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Summary

This document provides a testing and monitoring plan for the biological component of the
prototype barrier slated for construction at the Hanford Site. The prototype barrier is an above-
ground structure engineered to demonstrate the basic features of an earthen cover system. It is
designed to permanently isolate waste from the biosphere. The features of the barrier include
multiple layers of soil and rock materials and a low-permeability asphalt sublayer. The surface of the
bander consists of silt loam soil, covered with plants. The bander sides are reinforced with rock or
coarse earthen-fill to protect against wind and water erosion. The sublayers inhibit plant and animal
intrusion and percolation of water. A series of tests will be conducted on the prototype barrier over
the next several years to evaluate barrier performance under extreme climatic conditions. Plants and
animals will play a significant role in the hydrologic and water and wind erosion characteristics of the
prototype barrier.

Studies on the biological component of the prototype barrier will include work on the initial
revegetation of the surface, continued monitoring of the developing plant community, rooting depth
and dispersion in the context of biointrusion potential, the role of plants in the hydrology of the
surface and toe regions of the barrier, the role of plants in stabilizing the surface against water and
wind erosion, and the role of burrowing animals in the hydrology and water and wind erosion of the
barrier.

Design of the prototype was completed in September 1992. Construction began in 1993 and
will be completed in 1994. Under this schedule, testing of the prototype will begin in April 1994 and
will continue for a minimum of 3 years.
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1.0 Introduction

Pacific Northwest Laboratory (PNL) and Westinghouse Hanford Company (WHC) are working
together to develop permanent isolation barriers for the near-surface disposal of hazardous waste at
Hanford. The proposed barrier design consists of a layer of fine-textured soil overlying a series of layers
grading from sand to basalt riprap (USDOE 1987). This capillary-break soil layer structure will minimize
infiltration into the waste by holding the water in the uppermost fine soil layer. Plants and animals
significantly affect the upper fine soil layer where they reside. Thus, it is important to determine how
they will affect the soil water balance, the stability of the surface subjected to wind and water erosion, and
the potential they pose for biointrusion (Wing 1992; Gee et al. 1993).

This task will concentrate on three subtasks that will quantify the effect of plants and animals on
the prototype barrier: 1) vegetation establishment and monitoring, 2) root intrusion/root distribution, and
3) animal intrusion.

The vegetation establishment and monitoring subtask will endeavor to establish a community of
deep-rooted perennials on the surface of the barrier and a community of deeper-rooted shrubs and trees at
the toe of the barrier. Monitoring includes documenting the plant community structure though time and
their effects on the soil water balance of the surface and toe areas.

Revegetation in semiarid ecosystems has been most intensively studied in areas destroyed by
mining operations (Allen 1988). Allen (1988) found, during a I 0-year study, that Russian thistle (Salsola
kali) dominated initially, but became rare after 4 years, and perennial grasses and shrubs such as big
sagebrush (Artemisia tridentata) were dominant after 5 years. The effects of other introduced annuals
such as cheatgrass (Bromus tectorum) and tumble mustard (Sisymbrium altissimum), common at the
Hanford Site, were not investigated.

At the Hanford Site, previous revegetation efforts have focused on stabilizing the surface against
erosion and preventing roots from entering buried wastes. Cline and Uresk (1979) established shallow-
rooted annuals (B. tectorum) instead of deep-rooted perennials to stabilize soil surfaces and preclude the
intrusion of S. kali roots into buried radioactive wastes. They successfully established B. tectorum,
minimizing the establishment of S. karl. This required soil stabilization with straw, to prevent wind
erosion and nitrogen fertilization and irrigation in the fall to ensure a vigorous stand of B. tectorum.

Other revegetation efforts at Hanford have successfully re-established deep-rooted perennial
shrubs [A. tridentata and spiny hopsage (Grayia spinosa)] on disturbed Basalt Waste Isolation Project
(BWIP) areas (Brandt et al. 1990; Brandt and Rickard 1990). These species were successfully established
as tublings (a tubling is a seedling established in a narrow tube to facilitate transplantation). Recent
efforts by Brandt et al. (1992) demonstrated successful revegetation with grasses in BWIP areas. They
prepared seedoeds in the fall, testing various combinations of McGee Ranch soils, fertilizer, compost, and
wood chips. They seeded Sandberg's bluegrass (Poa sandbergii), bottlebrush squirreltail (Sitanion
hystrix), needle and thread grass (Stipa comata), and white sweet clover (Melilotus alba). The highest
density of P. sandbergii occurred where seedbed treatments consisted of a control (no treatments), only
fertilizer disked into the soil, and McGee Ranch soil plus compost. They also recorded the presence of S.
kali and B. tectorum in the study plots.

We will endeavor to establish a perennial community of grasses (P. sandbergii and S. hystrix) and
the shrub A. tridentata on the upper surface of the prototype. We believe we will be successful, with
careful attention to seedbed preparation, composting, fertilization, irrigation, and planting time of seeds,
tublings, and transplanted field-grown seedlings. The result will be a deep-rooted perennial community
with the uncontrolled addition of weedy annuals such as S. kali, B. tectorum, and S. altissimum. Along
the toe of the prototype we will establish a community of deep-rooted shrubs, such as western juniper
(Juniperus occidentalis), antelope brush (purshia tridentata), and A. tridentata, and trees such as black
locust (Robinia pseudoacacia) that will take advantage of the extra water/bund there because of runoff
(Sauer and Rickard 1982).
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Once the communities have been established, we will measure them for composition and cover at
least once a year thereafter. Monitoring efforts will document community dynamics after revegetation
and provide data to support work done on soil water balance, root intrusion, and erosion studies.

The strong effect of plants on the soil water balance of the surface and toe areas requires
significant efforts to measure the dynamics of transpiration for various species on the barrier. Because the
surface will be irrigated, we will also measure the effect of irrigation on plant transpiration and the
subsequent effect on soil water balance. It has been established that areas dominated by shallow-rooted
annuals such as B. tectorum can accumulate water beneath the root zone that can, potentially, lead to
recharge (Cline et al. 1977).

