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INTRODUCTION

The science of ecology made major advances in the development of theory,
models, and supporting data in the late 1940°'s. That progress, in large part,
can be attributed to atmospheric testing of nuclear weapons and the generous
sponsorship of the United States Atomic Energy Commission. Concern about the
fate of fallout radionuclides in the environment led to a plethora of itudies
on the distribution and food chain transport of radionuclides such as 37Cs,
905y, and 13l1. Based upon that early radioecological work, and on the work of
the International Biological Program, it became clear that ecological
processes, which have evolved over millions of years to incorporate and dis-
tributed materials in the environment, dictated the eventual fate of fallout
radionuclides. Because many radionuclides are chemical analogs of naturally
occurring elements (i.e., Cs is an analog of K, Sr is an analog of Ca),
knowledge of ecosystem processes was perceived as necessary for understanding
the behavior of many, if not all, anthropogenic chemicals introduced into the

environment.

As the science of ecology progressed, it became clear that the basic principles
and interrelationships on material flow in ecosystems could be applied to
understanding the consequence of (i.e...predicting) and potentially resolving
environmental issues arising from many man-caused environmental stresses.

Reclamation of disturbed Jands, development of better practices for fertilizer

and herbicide application to agricultural areas, and disposal of hazardous and
radioactive waste have all benefited from application of ecosystem concepts to

the probliem.

In the early 1970's, the US Department of Energy (DOE, the Atomic Energy
Commission's successor), began a major research program to understand the
behavior and conseguences of long-lived actinide elements in the environment.
The environmental concern over actinides arose because these materials are
associated with the nuclear fuel cycle, they are generally very long lived
(i.e., 239pu has a 24,000 year physical half-life), and they are associated
with waste streams generated by the nuclear industry.
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Radioecological studies at Los Alamos (1, 2, 3, 4), as well as at many other
locations (3, 4), resulted in two rather significant findings. First, greater
than 99% of the actinide elements released to the environment deposit in soil
and sediment. Secondly, the actinides are tightly bound to soil and sediment.
Thus, processes that transport soil and sediment also transport these
radionuclides. Studies at Los Alamos have shown that the hydrologic erosion of
the soil is a major factor in the translational movement of plutonium deposited
on the ground surface (5, 6) and, as a consequence of rain splash of soil, also
greatly influences transport of plutonium to plants (7, 8) including vegetable
crops (9).

This paper discusses the use of CREAMS (Chemicals, Runoff, and Erosion from
Agricultural Management Systems) (10), in developing environmental research
programs at Los Alamos and in designing and monitoring the performance of
shallow land burial (SLB) sites for low-level radioactive waste (LLW). Discus-
sion is also presented on research needs and ongoing studies involving Los
Alamos to supply some of those needs.

ENVIRONMENTAL ISSUES CONCERNING LOW-LEVEL RAIOACTIVE WASTE DISPOSAL

‘Shallow land burial has been used as a waste disposal technique since the

beginning of man. From recorded history, we know that as early as 6000 8C,
Neolithic and pre-Elamite civilizations, in what is now Iran, used SLB for
disposal of waste (11). In more recent times, as a consequence of expanding
populations, industry, and development of energy for resources, concern has
arisen about the adequacy of SLB for containing the potentially hazardous waste

. -

In the United States low-level radioactive waste, such as generated by the
nuclear power industry, hospitals, universities, and nuclear research and
development facilities, is typically buried in shallow earth excavations of
variable size but generally averaging 15-m wide by 15-m deep by about 200-m
long (Figure 1). Trenches are filled with waste consisting of a heterogeneous
mixture of materials, including laboratory trash, reactor parts, and dismantled
buildings. A trench cap, of about 1-2 m thickness, is applied as a final
covering to complete isolation of the buried waste from the biosphere.

