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1.0 Introduction

Recent evaluations of landfill performance at Material Disposal Area (MDA) G at Los Alamos
National Laboratory (LANL) have highlighted the need to more rigorously consider erosional
processes that could impact landfill covers through time. Wind erosion at MDA G is of particular
concern for both operational and long-term performance issues associated with covers.
Nevertheless, there is a lack of site-specific wind erosion data needed to estimate and project soil
loss and contaminant transport rates.

Landfill covers in semiarid settings may be particularly vulnerable to surface erosion because, in
general, the limited amount of precipitation does not allow a homogeneous vegetation cover to
develop. Hence, these areas often have significant patches of unprotected or bare soil, which are
subject to increased soil erosion. Most erosion studies of landfill covers have focused on water
erosion. However, recent studies in semiarid landscapes have shown that wind erosion and
transport can be substantial (Whicker et al., 2002; Breshears et al., 2003). For example, in a
study of three different semiarid ecosystems (shrubland, woodland, and grassland), Breshears et
al. (2003) note that long-term wind erosion rates exceeded water erosion rates by approximately
33 times at the shrubland site and 5 times at the woodland site, although water erosion rates at
the grassland site were about 3 times greater than wind erosion rates because of the high clay
content of the soils. The results of the Breshears et al. study also show that horizontal transport
by wind was greater than that by water for all three ecosystems, especially for the shrubland
environment. These and other results indicate that wind erosion could affect the long-term
integrity of landfill covers and be an important mechanism for the redistribution of surficial
contamination at a landfill site (Anspaugh et al., 1975; Sehmel, 1980; Arimoto et al., 2002).

In a broad sense, wind-driven soil movement can be thought of as having two directional
components:

e Mass horizontal transport is a process in which larger soil particles (generally greater
than 50 pm [2.0 x 107 in.] in diameter) are transported in a horizontal direction by
saltation. The particles remain close to the ground (e.g., at a height of less than 1 m
[3.3 ft]) and the process is generally indicative of local soil redistribution (Stout and
Zobeck, 1996; Gillette et al., 1997).

e Mass vertical transport (e.g., vertical dust movement at a height of more than 1 m
[3.3 ft]) suggests long-distance transport of smaller soil particles (generally less than
50 pm [2.0 x 107 in.] in diameter). These small particles can be transported into an
area (deposition) or removed from an area (net loss).

A ing Wind as a C i Transport Mechanism at LANL TA-54, Material Disposal Area G 1
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Vegetation changes through time are important considerations in assessing future wind erosion
rates. First, vegetation cover on landfills is likely to undergo successional processes resulting in
changes in cover type, coverage, and structure. These changes are expected to impact wind
erosion rates; therefore, it is important to quantify the influence of vegetation changes on wind
erosion. Second, in addition to the effect of normal vegetation succession, it is important to
consider environmental disturbances that may reduce vegetation cover and thus result in
significantly increased soil erosion (Fryrear, 1985). Decreases in the amount of ground cover can
be particularly dramatic following disturbances such as drought and fire, and can lead to
increased wind and water erosion (Davenport et al., 1998; Whicker et al., 2002).

The objective of this study was to provide initial estimates of wind erosion for MDA G through
(1) the installation of equipment and collection of wind erosion data at two analog study sites and
(2) the development of site-specific wind erosion projections based on collected data. The two
analog sites are on Mesita del Buey, to the west of MDA G. The first, located at MDA J, was
selected for study because it is representative of the surface soil and vegetative conditions that
are expected to prevail at MDA G immediately following closure of the facility. The second site,
a pifion-juniper woodland located at Technical Area (TA) 51, was selected because it is expected
to represent the type of vegetation that will be present at MDA G after the site has undergone
successional changes. Measurements were taken at these two analog sites, rather than directly at
MDA G, because ongoing operations at MDA G (such as soil transportation and heavy truck use)
would likely mask any wind erosion that would occur in the absence of these activities.