Variation in the rooting depth of deep-rooted perennials is associated with variation in soil water
storage (Link et al. 1990). Link et al. (1990) found an increase in soil water storage below the 125-cm
depth in a antelope bitterbrush (Pseudoroegneria spicata)-dominated community in comparison with a
more deeply rooted community dominated by A. tridentata and P. spicata. The presence of deeply
(200 cm) rooted shrubs such as A. tridentata and G. spinosa at McGee Ranch has been demonstrated to
extract more water from the soil profile than areas dominated by sparse vegetation. Areas dominated by
these shrubs were also able to extract twice normal precipitation from the soil profile (Link et al. 1994).
We hypothesize that variation in plant cover and type will be closely associated with variation in soil
water storage on the surface of the prototype and along the toe. We will use geostatistical tools to assess
spatial autocorrelation, aid in hypothesis testing, and assess risk (Rossi et al. 1992, 1993). Risk here is
defined as the probability of barrier failure.

Roots play a central role in soil water storage dynamics, as described above, in addition to
binding the soil. Deeply rooted plants pose the potential threat of entering the buried wastes. Because of
the overriding importance of roots, we have structured a subtask that focuses specifically on roots. This
subtask will attempt to measure the dynamics of rooting depth and dispersion on the surface and along the
toe as a function of depth, proximity to plant species on the surface, and the irrigation treatment on the
surface.

Rooting depth and dispersion are controlling factors determining soil water dynamics. The
likelihood of the accumulation of water deep in the upper profile of the prototype will depend on the
depth of the rooting zone. As described above, rooting depth is highly dependent on the species. Rooting
depth can be ordered from shallow to deep as follows: P. sandbergii, B. tectorum, P. spicata, G. spinosa,
A. tridentata, and S. kali. The rooting depth of S. hystrix is not known on this site. More water will
potentially accumulate deep in the profile if shallow-rooted plants dominate the surface than if deep-
rooted plants dominate (Cline et al. 1977). A knowledge of rooting parameters is required to properly
simulate soil water dynamics (Link et al. 1993).

Deep-rooted plants [Chrysothamnus nauseosus (Klepper et al. 1976); S. kali (Selders 1950)] have
been observed to accumulate fission products when growing over buried radioactive wastes. The
presence of fission products in the shoot is a consequence of roots penetrating the radioactive wastes.
Past workers have sought to prevent the intrusion of roots into buried wastes by maintaining a loose rock
layer between the waste and the surface soils (Cline et al. 1980). They were successful as long as an
asphalt layer was present to prevent soils, and thus roots, from filling cracks in the rock layer. We will
test for the presence of roots below the surface soil zone by using a lithium chloride tracer (Cline et al.
1980) in selected areas of the prototype barrier.

Animals have been recognized as agents that can burrow into buried waste and bring it to the
surface. This was observed on the Hanford Site where an animal, most likely a badger (O'Farrell and
Gilbert 1975) had tunneled into radioactive salts (9°Sr and 137Cs), which were subsequently ingested by a
black-tailed hare (Cline et al. 1980). Cline et al. (1980) demonstrated that intrusion by roots, animals, and
ants into buried waste could be prevented if a layer of loose rock covered with an asphalt emulsion was
placed between the buried waste and the topsoil. These authors cautioned, though, that intrusion can
occur if soil is allowed to penetrate into the rock layer providing a pathway for roots and animals. Such
penetration could happen over long periods of time.
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Work to document the effect of burrowing animals on permanent isolation surface barrier
structures has focused on preferential infiltration of water through burrows, erosion of caste material, and
the potential for entering the buried wastes and bringing them to the surface (Cadwell et al. 1989;
Landeen et al. 1990). These studies were done in controlled lysimeter studies (Landeen et al. 1990) and
in field studies (Cadwell et al. 1989) in soils similar to those that will be placed on top of the prototype
barrier. Conclusions drawn from these studies indicate that small mammal burrows have little or no
impact on soil moisture content. Larger animal burrows show an increase in soil water during the winter,
but the soils near the large burrows dry out during the rest of the year because of increased evaporation
and transpiration from weedy annuals growing on the disturbed soils (Cadwell et al. 1993). Thus, it is
not likely that animals will compromise the water relations of the barrier. It should be noted, however,
that this conclusion is based on short-term studies. More conclusive evidence of the effects of burrowing
animals on water relations of barriers would require long-term studies or a wide range of field studies in
natural analog sites. The problems around the impact of burrowing animals on erosion characteristics and
the potential for intrusion into the buried wastes have not been resolved in the context of the permanent
isolation surface barrier.

Animal studies on the permanent isolation surface barrier will focus on documentation of the
location and characteristics of burrows on the surface. Such information will aid in understanding the
potential for change in soil water contents and erosion of the surface associated with burrows.
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2.0 Scope and Objectives

The timing and duration of observations on the prototype barrier are discussed in detail by Gee
et al. (1993). Observations on the effect of plants and animals on characteristics of the prototype are of
central importance for documenting the success of the prototype. We plan on expending the majority of
our efforts on establishing vegetation on the prototype. Thereafter we will monitor the development of
the plant communities on the surface and along the toe of the prototype. Special attention will be paid to

• documenting the depth and dispersion of roots on the barrier. This information will support efforts to
model the water balance of the surface and toe areas. Transpiration and soil evaporation measurements
will be made at select times during the length of the project to develop an understanding of the role of
plants on the water balance of the surface and toe areas. Finally, animal burrow occurrence will be
documented yearly during the course of the project.

Several objectives have been established for testing and monitoring the effects of plants and
animals on the prototype barrier:

• establishing self-sustaining deep-rooted perennial plant communities on the surface and
toe areas of the barrier

• documenting the dynamics of the plant communities on the surface and toe areas and as
influenced by irrigation on the surface

• measuring rooting depth and dispersion of the plant communities on the surface and toe areas
and as influenced by irrigation on the surface

• measuring transpiration in the plant communities on the surface and toe areas and as influenced by
irrigation on the surface

• documenting the number and dispersion of animal burrows on the surface and the effect of
such burrows on soil water balance and erosion

• providing required plant variables and parameters for the operation of hydrology models of soil
water balance on the prototype.

