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Abstract

Ten 3.05 by 10.7 m experimental plots were established and
subjected to simulated rainfsll in a study of erosion of trench caps
similar to those used for disposal of low-level radioactive wastes at
Los Alamos, NM. Treatments included natural, tilled, bare soil,
gravel mulch, vegetated, and vegetated plus gravel mulch plots.
Measured soil loss data were used to estimate soil erodibility and
cover-management factors for the Universal Soil Loss Equation
(USLE).

Introduction

A conservative estimate (U.S. Department of Energy 1982) of
the annual volume of low-level radioactive wastes produced in the
United States is 16 million cubic meters by the year 2020. Disposal
of this amount of waste material is 2 major concern, because new
burial sites will be required. These new burial sites will be selected
in many different locations with widely varying environmental
conditions.

Currently, the most common method of disposing of low-level
wastes is shallow land burial (SLB). Trenches are excavated, filled
with wastes, and then closed. Management practices range from
simple backfilling of the trench to cover the buried waste, to
installation of multilayered trench caps and revegetation of the
sites. When the burial site receives its final cover, it is subject to
natural processes such as erosion, which can modify the configura-
tion of the surface cover and threaten the integrity of the trench
cap.

The purpose of our research was to study erosion rates and
processes affecting the integrity of earth covers used in shallow
land burial at Los Alamos, New Mexico. We used a rainfall simula-
tor (see Swanson 1965 and Simanton and Renard 1982 for descrip-
tions) to study runoff and erosion on simulated trench caps
designed to closely match actual trench caps used for shallow land
burial at Los Alamos (see Warren 1980 for descriptions).

Methods

Erosion plots (3.05 by 10.7 m) were subjected to simulated
rainfall from a rotating boom simulator using materials and exper-
imental design described by Simanton and Renard (1982) and
Nyhan et al. (1984). Briefly, a simulated trench cap (15 by 63 m)
was constructed with a profile consisting of 15 cm of topsoil
(Hackroy sandy loam) over 90 cm of backfill (crushed Bandelier
tuff). The downhill slope of both layers was installed at 7%, and 8
experimental plots were installed in paired-plots configuration.
Three treatments imposed in 1982 were cultivated up and down
slope and disked, bare soil, and vegetated. In addition, two natural
and undisturbed plots were subjected to the same simulated rain-
fall sequences as the eight treated plots. In 1983, the treatments
were changed to include the following plots: cultivated, bare soil,
bare soil with a gravel (<13 mm diameter) mulch cover at an
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application rate 13 kg/m? and vegetated with the same gravel
application rate. Rainfall simulator runs on all plots were in the
following sequence. A dry run for 60 min, a wet run for 30 min 24 h
later, and a very wet run for 30 min after a 30 min delay following
the wet run. All application rates were constant and at a rate of
about 60 mm/h. Rainfall rates were measured with a recording
raingage, and rainfall amounts were measured with 8 nonrecording
raingages on the plots. Runoff rates were measured with a small
flume at the downstream end of the plots, and sediment concentra-
tion was determined by analyzing runoff/sediment samples col-
lected from the flume outflow at several times during the duration
of runoff.

Results

Primary methods of comparing runoff, sediment concentration,
and soil loss or sediment yield used here include direct comparisons
and comparison of parameters or factors used in mathematical
models representing the processes. Because the experimental
design was slightly modified from 1982 to 1983, the results will be
described by experimental year.

The 1982 Studies

As expected, runoff and sediment yield from the two natural
plots were quite different than runoff and sediment yield from the
treated plots. Runoff during the dry run on the natural plots
gradually increased from zero to about 30 mm/h, while sediment
concentration remained relatively constantat 3.5to4.1g/ 1. In the
successive wet and very wet runs, runoff occurred much sooner
after the initiation of rainfall than on the dry runs, and peak
discharge rates of about 20 mm/h and about 40/mm/h were
observed on the wet and very wet runs, respectively. This reflects
decreased infiltration rates into increasingly wet soil profiles. The
peak sediment concentrations of4.0to 5.4 g/1, during the very wet
runs, also reflect the influence of antecedent moisture and increased
runoff.

Equilibrium sediment concentrations from the cultivated plots
generally ranged from under 50 to just over 100 g/1, which repre-
sent an increase of about 10 to 30 times the concentration from the
natural plots. Instantaneous sediment concentration values exhi-
bited even larger differences between the cultivated and natural
plots.

