast, during the 1995 wind tunnel field
study, the wind tunnel was operated for three or four times in each place at progressively
increasing wind speeds, and cumulative fluxes were computed (see Sections 3 and 4 of
this report for the computational methodology.

As a result, the flux values from Stabilized surfaces treated with dust suppressants are not
cumuiative, and the 1995 flux values from Unstable and Stable surfaces are reported as
cumulative results.

There should be little effect of this difference 1n data processing at lower wind speeds (<
30 mph), where most of the 1995 fluxes are reported for run 1, and are, not cumulative.

4) Site sampling protocols

Since the dust suppressant-treated surfaces generally had very low reservoirs of PM-10, it
was found after a few tests that multiple runs in one location at progressively higher wind

speeds did not produce additional PM-10. The first 15 minutes of operation (5 minute run
+ 10 minute run) significantly depleted the treated surfaces of PM-10. As result, the




tunnel was operated for only one run (a “run” being the 5 minute velocity profile
determination followed by the 10 minute erosion experiment) in each location. The tunnel
was moved to a different location for a subsequent run.

In Phase I, to assess effects of weathering, the tunnel was moved from one treated
surfaced to another after one run on each surface. With a set of 10 treatments, and a
productivity of 2-3 runs per day, each surface was revisited generally about once every 7-
10 days. See Section E, Tables E12 through E.22 for Phase I sampling dates for each
suppressant.

In Phase II, to assess spatial variability of PM-10 on each surface as the surface
weathered, the tunnel was moved from one location to another on the same treated
surface until a set of about 5 runs had been completed, and then moved to the next
surface. Each treated surface was visited about three times during Phase II. See Section
E, Tables E.2 through E.11, for Phase II sampling dates for each suppressant.

Wind tunnel testing during each 1998-1999 dust suppressant testing Phase took place over
a four to five month period, with many visits to the same locations. During the 1995 field
study, wind tunnel testing took place over a three month period, with very few visits to the
same locations.

The following table summarizes differences between the 1995 field study and the 1998-
1999 dust suppressant study

Feature 1995 field study 1998-1999 study
Surface seals Site soil directly on flaps open cell foam under flaps
sand filled tubes over flaps
Aero roughness 3 minute, not logged by 5 minutes, logged by TSI
Velocity profile TSI used in flux calculations
PM-10 spike damper closed until too littie PM-10
velocity spike observed not performed
Repeat runs Yes, three or four No, only one per test
in one place location
Emission factors Computed directly Weighted average of
from 10 minute runs 5 and 10 minute runs
Emission factors Cumulative at higher Not cumulative
wind speeds, accounting Few runs > 30 mph

for earlier runs in same
place. Many runs > 30 mph




1-L. Uncertainty analysis of wind tunnel measurements

A complete uncertainty analysis of wind tunnel measurements was developed for this
report. Uncertainties for derived quantities were determined as the square root of the
sum of the squares of uncertainties of directly measured values, using the following
formula.

For a quantity, X, that is a function of parameters A, B, C . . .

La) wX = { [(BX/BAWAP + [(6X/5BwB)]® + [(6X/BCWC) +. . . 3

where S5X/8A, 6X/5B, 8X/8C , etc. represent the partial derivatives of X with
respect to A, B, C, etc. respectively, and

wA, wB, wC, etc., represent the experimental uncertainties of the
parameters 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.

For example, for computation of gas density, p =[P MW]/[R T]

18  wp={ [(Bp/SPIWPT + [(Bp/SMW)WMW)]* + [(Bp/SRWR)T? + [Gp/STIWT)T } 1
When the partial derivatives are symbolically determined and substituted into the equation,
and the result is divided by the formula for p, the following symbolic relationship for
relative uncertainty is obtained:

Lc)  wplp ={ [wP/P] + [wMW / MW]* + [-wR/R}] + [-WT/T)]* }'?

Values of P, MW, R and T, and values of the uncertaintiecs wP, wMW, wR, and wT, may
be substituted into equation L.c to compute the relative uncertainty of gas density. For
example, for

P =0.920 atm uncertainty, wP = 0.00167 atm

(from P =27.53 inches Hg, uncertainty, wP = 0.05 in Hg)

MW = 28.9 g/gmole uncertainty, wMW = 0.2 g/gmole

R = 0.08206 atm-L/mole/’K uncertainty, wR = 0.0001 atm-L/mole/’K
T=294°K uncertainty, wT = 0.55 °K

wp/p = { [0.00167 / .920F + [0.2 /28.9F + [-.0001/.08206} + [-.55/294)]* }'*
wplp = {562x10°}? = 7.50x107

and  p=[(0.92) (28.9)]/ [ (0.08206) (294) ] = 1.100 kg/m’,

giving wp = 7.50 x 10° x 1.100 kg/m* = 0.008 kg/m’.




In this study, uncertainties were computed for gas density, centerline velocity, 10-meter
velocity, averaging pitot velocity and tunnel volumetric flow rate, and PM-10 flux.