These objectives provide general guidance for testing the effect of plants and animals on the
prototype barrier. How these objectives generally and specifically will be met are described in
subsequent sections of this test plan.
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3.0 Biointrusion Testing and Monitoring Activities

A number of tests and experiments will be conducted on the prototype barrier to assess the effect
of plants and animals on the prototype's performance. The following subsections provide detailed
descriptions of 1) test objectives, 2) techniques and equipment, 3) test and experiment duration,
4) expected results, and 5) any special considerations for the design of the prototype barrier. Information
pertaining to costs associated with the tests is contained in Section 5.0.

3.1 Vegetation Establishment and Monitoring

Under this task, the surface and toe areas of the prototype barrier will be revegetated and the
dynamics and transpiration of the resulting communities will be monitored.

3.1.1 Revegetation

Vegetation will function as an important component of the permanent isolation barrier design.
For the prototype barrier, a preferred vegetation cover must be determined and established as quickly as
possible to ensure that other tests of water infiltration and surface erosion mimic expected barrier
conditions as closely as possible. Successful vegetation establishment strongly depends on the careful
reconstruction of the ecosystem. The techniques we will use for revegetation will follow those described
by Waugh and Link (1988) and Brandt et al. (1992).

3.1.1.1 Objective

Objectives of this subtask are to determine a preferred vegetation cover for the prototype that will
represent the vegetation expected to develop on fine soils under climate conditions on the 200 Area
Plateau and to establish this fully functional vegetation cover as quickly as possible. Issues that must be
addressed to successfully establish this vegetation cover include seed collection, seedbed preparation,
planting, and irrigation.

3.1.1.2 Technique(s)/Equipment

The revegetation task was initiated with the acquisition of seeds beginning in fall 1993 and
continuing through summer 1994. We will attempt to collect seed from plants growing at McGee Ranch
or in the local area, in the 200 Areas, and on the Fitzner/Eberhardt Arid Lands Ecology (ALE) Reserve. It
is better to use local seed because these plants are already adapted to the local environment and should be
successful on the prototype. If adequate local seed is not available, we will acquire seed from local
commercial seed sources and/or the Soil Conservation Service's Plant Material Center in Pullman,
Washington.

Collected seed will be vernalized using refrigerators at the ALE laboratory. A germination test
will be conducted using petrie plates to determine if the local seed is germinable. If seed is considered
good, then it will be stored dry until planting time.

Seedbed preparation includes surface manipulation, manipulation of soil microorganisms, fertili-
zation, and irrigation. We will consider two possible surface conditions that will strongly influence seed-
bed preparation. If the topsoil (top 30 cm) from the borrow pit area is separated, stored, and placed on top
of the prototype we can minimize seeding, tubling insertion, surface manipulation, manipulation of soil
microorganisms, and fertilization, but will have to expend significant efforts to control weeds. If a barren
soil surface is used for the seedbed, then we will have to maximize efforts to manipulate the surface,
manipulate soil microorganisms, and fertilize. Weeds will be less of a problem under these conditions,
but cannot be ignored. Weeds can be controlled by the carefully timed application of a pre-emergence
herbicide. This work will be done by a registered herbicide applicator. Irrigation will most likely be
needed for both conditions to ensure establishment if the spring after planting is dry.
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Surface manipulation for the prototype concerns microtopographical modifications to create
microsites conducive to germination and establishment (Waugh and Link 1988). If a topsoil with admix
gravel is applied, then an adequate microtopography will most likely already exist. This is because the
inclusion of substantial amounts of dead material will roughen the surface along with admix gravels. If a
barren surface is used, then a rough microtopography will have to be created. This will be done with a
soil imprinting device, which has been shown to be superior to simply drilling seed (Dixon and Carr
1993).

Soil microorganisms and mycorrhizae are needed for nutrient (nitrogen and phosphorus for
example) cycling, which makes nutrients available for adequate plant growth (Waugh and Link 1988).
The use of a topsoil treatment will maintain the soil microflora naturally present as long as the topsoil
storage time is short. If a barren surface is used, then we will add an organic mulch or compost. Well-
cured composts provide nutrients and soil microflora needed for adequate establishment of plants. Such a
compost can be added as a hydromulch, as described by Brandt et al. (1992).

Fertilization with nitrogen is generally considered necessary because of the low nutrient contents
of these soils (Waugh and Link 1988). More nitrogen will be available with a topsoil treatment than with
a barren soil surface. If a topsoil treatment can be added, then we will add little or no fertilizer. It has
been demonstrated that weedy annuals respond more strongly to fertilization than do shrub-steppe
perennials (Waugh and Link 1988). If a barren soil surface is used, then we will consider the addition of
fertilizer. Brandt et al. (1992) observed significant increases in the cover of P. sandbergii with nitrogen
fertilizer or control soil conditions compared with more complex soil amendments such as the combina-
tion of soil, compost, fertilizer, and wood chips, which suggests that nitrogen is not critical for the
establishment of P. sandbergii. We will conduct a simple pot study to determine if the addition of
nitrogen will have a positive, effect on the establishment of perennials compared with a barren soil surface
characteristic of the prototype.

We will need to be prepared to irrigate the prototype barrier surface to ensure plant establishment.
This can be done with drip irrigation system or a pop-up sprinkler system. A drip irrigation system will
allow greater control over the location of added water and will minimize the possibility of runoff. In
addition, we will establish a drip irrigation system along the toe area to ensure the establishment of the
shrubs and trees until runoff water adequately irrigates the toe.

Planting will be done by two methods on the prototype barrier surface. The first method will
apply seed directly to the prototype surface with a Brillion seeder using a revegetation contractor such
as Bentz Fence Co., as described by Brandt et al. (1992). A redundant seeding method will be used in
addition to direct seeding to ensure vegetation establishment in case direct seeding fails. The second
method will germinate seeds in a greenhouse to produce tublings, which can then be planted on the
prototype barrier surface by hand. The production of tublings will be done by a contractor offsite. Plants
for the toe will be obtained from local nurseries and planted by hand.

3,1.1.3 Duration

Vegetation establishment will begin immediately after the construction of the prototype and
continue during the following year. The prototype construction schedule calls for completion of the
prototype barrier during FY 1994. Because of the seasonality associated with most effective plant
establishment, it is important that all construction activities be completed on schedule so that vegetation
establishment work can begin promptly in early fall of the year that the barrier is complete d. The
prod_ ion of tublings will require enough lead time to establish a contract and to grow theplants to an
adequate size for transplanting in fall 1994.
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3.1.1.4 Expected Results

We expect to establish a self-sustaining plant community consisting of deep-rooted shrubs and
perennial grasses, shallow-rooted perennial grasses, and annual weeds. The long-term composition of the
community cannot be predicted. We will monitor the community dynamics of the prototype barrier
surface and toe areas for as long as neecessary. The plant community composition will have a strong
impact on the hydrology and stability of the upper surface of the prototype barrier.