Detailed wind erosion measurements at MDA J included evaluations of vertical and horizontal
flux as a function of micrometeorological conditions and particle-size distribution. Horizontal
flux measurements were made at TA-51 to address the effects that successional changes in
vegetation and soil cover may have on erosional processes at MDA G. This report provides the
methodology used to conduct and analyze the measurements, the results obtained from both
analog sites (MDA J and TA-51), and projections of annual wind erosion rates.

Assessing Wind as a Contaminant Transport Mechanism at LANL TA-54, Material Disposal Area G 2
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2.0 Methods

Specific tasks covered by this study included the selection of analog sites, installation of
measuring devices and collection of samples, and analysis of field data. This section describes
the methodology used to perform these tasks. Section 2.1 focuses on why and how measurement
sites were selected, Section 2.2 explains how measurements were made, and Section 2.3
describes how the statistical analysis was performed.

21  Selection of Measurement Sites

Erosion measurements were conducted at two surrogate or analog sampling sites located near
(i.e., within a couple of kilometers of) MDA G. The first site, MDA J, is characterized as
grassland (Figure 1), which is likely to be the first successional stage experienced by MDA G
immediately following closure. The second site, located at TA-51 (Figure 2), is a pifion-juniper
woodland, which represents a later possible successional state for MDA G. To limit spatial
variability in the dust flux measurements, each of the sampling sites was located on top of the
same mesa as MDA G and at a similar elevation.

Site selection was based on several important criteria. First, both sites were relatively flat (slopes
less than 10 percent) with vegetative cover that was relatively homogeneous in all directions for
at least 50 m (160 ft), especially in the prevailing upwind directions. Second, the sites were as far
away as possible from roads or other recently disturbed soil surfaces that could produce unusual
amount of dust. Third, these sites were expected to be reasonably representative of the likely
ground cover that MDA G will experience during early and late stages of succession following
its closure and final remediation.

2.2  Measurements

Once representative analog sites were selected, measurements were obtained to quantify the
horizontal mass flux of wind-driven dust at both the MDA J and TA-51 sites. Measurements
were also obtained at the MDA J site to quantify the vertical dust flux. Sections 2.21 and 2.2.2
discuss how horizontal and vertical mass flux measurements were obtained.

Assessing Wind as a Contaminant Transport Mechanism at LANL TA-54, Material Disposal Area G 3
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Figure 2
Piiion-Juniper Cover at TA-51 Analog Site
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221 Horizontal Mass Flux Measurements

Wind erosion rates at the two sites were quantified using numerous Big Spring Number Eight
(BSNE) samplers (Figure 3). These samplers are passive collectors of airborne dust that have
been extensively tested and show good sampling efficiency for soils with higher fractions of sand
and silt (Fryrear, 1986; Goossens and Offer, 2000) such as those that are abundant at LANL
(Nyhan et al., 1978). These samplers can be assembled easily and inexpensively from
interchangeable parts and do not require electricity to operate; thus, numerous samplers can be
employed and great flexibility can be used in their placement. Because of this, it was possible to
obtain continuous measurements using multiple samplers at multiple sites.

As shown in Figure 3, a fully rotating BSNE sampling station has three samplers operating at
heights of 25 cm, 50 cm, and 1 m (10, 20, and 39 in.). This configuration provided measures of
integrated resuspension that were generally collected over one- to two-week sampling intervals.
The horizontal mass flux was calculated as follows:

Where

Fy = horizontal mass flux (g/m*/d)

m = mass of the material collected during sampling (g)
t = number of sampling days

a =sampling area (10 cm® [1.6 in.?])

Big Spring Number Eight samplers are designed to rotate 360° to allow them to sample wind-
blown dust from any direction. This provides a measure of dust flux integrated over all sampling
directions. The arrangement of BSNE samplers for this study is shown in Figure 4. To measure
total dust flux, four rotating BSNE sampling stations were placed 20 m (65 ft) apart along the
east-west and north-south axes of each sampling area.

