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ABSTRACT

This paper describes important mechanisms by which radionuclides can be

transported from low-level waste disposal sites into biological pathways, discusses

interactions of abiotic and biotic processes, and recommends environmental

characteristics that should be measured to design sites that minimize this transport Past

experience at shallow land burial sites for low-level radioactive wastes suggests that

occurrences of waste exposure and radionuclide transport are often related to

inadequate trench cover designs. For example, many of those radionuclide transport

occurrences relate to processes involving water (excess runoff, erosion, and percolation)

and biota (inappropriate vegetative cover and biological intrusion). We believe that site

characterization should involve a careful analysis of excess surface runoff and erosion,

soil moisture in the cover profile, vegetation on the cover surface, biological intrusion,

excess interactions, and in addition, climatic variability.

Meeting performance standards at low-level waste sites can only be achieved by

recognizing that physical, chemical, and biological processes operating on and in a

trench cover profile are highly interactive. Failure to do so can lead to improper design

criteria and subsequent remedial action procedures that can adversely affect site

stability. For example, efforts to reduce infiltration of water through the trench cover

with a moisture barrier near the surface can drastically alter the water balance in the

cover profile. Important consequences of that action might include reducing infiltration

of surface water with a subsequent increase in runoff and erosion of cover soil.

Based upon field experiments and computer modeling, recommendations are made

on site characteristics that require measurement in order to design systems that reduce

surface runoff and erosion, manage soil moisture and biota in the cover profile to

maximize evapotranspiration and minimize percolation, and place bounds on the

intrusion potential of plants and animals into the waste material. The use of shallow

land burial designs that reduce erosion, manage moisture in the cover profile, and

prevent plant and animal intrusion into the waste material will result in control ofmajor

pathways of radionuclide migration that lead to man.

Major unresolved problems include developing probabilistic approaches that

include climatic variability, improved knowledge of soil-water-plant-erosion rela

tionships, development of practical vegetation establishment and maintenance



procedures, prediction and quantification of site potential and plant succession, and

understanding the interaction of processes occurring on and in the cover profile with

deeper subsurface processes.

INTRODUCTION

The disposal of waste by shallow land burial has a history almost as old as man. In recent times the

waste that seems to have attracted the most attention is radioactive waste. Substantial research has been

directed to radioactive waste management since the mid-1940s. In fact, in TID-3311 (1) there are over

22,000 abstracts on the subject Despite the voluminous literature, our ability to present convincing

evidence for shallow land burial (SLB) site safety is less than desirable, as evidenced by only 3 of the 6

commercial sites that are currently operational.

This paper identifies and discusses trench cover related processes by which radionuclides from low-

level waste disposal sites may enter biological pathways, based on a review of past performance of

commercial and Department of Energy sites, and on an analysis of the interdependence of those

processes using a state-of-the-art water balance model. From that analysis, information needs for site

characterization and monitoring are identified to assist in designing effective trench cover systems and to

monitor site performance.

TRENCH COVER FAILURE MODES—OPERATING EXPERIENCE

The long term integrity of sites used for SLB of low-level radioactive waste (LLW) will depend on

the complex interactions between the physical, chemical, and biological processes that modify the waste

containment system. The containment system for low-level waste usually consists of a trench of from

about 1 to 45 m wide, 2 to 11 m deep, and 6 to 300 m long (2). Diverse physical and chemical forms of

waste are placed into the trench, with or without backfill, until the trench is nearly full. A final cover of

about 1 to 2 m of soil is applied, often followed by attempts at revegetation to minimize erosion, and

secondarily, to increase aesthetic appearance of the site.

Environmental processes that result in radionuclide transport from a burial site primarily involve

water and/or biota. At present there appears to be considerable concern about the ground water transport

pathway as evidenced by the minimum technical requirements in 10CFR61 (3). Extensive efforts are

underway to measure transfer coefficients, develop models, and calculate potential human exposure via

ground water pathways. There is no question that concern with ground water contamination is justified

because this media is not readily subject to remedial action.

There are, however, several other important pathways, particularly in arid sites, by which

radionuclides can be transported from SLB sites. Most of those pathways, either directly or indirectly,

involve the trench cover.

Trench covers are exposed to a very dynamic environment and must perform (i.e., isolate waste)

under harsh temperature regimes, dramatic changes in plant and animal species composition as natural

succession occurs, and under extreme conditions of wetting and drying. Failure to perform in any of these

areas can result in the failure of engineered barriers within the cover, excessive erosion of the cover soil,

excess percolation of water into the trench, and plant and animal intrusion and imobilization of the waste.