Over the past 40 years, operating experience at SLB sites for LLW, demonstrates
that current practices work fairly well in isolating buried radionuclides
although virtually every one of the six commercial and five DOE sites has not
proved 100% effective in confining the wastes to the trench environs (12, 13,
14). Of the six commerical LLW sites, three are currently operational; the
closure of the three commercial sites is at least partly attributable to
unanticipated problems with subsurface water and solute movement. Contamina-
tion of groundwater is of particular concern because it is so vital to man and
his activities and is not readily subject to corrective measures for removal of
pollutants. At the moment, no new low-level sites are being licensed by the US
Nuclear Regulatory Commission partly because pending regulations (15)
controlling siting, design, monitoring, and closeout of SLB sites have not

been finalized.

Two important aspects of the pending regulation that affect SLB for LLW are
that the waste must be buried in the unsaturated zone and that the performance
of the site must be modeled. The first requirement is relatively easy to
satisfy by not selecting sites located in or near groundwater aquifers. The
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FIGURE 1. Hydrologic processes effecting shallow land burial sites.

fficult to satisfy because the models and data
performance, particularly as

inadequate for predicting site
the unsaturated zone.

[f we examine the ecosystem proc

potential impact on dose to man (Figure 1), we note that water and soil dynam-
ics, as influenced by physical and biological factors, account for most of the
performance-related,prob\ems (12, 13). For example, erosion associated with
the runoff from a trench cap can breach the cap and expose waste to the bio-

sphere. Consequently, erosion rates on the cap must be within tolerances that

Jeave the cap intact over the 100-200 year life of the LLW disposal facility. _ I
Likewise, water that infiltrates into the trench cap can accumulate in the

trench (bathtub effect) and/or percolate in association with solutes into i
groundwater. Percolation also enhances subsidence of the trench cap as a N

result of decomposition of bulky waste in the trench. Finally, both plants
tant role in water balance, can

and animals, in addition to playing an impor
penetrate into the waste and transport radionuclides to the ground surface as
a result of root uptake and/or burrowing activities.

A WATER BALANCE APPROACH FOR SLB

The conceptualization of water, soil, and biological proce
jntegrity (Figure 1), reveals the interdependence of the physical and biolog-

jcal components of the trench cap (14). Precipitation incident on the site is
subject to losses from runoff, infiltration into the soil, and jnterception by i

esses that influence gite performance with r:jﬁ;.
A
~

sses that affect'SLB
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\ the plant canopy. Water that infiltrates into the soil can be lost back to
the atmosphere by evaporation (E), transpiration (T) by the plant cover, or as
the combined process of evapotranspiration (ET). Water remaining in the soil
can be stored or, when it moves below the root zone, percolate or seep (L)
into or through the waste trench. The following formulation describes some of

the relationships that exist between the various components of the water
balance:

n.ln.
7

= P-Q-ET-L (1)

where

soil moisture
precipitation

runoff
evapotranspiration
percolation or seepage
time

n o nuw

et MO oWV

The experession relates the rate of change in soil moisture in the trench cap
to input (P) and output (Q, ET, L) in units of volume per unit area per unit
time, or equivalently, depth per time (e.g., mm per day).

Soil moisture stored in the trench cap is a function of water holding capacity
of the soil, plant rooting depth and antecedent and current values for the
terms on the right hand side of Eq. 1. Precipitation (P) is a function of the
waste site locale and is highly variable in time and space. Runoff (Q) is a
function of precipitation, soil characteristics, vegetation cover, soil
moisture, and surface management practice, including slope and slope length.
Evapotranspiration (ET) is a function of climatic variables, including
precipitation, temperature, solar radiation, soil} properties, vegetation type,
and soil moisture. Percolation is a function of soil moisture and soil
properties. Soil erosion and sediment transport are strongly related to
precipitation and runoff, and, indirectly, to other terms in Eq. 1. Because
plant and animal intrusion into and through a trench cap influences water
balance, they also influence infiltration rates and erosion. Although the
effects of burrowing animals are not directly represented in Eq. 1, they could
be accounted for by the terms influencing soil moisture and erosion.