The net horizontal dust flux was determined at each measurement site by using eight pairs of
BSNE samplers positioned 20 m (65 ft) from the center of a circular sampling area at a height of
50 em (20 in.) (Figure 4); the range of movement of these samplers was restricted to 45°. Each
pair consisted of one sampler facing toward the center of the circle and one facing 180° in the
opposite direction, away from the center of the circle. Because the collection efficiency of the
BSNE samplers is less than 10 percent for off-angle sampling (Fryrear, 1986), each of the eight
pairs of motion-restricted collectors sampled wind-blown dust for a different 45° angle from the
center point (yielding a combined total of 360° for all eight pairs of inward- and outward-facing
samplers). Using these measurements, the net dust flux in the sampling area was calculated as
the difference in the amount of dust collected in the inward- versus the outward-facing samplers.

Assessing Wind as a Contaminant Transport Mechanism at LANL TA-54, Material Disposal Area G 6
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Figure 3

Field Dust Collector with Rotating Samplers at Three Heights
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222 Vertical Mass Flux Measurements

Vertical flux measurements are primarily a measure of the suspended mass of particles passing
through the sampled area during the given sampling time. Resuspension rates are estimated using
the meteorological flux gradient method (Stull, 1988):

F=K % 2
dz

Where

F = vertical mass flux
K = eddy diffusivity coefficient
dy/dz = differential mass air concentration () with height (z)

The eddy diffusivity coefficient is a linear function of the friction velocity (u=). The friction
velocity is a measure of the boundary shear created as winds pass over vegetation and soils. The
friction velocity for a given terrain and wind velocity can be obtained by measuring the wind
velocity profile with height (Bagnold, 1941) or it can be determined with highly frequent three-
dimensional measurements of wind velocities (Stull, 1988) using Equation 3:

i
—_—2 —_—2 ]
= =[u’w’ +vw' }2

Where

u’ = instantaneous wind velocity component in horizontal direction x (m/s)
v’ = instantaneous wind velocity component in horizontal direction y (m/s)
w' = instantaneous wind velocity component in vertical direction z (m/s)

The instantaneous wind velocity components were measured using a sonic anemometer
(Campbell Scientific Model CSAT3) (Figure 5), and used to calculate an average friction
velocity for each sampling period. In addition, data for the wind profiles with height (as well as
other meteorological conditions) were obtained from meteorological stations that were
approximately centered within the sampling plots. Once the vertical mass flux (F) was
determined, the resuspension rate was calculated by dividing that flux by the density of the local
soil and the depth of the resuspendable soil (e.g., 3 mm [0.12 in.]) (Webb et al., 1997).

Assessing Wind as a Contaminant Transport Mechanism at LANL TA-54, Material Disposal Area G g
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To determine the concentration gradient with height (dy/dz), which is needed for resuspension
rate measurements, total suspended particulate (TSP) measurements were made each week.
Samplers were placed at heights of 1 and 3 m (3.3 and 9.8 ft) to measure the concentration
gradients. The concentration difference (dy) was calculated as the difference between the mass
concentrations at 1 and 3 m (3.3 and 9.8 ft), and the height (dz) was the 2 m (6.6 ft) vertical
separation between samplers. The sampling inlet on the TSP air samplers used for this study is
slightly modified from the inlet in the sampler described by Liu and Pui (1981), which had an
aspiration efficiency of 100 percent (£10 percent) for particles with aerodynamic diameters of
8.5and 11 um (3.0 x 10™* and 4.0 x 10" in.) and wind speeds up to 2.5 m/s (8.2 ft/s). While these
wind speeds are typical velocities measured at LANL, measurements of resuspension at higher
velocities were also needed. Because of this, and the fact that the original Liu and Pui inlet
design was for sampling particulate matter with diameters of 10um (4.0 x 10 in.) or less,
modifications were made that included placing the filter close to the bottom plate and adding a
coarse wire screen to keep insects out of the filter. These changes to the inlet allow sampling
without directional dependence, and permit accurate sampling over a wider range of wind
velocities and particulate size.