3.1.1.5 Special Design Considerations

During construction of the prototype barrier, four things are important in establishing vegetation:
1) the top meter of the fine-soil layer may not exceed soil bulk densities of 1.4 g/cm 3, 2) nutrient
amendments (yet to be determined) can be added to the top 15 cm of the fine-soil layer on the barrier
(before vegetation establishment), 3) a source of water will be required for light irrigation during plant
establishment, and 4) a layer of topsoil must be included on top of the upper surface.

3.1.2 Community Dynamics and Transpiration

3.1.2.1 Objective

The objective of this subtask is to monitor vegetative structure, community dynamics, and trans-
piration characteristics of vegetation on the barrier surface and along the toe. This will help us determine
the effectiveness of vegetation to recycle water out of the barrier surface and aid in developing hydraulic
models.

3.1.2.2 Technique(s)/Equipment

Instrumentation required to monitor and test the vegetation cover includes point frames for
community description, plant growth monitors, and water relations monitoring devices (pressure bombs,
porometers, and gas exchange equipment). Stem flow gauges and dendrometers will be used to measure
transpiration and growth on trees and shrubs in the toe area.

3.1.2.3 Duration

Monitoring of vegetation for community structure will be conducted annually after construction
of the barrier and should continue throughout the testing of the prototype barrier. Monitoring efforts for
transpiration will be conducted monthly. Stem flow gauges and dendrometers will be used to measure
transpiration and growth continuously.

3.1.2.4 Expected Results

Success of the vegetation establishment task will be monitored by observation and measuring the
vegetative cover established on the prototype barrier. Standard quantitative measures of canopy cover
will be used. The results will be used to support modeling and erosion evaluations of the prototype
surface and will be compared with similar measures in comparable native vegetation stands and other
vegetation establishment efforts on the Hanford Site. The expected direction of community dynamics will
be toward a community dominated by A. tridentata with an understory of perennial grasses and annual
weeds. Transpiration measures will document the amount of water each species takes out of the profile
and will help in defining patterns of soil water profile variability on the surface. Transpiration measure-
ments in the toe area will indicate the amount of water withdrawn from this water accumulation area and
will help assess the success of this vegetation in preventing drainage along the toe.

3.3



3.1.2.5 Special Design Considerations

No special design considerations are involved.

3.2 Root Intrusion/Root Distribution

Vegetation will function as an important component of the permanent isolation barrierdesign,
both to stabilize the soil surface and to extract soil moisture from the soil and recycle it to the atmosphere
through evapotranspiration. For the prototype barrier design, in which fine soils overlie graded layers, we
believe the optimal root distribution for batTierfunction will be one in which roots fully exploit the fine-
soil layer. However, the establishment and growth of deep-rooted plants on the barrier presents the
possibility of intrusion of plant roots into the wastes and subsequent biotic transport of hazardous
materials. Knowledge of root growth, root/soil interactions, and water uptake patterns is needed to model
and predict the removal of soil water through evapotranspiration.

3.2.1 Objective

The main objectives of this subtask are to 1) evaluate the extent to which plant roots exploit the
depth of the fine-soil layer under actual barrierconstruction conditions and 2) determine whether the roots
of established vegetatio,i penetrate the various biointrusion control layers.

3.2.2 Technique(s)fEquipment

To monitor root distr;,bution on the prototype barrier, the fo!lowing instrumentation will be
• required: set of standard mini-rhizotrons will be placed in each moisture treatment to monitor plant root

development and growth rates. These mini-rhizotrons will not penetrate past the fine-soil layer and will
be augered into the fine-soil layer at a 45° angle after construction of the prototype. A field-portable
downhole video camera will be required to record root distributions within the mini-rhizotrons. To
determine whether roots of established vegetation penetrate below the fine-soil layer, a layer of
nonhazardous tracer will be required.

3.2.3 Duration

Root distributions in the fine-soil layer will be monitored for at least 2 years after prototype
construction. Depending on the success of plant establishment and rooting depths observed at that time,
monitoring of root growth and development will continue as deemed necessary to document exploration
of the fine-soil layer.

Most root intrusion testing will be conducted during FY 1994, 1995, and 1996. During FY 1996,
data will be compiled, analyzed, and summarized in a final report on plant root distributions and intrusion
in the barrier system.

3.2.4 Expected Results

Data from these endeavors will be used to construct a clear understanding of root distribution
within the barrier under different moisture conditions and will be correlated with the aboveground
vegetation structure. Analysis of leaf material sampled annually will determine whether tracer materials
have been taken up by roots growing beyond the fine-soil layer. These data will be valuable in proving
that anti-biointrusion layers prevent plant root intrusion into wastes, as well as providing information
necessary for adequate model predictions of plant water uptake from barrier systems.
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3.2.5 Special Design Considerations

During construction, placing a tracer layer will require a break in construction activities.

3.3 Animal Intrusion

The prototype barrier is not a convenient vehicle for testing the effectiveness of barrier compo-
• nents as deterrents to animal burrowing. (This should be done through independent testing where burrow

stress can be maximized.) Nevertheless, evaluations of animal burrowing impacts on the prototype are
desirable to parameterize the extent and nature of burrowing that occurs during the test life of the
prototype barrier.

3.3.1 Objective

The objective of these tests is to document the extent of colonization of the barrier surface
through the years when exposed naturally to burrowing animals of the Columbia Basin.

3.3.2 Technique(s)fEquipment

Periodic surveys of the barrier surface will record the types and locations of natural burrowing.
Mapping of burrowing activity will be greatly facilitated by use of accurate, automated position-finding
and recording instrumentation that key to a reference location.

3.3.3 Duration

This activity will be initiated only after completion of the prototype but should continue for many
years at a low level. Measurements should be made quarterly at first and then less frequently if the
development of new burrows is found to be low. Measurements should continue to be made for the
duration of the prototype testing and observation period, which is expected to be from 3 to 10 years.