Equilibrium runoff rates from the bare soil, barley vegetated,
and cultivated treatments were similar, but sediment concentra-
tions were quite different. Maximum sediment concentrations
from the smooth, bare soil plots were about 60 g/1, compared with
108 g/1 from the cultivated plots. Maximum sediment concentra-
tions from the vegetated plots (barley cover) were lower, and
ranged from about 15 to 26 g/1. Hydrograph and sedigraph data
from each simulator run were integrated over the time runoff
occurred, and the resulting average runoff and soil loss amounts
foreach surface treatment are shownin Table 1. Average soil losses
from the bare soil and barley plots were 64 to 67% and 29 to 38%,
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Table 1. Average runcff and soil loss for rain simulater runs on dry, wet, 2nd very wet soil surfaces on erosion plots as a function of surface treatrnent!
(1982 data).

Average runoff Average soil loss

(mm) (kg)
Treatment Dry Wet Very wet Dry Wet Very wet
(No. of plots) surface surface surface surface surface surface
Natural cover (2) 14.5 6.0 18.7 1.47 0.46 2.24
Cultivated (2) 44.1 25.0 27.2 104.93 65.37 66.09
Bare soil (2) 46.7 26.8 28.4 70.55 41.88 44,58
Barley cover (4) 37.9 26.5 27.6 30.56 23.43 24.84

|
:
!
|
|

'Represents an initial 60-min rainfall simulation (dry surface), 2 30-min run 24 h later (wet surface), and another 30-min run after a 30-min delay (very wet surface), all performed

at a nominal target rate of about 60 mm h'..

respectively, of losses from the cultivated plots. The influence of
antecedent soil moisture erosion was significant for all plots. Over-
all, average soil loss rates increased by 19 to 53% between the dry
and wet runs, and increased by I to 7% between the wet and very
wet runs (Table 1).

We used the soil loss data to estimate values for the soil erodibil-
ity, K, and soil loss ratios for the cover-management, C, factors of
the Universal Soil Loss Equation (USLE) (Wischmeier and Smith
1978). Values for K were calculated from the measured soil losses

Table 2. Soilloss, cover management factor (C), and plant cover estimates
for the trench cap plots with barley cover, and for the natural plots (1982
data).

Total soil loss! Plant cover
Plot number (Mg ha™) C factor? (%)
Trench cap plots with barley cover--s—-mmem-eeme
2 45 0.43 62
4 28 0.27 84
5 28 0.27 78
7 39 0.37 62
Natural plots
N1 2.4 0.023 63
N2 1.3 0.013 78

!Sum of soil losses from plot during dry, wet, and very wet soil surface rain simulator
runs, adjusted for losses from a standard USLE unit plot.

*Total soil loss from the vegetated plot/average total soil loss from the cultivated
erosion plots.

from the cultivated plots and the energy and intensity of the
simulated rainfall applied to these plots. Soil losses from the three
rainfall simulator runs on the cultivated plots were summed and
adjusted for soil loss from the standard unit plot (22.1 mlength, 99
slope) according to USDA Agricultural Handbook 537 (Wisch-
meier and Smith 1978), using the recommended conversion to
metric units (Foster et al. 1981). The simulated rainfall EI factor

(storm erosivity factor) for the three simulated rainstorms was
calculated (Meyer and McCune, 1958) as the product of the energy
of the rainfall (MJ ha™) and the simulated rain intensity (mm h™).
The average K factor, for all three simulator runs on both tilled
plots, was then calculated by dividing the total unit-plot adjusted
soil loss for the three simulator runs by the estimated total EI
factor. This gavea K value of 0.085 Mghahha MJ  mm™, with a
C.V.of 15%(n=6). This K value agrees quite well with the estimate
0f0.079 Mgha ha ha™ MJ ™ mm™ that we determined from the soil
erodibility nomograph (Wischmeier et al. 1971).

The cover management factor in the USLE is an average soil loss
ratio, which in conjunction with the distribution of erosivity
throughout the year is weighted according to the distribution of the
soil loss ratio throughout the year. This factor reflects the ratio of
the soil loss at a specific crop stage to the corresponding loss from
the clean-tilled, unprotected soil of a unit plot. Thus, we calculated
soil loss ratios for the barley cover and natural cover treatments by
dividing the total soil loss from all three simulator runs for these
treatments, adjusted for soil loss from the standard unit plot
(Wischmeier and Smith 1978) by the corresponding soil loss from
the tilled plots (Table 2). Soil loss ratios ranged from 0.27t0 0.3 for
the barley plots, and from 0.013 to 0.023 for the plots with natural
vegetative cover. These soil loss ratios agreed quite well with
standard soil loss ratios for barley cover at crop stages | and 2
having soil loss ratio values of 0.31] to 0.60, and for the natural
vegetation in local rangelands having soil loss ratio values of 0.0}
to 0.08.