A water balance approach to resol#ing SLB issues offers the following advan-
tages:

. it accounts for most of the hydrologic and biological factors that
influence site integrity,

. water balance models can be used to screen various modifications in
cap design for effect on erosion, percolation, and etc., and

. it can be used to estimate upper boundary conditions for subsurface
water flow.

SIMULATING WATER BALANCE
Hydrologic and erosion processes are highly variable in time and space. As

such it is not practical to measure them under all possible combinations of
soils, climate, topography, biological conditions, and land use.
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Consequently, mathematical models are needed to predict those processes under
a wide range of conditions.

In response to similar needs in agriculture, the US Department of Agriculture
(USDA) developed a reasonably simple computer simulation model called CREAMS
(10, 17, 18, 19), which included water balance, erosion/sediment transport,
and chemistry components. The mode! was intended to be useful in agricultural
scenarios, without calibration or collecting of extensive site specific data
to estimate parameter values, by taking advantage of extensive data sets (10)
collected over several decades by USDA and others.

The CREAMS model has been widely used for agricultural applications (20) and
recently has been used as a too]l in waste management studies (21, 22).
Although the model has been applied to SLB sites, jt was developed for
cropland situations and does not account for some of the physical and
biological processes that are specific to non-agricultural ecosystems.

The CREAMS model predicts both water balance and erosion. The water balance
components include two options, a daily rainfall model based on the US Soil
Conservation Service runoff equation and an infiltration model using rainfall
intensity data (23). The soil profile, to the plant rooting depth, is repre-
sented by up to seven layers (which could be a multilayered trench cap) each
with a given thickness and water storage capacity. The evapotranspiration
calculations, which are based on Ritchie's method (24), include soil evapora-
tion and plant transpiration based on mean monthly air temperature, mean
monthly solar radiation, and seasonal leaf area index. Flow through the -
rooting zone is computed using a soil water storage-routing roytine and
percolation is estimated when soil moisture exceeds field capacity. These
calculations maintain a water palance as described in Eg. 1.

Using storm inputs from the hydrology component, the erosion/sediment yield
component computes soil detachment, sediment transport and deposition by
routing sediment through overland flow and in concentrated flow (19). Gross
erosion and sediment yield are computed by sediment size classes, including
soil aggregates. A more detailed description of the CREAMS model is presented
in Conservation Research Report No. 26 (10), including results of model
testing and evaluation, sensitivity analysis and a users manual for preparing
model input.

APPLICATION OF CREAMS TO SLB ]

Evaluating Trench Cap Designs - The following two examples demonstrate the use
of CREAMS in SLB to jllustrate that water and soil dynamics in and on a trench
cap can be modeled and that the ability to predict water balance and erosion
in a highly disturbed trench cap can be used to optimize design in order to
minimize or prevent unacceptable levels of erosion and/or percolation. .

’

A paper entitled "Use of a State-of -the-Art Model in Generic Designs of Shal-
low Land Repositories for Low-Level Wastes" (22), describes the use of CREAMS
to evaluate the effectiveness of various trench cap configurations in limiting
erosion and percolation by varying trench cap soil type, soil depth, vegeta-
tive cover, slope steepness, and slope length. Selected results from that
paper are presented below.
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Mode) parameters for the simulation study were selected from conditions repre-
sentative of Los Alamos, New Mexico, a semi-arid location in north-central New
Mexico. Los Alamos receives an annual average precipitation input of 46 cm.
Mean monthly temperature, solar radiation, and daily rainfall were selected
for the 20 year period spanning 1951 to 1970. Trench cap soil parameters were
selected from measurements on Hackroy soil (25) and a sandy backfill composed
of crushed tuff configured with a uniform slope of 22 m and a slope steepness
of 5%. Cover conditions included a non-vegetated soil, a sparse (20%) range
grass cover, and a dense (40%) alfalfa cover.

Some significant results of the model simulation were that vegetation plays a
key role in controlling both runoff, erosion, and percolation compared with a
non-vegetated surface (Figure 2). Although the plant cover increased
infiltration into the trench cap by reducing runoff (a 6-fold decrease for the
alfalfa cover over that from the bare trench cap), the transpirational losses
were sufficiently high to reduce percolation by a factor of at least five over
that estimated for the bare cap surface. The great significance of the plant
cover in controlling water balance and erosion on the trench cap will be
examined in greater detail later in this paper.