Rodgers et al. (2000) tested the sampler with the modified inlet at wind velocities of 12, 15, and
17 m/s (39, 49, and 56 ft/s), for aerodynamic particle diameters of 5, 10, and 30 pm (2.0 x 107,
3.0x 107, and 1.0 x 10*in.) to determine sampling efficiencies at higher wind velocities.
Results of this study suggested that the collection efficiency of the modified inlet was more
affected by particle size than by wind velocity. For example, the collection efficiency for the
5-um (2.0 x 10°-in.) diameter particles was about 120 percent (20 percent over sampling, on
average) while the collection efficiency dropped to around 50 percent for both the 10- and 30-um
(3.0 x 10° and 1.0 x 10*-in.) diameter particles.

2.3  Statistical Analyses

Parametric and nonparametric summary statistics for horizontal and vertical fluxes were
calculated using SYSTAT® software. The nonparametric Mann-Whitney test was used to test for
statistical differences in horizontal flux between grassland and woodland sites and also between
inward and outward directional fluxes within each sampling site. Statistical testing for
differences between the two sites was performed separately for each sampling height. Attempts
were made to limit the potential for soil collection in the BSNE samplers from rainsplash by
collecting most of the samples at heights greater than 50 cm (20 in.); even so, the data suggested
that rainsplash slightly increased the soil mass collected in our samplers. To compensate,
statistical analyses were performed for periods with and without precipitation. Including fluxes
measured during periods of precipitation provided higher (more conservative) estimates of mean
and standard deviations, but did not change the conclusions of the statistical analyses.

Assessing Wind as a Contaminant Transport Mechanism at LANL TA-54, Material Disposal Area G 1 1
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3.0 Results

The summary statistics for the horizontal flux measurements made during sampling periods with
and without precipitation are shown in Tables 1 and 2, respectively. A Mann-Whitney test of the
differences between these data sets showed that both the grassland and woodland sites had
significant increases in horizontal mass flux during periods with precipitation at the sampling
height closest to the ground (25 cm [10 in.]). This increase was not seen at the 50 cm and 1 m
(20 and 39 in.) sampling heights. These results suggest that rainsplash does contribute to the
amount of soil collected in the BSNE samplers, but that these effects are greatest at the lowest
sampling heights; rainsplash does not appear to significantly affect the results at sampling
heights of 50 cm (20 in.) and above.

Figure 6 shows the measured horizontal mass flux at a 1 m (39 in.) height for all sampling
periods at the MDA J grass-covered site (Figure 6a) and at the TA-51 pifion-juniper woodland
site (Figure 6b). The horizontal mass flux appears to increase through the spring and early
summer months, with more variability in the later summer months. A visual comparison of the
graphs indicates that the horizontal mass flux seems to be greater at the grass-covered site than at
the woodland site.

Figure 7 compares the horizontal mass flux results by sampling height. The data used in Figure 7
were collected during sampling periods with no precipitation because of the impact of rainsplash
on measured dust flux at 25 cm (10 in.). Thus, the figure reflects only the differences in wind-
driven dust flux between the grass and woodland cover. Statistical comparisons between the two
sites show the horizontal mass flux at the grass-covered site was significantly greater than at the
woodland site. This difference in dust flux was likely the result of higher ground-level wind
velocities at the grass-covered site. The difference in wind velocities is shown in Figure 8; the
average and maximum gust velocities at 1 m (39 in.) above the ground are about two times
greater at the more open grass-covered site than at the woodland site.

Figure 9 compares the horizontal mass flux measured by the motion-restricted BSNE samplers
facing inward and outward relative to the center of the circular plot. Statistical comparisons of
the inward and outward fluxes show no significant difference, regardless of whether precipitation
occurred during the sampling period. Thus, the quantity of dust entering the circular sample site
was equal to that leaving the sampling site, which suggests no net loss of soil from the area.
These findings were consistent at both the grass-covered and woodland sites.