Tables 1B through 1E present uncertainty results for quantities used in determination of
the PM-10 emission factors

Table Parameter Estimated relative uncertainty
Worst case Best case

1B air density no data 0.75%

1C centerline velocity 13% 4%

1C 10 meter velocity 17% 12%

1D tunnel volumetric flow rate 6% 4%

1E tunnel floor area no data 0.50%

1E others see Table 1E and Tables 1F and 1G

1F PM-10 flux - low riser flow uncert 71% 7%

1G PM-10 flux - high riser flow uncert 71% 10%

Tables IF and 1G present uncertainty results for PM-10 emission factors (flux in
ton/acre/hr) for several combinations of riser flow uncertainty and PM-10 concentration.

When the relative uncertainty of riser flow rate is low (4%), and with PM-10 background
uncertainty of 10 pg/m’, the following emission factor uncertainty results are obtained.
Corresponding combinations displayed in Table 1F are underlined. * = not physically real.

Riser PM-10 concentration 40 200 1000
Riser PM-10 uncertainty pg/m’ pg/m’ pg/m’
2 ug/m’ 51% 7% 4%
6 pg/m’ 58% 8% 4%
10 pg/m’ 71% % 4%
20 ug/m’ 112% 13% 5%
50  pg/m’ . 29% 7%
100 pg/m’ * 56% 11%
200 pg/m’ . . 21%

When the relative uncertainty of riser flow rate is high (9%), with a PM-10 background
uncertainty of 10 ug/m’, the following emission factor uncertainty results are obtained.
Corresponding combinations displayed in Table 1G are underlined. * = not physically real.

Riser PM-10 concentration 40 200 1000
Riser PM-10 uncertainty pg/m’ ng/m’ pg/m’
2 pg/m’ 52% 11% %
6 ug/m’ 59% 11% %
10 pg/m’ 71% 12% A
20 pgm’ 112% 15% %
50 pg/m’ y 30% 10%
100 pg/m’ * 57% 14%

200  ug/m’ * * 22%




The above tables show that flux (emission factor) relative uncertainties tend to plateau at
the riser flow rate uncertainty for conditions where the relative uncertainty in PM-10 riser
concentration is small (low fluctuations and a high average PM-10 concentration). This
corresponds to physical conditions where the stochastic fluctuations in the TSI-measured
PM-10 signal are small.

Relative uncertainties in flux estimates are highest for conditions where the riser PM-10
concentration is low and uncertainties in riser and background PM-10 concentrations are
high. Physically, this corresponds to occasions when the tunnel is measuring fluxes from
stabilized surfaces that generate low amounts of PM-10.

1-J. 1995 repeatability study

In late 1995, a repeatability study was conducted with the portable wind tunnel in an effort
to estimate the inherent variability of its particulate measurements.

About cubic feet of soil were collected in five 5-gallon plastic buckets from WT078, an
unstable site with one of the highest measured PM-10 production rates, located on the
east side of the Las Vegas Valley near the intersection of Mountain Vista and Gold Dust.
Bucket contents were thoroughly mixed prior to application.

A one-inch thick, one foot wide, eight foot 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-foot high wall. The top surface was smoothed with flat
cardboard, and then indented with about 1/8” of surface relief with corrugated cardboard.
The cardboard was removed and the portable wind tunnel was placed on the soil, with the
flaps sealed to the surface with more soil from the site. The wind tunnel was operated at a
fixed flow rate, and PM-10 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). Results of these eight controlled are shown in Table
1H.

The average TSI PM-10 mass collected was 46.2 ug, with a standard deviation of 21.0 ug,
giving a coefficient of variation (CV) of 21.0/46.2 = 0.45, or 45%, for an average riser
concentration of 2.72 mg/m’ (2,720 pg/m’). This CV was lower than for the other
collected size fractions, but higher than the theoretical uncertainty estimated for single
measurements of high riser PM-10 concentrations in Tables 1F and 1G.




1-K. Flow calculation error in original 1995 data

Average wind tunnel flows for each 1995 run were re-computed in late 1999 for this
study. This occurred because a flow calculation error was uncovered in the summer of
1998 during a refit of the portable wind tunnel for the 1998-1999 dust suppressant study.
The source of the calculation error was incorrect interpretation by UNLV of units for a
pitot tube constant in a manufacturer-supplied guidance document for use of the averaging
pitot tube. The averaging pitot tube was used to calculate average volumetric flow
through the wind tunnel, and average volumetric flow is used to calculate PM-10 fluxes
from the tested soil surfaces.

Use of corrected units for the pitot tube constant reduced computed flow rates by a factor
of about 3, and correspondingly reduced computed fluxes by a factor of about 3. Upon
discovery of the calculation error, all 1995 fluxes were recalculated in late 1999 and early
2000.