Adding a clay layer within the trench cap effectively eliminated percolation
compared with the soil/backfill cap design (Figure 3). However, the clay
barrier reduced percolation at the expense of increasing runoff by almost 65%
because of the higher antecedent moisture in the 15 cm of topsoil.

CREAMS 20 YEAR SIMULATION-
AVERAGE ANNUAL HYDROLOGIC VALUES

BARE SOIL RANGELAND ALFALFA
10PSon 16pSOTS | ropsime
76 em 76 ¢m 76 cm
BACKF ILL BACKFILL BACKF ILL

501 -6 50‘} -6 504 -6
40 40 40-
g 30- "4 30- "4 30- -4 e
© 20- - 4 G
[, 20 |, 20 ,
10 10- I 10-
0- -0 0 -0 0- AL,
PET SR PET SR PET SR
LEGEND:

P=PRECIPITATION, ET=EVAPOTRANSPIRATION, S=SEEPAGE, R=RUNOFF.

FIGURE 2. Predicted Average annual hydrologic values for a soil over sandy
backfill trench cap at Los Alamos, N.M., 1951-1970. (from ref. 22).
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. Table 1. Simulated 20 yesr average sanusl water bslance for Maxey Flats, Kentucky during
; 1959-1978 as & function of trench cap management practice.
Rooting Depth Runof (s eT Percolation Eroston®
: Prsctice (ca) (ca) {cm) (cm) T/ha
s Bare soil J0¢ 49 65 3.8 4574
N Grass, unmoved 60 23 93 2.1 12
Craes, moved 60 2 93 2.0 15
(3 times/yr)
Grass, moved 60 34 82 1.3 2?7
(every ) veeks)
Vhite Pine 90 : 11 105 0.61 0.0
White Pine 180 9.7 108 0.0 0.0

820 year sverage procipitation « 117 ca

Sheet and rill erosion only

€pepth to vhich evaporstion occurs

dprosion rates graster than about 10T/ha are

considered to be excessive in cultivated cropland for msintaining crop productivity.

Table I1. Average aonual precipitation and percolation (ca wvater) as a function of cover
wmanagesent practice on SLB trench designs at Maxey Flats, Kentucky.

Annual White Mowveda Unwoved
Year Precipitation Pine Grass Crass
1959 112 5.6 5.9 6.9
1960 106 0.0 3.6 1.0
1961 121 0.0 0.0 0.8
1962 125 - 1.5 3.6 4.2
1963 89 0.0 0.0 0.5
1964 100 0.0 0.0 0.0
1965 11?7 0.0 0.5 2.8
1966 112 0.0 0.0 0.0
1967 114 0.0 0.0 0.0
1968 111 0.0 0.0 0.0
1969 as 0.0 0.0 0.0
1970 122 0.0 0.0 0.0
197 114 0.0 0.0 1.4
1972 145 0.03 1.0 2.1
1973 112 0.0 1.1 2.9
1974 144 4.1 5.9 7.9
1975 150 0.8 4.0 5.8
1976 97 0.0 0.9 2.8
1977 111 0.0 0.0 0.0
1978 155 0.0 0.03 2.4
TOTAL 2312 12.0 16.5 L1.5

agress cover moved every J wveeks




CREAMS 20 YEAR SIMULATION— AVERAGE_ANNUAL HYDROLOGIC
VALUES FOR _RANGELAND PROFILES WITH BIOBARRIERS
91 ecm ROOTING 91 cm ROOTING 45 cem ROOTING
DEPTH OEPTH DEPTH
19 cm 19 em . 15 em
TOPSOIL | vopsoi, | 10PSOIL
. 30 cm 30 cm
CLAY CLAY
76 em
BACKFILL
46 em 48 em
BACKFILL BACKF ILL
501 ~6 501 ~6 S50+ -6
40 404 40
g 30- "4 30 4 30 4 .
o . - . ¥
20 [, 20 L, 20 ,
10 4 | 10 10 1
0- -0 0 - ~0 0 - -0
PET SR P ET P ET SR

P=PRECIPITATION, ET= EV&POTRANSPIRATION S=SEEPAGE, R=RUNOFF.