Assessing Wind as a Contaminant Transport Mechanism at LANL TA-54, Malerial Disposal Area G 1 2
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Table 1

Summary Statistics for Horizontal Mass Flux Measurements

from All Sampling Periods
Summary Statistics (g/m?/yr)
Sampling Standard No. of
Location Mean Deviation Median Minimum Maximum | Samples
Grass-Covered Site (MDA J)
Fully Rotating Samplers
All Heights 1.3E+03 2.9E+03 4.6E+02 0E+00 2.7E+04 324
25cm 2.5E+03 4.6E+03 7.0E+02 2.9E+01 2.TE+04 108
50 cm 8.3E+02 1.0E+03 4.9E+02 1.8E+01 4.8E+03 108
1im 4.7E+02 4.9E+02 3.6E+02 0E+00 4.3E+03 108
Motion-Restricted (45°) Samplers
Inward-Facing 5.8E+02 8.4E+02 3.0E+02 1.1E+01 7.1E+03 216
Outward-Facing 5.1E+02 8.3E+02 2.5E+02 -1.3E+03 6.1E+03 216
Woodland Site (TA-51)
Fully Rotating Samplers
All Heights 1.2E+03 5.3E+03 27E+02 —4.0E+00 6.8E+04 336
25¢cm 2.TE+03 8.9E+03 3.3E+02 —4.0E+00 6.8E+04 112
50 cm 5.9E+02 1.2E+03 2.8E+02 -3.3E+01 9.5E+03 112
1m 3.0E+02 3.0E+02 2.5E+02 -3.7E+01 2.6E+03 112
Motion-Restricted (45°) Samplers
Inward-Facing 4 6E+02 9.0E+02 2.4E+02 -26E+03 7.0E+03 224
QOutward-Facing 4 5E+02 8.5E+02 2.3E+02 -1.2E+01 8.3E+03 224

ing Wind as a Col
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Table 2
Summary Statistics for Horizontal Mass Flux Measurements
from Periods without Precipitation

Summary Statistics (g/m2/yr)

Sampling Standard No. of
Location Mean Deviation Median Minimum | Maximum | Samples

Grass-Covered Site (MDA J)

Fully Rotating Samplers

All Heights 5.3E+02 3.3E+02 4.4E+02 7.3E+01 2.3E+03 120
25¢cm 5.6E+02 3.6E+02 4.6E+02 1.3E+02 1.7E+03 40
50 cm 5.2E+02 24E+02 4.5E+02 1.5E+02 1.1E+03 40
1m 5.0E+02 3.7E+02 3.7TE+02 7.3E+01 2.3E+03 40
Motion-Restricted (45°) Samplers
Inward-Facing 2.8E+02 1.3E+02 2.4E+02 9.5E+01 6.4E+02 80
Outward-Facing 3.2E+02 6.7E+02 2.1E+02 7.7E+01 6.1E+03 80
Woodland Site (TA-51)
Fully Rotating Samplers
All Heights 3.9E+02 3.0E+02 3.1E+02 7.3E+01 2.3E+03 76
25¢cm 3.3E+02 2.2E+02 2.5E+02 1.6E+02 1.2E+03 36
50 cm 2.6E+02 9.7E+01 2.4E+02 7.3E+01 5.8E+02 36
1m 2.6E+02 7.8E+01 2.5E+02 1.4E+02 4.3E+02 36
Motion-Restricted (45°) Samplers
Inward-Facing 2.5E+02 2.6E+02 2.0E+02 7.7E+01 2.3E+03 72
Outward-Facing 2.2E+02 9.3E+01 2.0E+02 -1.2E+02 4.6E+02 72