Only the correct, recalculated average tunnel flows and recalculated fluxes are reported in
this document. Flux rates reported by UNLV to Clark County in 1996, and used in the
Clark County 1996 PM-10 SIP, were too high by a factor of about two to three. Data in
this report reflect the use of the correct, recalculated average flow rate, and emission
factors in this report supersede emission factors reported by UNLV in 1996.
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Table 1A - Index of repeat sites - 1995 wind tunnel field study

Cross street location Early season date & site # Late season date & site #
(before 7/15/95) (after 7/15/95)
Cameron & Harmon 6/21/95 WTO016 7/27/95 WTO054
7/27/95  WTO055
Carey & Revere 6/21/95 WTO15 7/24/95 < WTO048
7/24/95  WT049
Carey & Simmons - unstable 6/26/95 WTO020 7/26/95  WTO0353
Carey & Simmons - stable 7/25/95 WTO0S1

7/25/95  WTO052

Craig & Losee 6/9/95 WT007 8/2/95 WTO061
8/2/95 WTO062
8/2/95 WTO063

Hollywood & Bonanza 711195 WTO033 8/4/95 WTO064
8/3/95 WTO065

Martin Luther King & Alta 6/28/95 WTO024 7/31/95 WTO058
8/1/95 WTO059
8/1/95 WTO060

North Las Vegas Post Office 7/28/95 WTO056
7/28/95  WTO057

Racetrack & Powerline 6/30/95 WTO028 8/3/95 WT066
8/3/95 WTO067

Washington & Bledsoe 7/5/95 WT-031A
7/5/95 WT-031B
7/5/95 WT-031C
7/6/95 WT-031D
/7195 WT-031E
7/10/95  WT-031F
7/10/95 WT-031G
7/10/95 WT-031H
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Figure 1-1

Approximate major cross street locations of 1995 Wind tunnel test

sites Clark County, Nevada.

I 32.33.3&,35.36,37.3@
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Figure 1-7 - 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 x Cbak

e) mdotdil = Qdil x Cbak

f) mdotrise = Qrise x Crise

Measured, assumed or known:

Crise Measured with TS1 Dust Trak(r)
Cbak Assumed 20 or 30 ug/m3, or measured with TS| Dust Trak(r)
Tunnel floor area 0.5 ft wide x S5ftlong = 2.5 fir2

Derived equations:
g) from ¢, mdotsoil = mdotrise - {(mdotdil + mdotbak)

h) from d&e, mdotdil + mdotbak = {Qdii+Qwork) x Cbak
i} from Figure 1-5, equation g, Qdil+Qwork = Qavg + Qcyc
J) substitute1intohand hinto g
to obtain mdotsoil = mdotrise - (Qavg+Qcyc) x Cbak
k) by ¢, mdotrise = Qrise x Crise
I) by Figure 1-5, equation d, Qrise = Qavg + Qcyc
m) therefore, mdotrise = (Qavg + Qcyc) x Crise
n) therefore, mdotsoil = (Qavg+Qcyc) x [Crise - Cbak]

0) fluxsoil = mdotsoil / Tunnel floor area

p) therefore, fluxsoil = [(Qavg+Qcyc)x{Crise-Cbak)] / [Tunnel floor area]
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Section 2 - 1995 wind tunnel field data and uncorrected flux calculations.

Table 2 contains the following data, sorted by Wind tunnel site designation:

1) Date at which each site was sampled.

2) Wind tunnel site designation, listed as WTOxx, where xx is a two-digit site number.
3) Major soil group.

4) Wind tunnel run number at each site.

5) Duration of PM-10 logging event, in minutes. Each event was 600 seconds (10
minutes) long. Logging frequency and run duration were programmed into the Dust-
Trak®. The Dust-Trak" measured and recorded PM-10 concentrations every second. The
TSI shut-off automatically after 600 seconds of monitoring.

6) Erosion velocity extrapolated to z = 10 meters above the surface (shown as U10).

7) Wind tunnei site stability classification, with O = Stable, and 1 = Unstable.

8) Average PM-10 concentration measured by the TSI Dust-Trak® during the 10 minute
sampling run.

9) Average volumetric flow rate measured through the averaging section of the tunnel
(Qactual), measured with a Dwyer averaging pitot tube.

10) Individual, non spike-corrected flux in milligrams per square meter per minute
(mg)/(m*-min). This uncorrected flux is computed using the following equation:

PM-10 flux = [(average measured PM-10 concentration) - (assumed background PM-10
concentration)] x [(average flow rate) + (cyclone flow rate) / (tunnel floor area)

A PM-10 background concentration of 0.030 mg/m’® (30 pg/m*)was assumed for all runs.

For example, using data from WT002, run 1, with an average PM-10 concentration of
0.157 mg/m’, and a flow rate of 431.1 fi*/min, the calculated result is:

PM-10 flux = [(0.157 mg/m") - (0.030 mg/m*)] x [(431.1 ft*/min) + (40 ft*/min)] / (2.500
ft%) = 23.93 (mg-ft)/ (m”-min) x (0.305 meter/foot) = 7.30 mg / (m’~min).

11) Individual non spike-corrected flux, converted to ton/acre/hour. The conversion factor
from mg/m®/min to ton/acre/hour is 2.206 x 10" Ib/mg x 0.0005 ton/Ib x 4047 m*/acre x
60 min/hour = 2.68 x 10™ (ton/acre/hr) / (mg/m?*/min). For WT002, run 1, this results in:
7.30 (mg /m*/min) x 2.68x10™ (ton/acre/hr)/(mg/m*/min) = 1,95 x 10 ton/acre/hour.
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Section 3 - 1995 wind tunnel spike-corrected individual and cumulative fluxes
Table 3 contains the following data:

1) Fractional spike area, computed as the proportion of the area under the curve that can
be attributed to the initial “spike” of loose PM-10. This proportion of area is graphically
displayed as the dark portion of the line on the left side of the plot in Figure 3-1. It was
computed using a Turbo-Pascal® program that processed the data files, computing the
area under the spike portion of the curve, the total area under the curve, and then
calculated the ratio of the spike area to the total area.