Under these constraints, it is not surprising that the most frequent failure mode at existing LLW sites in



the U.S. involves processes interacting with the trench cover. Fortunately, the accessibility of the trench

cover facilitates required remedial action to correct contamination problems, in direct contrast to

correcting the problems arising from ground water contamination.

Documented examples of radionudide transport arising from cover related processes (1,4,5,6)

suggest that management of surface water and biota can be an important consideration in the long-term

isolation of wastes in both humid and arid regions (Table 1). Some problems that have occurred because

of surface water include erosion at West Valley and Maxey Flats, seeps from the down slope trenches at

Oak Ridge, and bath tub overflow at West Valley, Maxey Flats, and Oak Ridge caused by permeable

trench covers and backfill in relatively impermeable host soils (Table 1).

Arid sites do not completely escape problems with water, as evidenced by trench flooding at Idaho

National Engineering Laboratory QNEL) caused by rapid snow melt However, over 40 years of

operating experience at LLW sites in the arid west suggests that percolation of water through the trench

cover and into the trenches is generally a low-order process despite the very intense rainstorms and

dramatic flooding events that occur in this region.

Plants are frequently involved in radionudide transport from trenches in both arid and humid LLW

sites, and at least in some arid sites requires frequent remedial action. For example, uptake of MSr by

Russian thistle has been a chronic problem at Hanford, while JH in flowering vegetation with the potential

for transfer of tritiated water to honey bees and honey, is at least partially responsible for summer

mowing of vegetation on a LLW site at Los Alamos (Table 1). Humid sites reporting radionuclides in

vegetation growing on LLW sites are Savannah River, Maxey Flats, West Valley, and Oak Ridge. Plant

uptake of radionuclides at arid sites has been reported for INEL, Hanford, and Los Alamos (Table 1).

Table 1. Reported Releases from Low-Level Waste Sites by the Surface Pathway (Refs. 1,4, 5)

Surface Waters

Humid Sites

Seeps - Oak Ridge

Erosion - West Valley, Maxey Flats

Bath tub effect - Maxey Flats, West Valley, Oak Ridge

Arid Sites

Snowmelt - Idaho

Plants

Humid Sites

Uptake • Savannah River, Maxey Flats, Oak Ridge

Arid Sites

Uptake • Los Alamos, Hanford, Idaho

Animals

Arid Sites

Nesting • Los Alamos

Nutrients • Hanford

Burrowing - Hanford, Idaho, Los Alamos



Because of the overwhelming concern about ground water pathways at humid LLW sites, animal

intrusion is generally considered to be unimportant as evidenced by the lack of references on the subject.

Animal intrusion into trench covers at humid sites simply may not occur or it may be a minor transport

pathway that can be disregarded. Present data are not sufficient to support either contention.

There is accumulating evidence that animal intrusion into arid LLW sites can be important in

transporting wastes to the ground surface and in altering the long-term integrity of the trench cover.

Burrowing animals have intruded into sites at Hanford, INEL, and Los Alamos (Table 1).

Operating experience at the 11 LLW sites in the U.S. suggests that many of the problems that relate

to radionuclide transport often do not involve ground water and invariably involve interactions that occur

with the trench cover. Those interactions, which involve both water and biota, are not well understood,

particularly the role that plants and animals play in regulating the water balance in the cover profile and

the importance of biological intrusion through the cover and into the waste as a radionuclide transport

pathway. Few comprehensive long-term pathway analyses have been attempted to determine the relative

importance of subsurface and surface processes in transporting LLW to man (7). Under a home farm

scenario whereby a family living on an abandoned low-level waste site at Savannah River Laboratory

derived most of their food and water from the site, uptake of MSr by cereal grains used as food provided

the most significant, albeit very low, dose to the family.

A similar analysis for a site at Los Alamos indicated that mechanical disturbances caused by tilling

resulted in the highest doses to humans farming the site (8).

To provide a basis for information needs during site characterization and monitoring.t he following

sections will examine some of the important relationships between water and biota in the trench cover.