3.3.4 Expected Results

Data collected will document burrowing animal invasion of the prototype barrier subsurface
during the first several years after construction. Records of the animal species, numbers of burrows, the
extent of burrowing disturbance, and specific locations of burrows will aid in overall evaluations of
barrierperformance. The records will aid in assessing results from other barrier performance measure-
ments, such as water infiltration, should accelerated or enhanced infiltration occur in the vicinity of or as a
result of animal burrowing. It is also expected that soil disturbances caused by burrowing activities will
influence the plant community by creating a seedbed that will aid in the establishment of weedy annuals
(Cadwell et al. 1989). This expected result will be a strong determining factor in plant community
dynamics and associated soil water storage patterns.

3.3.5 Special Design Considerations

No special design considerations are involved.
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4.0 Relationships with Other Tasks

Plants and animals will affect the hydrologic, water erosion, and wind erosion characteristics of
the surface of the prototype barrier. This section describes how tests of each of these characteristics

- relate.

' 4.1 Water Infiltration Tests

The objective of the water infiltration task is to measure the complete water balance on the
prototype barrier, including the soil-covered surface and the rock-covered side slopes of the barrier under
current and possible future climatic conditions (Gee et al. 1993).

Vegetation has a strong effect on soil water budgets, and a clear understanding of the prototype
water budget will require a thorough analysis of the vegetation. This will need to include, at least,
documentation of spatial and temporal variation in the vegetation as associated with measurement points
and times for soil water content. The spatial and temporal role of plants in controlling soil water budgets
has been demonstrated for McGee Ranch soils (Link et al. 1994).

Rooting depth and distributions will account for a significant amount of the variation in the soil
water budget patterns in space and time. Shallow-rooted plants will allow more water to accumulate in
the surface soil layer of the prototype barrier than will deep-rooted plants. Increases in deep soil water
content associated with shallow-rooted plants compared with deep-rooted plants has been demonstrated
on the Hanford Site (Cline et al. 1977; Link et al. 1990). Observations of rooting characteristics need to
be made in association with soil water observations.

The role of vegetation in the recycling of runoff water at the toe of the barrier will be significant.
It is anticipated that more mesic vegetation will be established in this wet zone, and it is hypothesized that
this vegetation will recycle all runoff water to the atmosphere (Gee et al. 1993). This will ensure that no
water seeps under the edge of the barrier. Observations on the water use of these plants will aid in the
quantification of the water balance in the runoff area.

Large animal burrows have been shown to increase soil water content compared to undisturbed
areas on site (Cadwell et al. 1989). Documentation of animal burrows in space and time on the prototype
barrier will aid in assessing results from water infiltration measurements if enhanced infiltration occurs as
a result of animal burrowing.

4.2 Water Erosion Tests

The degree of water erosion will be strongly related to the type and density of vegetation on the
prototype barrier. As a consequence, spatial patterns of vegetation will need to be assessed in association
with the measurement of surface water erosion patterns.

Water erosion will also be influenced by the effects of burrowing animals. Soils deposited on the
surface by animals will create a three-dimensional surface that will cause channeling of water runoff. A

- clear understanding of water erosion patterns will require the documentation of topography patterns
caused by burrowing animals.
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4.3 Wind Erosion Tests

The degree of wind erosion will be strongly related to the type and density of vegetation on the
prototype barrier. As a consequence, spatial patterns of vegetation will need to be assessed in association
with the measurement of surface wind erosion patterns.

Wind erosion will also be influenced by the effects of burrowing animals. Soils deposited on the
surface by animals will lead to increased wind erosion. This is because excavated soils are less dense
than undisturbed soils, and because the three-dimensional surface created by the excavated soils will
increase erosion compared to a flat surface (Ligotke 1993). A clear understanding of wind erosion
patterns will require the documentation of topography patterns caused by burrowing animals.
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5.0 Costs and Timeline

Testing and monitoring of the performance of the prototype barrieris a critical element of the
Barrier Development Program. The estimated costs of this effort are based on the most current personnel
and overhead rates available.

The prototype project has been funded by both the Office of Technology Development (OTD)
' and the Environmental Restoration (EM) program of the U.S. Department of Energy. Funding of

prototype construction is expected to be available from the EM program. It is anticipated that both OTD
and EM will support the testing and monitoring cost for the prototype barrierover the next 4 years. Table
5.1 provides a cost summary by task for the testing and monitoring of the prototype barrier.

Table 5.1. Cost Summary By Task ($ Thousands)

FY FY FY FY FY
Activity 93 94 95 96 97 Total

Vegetation
establishment and
monitoring 30 70 70 30 30 230

Root intrusion 0 65 65 65 40 235

Animal intrusion O 20 30 30 20

Total 30 155 165 125 90 565

A projected timeline for subtasks described in this test plan is shown below.

Task FY 94 FY 95 FY 96 FY 97

Revegetation ................

Community dynamics ...........................

Transpiration ...........................

Root studies ......................................

Animal intrusion ...........................
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6.0 Quality Assurance

All the testing and monitoring tasks supported by the prototype barrier project will be performed
in such a manner that Quality Assurance (QA) Impact Level 2 program requirements are met.

" Throughout the testing and monitoring of the prototype barrier, various types of engineering and scientific
information will be generated. This information will be analyzed, reviewed, and documented in status
reports or other documents. The documentation will be cleared for public release (as applicable) and

" placed in archives according to approved QA procedures.

Data management for testing and monitoring the prototype will be under PNL Quality Assurance
control. Data from the revegetation, community dynamics, transpiration, root intrusion, root distribution,
and animal intrusion subtasks will be collected and recorded in laboratory record books and on data
loggers. Detailed records will be kept, and laboratory record books will be reviewed as specified in the
PNL-MA-70 Quality Assurance Manual and as specified in the QA plan (OHE-002, Rev. 4) for the
barriers program.

Data analysis will focus on quantifying barrier performance with respect to the influence of plants
and animals. Water balance of the test areas will be evaluated annually (or more frequently as necessary).
Hypothesis testing will be done at the 95% confidence level where appropriate. There are limitations to
the hypotheses that can be tested because there will only be one prototype barrier. We cannot replicate
the prototype barrier because of costs. Observational data from the tasks will be used in model validation
testing and verification.