2) Individual, not spike-corrected flux, from Table 2.
3) Fractional area, not spike, computed as (I - fractional spike area)

4) Individual spike-corrected flux, computed as (fractional area, not spike) x (Individual,
not spike corrected flux)

5) Cumulative flux, spike-corrected = running sum of spike-corrected fluxes over the
several runs at each wind tunnel test site.

6) For Exampte, using data from WT002, runs 1 and 2

Run 1 Fractional area, not spike = 1 - 0.178 = 0.822.
Individua! flux, spike-corrected = 0.822 x 1.95x10” = 1.61 x 10 ton/acre/hour

Run 2 Fractional area, not sptke = 1 - 0.602 = 0,398,
Individual flux, spike-corrected = 0.398 x 7.22x10” = 2.87 x 10” ton/acre/hour

Cumulative spike-corrected flux, un 2 =
individual flux, run 1 + individual flux, run 2 =
1.61 x 107 ton/acre/hour + 2.87 x 10™ ton/acre/hour = 4.48 x 10° ton/acre/hour

Cumulative spike-corrected flux, run 3 =
individual flux, run 3 + cumulative flux, run2 =
1.50 x 10° ton/acre/hour + 4.48 x 107 ton/acre/hour = 5.98 x 107 ton/acre/hour

7) Blanks in Table 3 indicate runs for which 600 data point TSI files, needed for
computation of spike area, were not available. Some files were corrupted or lost after
download from the TSI Dust-Trak®™. Spike corrected individual and cumulative fluxes are
presented in Table 3 for ail wind tunnel runs for which TSI data files are available.
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Section 4 - 1995 Wind tunnel individual and cumulative spike masses
Spike masses were computed by the following procedure:

1) The TSI Dust -Trak™ logging software computes an average PM-10 concentration
sampled during each 600 second run.

2) The average flow rate in the riser section of the tunnel was computed as

(flow from averaging pitot tube data, cfm) - (cyclone flow, cfm). The cyclone flow,
choked through a venturi, was 40 cfm for all runs.

3) The total PM-10 mass passing through the riser during the sampling period is
PM-10 mass = (average riser flow rate) x (PM-10 riser concentration) x (run duration)
4) For each 600 second run, the proportion of the total signal area that corresponded to
the initial “spike” of loose PM-10 was computed using a Turbo-Pascal™ computer
program. Figure 3-1 depicts this spike area as the dark line on the left side of the plot. This
proportion of spike area is presented in Table 4 in the column iabeled as Aspike/Atotal.
5) The PM-10 spike mass per unit area for each run was computed as

PM-10 spike mass = (PM-10 mass) x (Aspike/Atotal) / (tunnel floor area)

and converted from mg/f’ to ton/acre using 4.797x10°* (ton/acre) / (mg/ft%)

6) The cumulative spike masses were computed by summing spike masses from preceding
runs at each site.

- For example, using data from WT002, runs 1 and 2

Run 1 PM-10 spike mass = (0.157 mg/m’ x 12.21 m*/min x 10 min) x (0.178) / 2.5 fi*=
1.37 mg/ft® x (4.797 x 10” [ton/acre}/[mg/ft*} ) = 6.56x10”° ton/acre

Run 2 PM-10 spike mass = (0.499 mg/m’ x 12.21 m*/min x 10 min) x (0.602) / 2.5 f* =
14.66 mg/ft’ x (4.797 x 10”* [ton/acre] / [mg/ft*] ) = 7.03 x 10 ton/acre

The cumulative spike mass, the amount of loose PM-10 assumed to come off if the first
wind tunnel run had started at the higher wind speed of Run 2, is the sum of the two spike
masses for Runs 1 and 2.

Cumulative spike mass = 0.656 x 10™ + 7.03 x 10™ = 7.69 x 10™ ton/acre

7) Blanks in Table 4 indicate runs for which 600 data point TSI data files were not
available. Some files were corrupted or lost after download from the TSI Dust-Trak™,
Spike mass data are presented in Table 4 for all runs for which TSI data files are available.
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Section 5 - 1995 Stable and Unstable cumulative fluxes and spike masses

The tables in this section represent a consolidation of the results presented in Sections 3
(fluxes) and 4 (spike masses). The tables present results organized according to the

following scheme.

Table # Major soil group Stability
no table 1 Stable
no table 1 Unstable
520 2 Stable
52.1 2 Unstable
530 3 Stable
531 3 Unstable
no table 4 Stable
no table 4 Unstable
550 5 Stable
5.5.1 5 Unstable
560 6 Stable
no table 6 Unstable
5.7.0 7 Stable
no table 7 Unstable
58.0 8 Stable
58.1 8 Unstable
590 9 Stable
59.1 9 Unstable

If no data were available for a particular soil group, there is no corresponding table in this

section.