HYDROLOGIC INTERACTIONS WITH TRENCH COVERS

A Water Balance Approach

A conceptualization of some of the processes affecting SLB site integrity (Figure 1) illustrates the

interdependence of water and biota in the trench cover. Falling precipitation on the site is subject to

interception by the plant canopy, removal as surface runoff, and/or infiltration into the soil profile. Water

that infiltrates into the soil can be removed by evaporation (E) from the soil surface and plant

transpiration (T) or as the combined process of evapotranspiration (ET). Water remaining in the soil can

be stored or can infiltrate deeper into the waste and backfill By definition, water that moves below the

plant root zone will be termed seepage or percolation. As will be discussed later in more detail, plants and

animals can also intrude into the waste via root and burrow systems (Figure I).

Interactions of those processes can be expressed in a water balance equation for the trench cover
profile as follows:

(1)

where

S = soil moisture,

P = precipitation,

Q = runoff,

ET = evapotranspiration,

L = seepage or percolation, and

t - time.
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Figure 1. Water and Biota • Related Processes Contributing to Radionuclide Transport at Shallow Land

Burial Low-Level Radioactive Waste Sites.

The rate of change in soil moisture (as stored in the cover profile) is equal to the difference between

input (P) and output (Q, ET, and L) as illustrated in Figure 1. Units of the terms in Eq. 1 are generally

expressed as volume per unit area per unit time, or equivalently, depth/time (e.g., mm per day, month, or

year).

The amount of soil moisture (S) stored in the profile is a function of the water holding capacity of the

soil, plant rooting depth, and the antecedent and current values for the variable on the right side of Eq. 1.

Precipitation (P) is a function of the climate at a particular waste burial site and is highly variable in time

and space. Runoff (Q) is a function of precipitation, soil type, vegetation, surface management practice,

and soil mosture. Evapotranspiration (ET) is a function of climatic variables (e.g., precipitation,

temperature, solar radiation), soil properties, vegetation type, and soil moisture. Percolation (L) is a

function of soil properties and soD moisture.

Because soil erosion and sediment transport are strongly related to precipitation and runoff, they are

also related to the other terms in the water balance equation. Finally, because plant and animal intrusion

through the trench cap affect the water balance, they also affect infiltration rates and erosion.

Based on the foregoing discussion, most of the components of the water balance equation illustrated

in Figure 1 also illustrate contaminant transport pathways that can result in dose to man. Specific

examples include:

• erosion of the trench cover and exposure of the waste,

• percolation of surface water into the trench with subsequent leaching and transport of the waste,

• capillary forces created by evapotranspiration, which transport waste to the ground surface, and

• plant and animal transport of the waste to the ground surface.



In order to control those pathways and to determine site characteristics that must be measured to

ensure control, we must recognize that we are dealing with an interactive system. For example, suppose

we adopt a conservation measure to control trench cover erosion by reducing surface runoff. We need to

know how this conservation measure influences other terms in the water balance equation, and, by

extension, the other contaminant transport pathways such as plant uptake and percolation. Likewise, if

we install a biological intrusion barrier system (e.g., a rock layer within the cover profile) to prevent plant

and animal access to the buried waste, we need to determine how this action might influence the water

balance equation and, again by extension, contaminant transport pathways associated with runoff,

erosion, and percolation.

The Need for a Simulation Model

Because climatic, hydrolpgic, and biologic processes are highly variable in time and space, it is

impossible to measure or monitor them under conditions representauve of all possible combinations of

soils, climate, topography, vegetative cover, and land use. Consequently, there is a need for mathematical

models to predict those processes under a wide range of environmental conditions. Procedures to estimate

runoff, erosion, infiltration, percolation, evapotranspiration, and soil moisture in trench cover systems,

such as are illustrated in Figure 1, will be essential in designing and monitoring the performance of future

SLB sites.

In response to similar needs for agricultural systems, the U.S. Department of Agriculture (USDA)

developed a reasonably simple computer simulation model called CREAMS (Chemicals, Runoff, and

Erosion in Agricultural Management Systems) (9,10,11,12,13), which included hydrology and

erosion/sediment transport components. The model was intended to be useful without calibration or

collection of extensive site specific data to estimate parameter values by taking advantage of extensive

experimental data sets (9) derived over the years by USDA and others.

The CREAMS model has received wide use and acceptance (14) and recently has been proposed as

a useful tool in waste management studies (15,16). Although the model has been applied to shallow land

burial sites, additional research will be required to estimate model parameters under semiarid conditions

and under unique cover profile conditions such as wick systems, moisture barriers, and biobarriers that

have been considered for shallow land burial systems. Toward this end, experiments are underway

(15,16) to provide information on parameter values at locations representative of large areas of the

western United States and under conditions representative of shallow land burial systems.