FIGURE 3. Predicted average annual hydrologic values fora topsoil over clay over
backfill trench cap at Los Alamos, New Mexico, 1951-1970 (from ref.
22).

These results demonstrate the highly interactive nature of the ecosystem
processes operating on an SLB site. To further emphasize that fact, studies
at Los Alamos (16) have shown that while a clay moisture barrier may prevent
percolation, the integrity of a saturated bentonite clay barrier (subject to
swelling and shrinking) can be rapidly destroyed by invading plant roots,
which abstract the moisture from the clay, causing it to shrink and crack.

In addition to evaluating the hydrologic response from multi-layered trench

caps, CREAMS is useful in optimizing configurations of specific cap materials.

For example, an important variable in the design of an SLB trench cap is the
thickness of the cap material. Optimizing water storage capacity of the cap
where it can be pumped back to the atmosphere by evapotranspiration, provides
a potentially effective means of preventing percolation.

The effect of increased trench cap thickness on various components of the
water balance for both vegetated and the bare soil conditions is illustrated
in Figure 4, 1If we focus on seepage or percolation as a function of increas-
ing cap thickness, we see that increasing thickness had little effect under
bare soil conditions, but as thickness increased to about 1 m, seepage below
the vegetated surface reached a minimum dictated by a plant rooting depth of
1 meter. Further increases in cap thickness had little effect on seepage
because the plant roots could not exploit the deeper regions. Increasing
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! CREAMS 20 YEAR SIMULATION
-~ a;
o
) ~ RANGE GRASS COVER
: 43 - )
. " e
_ 5 /
; '&J 394 BARE SOIL
4 >
_; o Oreerverans Orvrrenens . SETTRR LY P O SR LRI L LA 1)
.: 9 35 ] 1 ) ] ] ] 1
. o 87 RUNOFF
Y o 5 -
.- 6] o Qeeneveneen Qeeeect Gt Qeroosrvessnsasacnrenns ; ......... 1]
; 47 BARE SOIL
v ]
: - 34
==  Rance GRASS COVER
© o U
- T ———
: < 1 T T T T T T |
' 2
: z ° SEEPAGE
P G...
< 6- ........ o """"" o‘ oooooooo o ---------------------- ’ -------- .°
L 4- BARE SOIL
&)
< -
x 21
L RANGE GR:SS COVER
z 0 T T T i ] T —¥ ARSI ;
0 03 06 09 12 15 .18 21 i2k L
TRENCH CAP THICKNESS (M) ' 3 :
FIGURE 4. Predicted average annual hydrologic values as a function of sandy- ‘7 RS ;
loam trench cap thickness at Los Alamos, N.M., 1951-1970. R
. ‘e *
S the cap thickness had little effect on runoff regardless of cover treatment ; :
although the very strong influence of vegetation in reducing runoff (compared [ K
G to the non-vegetated surface) is apparent in Figure 4. “—
. I:! {
Evaluating Plant Cover Effects - The strong influence of the plant cover in e
controlling percolation and erosion led to the use of CREAMS to further . ;
explore the influence on vegetation type on water balance. Since plants use o E
water at different rates, as controlled by species specific factors including " . -
- phenology, species or species mixes could be chosen that maintain soil water RS A
as low as possible in order to store and eventually transpire precipitation pi .
arriving when ET is low (i.e., winter). T ;
| . . . . .
An increase of 5% in transpiration, over the year might reduce or eliminate ;
percolation. Because vegetation species use water at different rates through e A
the year (26), careful selection of the plant cover, to optimize trans- R

pirational losses through the year, may provide an inexpensive, ff
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long-term control of subsurface water and solute transport. However, as will
be discussed later, relatively small changes in ET can result in large and
significant changes in percolation and runoff, which leads to a dilemma. If
we need to effect a 5% change in total ET but our methods of measuring and
computing ET can result in errors on the order of 5%, then a great deal of
uncertainty remains in our calculations for percolation and runoff. Clearly,
carefully controlled and long term studies are required to validate ET models
in general and the ET component of CREAMS in particular. Even so, the
possibility of percolation control through vegetation and ET management as
predicted by the CREAMS model has such enormous economic significance that
continuing model improvements and applications appears warranted.