Each table contains wind tunnel site designation, wind tunnel run number, major soil
group designation, 1999 stability classification, average erosive wind speed extrapolated
to z = 10 meters (U10), cumulative spike-corrected flux, ton/acre/hour, and cumulative

spike mass (ton/acre).

Explanations of missing tables are given below:

Soil group 1
Soil group 4
Soil group 6 - unstabie
Soil group 7 - unstable

steep slopes, mountain-sides, inaccessible to test equipment
located mostly outside the Las Vegas Valley

no tested sites corresponded to this classification

no tested sites corresponded to this classification
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Sections A and B - 1995 Unstable and Stable cumulative fluxes and spikes - sorted
by wind speed category

Data in the tables in Section A and B are organized as follows:

Wind speed category Unstable Stable
all soil group all soil groups

(extrapolated to z=10 m) Table # Table #
15-19.9 mph B.0O
20-24.9 mph Al B.1
25-29.9 mph A2 B2
30-34.9 mph Al B.3
35-39.9 mph A4 B4
40-44.9 mph AS BS
45-49.9 mph A6 B.6
50-54.9 mph A7 B.7
55-59.9 mph A8 BS
60-64.9 mph B9

These tables contain the data and computations of the geometric mean spike-corrected
cumulative fluxes (ton/acre/hour) and cumulative spike masses (ton/acre), for all soil
groups in each wind-speed range.

To generate these tables, data from the Section 5 Tables was combined, and sorted by
wind speed range and surface stability category, and exported to Tables A.1-A.8 and B.0
through B.9. The flux and spike mass data were then log10 transformed, and
computations of mean and standard deviation were run on the log10-transformed data.
The log!Omeans and standard deviations were then back-transformed to generate the
geometric mean data. The following formula were used for the back-transformations:

geometric mean - 1 standard deviation ] (y(mean of logs - standard deviation of logs)
geometric mean 1¢tmean of logs) N
geometric mean + | standard deviation ] (pfmean of logs + standard deviation of logs)

The transformations were performed because most of the data sets exhibited a strong
amount of right-skew (right-skew =a condition where the data set contains a few high
values far from the mean, but no low values equally distant from the mean)

Results from the tables in Sections A and B were combined into the summary tables
presented in Section C
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Section C - Statistical summary tables and figures, 1995 Unstable and Stable PM-10
cumulative fluxes and spikes

Tables C.1 through C.16 contain data on the samples sizes, geometric means and standard
deviations for PM-10 emissions as fluxes in ton/acre/hour, and for PM-10 spikes, in
ton/acre, from unstable lands and from stable native desert in the 1995 wind tunnel field
study.

The geometric means and standard deviations in each wind speed category in Tables C.1-
C.16 were extracted from the computational tables in Sections A and B of this report.
Sample sizes are shown in the header of each table as n = x, where x is an integer value
representing the number of records in the study that correspond to that particular
classtfication.

Tables C.1-C.16 are organized in the following manner:

Soil group Unstable Stable
All soils C1 C2
Group 2 C3 C4
Group 3 CS5 C6
Group 5 C7 C3
Group 6 co* C.10
Group 7 C11* C.12
Group 8 C.13 C14
Group 9 C.15 C.16

An asterisk(*) indicates that the table contains no data (the 1995 wind tunnel field study
did not uniformly cover all soil groups and conditions), but the blank tables are included
for completeness.

Figure C.1 is a plot of the spike-corrected cumulative flux data in Table C.2 for stable
lands, all soils. Cumulative fluxes from stable lands tended to consistently increase with
increasing 10-meter wind speed.

Figure C.2 is a plot of the spike-cormrected cumulative flux data in Table C.1 for unstable
lands, all soils. Cumulative fluxes from unstable lands did not increase uniformly with wind
speeds, but tended to oscillate near a mean value of 5.00 x 10” ton/acre/hour.

Figure C.3 is a plot of the spike data in Table C.2 for stable lands, all soils. Cumulative
stable spikes lands tended to consistently increase with increasing 10-meter wind speed.

Figure C.4 is a plot of the spike data in Table C.1, for unstable lands, all soils. Cumulative
spikes from unstable lands tended to be somewhat larger and to increase more erratically
with increasing wind speeds than cumulative spikes from stable lands (compare Figure C.4
to Figure C.3).
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Section D - 1995 wind tunnel aerodynamic roughnesses and PM-10 initiation
velocities

Table D.00 contains the direct measurements of aerodynamic roughness height, zo, and
observed PM-10 spike velocities, at both z=7.5 centimeters and z=10 meters, from the
1995 wind tunnel field study.

Aerodynamic roughness height, zo, was determined from a logarnthmic fit to the velocity
profile measured over the soil surface by the profiling pitot tube in the working section of
the tunnel. Physically, aerodynamic roughness may be thought of as the height above the
surface at which the wind velocity goes to zero.

The PM-10 spike velocity is computed from the profiling pitot tube pressure drop that
corresponded to the first indication of a PM-10 concentration “spike” exceeding 1.00
mg/m’, as measured by the TSI Dust-Trak™ The concentration “spike” was obtained by
starting the wind tunnel with the front bypass air inlet wide open, and slowly closing it
until a spike was observed on the TSI display. The pitot tube pressure drop, measured at
an elevation of 7.50 centimeters, corresponding to this damper position was recorded, and
the pressure drop was subsequently converted to a flow velocity.