Assessing Wind as a Contaminant Transport Mechanism af LANL TA-54, Material Disposal Area G 1 4
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Figure 6a
Horizontal Mass Flux at MDA J Grassland Site
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Figure 6b
Horizontal Mass Flux at TA-51 Woodland Site
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Figure 6
Horizontal Mass Flux at Grassland and Woodland
Analog Sites over Time (1 m sampling height)
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MDA J Grass-Covered Site
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While horizontal flux describes saltating dust moving horizontally through an area at lower
heights, vertical flux describes dust moving up and down. The particles described by vertical flux
are typically smaller in diameter and can be transported for long distances; accordingly, these
particles present an off-site risk. Figure 10 shows the range of measured values for the vertical
flux. Note that positive numbers represent upward flux (removal from the area) and negative
numbers represent downward net flux (deposition within the area). Table 3 shows the summary
statistics for aerosol mass concentrations and the vertical flux measurement data. Overall, the
average vertical flux at 2m (6.6 ft) above the soil surface was 2.6+ 12.3 g/m’/yr
(5.4 x 10 £ 3.0 x 10™ Ib/ft*/yr) or 0.03 + 0.12 mT/ha/yr (0.013 + 0.054 t/ac/yr), which suggests
little, if any, net loss from the area from suspended soils.
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Table 3

Summary Statistics for Aerosol Mass Concentration and
Vertical Mass Flux at MDA J

Mass Concentration

Vertical Mass Flux

Vertical Mass Flux

Summary Statistic (ng/m3) a (g/malyr) (mT/halyr)

Average 1.1E+01 2.6E+00 3.0E-02
Standard Deviation 1.7E+01 1.2E+01 1.2E-01
Median 1.0E+01 0.0E+00 0.0E+00
Minimum 3.5E+00 -2.0E+01 -2.0E-01
Maximum 2.TE+01 2.3E+01 2.3E-01
Range 24E+01 4 3E+01 4.3E-01

& Measurements for aerosol mass concentrafion averaged over 1 m and 3 m sampling heights for a total of 19 samples.
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4.0 Discussion

This study provides the first known set of wind erosion measurements on a landfill cover. No
previous assessment has estimated the effect of wind erosion using data, site-specific or
otherwise, on long-term cover performance and associated risks. In fact, there are few data sets
on wind erosion for semiarid ecosystems dominated by grass cover, the results for short-grass
steppe adjacent to Rocky Flats in Colorado (Breshears et al., 2003) being the one noteworthy
exception.

The horizontal transport component of wind erosion was quantified using rotating BSNE
samplers. Transport, as noted above, relates to the local movement and redistribution of soil, but
does not necessarily reflect net erosion. That is, significant amounts of soil can move into and
out of an area, and previous estimates have reflected only relative differences in total horizontal
mass flux, not net erosion (Breshears et al., 2003). The study design adopted here used motion-
restricted samplers that allowed directional measurements for analysis of net loss due to
horizontal transport.

The estimates of vertical flux provide the most direct measurements of wind erosion and suggest
a small net loss of soil from the sampling sites over the period studied. The flux measurements
presented here are similar to those reported by Breshears et al. (2003), who measured a mean
vertical flux of 3.0 g/m*yr (0.071 Ib/ft*/yr) at a grassland near Denver, Colorado. As seen in
previous studies (Whicker et al., 2002; Breshears et al., 2003), wind erosion is highly variable
temporally within the one- to two-week intervals studied. The results of this study provide
distributions that describe this temporal variability for the period studied.

4.1  Significance of Results

As seen in previous studies (Breshears et al., 2003), horizontal wind transport greatly exceeds net
soil loss, by more than two orders of magnitude for some conditions and heights. The results of
the current study suggest that horizontal wind-driven dust flux is frequently moving material into
and out of the area, resulting in a small net erosional loss accumulated over the course of the
study. The additional data from the circular design reinforce this interpretation: the net flux into
and out of the circular area were not significantly different. Because this study quantifies all
three components of dust-flux, it provides a higher degree of confidence about interpreting wind-
driven processes than is feasible with less robust studies.