6.1



7.0 References

Allen, E. B. 1988. "Some Trajectories of Succession in Wyoming Sagebrush Grassland: Implications
for Restoration." In The Reconstruction of Disturbed Arid Lands: An Ecological Approach, ed.
E. B. Allen, pp. 89-113. AAAS Selected Symposium 109, Westview Press, Boulder, Colorado.

Brandt, C. A., and W. H. Rickard, Jr. 1990. Final Reclamation Report: Basalt Waste Exploratory, Shaft
• Site. PNL-7379, Pacific Northwest Laboratory, Richland, Washington.

Brandt, C. A., W. H. Rickard, Jr., and M. G. Hefty. 1990. Interim Reclamation Report Basalt Waste
Isolation Project Boreholes 1989. PNL-7280, Pacific Northwest Laboratory, Richland, Washington.

Brandt, C. A., W. H. Rickard, Jr., and N. A. Cadoret. 1992. Basalt Waste Isolation Project Reclamation
Support Project 1991-1992 Report. PNL-8151, Pacific Northwest Laboratory, Richland, Washington.

Cadwell, L. L., L. E. Eberhardt, and M. A. Simmons. 1989. Animal Intrusion Studies for Protective
Barriers: Status Report for FY 1988. PNL-6869, Pacific Northwest Laboratory, Richland, Washington.

Cadwell, L. L., L. E. Eberhardt, M. A. Simmons, and D. S, Landeen. 1993, "Animal Intrusion Studies."
In Hanford Site Protective Barrier Development Program: Fiscal Year 1993 Highlights, pp. 2-7, eds.
L. L. Cadwell, S. O. Link, and G. W. Gee. PNL-8741, Pacific Northwest Laboratory, Richland,
Washington.

Cline, J. F., and V. A. Uresk. 1979. "Revegetation of Disturbed Grounds in the Semi-Arid Climate of
Southcentral Washington." Health Physics 36:289-294.

Cline, J. F., D. W. Uresk, and W. H. Rickard. 1977. "Comparison of Soil Water Used by a Sagebrush-
Bunchgrass and a Cheatgrass Community." Journal of Range Management 30:199-201.

Cline, J. F., K. A. Gano, and L. E. Rogers. 1980. "Loose Rock as Biobarriers in Shallow Land Burial."
Health Physics 39:497-504.

Dixon, R. M., and A. B. Carr. 1993. "Recent Revegetation Projects in Southern Arizona Using Land
Imprinting." In Eighth Wildland Shrub Symposium Arid Land Restoration, pp. 30-31. Intermountain
Research Station, Forest Service, U.S. Department of Agriculture, Ogden, Utah.

Gee, G. W., L. L. Cadwell, H. D. Freeman, M. W. Ligotke, S. O. Link, R. A. Romine, W. H. Waiters Jr.,
and N. R. Wing. 1993. Testing and Monitoring Plan for the Permanent Isolation Surface Barrier
Prototype. PNL-8391, Pacific Northwest Laboratory, Richland, Washington.

Klepper, B., L. E. Rogers, J. D. Hedlund, R. G. Schreckhise, and K. R. Price. 1976. "Radiocesium
Movement in a Gray Rabbit Brush Community," In Environmental Chemistry and Cycling Processes.
eds. D. C. Adriano and I. L. Brisbin, pp. 725-737. CONF-760429, Technical information Center,
U.S. Department of Energy, Oak Ridge, Tennesee.

Landeen, D. S., L. L. Cadwell, L. E. Eberhardt, R. E. Fitzner, and M. A. Simmons. 1990. Animal
Intrusion Field Test Plan. WHC-EP-0253, Westinghouse Hanford Company, Richland, Washington.

Ligotke, M.W. 1993. Soil Erosion Rates Caused by Wind and Saltating Sand Stresses. PNL-8478,
, Pacific Northwest Laboratory, Richland, Washington.

Link, S. O., G. W. Gee, M. E. Thiede, and P. A. Beedlow. 1990. "Response of a Shrub-Steppe Eco-
system to Fire: Soil Water and Vegetational Change." Arid Soils Research and Rehabilitation 4:163-172.

7.1



Link, S. O., R. N. Kickert, M. J. Fayer, and G. W. Gee. 1993. A Comparison of Simulation Models for
the Prediction of Soil Water Dynamics in Bare and Vegetated Lysimeters. PNL-8675, Pacific Northwest
Laboratory, Richland, Washington.

Link, S. O., W. J. Waugh, J. L. Downs, M. E. Thiede, J. C. Chatters, and G. W. Gee. 1994. "Effects of
Coppice Dune Topography and Vegetation on Soil Water Dynamics in a Cold-Desert Ecosystem."
PNL-SA-21732, Pacific Northwest Laboratory, Richland, Washington.

O'Farrell, T. P., and R. O. Gilbert. 1975. "Transport of Radioactive Materials by Jackrabbits on the
Hanford Reservation." Health Physics 29:9-15.

Rossi, R. E., D. J. Mulla, A. G. Journel, and E. H. Franz. 1992. "Geostatistical Tools for Modeling and
Interpreting Ecological Spatial Dependence." Ecological Monographs 62:277-314.

Rossi, R. E., P. W. Borth, and J. T. Tollefson. 1993. "Stochastic Simulation for Characterizing
Ecological Spatial Patterns and Appraising Risk." Ecological Applications 3:719-735.

Sauer, R. H., and W. H. Rickard. 1982. Restoration of Surface Mined Lands with Rainfall Harvesting.
PNL-4538, Pacific Northwest Laboratory, Richland, Washington.

Selders, A.A. 1950. The Absorption and Translocation of Fission Elements by Russian Thistle.
HW-18034, General Electric Company, Richland, Washington.

U.S. Department of Energy (USDOE). 1987. Final Environmental Impact Statement for the Disposal of
Hanford Defense High-Level, Transuranic, and Tank Waste. DOE/EIS-0113, U.S. Department of

' Energy, Washington, D.C.

Waugh, W. J., and S. O. Link. 1988. Barrier Erosion Control Test Plan: Gravel Mulch, Vegetation, and
Soil Water Interactions. WHC-EP-0067, Westinghouse Hanford Company, Richland, Washington.