The aerodynamic roughness height was then used with this 7.50 cm spike velocity to
compute an extrapolated velocity at an elevation of 10 meters.

Data in Table D.00 are sorted by wind tunnel Site designation, to facilitate direct
comparison with wind tunnel site data in Section 1, Table 1 of this report.

In the next table, Table D.0, the same data are presented, this time sorted by major soil
group and by unstable/stable classification. Sorted data in this table were then extracted
into a series of sub-tables, one table for each soil group and stability condition.
Computations of geometric mean and standard deviation were performed in each sub
table, and the results from each subtable were exported to Tables D.1 through D 8.

Tables D.1 through D.8 contain minimum, maximum, geometric mean and standard
deviation aerodynamic roughnesses and spike velocities for each major soil group and for
each stability (unstable/stable) classification. The tables are arranged in the following
order:

Table # Major soil group
D.1 All soils

D.2 2

D3 3

D.4 5

DS 6

D.6 7

D.7 8

D.8 9
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Section E - 1998-1999 wind tunnel emission factors for Stabilized surfaces
A. Explanation of Tables

The wind tunnel mass balance diagram and the list of mass balance equations (see Section
1) summarize the manipulations of wind tunnel flow data, TSI Dust-Trak™ concentration
data, assumed PM-10 background concentration and tunnel floor dimensions that were
employed to compute PM-10 fluxes from the stabilized soil surfaces during Phase I and
Phase I1 .

Phase I took place from August 1998 through December 1998. During wind tunnel
testing, the tunnel was run at only velocity on each treated surface. To catch the effects of
weathering over time, the tunnel was run once on a treated surface, and then moved to the
next treatment. After all 10 surfaces had been tested, the cycle was repeated. the tunnel
was returned to the first treated plot, run once, and again moved to the next plot.

Phase I was terminated after inundations of the test location with flood water from four El
Nino-associated storms in September and October, and after a freezing and inundation
with snowfall from a La Nina-associated storm in December. It was the opinion of the
investigator that weathering of the suppressant-treated surfaces under these conditions
was not “typical” for southern Nevada, and Phase I was terminated at the end of
December.

At the end of Phase I, suppressant was completely removed from all of the surfaces
(except for RAP). After removal of all suppressant and crust, the plot that had been
treated with lignin sulfonate surface was tested with the wind tunnel prior to reapplication
of dust suppressants. This was done to determine the baseline emissions of the untreated,
uncrusted surfaces prior to application of suppressants in Phase II.

Phase II took piace from February through June of 1999. During Phase II, the tunnel was
run several times on each test plot before being moved to the next surface. Additionally,
surfaces of the plots were torn up by a pick-up truck tire, and the torn-up sections were
tested. Results for Phase II are available as both not torn-up (intact surface) and as torn-
up (partially abraded surface) throughout the testing period.

Table E.1 reviews the constants and conversion factors used in PM-10 flux calculations.
The cyclone flow is nearly constant at 40 cfm because it is drawn through a venturi that
chokes the flow at 40 cfim regardless of atmospheric density. A PM-10 atmospheric
background concentration of 20 mg/m® was assumed.




Tables E.2 through E. 11 are organized as follows by dust suppressant for Phase II, not
spike-corrected data, both not tom-up and torn-up.

Table E .2 Magnesium chloride

Table E.3 Double water

Table E .4 Lignin sulfonate

Table E.S PennzsuppressD*”

Table E.6 Rohm & Haas acrylic polymer
Table E.7 Hydroseed

Table E.8 Recycled asphalt product (RAP)
Table E.9 Control (surface crusted)

Table E 10  Plastex™

Table E.11  Soil Sement”

Tables E.2 through E.11 show, for each suppressant applied during Phase II (February
1999 through June 1999), the run date, the wind tunnel run number, the run duration
(munutes), soil surface condition (torn up = 1, not torn up = 0), extrapolated wind speed at
10 mph for the run (based on measured aerodynamic roughness), measured average PM-
10 concentration (in mg/m’) for the run, wind tunnel total volumetric flow rate (cubic feet
per munute), and computed not spike-corrected flux in milligrams/square meter/minute
(mg/m?*/min) and in ton/acre/hour.

Tables E.12 through E.22 are organized as follows for Phase I, not spike corrected data,
not torn-up.

Table E.12  Magnesium chloride

Table E.I3  Double water

Table E.14  Lignin sulfonate

Table E.15  PennzsuppressD™

Table E.16  Rohm & Haas acrylic polymer
Table E.17  Hydroseed

Table E.18  Recycled asphait product (RAP)
Table E.19  Control - crusted

Table E.20  Control - uncrusted

Table E21  Plastex™

Table E22  Soil Sement™

Tables E. 12 through E.22 show, for each suppressant applied during Phase I, (August
1998 through December 1998), the run date, the wind tunnel run number, the run duration
(minutes), soil surface condition (torn up = 1, not tomn up = 0), extrapolated wind speed at
10 mph for the run (based on measured aerodynamic roughness), measured average PM-
10 concentration (in mg/m’) for the run, wind tunnel total volumetric flow rate (cubic feet
per minute), and computed flux in milligrams/square meter/minute (mg/m*min) and in
ton/acre/hour.