Maxey Flats in Kentucky, a commercial LLW site that was operated from 1963 to
1972, was chosen to illustrate the use of CREAMS for selecting optimum plant
covers for trench caps. The site was chosen for the analysis because water

accumulated in the trenches due to the bathtub effect described earlier. The ’

accumulated water is pumped from the trenches and routed to a gas-fired
evaporator to prevent subsurface water and solute transport to offsite areas.
About 2.3 x 10° ¢ of water accumulated in the trenches each year until 1982
when most of the site was covered with an impermeable synthetic covering to
prevent percolation into the trenches.

Annual precipitation at Maxey Flats averages 121 cm, of which about 3 cm
percolated into trenches as measured by water levels and pumping volumes at
the site. Estimates based on CREAMS simulations verify that the amount of
percolation accounted for only 2-3% of the annual precipitation while runoff
and ET distributed the remainder. The relatively small amount of percolation
into the trenches at Maxey Flats led to the hypothesis that the praoblem of
water accumulation in the waste trenches could be minimized by increasing -
runoff, evapotranspiration, and/or soil moisture storage capacity in the
trench cover.

The CREAMS model was used to simulate water balance and erosion at Maxey Flats
under a variety of plant cover conditions. Soil and climatological data for
the CREAMS model were taken from existing site data and from Morehead,
Kentucky. a nearby community. The native soil at Maxey Flats is a silt clay-
loam that has very poor hydrologic characteristics because of the mechanical
mixing of the soil on reapplication as a trench cap. Estimates of evapotran-
spiration as a function of plant species were made from the literature (27,
28, 29). Slope length was established as 70-m with a convex slope of 2-12%
(2% on the peak of the trench cap, 12% on the flanks).

Average annual hydrologic values based on the CREAMS simulation for the 20
year climatologic record (1959-1978) are summarized in Tables I and II.
Erosion rates from the vegetated trench cap averaged at least 30 times less
than on the bare soil surface regardless of vegetation species used to cover
the cap. While the plant cover reduced the amount of runoff over bare soil
conditions, it did so at the expense of increased infiltration. However, by
adding transpiration as a component of the water balance, the overall effect
of the plant cover was to decrease percolation. The size of the decrease in
percolation over bare soil conditions appeared to be a strong function of the
plant species and cover management practices. For example, frequent mowing of
the pasture resulted in less percolation than infrequent mowing or no mowing
at all because more precipitation was lost to other sources including runoff.
While ET was larger for the grass under the unmowed and infrequently
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mowed practice, it was not large enough to use the additional water that
infiltrated into the cap. Moreover; the evergreen trees appeared to

provide greater protection against percolation than the grass cover because of
the higher transpiration rates throughout the year and, particularly, during
the winter.

Seasonal averages of percolation over the 20 year period (Figure 5) jdentified
late winter as the most critical period for the occurrence of percolation at
Maxey Flats. All plant species and management practices prevented percolation
during the summer months when evapotranspiration was occurring (Figure 6).
However, the only species contributing to transpiration losses of water during
the late winter, when the grass species were senescent, was the pine.