Soil loss ratios are obviously more than justa function of vegeta-
tive cover, as evidenced by the large difference between soil loss
ratios for the barley on the trench cap and the cover on the natural
plots (Table 2). Plant cover on the barley plots increased from 62 to
84% as soil loss decreased from 44.9 to 28.4 Mg ha™. The plant
cover on the natural plots, which included some additional protec-
tion due to litter, etc. also ranged from 63 to 78% cover, yet much
smaller soil losses were observed on these plots than on the barley
plots.

Table 3. Average runoff and soil loss for rain simulator runs on dry, wet, and very wet soil surfaces on erosion plots as a function of surface treatment!

(1983 data).
Average runoff Average soil loss
(mm) (kg)
Treatment Dry Wet Very wet Dry Wet Very wet
(No. of plots) surface surface surface surface surface surface
Cultivated (2) 60.4 28.0 30.7 96.17 53.22 59.70
Bare soil (2) 51.1 23.6 272 60.23 26.69 33.27
Gravel (2) 46.2 233 28.3 5.08 1.92 2.37
Gravel plus wheatgrass
(2) 47.2 25.8 29.0 3.91 1.55 1.21

'Represents an initial 60-min rainfall simulation (dr_\{' surface), a 30-min run 24 h later (wet surface), and another 30-min run after a 30-min delay (very wet surface), all performed

at a nominal target rainfall rate of about 60 mm h”
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Several subfactors of the cover-management factor (C factor)
should be considered in making a comparison of the soil loss ratios
in the plots with natural cover and the barley plots on the trench
cap. The Cfactor is directly influenced by variations in subfactors
involving not only plant and canopy cover, but also residual
mulch, incorporated plant residues, plant roots, and changes in soil
structure, density, biological activity, and many other properties
(Wischmeier and Smith, 1978). Shallow land burial site prepara-
tion, such as those that occurred on our trench cap plots, removes
vegetation, the root zone of the soil, residual effects of prior
vegetation, and partial covers of mulch and vegetation, all of which
substantially increase soil erosion. Another observed difference
was the large amount of dark green lichens and algae (cryptogams)
growing in erosion-resistant pedestals throughout the natural
plots. An additional contributing factor was the difference in the
texture of the surface soils in the two plots: the fine-textured
subsoil in the natural soil series was mixed into the soil surface
layer of the trench cap plots compared with the undisturbed and
sandier topsoil found on the natural plots. These factors influenced
the infiltration/ runoff relationships on these two types of soils and
surfaces (Table 1),

In time, plant succession and soil formation processes will make
the erosional and hydrologic properties of the disturbed soil sur-
faces at the SLB site more similar to those of the undisturbed
natural plots. Thus, the time required for the revegetated trench
cap surfaces to reduce soil erosion as effectively as the natural
systems has major implications in waste management decisions at
these sites. Clearly, more research is needed to investigate how the
cover-management and the soil erodibility factors change with
time on the trench cap to ensure successful, long-term management
of infiltration and soil erosion processes in a wide range of trench
cap environments,

The 1983 Studies

Four treatments were imposed on the eight erosion plots by the
end of July, 1983. As in 1982, two plots received a new up- and
downslope disking (cultivated treatment). Both standard tilled
plots were thus again comparable to the standard USLE plot used
to determine the erodibility factor. A second year’s data were
coliected on the two plots that were not tilled and had no vegetative
cover (bare soil treatment). To determine the influence of partial
gravel cover on soil erosion, two plots were prepared as the bare
soil treatment, and they then received a gravel (<13 mm diameter)
mulch cover at an application rate of 13 kg/m? (gravel cover
treatment). The influence of partial gravel cover plus vegetation on
soil erosion was determined on two plots that were first seeded with
Western Wheatgrass (Agropyron smithii Rydb.) at a seeding rate
of 13 g/m? and received a simultaneous surface application of
18-24-6 (N-P-K) fertilizer at a rate of 13.5 g/m?2. Both plots then
received the same gravel application rate as the gravel cover treat-
ment (gravel and plant cover treatment).

Runoff rates and maximum sediment concentrations (63.6 to
75.5 g/1) from the cultivated plots were similar to the data collected
on the same plots in 1982, Maximum sediment concentrations of
30 to 50 g/1from the bare plots were also similar to the correspond-
ing values from the 1982 experiments. However, the plots with
gravel cover exhibited maximum sediment concentrations and
sediment loss rates some 13 to 24 times smaller than those from the
cultivated plots (Table 3).

Runoff hydrographs and sedigraphs were integrated throughout
the duration of runoff for each run. The average runoff and soil
loss for each treatment are shown in Table 3. The influence of the
gravel was to reduce the amount of soil loss and increase the
amount of infiltration with respect to the bare soil plots.