Tables E.23 through E.26 are organized by wind speed category for Phase II stabilized
surface, not torn-up fluxes, averaged over the several dust suppressants:

Table E23  15-19.9 mph
Table E.24  20-24.9 mph
Table E.25  25-29.9 mph
Table E26  30-34.9 mph

Tables E.23 through E .26 show the computations of geometric mean non-spike corrected
flux in each wind speed category for the Phase II testing. The geometric mean fluxes were
averaged across all Phase Il applied dust suppressants, except for RAP (which had not
been reapplied, and would not typically be used to stabilize vacant lands), Hydroseed
{which would not typically be used to suppress dust in short-term applications), and the
contro! (which had not been treated with any suppressant).

Since the tunnel was never operated in the same place for more than one run, cumulative
fluxes were not computed for the stabilized surfaces. (In comparison, during the 1995
field study, the wind tunnel was operated in the same place for three or four runs at
progressively increasing wind speeds, so cumulative fluxes were computed. See Section 1
and Sections A through C, for the methodology of computation of cumulative fluxes and
for the results).

Tables E.27 through E.33 are organized by wind speed category for Phase I stabilized
surface, not torn-up fluxes, averaged over the several dust suppressants:

Table E.27 5-9.9 mph
Table E28  10-14.9 mph
Table E29  15-19.9 mph
Table E.30  20-24.9 mph
Table E31  25-29.9 mph
Table E32  30-34.9 mph
Table E33  35-39.9 mph

Tables E.27 though E.33 show the computations of geometric mean non spike-corrected
flux in each wind speed category for the Phase I testing. The mean fluxes were averaged

across all Phase 1 applied dust suppressants, except for RAP (which would not typically be
used to stabilize vacant lands), Hydroseed (which would not typically be used to suppress
dust in short-term applications), and the control (which had not been treated with any
suppressant).

At the end of Phase I, the lignin sulfonate surface was torn-up and fluxes were measured
for the surface without any suppressant or crust present. These runs were performed to
generate baseline, untreated surface data prior to the reapplication of suppressants in
Phase II. Records for these runs are marked with an asterisk(*) in Table E.14 and in
Tables E.28, E.29 and E.30. As these tom-up surfaces had much higher fluxes than the




treated surface, Phase 1 fluxes were computed for two cases. Case 1 included the tom-up
surface runs in the computations of average flux in each wind speed category. Case 2
excluded the torn-up surface runs from the computations of average flux in each wind
speed category.

Tables E23 through £33 were generated by running queries to extract all records for each
wind speed category for each experimental Phase in a MS Access" database of the wind
tunnel flux data.

Tables E.34 through E.38 summarize data presented in earlier tables. They are organized
as follows:

Table E.34 - Phase I fluxes not-tornup  not spike-corrected, compared to Phase 11
Table E.35 - Phase II fluxes not tonup  not spike-corrected

Table E.36 - Phase II fluxes not tomup  spike-corrected

Table E.37 - Phase II fluxes tomn-up not spike-corrected

Table E.38 - Phase II fluxes torn-up spike-corrected

Table E.34 summarizes and compares Phase I and Phase II not tom-up , not spike-
corrected fluxes previously presented in Tables E.23 through E.33. It presents geometric
mean - 1 standard deviation, geometric mean, and geometric mean + 1 standard deviation
values. Each entry in Table E.34 is referenced to the table number (23 through 33) where
the computations are carried out. Geometric means were computed instead of arithmetic
means because the data sets of fluxes in each 5 mph wind speed range were all strongly
right-skewed. Arithmetic means and arithmetic standard deviations did not adequately
describe the data, as computations of arithmetic mean - 1 standard deviation would often
produce negative results.

Given the unusual weathering (flood inundation and snow) experienced by the Phase I
surfaces, it is felt that the Phase II surfaces more realistically represent typical surface
treatments that would be initially applied and then weather in the Las Vegas Valley. it is
recommended that Phase 1 emission factors be used for stabilized lands, and not the
Phase 1 factors. Phase I data are presented here for completeness and for comparison to
Phase II.

Both Phase I and Phase Il data were processed for spike removal. However, since use of
Phase II factors is recommended, the only spike-corrected stabilized surface data
presented in this report are for Phase I1. The effects of spike correction on the Phase 11
data were found to be small

Tables E.35 and E.36 present the Phase IT emission factors for intact treated surfaces (not
torn up by the truck tire). Table E.35 contains data not corrected for effects of the initial
“spike” of high PM-10. Table E.36 contains data corrected for effects of the spike.




Tables E.37 and E.38 present the Phase [T emission factors for treated surfaces, torn up
by the truck tire. Table E.37 contains data not corrected for effects of the initial “spike”
of high PM-10. Table E.38 contains data corrected for effects of the spike.




B. Explanation of Figures

Figures E1 through E12 graphically display data from Tables E.34 through E.38, so that
the reader may visually compare means and dispersions for the stabilized surfaces.