Wing, N. R. 1992. A Peer Review of the Hanford Site Permanent Isolation Surface Barrier Development
Program. WHC-MR-0392, Westinghouse Hanford Company, Richland, Washington.

7.2



PNL-9411
UC-702

Distribution

No. of No. of
Copies Copies

OFFSITE D.E. Daniel
University of Texas

, 12 DOE/Office of Scientific and Dept. of Civil Eng.
Technical Information Austin, TX 78712

C. S. Abrams 2 Desert Research Institute
Argonne National Laboratory P.O. Box 60220
P.O. Box 2528 Reno, NV 89506
Idaho Falls, ID 83401 ATrN: J.T. Ball

S. W. Tyler
3 Battelle Memorial Institute

Project Management Division M. Dunkelman
505 King Avenue Department of Health
Columbus, OH 43201 Division of Radiation Protection
ATI'N: W. A. Carbeiner Airdustrial Park

W. S. Madia Bldg. 5,'M.S. LE-13
Technical Library Olympia, WA 98504

M. Benge 2 EBASCO
BechteI-FUSRAP 1201 Jadwin
P.O. Box 350 Richland, WA 99352
Oak Ridge, TN 37830 ATTN: W. Riggsbee

R. L. Treat

R. D. Bennett

U.S. Army Engineer Waterways S. Evans
Experiment Station U.S. Department of Energy
3909 Halls Ferry Road 1580 Sawtelle Drive
Vicksburg, MS 39180-6199 Idaho Falls, ID 83403

B. Bede L.G. Everett
U.S. Ecology Geraghty & Miller, Inc.
509 E. 12th 5425 Hollister Ave., Suite 100
Olympia, WA 98501 Santa Barbara, CA 93111-2346

R. R. Borish F.T. Fong

West Valley Nuclear Service Company U.S. Department of Energy
P.O. Box 191 San Francisco Operations Office
West Valley, NY 14171 1333 Broadway

Oakland, CA 94612

4 Chem Nuclear Geotech
P.O. Box 14000 2 Hill Air Force Base
Grand Junction, CO 81502 Environmental Management Directorate
ATTN: J. Duray OO-ALC/EM*

J. Elmer 7276 Wardleigh Road
V. Ponc Hill AFB, UT 84056-5127
W. J. Waugh ATTN: B. ElliotD. Stone

A. T. Clark
U.S. Nuclear Regulatory Commission
Division of Fuel Material Safety
Washington, D.C. 20555

Distr. 1



PNL-9411
UC-702

"No. of No. of
Copies

R. G. Hills D.A. Knecht
Department of Mechanical Eng. Westinghouse Idaho Nuclear Co.
New Mexico State University P.O. Box 4000 '
Box 30001 Idaho Falls, ID 83403
La Cruces, NM 88003

R. C. Letcher
8 Idaho National Engineering Laboratory U.S. Department of Energy

P.O. Box 1625 Morgantown Energy Technology Center
Idaho Falls, ID 83415 P.O. Box 880
ATTN: J. E. Conner Morgantown, WV 26505

J. Hubbell
M. A. Knecht 5 Los Alamos National Laboratory
K. M. Kostelnik P.O. Box 1663
S. Magnusson Los Alamos, NM 87545
D. L. McElroy ATTN: F. Barnes
J. B. Sisson K.V. Bostick

Technical Library T.E. Hakonson
J. W. Nyhan

4 Jacobs Engineering Group, Inc. E. Springer
2155 Louisiana Blvd. NE #!0000
Albuquerque, NM 87110-5414 E. Maestas
A'I_N: T. Goering U.S. Department of Energy

M. Kyllo West Valley Project Office
J. Lommler P.O. Box 191
F. Titus West Valley, NY 1417 l

T. L. Jones C. Mascarenas
New Mexico State University WINCO
Agricultural Experiment Station P.O. Box 4000, MS 1572
Box 3BF Idaho Falls, ID 83404
Las Cruces, NM 88003

C. Massimino
M. R. Jugan U.S. Environmental Protection Agency
U.S. Department of Energy 1200 Sixth Avenue
Oak Ridge Operations Office Seattle, WA 98101
P.O. Box E
Oak Ridge, TN 37830 S. Needler

EG&G, Rocky Flats
W. A. Jury P.O. Box 464, Building 080
University of California at Riverside Golden, CO 80402
Dept. of Soils
Riverside, CA 92502 3 Oak Ridge National Laboratory

P.O. Box 2008

D. Keefer Oak Ridge, TN 37831
Illinois State Geological Survey A'I_FN: G. Suter II
615 East Peabody Drive J. Kuhaida
Champaign, IL 61820 M. Marietta

C. Keller 2 Oak Ridge National Laboratory
SNL, Eastman Cherrington P.O. Box Y
P.O. Box 10129 Oak Ridge, TN 37830
Santa Fe, NM 87504 ATTN: W. D. Burch

R. T. Jubin

Distr.2



PNL-9411
UC-702

No. of No. of
Copies Copies

D. T. Oakley 2 U.S. Department of Energy-
Waste Policy Institute Albuquerque Operations Office
555 Quince Orchard Road P.O. Box 5400, MS ERPO
Suite 600 Albuquerque, NM 87185-5400
Gaithersburg, MD 20878 A'IWN: K. Bitner

G. J. Rael
C. Reith
Dyn McDermott Petroleum Services 3 U.S. Department of Energy
850 South Clearview Parkway 785 DOE Place
New Orleans, LA 70123 Idaho Falls, ID 83402

ATTN: O. D. Markham
J. Rensel, MS PV-11 R.C. Morris
Washington State Department of Ecology T.E. Reynolds
High-Level Waste Management
Olympia, WA 98504 2 U.S. Department of Energy

Savannah River Operations Office
G. N. Richardson P.O. Box A
Hazen and Sawyer Aiken, SC 29801
4011 W. Chase Blvd. ATTN: W. J. Brumley
Suite 500 D. Bruegennjohann
Raleigh, NC 27607

2 US Ecology
2 Sandia National Laboratories 5333 Westheimer

P.O. Box 5800 Suite 1000 '
Albuquerque, NM 87185 Houston, TX 77056-5407
ATTN: R. W. Lunch ATTN: A. Palmer