Overview of the CREAMS Model

The hydrology component includes two options. The first is a daily rainfall model based on the Soil

Conservation Service runoff equation and the second, an infiltration model using time-intensity rainfall

data (17). The soil profile, to the plant rooting depth, is represented by up to seven layers (which can

represent multilayered cover systems), each with a representative thickness and water storage capacity.

The evapotranspiration calculations are based on a procedure developed by Ritchie (18) and include soil

evaporation and plant transpiration estimates based on monthly air temperature, solar radiation, and a

leaf area index. Flow through the root zone is computed using a soil water storage-routing routine and

percolation is estimated when soil moisture exceeds field capacity. These calculations maintain a water

balance as described by Eq. 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

concentrated flow (13). Gross erosion and sediment yield are computed by sediment particle size classes,

which include soil aggregates.



Conservation Research Report No. 26 (9) includes a more detailed description of these components,

results of model testing and evaluation, a sensitivity analysis, and a users manual for preparing model

input

Applications in Predicting Water Balance

Anticipated applications of the CREAMS model in waste management (site selection and

characterization, evaluating management alternatives, remedial actions, and experimental design) were

described previously (15,16). The following discussion compares measured soil moisture, under a variety

of enviromental conditions, with simulated results based on the CREAMS model.
Input data for the comparison were obtained from a moisture cycling experiment at Los Alamos,

New Mexico (19) and using data from Rock Valley on the Nevada Test Site (20). Data from Los Alamos

represent a semiarid site (mean annual precipitation of 470 mm) and data from Rock Valley represent an

arid site in the northern Mojave Desert (mean annual precipitation of 165 mm). Input data consisted of

daily precipitation, mean monthly air temperature and solar radiation, textural analysis and water holding

capacity of the soil, plant rooting depths, and vegetative cover density. Data from Los Alamos were for a
6 month period (July-December 1981), and data from Rock Valley were for a 5 year period (1968-1972).

Soil moisture was measured at Los Alamos with neutron probes to a depth of 120 cm in 90 cm wide

by 150 cm deep culverts filled with a sandy backfill material (crushed tuft) used in shallow land burial

operations at Los Alamos. One plot was maintained with a bare soil surface (unvegetated) and vegetation

(barley, Hordeum vulgare) was established on the other plot. SoU moisture at the Rock Valley site was

estimated from gravimetric analysis of samples collected at depths of 15 and 35 cm. Soil moisture

measurements were made about once a week at Los Alamos and about once every two weeks at Rock

Valley. Although the CREAMS water balance model simulates soil moisture in layers from the surface to

the rooting depth, measurements at Los Alamos and Rock Valley were for soil moisture at depths of 15

cm or greater, whereas simulated soil moisture was averaged throughout the entire soil profile. Despite

that difference, we compared simulated and measured soil moisture, averaged over the entire soil profile,

to examine performance of the model in reproducing the measured seasonal trends.

Components of the monthly water balance for the unvegetated plot at Los Alamos are shown in

Figure 2. In general, computed evaporation rates from the unvegetated plot were less than water

application rates. As a result, average soil moisture in the profile continued to increase from July to
December. Figure 3 shows similar data for the vegetated plot at Los Alamos. In general, evapotranspira-

tion (ET) rates exceeded water application rates, and as a result, average soil moisture in the profile

decreased from July to December. Computed ET was greater by about a factor of 2 on the vegetated plot

than on the bare-soil plot; these computations are supported by the measured soil moisture data (Figures

2 and 3). Moreover, the simulated soil moisture closely matched trends in the observed soil moisture.

The observed data in Figures 2 and 3 suggest that establishing and maintaining vegetation on a

trench cover can be an effective means ofmanaging moisture in the cover profile. Those data also suggest

that the CREAMS model can account for soil moisture differences caused by increased ET on the

vegetated plot

Components of the monthly water balance for a natural vegetation community at Rock Valley are

shown in Figure 4. Computed ET rates were less than measured precipitation for the months or

December, January, and February. These are the months in which soil moisture is stored in the soil

profile. Precipitation is less than computed ET during March, April, and May and is reflected by soil

moisture depletion. During the remainder of the year, monthly ET is essentially equivalent to monthly

precipitation. These trends are reflected in the measured and simulated soil moisture as shown in Figure
4. Although there are differences in measured and computed values of average monthly soil moisture, the

model explained the observed seasonal trends.
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The relationship between measured mean monthly soil moisture and estimates based on the

CREAMS simulation model (Figures 2,3, and 4) suggest significant errors in estimated soil moisture for

individual values, but the model explained most of the variation in monthly soil moisture (r1 = 0.93 for

combined data sets). Based on previous analyses, the CREAMS model has applications for cultivated

agriculture. Based on the analysis of data from Los Alamos and Rock Valley, the model appears to have

potential for estimating the water balance in semi-arid and arid areas.