The ability to examine the consequences of various design and management prac-
tices in SLB sites on long-term hydrologic averages is useful. However, the
large year to year variability in precipitation must be considered to design
SLB systems that perform under climatic extremes. The data in Table Il1, on
annual average percolation through the trench cap over the 20 year period,
shows that the problem of percolation is not an annual occurrence for any of
the cover or management practices examined, but is tied closely to fluctua-
tions in annual precipitation. Measurable percolation was predicted in 13
years of the 20 year period for the unmowed grass cover while it was predicted

INCHES OF WATER

MONTH

FIGURE 5. Predicted percolation through a 90 cm thick soil trench cap at Maxey
Flats. Kentucky, 1959-1978, as a function of plant cover and manage-
ment practice.
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FIGURE 6. Predicted precipitation and evapotranspiration through a soil trench
cap at Maxey Flats, Kentucky, 1959-1978, as a function of plant cover
and management practice.

to occur in only 5 years with the White Pine cover. Although the pine cover
did not eliminate the occurrence of percolation, it did reduce the total
amount of percolation over the 20 year period by a factor of about 3 (12 cm vs
42 cm) over that estimated for the unmowed pasture cover. -

ADVANTAGES/DISADVANTAGES OF CREAMS

The use of CREAMS for environmental science applications provides a powerful
tool for examining ecological relationships involving soil, water, and biota.
CREAMS is well-documented and accepted and used by several agencies and
groups. Additionally, CREAMS is based upon extensive data sets from agricul-
tural research in croplands and has been tested and validated for these condi-
tions. There are ongoing efforts to improve various components of CREAMS
including the hydrology and plant components (30, 31).

However, the application of CREAMS to arid/semiarid rangelands and, specif-
ically, to waste management extends the model beyond its capabilities
primarily because data describing those unique conditions are not readily
available. For example, in rangelands, but particularly in disturbed systems
such as SLB sites, plant succession becomes an important consideration in
long-term water balance of a site. At Los Alamos, waste disposal site
vegetation changes from initial invader species, such as Russian thistle
(Gutierrezia sarothrae) and yellow sweet clover (Melilotus officinalis),

to a shrub (Quercus spp, Rhus spp) and evergreen tree (Pinus ponderosa)
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community within 35 years of site closure. A similar situation exists in
terms of changes in s0il characteristics as climate and biota contribute to
soi) weathering. Trench cap soils on Los Alamos waste sites closed in the
1940's have changed from a relatively unproductive sandy material to a silt-

loam with improved-water retention characteristics and productivity.

Animal interactions, which are not directly represented in the model, are
jmportant in altering water balance, erosion and nutrient cycling (32,

33, 34). Studies at Los Alamos (35) suggested that pocket gophers

( Thomomys bottae), 3 fossorial rodent that commonly invades disturbed areas,
may create significant disturbance of SLB trench caps with potential impact on
erosion, percolation, and evapotranspiration (by altering plant density and

~plant succession) over the 100-200 year life of the site.

More immediate disadvantages of CREAMS for arid/semiarid site use js the lack
of parameter estimates for the climatic, edaphic, and biological conditions
that exist in these regions. Rainstorms, for example, often occur as intense
thundershowers that are highly variable in space and time leading to problems
in developing representative precipitation data for the model. A climate
generator, reflecting that variability, would greatly facilitate adaption of
CREAMS to arid-semiarid rangelands. Additionally, estimates of ET in native
species as a function of season are not readily available, primarily because
of the difficulty in making such measurements.

RESEARCH TO EXTEND CREAMS TO ARID SITES

Los Alamos is taking an active role in extending CREAMS to arid site SLB by
fostering and participating in cooperative research with several groups and
agencies. At Los Alamos and Nevada Test Site, USDA-ARS, University of
California at Los Angeles, Nevada Applied Ecology Group, DOE, and Los Alamos
National Laboratory are conducting joint studies using the USLE erosion plot
configuration and the rainfall simulator (36, 37) to develop data and CREAMS.
model parameters under a variety of conditions ranging from undisturbed desert
to semi-arid rangelands to highly disturbed SLB trench cap configurations.

Significant results of those studies include:

. emerging data on the importance of soil fauna in mediating erosion
and percolation,

. the importapce of plant cover in limiting erosion and percolation in-
SL8,

. the effect of time on the hydrologic and erosional stability of
disturbed sites, and

. the dominance of desert pavement (a natural gravel mulch) over vege-
tation in controlling erosion and percolation in a desert ecosystem.