Technical Library L.D. Irwin

J. A. Shaffner 2 U.S. Geological Survey
US Ecology 333 W. Nye Lane
3855 Atherton Road Carson City, NV 89706
Suite 5 AT'FN: B. J. Andraski
Rocklin, CA 95765 D.E. Prudic

R. Shaw 3 U.S. Geological Survey
Electric Power Research Institute Low-Level Radioactive Waste Program
3412 Hillview Avenue Water Resources Division
Palo Alto, CA 94304 12201 Sunrise Valley Drive

Reston, VA 22092

W. G. Spaulding ATTN: P. Stevens
Dames and Moore N. Trask
Suite 108 1. Winograd
4220 S. Maryland Parkway
Las Vegas, NV 89119 2 U.S. Geological Survey

1201 Pacific Ave., Suite 600
M. J. Steindler Tacoma, WA 98402
Argonne National Laboratory ATTN: W. R. Bidlake
9700 South Cass Avenue B.W. Drost

• Argonne, IL 60439

J. B. Stong
Gonzaga University
Civil Engineering Dept
E. 502 Boone
Spokane, WA 99258-0001

Distr.3



PNL-9411
UC-702

No. of
Copies No. of

Copies
3 U.S. Nuclear Regulatory Commission

Division of Engineering Safety P.J. Wierenga
Waste Management Branch University of Arizona
5650 Nicholson Lane Dept. of Soil & Water
Rockville, MD 29852 429 Shantz Building
ATTN: T. J. Nicholson Tucson, AZ 85721 ,

E. O'Donnell

M. Silberberg FOREIGN

2 Washington State Department of Ecology M. Barr_s
7601 W. Clearwater, Suite 102 BRGM - Department
Kennewick, WA 99336 "Environment"
ATTN: D. Teal BP 6009

N. Uziemblo 45060 Orleans Cedex
FRANCE

3 Washington State Department of Ecology
Mail Stop PV-11 P. Grimwood
Olympia, WA 98504-8711 Waste Management Unit
ATTN: E. M. Carlin British Nuclear Fuels plc

C. Cline Sellafield
R. B. Hibbard Seascale, Cumbria CA201PG

ENGLAND

7 Washington State University
Pullman, WA 99164 S. Melchior
ATTN: A.J. Busacca Institut ftir Bodenkunde der

G. S. Campbell Universit_it Hamburg
D. Gaylord Allende-Platz 2, D-2000
K. Keller Hamburg 13
P. J. Mehringer FEDERAL REPUBLIC OF GERMANY
E. P. Weeks
R. A. Black G.M. Smith

Intera Information Technologies
U.S. Geological Survey Chiltern House
Federal Center Mail Stop 413 45 Station Road
Denver, CO 80225 Henley-on-Thames

Oxfordshire RG9 1AT
M. Weishan ENGLAND
NYSERDA
P.O. Box 191 ONSITE
West Valley, NY 14171

11 DOE Richland Operations Office
11 Westinghouse Savannah River Company

P.O. Box 616 G.J. Bracken A4-02
Aiken, SC 29802 J.J. Broderick A7-27
ATTN: M. D. Boersma R.D. Freeberg • A5-19

J. Cook R.E. Gerton A4-02
M. Flora J.D. Goodenough A5-19
L. Huber A.C. Harris A5-19
J R. Knight R.D. lzatt A3-42
S. R. McMullin P.M. Pak A5-19
E. Norton R.K. Stewart A5-19
M. J. Plodinec D.E. Trader A5-90
C. T. Randall DOE-RL Reading Room
E. Schiefer
M. G. Serrato

Distr.4



PNL-9411
UC-702

No. of No. of
Copies Copies

2 Environmental Protegfion Agency J.G. Woolard H6-05
Publishing Services (3)

• D.A. Faulk B5-01 Environmental Data Management
P. S. Innis B5-01 Center (2)

° 2 U,S. Army Corps of Engineers 40 Pacific No_hwest Laboratory_

W. L. Greenwald A5-20 L.L. Cadwell K6-63
J. H, Jacobson A3-61 M.D. Campbell K6-77

J. L. Downs K6-63
3 Kaiser Engineers Hanford Company M.J. Fayer K6-77

D. Felmy K6-77
S. D. Consort E6-31 M.G. Foley K8-41
D. L. Fort E6-50 H.D. Freeman P8-38
R. I. Watkins E6-41 G.W. Gee K6-77

M. J. Graham K6-78

41 Westinghouse Hanford Company C.T. Kincaid K6-77
R. R. Kirkham K6-77

'M. R. Adams H6-01 G.V. Last K6-84
H. Babad R2-78 M.W. Ligotke P7-59
R. J. Bliss B3-04 S.O. Link (10) K6-63
M. A. Buckmaster H6-03 T.L. Page K1-37
J. W. Cammann H4-14 J.C. Ritter K6-77
R. A. Carlson H6-03 M.L. Rockhold K6-77
C. C. Chamberlain H6-28 L.E. Rogers K6-63
A. P. Church H6-01 R.A. Romine P8-38
H. D. Downey H6-27 M.A. Simmons K6-63
W. F. Heine B3-63 R.L. Skaggs K6-77
C. E. Hodge A5-56 M.E. Thiede K6-52
R. W. Hookfin H6-28 J.M. Thomas K6-63
G. W. Jackson H6-21 W.H. Waiters K6-60
K. N. Jordan H6-28 Publishing Coordination K 1-06
C. J. Kemp H4-14 Technical Report Files (5)
M. K. Korenko B3-08
D. S. Landeen H4-14 olLo..0.!j__
M. J. Lauterbach H6-01
R. E. Lerch B3-63 R.M. Ecker Sequim
H. E. McGuire B3-63 P.M. Irving K6-98
D. R, Myers S0-14 C.S. Sloane K6-04
D. J. Newland B 1-58 P.C. Hays/G. P. O'Connor (last) K6-86
K. L. Petersen H4-14
R. W. Powell H4-14
R, C. Roos H6-04

M. R. Sackschewsky H4-14
W. A. Skelly H6-03

• J.C. Sonnichsen H4-14
J. A. Voogd R4-03
G. F. Williamson R4-01

• N.R. Wing H4-14
T. M. Wintczak H6-27
D. D. (Don) Wodrich BI-59
R. D. Wojtasek H6-27
D. E. Wood H0-32

Distr.5



_-,o