Of course, adequate evaluation of the model, under varied waste disposal conditions in arid and

semi-arid regions, will not be possible until experimental data are available for erosion and all components

of the water balance. Such data are now being collected using large lysimeters, runoff-erosion plots, and

experimental watersheds (19).

BIOLOGICAL INTERACTIONS WITH TRENCH COVERS

Despite the important role of vegetation in controlling the water balance in the cover profile, deep

rooted plant species can access radionuclides and bring them to the soil surface. Radionuclides in plant

tissue can be ingested by herbivores or nectar collecting organisms such as honey bees. At Los Alamos,

one of the pathways of radionuclide transport away from the Laboratory's closely controlled SLB sites is

via the soil moisture-plant nectar-honey bee-honey pathway (21), although radiation doses to humans

that might consume this honey are estimated to be very small.

The importance of preventing buried waste from reaching the ground surface is illustrated by a

pathway model of plutonium behavior in terrestrial ecosystems (Figure 5). Radionuclides buried below

the ground surface can be absorbed by plant roots and deposited in above ground tissue. However, when

the radionuclides are present in surface soils, as is the case at several LLW sites, physical resuspension of

soil particles (especially the clays) by wind and water can deposit contaminated soil particles on plant

surfaces (i.e., leaves, stems, and fruiting bodies). Field studies (22) with plutonium, as well as other

radionuclides, show that for every picocurie taken up by plants roots, at least 10 (and often 100 to 1000).

picocuries can be deposited on foliage surfaces. Of course, most herbivores consume those radionuclides

whether they are on or in the plant. Even in the case of humans, who presumably wash vegetable crops

before consumption, as much as 50% of their radionuclide intake from consuming certain garden

vegetables may be from very small soil particles (clays) not removed from crop surfaces by standard

household food washing procedures (23).

The importance of burrowing activities within a trench cover is generally disregarded except in those

cases, primarily in arid sites, where problems have arisen (24,25). Trench covers are disturbed soil

systems, often loosely compacted and are readily invaded by native plants and animals. Burrowing

animals utilize the void spaces left after trench backfilling as natural tunnels and nesting sites (26).

Burrowing activities by animals play an important role in chemical cycling in the soil profile. The

vertical transport of Fe, Se, Al, Ca, Mg, U, Ra, and Th from deep soil layers to the surface by the

mechanical action of rodents (27,28) has given rise to the statement that burrowing rodents serve as

"nutrient pumps" that bring insoluble materials to the soil surface for weathering (29,30). As mentioned

before, soil and chemicals brought to the surface are more readily available for resuspension and

transport by physical processes.

Although burrowing animals can gain access and transport waste to the ground surface, less obvious

interactions with the cover and trench backfill may be of greater importance. For example, pocket

gophers inhabiting a LLW site at Los Alamos excavated about 12,000 kg of soil per hectare from a

trench cover during a one year period (31). Displacement of that amount of soil created about an 8 mJ

void space in the cover or about 2800 m of tunnel system. Soil disturbance of a similar or greater

magnitude, caused by burrowing animals, has been documented in many parts of the Western U.S.
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(32,33,34,35,36). Tunnel systems created by pocket gophers in Colorado have been shown to increase

rates of water infiltration (by decreasing bulk density) into the soil profile by a factor of two over similar

but undisturbed profiles (37,38). Compared with undisturbed vegetated soil surfaces, soil cast to the

surface by burrowing activity is also subject to accelerated erosion (33).

Burrowing animals can also greatly alter the integrity of engineered, multi-layer soil profiles by

penetrating through such profiles and/or by vertically displacing the layers. In native ranges, under high

population densities, pocket gophers are estimated to turn over 15 to 25% of the soil surface in a single

year (35,36).

Despite the foregoing evidence supporting the important role that animals play in modifying the soil

profile, our understanding of this role in relation to long-term LLW site stability is minimal. Information

is needed on relationships of burrowing animals to erosion, infiltration rates of water into the soil, and

effects on plant density and succession. Likewise, successional patterns for animals that occupy LLW

sites are needed to determine changes in the long-term intrusion potential for the species that occupy the

sites.