The first three results are illustrated by the data in Figure 7 showing erosion
(normalized to bare soil) from ¢imulated SLB trench caps as a function of
biological variables. The purpose of the experiment represented by the data

in Figure 7 was to evaluate water balance and erosion as influenced by a 15-
20% barley cover, burrowing animals (Thomomys pottae - Botts Pocket Gopher),
and the interaction of plants and burrowing animals. Three rainfall simulator
runs were made during 2 three month period in 1983 to examine time dependent
relationships in the hydrologic response of the various treatments.
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FIGURE 7. Sediment yield ratio' (treatment/bare soil) as a function of biological
factors and time.

SEDIMENT YIELD RATIO (TREATMENT/BARE)

The preliminary data indicated that soil cast to the trench cap surface by
pocket gophers steadily decreased erosion to about 60% of bare soil erosion as
a consegquence of increased infiltration and decreased runoff velocities re-
sulting from the surface soil casts. Erosion from the vegetated plots was 40%
of bare soil conditions, after three months, while erosion from the vegetated
plots with animals was the lowest at 20% of the bare plot treatment. While
plants and animals provide effective control of erosion, they do so at the
expense of increasing the infiltration of water into the trench cap.

The data for native vegetation in Figure 7 (solid triangle) is the normalized
erosion.rate from an undisturbed soil covered by a 15-20% blue gramma
(Bouteloua gracilis) grass cover. Erosion rates from the natural plots
averaged 2% that of the Barley plots despite the fact that both plots had
about the same relative cover. These data suggest that both edaphic and
biological successional processes are important in returning disturbed sites
to erosional stability. The rates and pathways of disturbed land succession
are important research questions that must be answered to improve designs and
performance predictions for SLB sites.

Finally, results from ongoing rainfall simulator studies at Nevada Test Site
(36) demonstrate the overwhelming importance of desert (or erosion) pavement
in controlling runoff and erosion (Table III). In contrast, the sparse
vegetation cover plays little direct role in controlling erosion. However,
plants do greatly influence antecedent soil moisture, a variable that
influences the amount of runoff and erosion.
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Table III. Summary of sediment yield data from 12 experimental runoff-eroiion
plots on the Nevada Test Site. Average sediment yields in g/mé,
two plots per treatment, Spring 1983 (from reference 36).

Location Treatment Dry Wet Very Wet

Area 11 control, natural 1.3 6.0 12.3
vegetation removed 1.2 8.2 16.2
vegetation and erosion 82.6 104.0 179.0
pavement removed

Mercury control, natural 49.5 25.9 29.0
vegetation removed 61.9 46.2 52.6
vegetation and erosion. 555.0 404.0 302.0

pavement removed

"SUMMARY AND CONCLUSIONS

The use of CREAMS in arid and semiarid rangelands and for applications to

shallow land burial provides a powerful tool for developing management alter- -
natives for land use and waste disposal. Because CREAMS was developed pri-

marily for cultivated agricuiture and parameterized in more humid conditions

in the eastern half of the United States, it is not directly applicable to

arid and semiarid systems without further development and calibration. Model
parameters for CREAMS under the agricultural and environmental science

applications discussed in this paper for the most part do not exist. Ongoing

research by several groups and agencies is intended to rectify these

deficiencies.

Perhaps the greatest weakness of CREAMS, or any similar model. is the lack of 18

structure and feedback to account for time dependent changes in physical and Lo

biological attributes of a site. Plant and animal succession, and their ,//‘ﬁé
- H

influence on soils, becomes important over the time scales being considered ‘e N
for SLB performance. Until significant advances are made in our understanding ) St

and ability to mathematically describe ecosystem processes, models such as .- ¢
CREAMS will be somewhat limited in scope and utility. However, the need for .
tools to wisely manage natural resources will continue and represent i
challenges to the agricultural and environmental scientist to meet those “’{
needs.
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