Relationships between data in Figures and Tables are:

Figure  Table Description

El E 34 Phase I stabilized not spike-corrected fluxes

E2 E34 Phase I stabilized not spike-corrected fluxes - same scale as Fig E3

E3 E.35 Phase 11 stabilized not spike-corrected fluxes - not torn up

E4 E.36 Phase II stabilized spike-corrected fluxes - not torn up

ES E.37 Phase II stabilized not spike-corrected fluxes - torn up

Eé6 E.37 Phase II stabilized not spike-corrected fluxes - torn up - scale as Fig E3
E7 E.38 Phase 11 stabilized spike-corrected fluxes - torn up - same scale as Fig ES
E3 E.38 Phase II stabilized spike-corrected fluxes - torn up - same scale as Fig E6
E9 E.36 Phase II spikes (ton/acre) - not torn up - 1/1000 scale of Figs C3 and C4
E10 E.38 Phase II spikes (ton/acre) - tom up - 1/10 scale of Figs C3 and C4

Ell E.35-E.36  Phase II fluxes - not spike-corrected v. spike-corrected - not torn up
E12  E37-E38  Phase II fluxes - not spike-corrected v. spike-corrected - torn up

Figures E1 and E2 depict Phase I stabilized not spike-corrected fluxes, and are generated
from Table E.34. In this case, “not spike-corrected” means that the PM-10 concentration
“spike” observed at the beginning of a wind-tunnel run has not been removed prior to
computing hourly average fluxes.

Figure E.3 depicts Phase II stabilized not-spike corrected fluxes, (Table E.35) plotted on
the same scale as Figure E2 so that Phase I and Phase I1 data may be directly compared.
Figure E3 shows that Phase I stabilized fluxes were lower than Phase I stabilized fluxes.

Relative magnitudes of Phase I and Phase II fluxes may be best compared by examining
Table E.34 and by comparing Figures E2 and E3. In general, Phase I fluxes were higher
than in Phase II. Typical treated surface PM-10 flux values are on the order of 6x10™
ton/acre/hour for Phase I and 3x10™ ton/acre/hour for Phase 11, however, the standard
dewviations are very large.

In the case of intact surfaces treated with dust suppressant, the presence of the spike was
assumed to be small. This assumption was tested for the Phase II by subsequent
processing of the data to remove the spike.

Figure E4 depicts Phase II stabilized spike-corrected fluxes from intact surfaces, and is
generated from Table E.36. In this case, “not spike-corrected” means that the PM-10
concentration “spike” observed at the beginning of a wind-tunnel run has not been
removed prior to computing hourly average fluxes. In the case of intact surfaces treated




with dust suppressant, the presence of the spike was assumed to be small. This assumption
will be tested by subsequent processing of the data to remove the spike.

Figures ES and E6 depict Phase 11, not spike-correcied fluxes from the surfaces torn up by
the truck tire (Table E.37). Figure E6 replots the Figure ES data on the same scale as
Figure E3 so that not torn up (Figure E3) and torn-up results (Figure E6) may be directly
compared.

Figures E7 and EB depict Phase 11, spike~corrected fluxes from the surfaces torn up by the
truck tire (Table E.38). Figure E7 plots the spike-corrected data on the same scale as
Figure ES, so that spike-corrected (Figure E7) and not-spike corrected (Figure ES) results
may be directly compared.

Figure E8 replots the Figure E7 data on the same scale as Figures E6 and E3 so that torn-
up spike-corrected (Figure E8), torn-up not spike corrected (Figure E6), and not torn-up
(not-spike corrected -Figure E3) may be directly compared.

Figure E9 presents the Phase 11 not forn-up spike data in ton/acre, (Table E.36) plotted on
1/1000 the scale of the spike data for unstable and stable native desert (Figures C3 and
C4), and shows that not-torn up stabilized surface spike data are very small, about 1/1000
the magnitude of spikes measured from unstable or stable native desert.

Figure E10 presents the Phase II forn-up spike data in ton/acre, (Table E.38) plotted on
1/10 the scale of the spike data for unstable and stable native desert (Figures C3 and C4),
and shows that torn up stabilized surface spike data are about 1/10 the magnitude of
spikes measured from unstable or stable native desert. After a modest amount of abrasion,
stabilized surfaces still produce somewhat less PM-10 than native desert.

Figure E11 graphically compares not spike-corrected and spike-corrected not {orn-up
Phase I1 stabilized land PM-10 emission factors (fluxes in ton/acre/hour) for three wind-
speed categories (Tables E.35 and E.36). It shows that spike-removal processing
produced spike-corrected means somewhat lower than not-spike corrected; however, at
15-19.9 mph (plotted as 17.5) and 25-29.9 mph {plotted as 27.5), the not-spike corrected
and spike-corrected distributions show considerable overlap. At 20-24.9 mph (plotted as
22.5), the distributions show less overlap. Subsequent statistical analyses will determine if
the means in the 20-24.9 mph category are significantly different.

Figure E12 graphically compares not spike-corrected and spike-corrected forn up Phase
11 stabilized land PM-10 emission factors (fluxes in ton/acre/hour) for three wind-speed
categories {Tables E.37 and E.38). The data need to be replotted on a finer scale to
compare the means, but, within each wind-speed category, the distributions show
considerable overlap.
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