The wind-driven transport and erosion data set in the woodland site is also unique. Only a few
measurements of soil erosion have been reported for a woodland setting (Baker and Jemison,
1991), and those data estimate only horizontal transport rates; they do not provide information on
site conditions or estimates of uncertainty or variance. Not surprisingly, the present study
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showed that horizontal wind-driven dust fluxes in the woodland site (TA-51) were lower than
those at the grass-covered (MDA J) site. This is consistent with the findings of Breshears et al.
(2003), who found horizontal fluxes in grassland were about an order of magnitude greater than
those in woodlands. In each case, the rough, heterogeneous canopy structure associated with the
woodland has a major effect on the boundary layer and surface roughness, and these factors, in
turn, affect wind dynamics and associated soil transport and erosion. In addition, data from the
circular sampling area at the woodland site indicate no significant net gain or loss of soil (i.e., the
amounts of dust being deposited into and removed from the study area are essentially the same).
Again, this indicates that, despite the fairly substantial amount of transport occurring at the site,
overall net loss of soil cover is relatively low.

The data collected in this study can be used to provide parameters for models used to assess
long-term cover performance and associated risks. Also, the wind erosion estimates can be
compared against the estimates of water erosion being developed for MDA G to assess the
relative magnitude of the two processes.

Wind erosion is important at MDA G in two contexts, both of which should be considered. First,
wind erosion should be factored into estimations of long-term cover integrity. Second, even if
water erosion proves to be the dominant force for degradation of the landfill, wind-driven
transport may be the most important risk pathway for any exposed contamination. Such
contamination might result from erosional loss of the cover or from biological intrusion into the
waste caused by burrowing animals or plant root uptake.

4.2  Qualifications

Although the results reported above are useful for assessing the long-term performance of
MDA G, a number of qualifications apply to the findings:

1. The data reported here cover only part of a year. Improved estimates would be
obtained if the measurements were made over a minimum of a full year. Year-to-year
variation is also of concern (Breshears et al., 2003) and multiyear estimates would
provide even more confidence for longer-term extrapolations.

2. Correlation of wind transport and erosion to wind conditions is currently limited to
one- to two-week intervals because of limits imposed by the need to collect and weigh
dust. However, new automated systems for measuring dust flux could provide a basis
for developing more predictive relationships between wind distributions and wind
erosion.

3. Two vegetation scenarios were evaluated in this study: MDA J as an analog for
immediate postclosure conditions at MDA G and the TA-51 woodland site as a later
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successional analog. There is, however, considerable uncertainty about the actual
ecological trajectory that vegetation will follow at MDA G. This trajectory will, of
course, be influenced by climate. Periods of drought could lead to loss of ground cover
through mortality and fire. Indeed, such changes have driven the dominant vegetation
and soil erosion dynamics around Los Alamos for the past several decades, most
notably through the 1950s drought, the Cerro Grande Fire of 2000, and the tree-killing
drought of the new millennium (2000 to 2004) (Breshears and Allen, 2002; Allen and
Breshears, 1998; Davenport et al.,, 1998). Disturbances such as fire result in major
increases in wind and water erosion and associated contaminant transport (Whicker et
al., 2002, Johansen et al., 2001a, 2001b, 2003). The estimates presented here do not
account for such probable events, which are of increased likelihood due to global
change (Breshears and Allen, 2002).

Anthropogenic disturbances can also have tremendous impacts on soil erosion. For
example, Figures 11 and 12 illustrate how wind erosion at a site just east of MDA G,
but within the TA-54 boundary, increased following tree-thinning operations in the
nearby pifion-juniper woodland. Figure 11 shows aerosol mass concentrations before
and after tree thinning and Figure 12 shows that the flux gradient changed from neutral
(no net loss) to one of sustained soil loss following tree thinning. Clearly, ecosystem
disturbance through anthropogenic management of the wvegetation cover can
dramatically alter soil erosion rates over short periods of time; the effects of these
disturbances may persist over longer periods of time, depending on how long it takes
the ecosystem to recover.
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Figure 12

Weekly Flux Gradient Measurements at TA-54 before and
after Nearby Thinning Operations

Source: Whicker et al., 2003
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