ECOLOGICAL INFORMATION REQUIRED FOR SITE CHARACTERIZATION

Trench covers, important components in a shallow land burial systems, have proved to be a frequent

source of problems relating to waste transport from sites. As we have shown, using a water balance

approach, environmental processes operating on and in a trench cover profile are highly interdependent.

The CREAMS model assembles these basic processes into a forecasting tool that can be used in site

characterization, site monitoring, optimization of trench design, and performance evaluation. For



example, the fundamental role of vegetation in trench cover water balance indicates the need to measure

soil-plant-water relationships to fully exploit the benefits of plant cover in managing surface water and,
hence, site performance. Likewise, the controlling influence of precipitation dictates that we have good
estimates of climatic variability and climatic extremes in order to develop probabilistic approaches to

designing trench covers and predicting performance.
Relationships in the CREAMS model were, for the most part, derived from cultivated agricultural

land and should be immediately useful in design and evaluation of humid LLW sites. Less information is

available for semiarid and arid regions. Information required for input to CREAMS (Table 2) also
identifies measurements that should be made during site characterization. Data that are relatively easy to
obtain or derive from the literature are topography, soil type, and soil characteristics. Less information is
available on plant-soil-water relationships, particularly for the nonagricultural plant species often used in

revegetation of LLW sites.

A number of studies are currently underway at Los Alamos to provide technical data on the water

balance in the cover profile (15,16,19). Those studies address questions relative to plant rooting depth,

evapotranspiration, and the effect of vegetation cover on runoff and erosion.
The importance of biological intrusion in mobilizing waste and in altering water relationships in

cover profiles cannot be fully assessed at this time because of the lack of pertinent data and attempts to
assess the relative importance of the various radionuclide transport pathways at LLW sites. Some of the

important information needs relative to biological intrusion are listed in Table 2. An important question

regarding both plants and animals is how intrusion potential changes as biotic species change because of

natural succession. At Los Alamos, in as little as 35 years, LLW site ground cover can change from a
bare, unvegetated surface to a near climax vegetation community consisting of large trees and shrubs

(39).' Several studies are underway in the U.S. to develop biological intrusion barrier systems that limit
plant root and burrowing animal access to the waste (40,41,42).

SUMMARY

Based on a review of operating experiences at several low-level waste sites in the U.S., occurrences

of radionuclide transport from these sites generally involve failure of the trench cover. Furthermore,

transport pathways often do not involve ground water, but rather lead to contamination of soil and biota

on the trench cover surface. The availability of a procedure to accurately estimate son water balance

allows for a priori identification of critical features of SLB trench covers that can be manipulated to

optimize designs and to select features for monitoring to evaluate site performance.

The CREAMS model has been showsn to reflect changes in soil moisture under varying conditions

of precipitation, evapotranspiration, runoff, and percolation as influenced by soils, vegetation, land use,

and climate. Of special significance is the ability to quantify the role that vegetation plays in the soil water

balance.

The role that plants and animals play in transporting radionuclides from burial trenches cannot be

fully assessed, although there are indications that these transport pathways cannot be dismissed as

unimportant. Past studies have shown that radionuclides brought to the soil surface can be transported by

wind and water to offsite areas and that these physical transport processes dominate in the movement of

soil contaminants through food webs.

Major unresolved problems include developing probabilistic approaches that include climatic

variability, improved knowledge of sofl-plant-water erosion relationships, development of practical and

optimum revegetation and cover maintenace schemes, prediction and quantification of plant and animal

succession, and understanding the interaction of processes occurring on and in the trench cover with

deeper subsurface processes.



Table 2. Examples of Information Needs Relative to Low-Level Waste Burial Site Trench Covers

Water Balance Interactions—Input Data for the CREAMS Model

Topography

• Position of facility in the watershed

• Slope steepness, length, and shape

Soil Characteristics in the Trench Cover

• Soil type, texture, and erodibility

• Soil depth, structure, and layering

• Water holding capacity and hydraulic conductivity

Vegetative Cover

• Plant rooting depth

• Seasonal leaf area index for evapotranspiration

• Plant density and canopy height for erosion estimates

Climatic Data

• Daily precipitation

• Mean monthly air temperature and solar radiation

Biological Intrusion Potential

• Rooting depths of major plant species

• Burrowing depths of major animal species

• Plant and animal succession^ patterns and their interactions
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