Values of the soil erodibility factor, K, in the USLE, were
calculated from the measured soil losses from the cultivated plots,

and the energy and intensity of the simulated rainstorms applied to
these plots, as previously described for the 1982 simulator runs.
The average K factor for all three simulator runs on both tilled
plotsin 1983 was 0.069 Mghahha MJ " mm™, witha C.V. of 11%
(n =6). There is no significant difference between this K value and
the 1982 estimate, both of which agree with the K estimate from the
soil erodibility nomograph (Wischmeier et al. 1971).

We calculated estimates of the USLE cover management factor
which reflect the soil loss ratio from a plot with a certain amounts
of gravel and/or plant cover to the corresponding loss from the
clean-tilled, unprotected soil of a unit plot (as shown in Table 4).

Table 4. Soilloss, cover management factor (C), and gravel cover estimates
for the trench cap plots with gravel and gravel plus wheatgrass covers
(1983 data).

Total soil loss! Gravel cover Plant cover

Plot number (Mg ha™) C factor? %) (%)
s T rench cap plots with gravel cover--—mermmmrmmmeeammeee
2 3.71 0.040 75 0.0
7 4.66 0.050 71 0.0

------------ -Trench cap plots with gravel plus w,fxcatgrass COVET=rmmmmmmeenne
4 4.55 0.048 70 329(20)

5 1.47 0.016 70 32(23)

!Sum of soil losses from plot during dry, wet, and very wet soil surface rain simulator
runs, adjusted for losses from a standard USLE plot.

Total soil loss from the vegetated plot/average total soil loss from the cultivated
erosion plots.

SNumbers in parenthesis represent percentages of cover where gravel and wheatgrass
were both present in the field, ie., for plot 4, 299 of the 385 field locations had
wheatgrass present, but 20% of the 385 field locations also had gravel present.

Soil loss ratios ranged from 0.040 to 0.050 for the trench cap plots
with gravel cover, and from 0.016 to 0.048 for the plots with a cover
if gravel plus wheatgrass.

The gravel and plant cover estimates responsible for these reduc-
tions in soil loss are also presented in Table 4. Gravel cover esti-
mates ranged from 70 to 75%, with the young, small wheatgrass
plants contributing very little additional cover in the two plots with
gravel plus wheatgrass cover.

These soil loss ratio values are generally slightly lower than
standard soil loss ratios observed in other field studies for gravel
and mulch covers with this amount of ground cover. Data from
Wischmeier and Smith (1978) indicate that soil lossratiosequal to
about 0.10 to 0.15 would be expected for the amount of ground
cover we observed (Table 4). A similar study of stone mulches on
construction sites in Indiana also resulted in high soil loss ratio
values relative to this amount of plant cover (Meyer et al. 1972).
However, the explanation for our small soil loss ratio values lies in
the fact that, even with the low landslope (7%) on our erosion plots
relative to much larger landscape values on erosion plots in other
field studies, our unprotected, highly erosive trench cap soil had
larger soil loss rates than unprotected soil surfaces in other studies.
Thus, any amount of plant or gravel cover would reduce the
amount of soil loss from our trench cap plots even more than from
less erodible soils in other field studies.

Discussion

After the determination of the K and C factors with the use of the
rainfall simulator, the major purpose of the resulting soil loss
prediction procedure is to supply specific and reliable guides for
selecting adequate erosion control practices for the SLB site. This
process is also used to estimate the upland erosion phase of sedi-
ment yield to predict stream loading rates.

The USLE is most successfully used to predict long-term average
soil losses from upland shallow land burial sites, but not for
specific rainstorms. The average soil losses are predicted for a
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sufficient number of similar events or time intervals to cance] out
the effects of short-time fluctuations in uncontrolled variables. The
USLE-estimated soil losses will be the most accurate for medium-
textured soils, slope lengths of less than 400 ft, gradients of 3 to
18%, and cover-management systems that have been used in ero-
sion plot studies. As these limits are exceeded, the probability of
extrapolation error will be increased.

If this degree of accuracy of the USLE is inadequate, and if
estimates of soil loss from specific storms, sediment yield from
complex areas within the SLB site, and characteristics of eroded
and transported sediment are required, more detailed models such
as CREAMS (Knisel 1980) must be used. CREAMS, a field scale
model for Chemical, Runoff, and Erosion from Agricultural Man-
agement Systems, was first applied to SLB of low-level radioactive
wastes at Los Alamos (Lane and Nyhan 1981, Nyhan and Lane
1982, Hakonson et al. 1984). Although several USLE factors are
used in CREAMS, the water balance component of CREAMS,
unlike the USLE, addresses the influence of antecedent soil water
content on sediment, nutrient, and pesticide losses on a storm-by-
storm basis.

However, researchers and users should not see either the USLE
or the CREAMS model as a final representation of erosion predic-
tion technology. Both of these models are but continuing steps in
our efforts to develop improved models to estimate erosion and
sediment yield for applications such as improved shallow land
burial design criteria.
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