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SUMMARY

The Hanford Site Protective Barrier Development Program was jointly developed by Pacific North-
west Laboratory (PNL) and Westinghouse Hanford Company (WHC) to design and test an earthen
cover system(s) that can be used to inhibit water infiltration; plant, animal, and human intrusion; and
wind and water erosion. The joint PNL/WHC program was initiated in FY 1986.

To date, research findings support the initial concepts of barrier designs for the Hanford Site. A fine-soil
surface is planned to partition surface water into runoff and temporary storage. Transpiration by vegetation
that grows in the fine-soil layer will return stored water to the atmosphere as will surface evaporation. A
capillary break created by the interface of the fine-soil layer and coarser textured materials below will further
limit the downward migration of surface water, making it available over a longer period of time for cycling to
the atmosphere. Should water pass the interface, it will drain laterally through a coarse textured sand/gravel
layer. Tested barrier designs appear to work adequately to prevent drainage under current and postulated
wetter-climate (added precipitation) conditions. Wind and water erosion tasks are developing data to predict
the extent of erosion on barrier surfaces. Data collected during the last year confirm the effectiveness of
small burrowing animals in removing surface water. Water infiltrating through burrows of larger mammals
was subsequently lost by natural processes. Natural analog and climate change studies are under way to
provide credibility for modeling the performance of barrier designs over a long period of time and under
shifts in climate.
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1.0 INTRODUCTION

Protective barrier and warning marker systems are being developed to isolate wastes disposed of near
the Earth’s surface at the Hanford Site in southeastern Washington. The protective barrier and warning
marker systems use engineered layers of natural materials to create an integrated structure with
redundant protective features. The natural construction materials (e.g., fine soil, sand, gravel, riprap,
clay, and asphait) have been selected to optimize barrier performance and longevity. The objective of
current designs is to use natural materiais to develop a protective barrier and warning marker system
that isolates wastes for up to 10,000 years by limiting water drainage; reducing the likelihood of piant,
animal, and human intrusion; controllitig the exhalation of noxious gases; and minimizing erosion-

related problems.

FUNCTIONAL PERFORMANCE OF PROTECTIVE
BARRIERS

Protective barriers consist of a variety of materials
placedin layers to form an above-grade mounddirectly
overawaste zone. Atypical protective barmier, illustrated
in Figure 1.1 consists of (from top to bottom) a fine-soil
layer, a sand/fine-gravel layer, and a layer of coarse
materials such as pitrun gravels or crushed basalit
riprap. A layer of crushed basalt riprap aiso may be
used on the shoulder, side siopes, and toe of the
structure. Each layer serves a distinct purpose
(Figure 1.2).

The fine-soil layer acts as a medium in which moisture
can be stored until the processes of evaporation and
transpiration can recycle excess water back to the
atmosphere. The fine-soil layer also provides the
medium for establishing plants, which are necessary
fortranspirationto take place. Gravels may be admixed
into or spread onto the surface of the fine soil layer to
minimize wind and water erosion. The surface of the
fine soil layer aiso may be engineered with a slight
slope or crown to maximize runoff while minimizing
erosion.

The sandfine-gravel layer serves a dual purpose.
First, the textural difference at the interface between
the sand/fine-gravel layer and the fine-soil layer cre-
ates a capillary break. This capillary break inhibits the
downward movement of moisture from the overlying
unsaturated fine-soil layer past the interface. Second,
the sand/fine-gravel layer acts as a filter layer to
prevent fine soils from penetrating into the void spaces
of the coarser materials below.

Layers of low-permeability materials are being tested
as redundant infiltration barriers. Should the fine soil
layer fail to capture and recycle precipitation back to

the atmosphere, a low-permeability layer (or layers)
would direct water away from the wastes. The low-
permeability layer(s) would also functionto check the
upward movement of noxious gases from the waste
zone.

Coarse materials such as pitrun gravels and crushed
basalt riprap are used in the protective barrier as a
deterrent for burrowing animals, deep-rooting plants,
and human intruders. Crushed basalt riprap also
may be used to provide wind and water erosion
protection of the barrier shoulder, side slope, andtoe.

Surface markers will be placed around the periphery
of the waste sites to inform future generations of the
nature and hazards of the buried wastes. In addition,
throughout the protective barrier, subsurface mark-
ers will be placed to wam any inadvertent human
intruders of the dangers of the buried wastes.

Because of the need for the barrier to perform for
thousands of years without maintenance, natural
construction materiais (e.qg., fine soil, sand, gravel,
cobble, crushed basaltriprap, clay, and asphalt) have
been selected to optimize barrier performance and
longevity. These natural construction materials, most
of which exist in large quantities on the Hanford Site,
are known to have existed for thousands of years.
Human made construction materiais cannot be relied
on at this point, because it is not currently known if
they could survive and function properly for thou-
sands of years.

HANFORD SITE PROTECTIVE BARRIER
DEVELOPMENT TEAM

Before implementing protective barrier and warning

marker systems for the final disposal of wastes at the
Hanford Site, much development and evaluation

1.1
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Figure 1.1. Typical Protective Barrier and Warning Marker System

work must be conducted to assess barrier and marker
system performance. To accomplish this, engineers
and scientists from Pacific Northwest Laboratory (PNL)
and Westinghouse Hanford Company (WHC) formed
the Hanford Site Protective Barrier Development Team
in FY 1986. The team is responsible for planning and
directing the performance of barrier and marker sys-
tem development activities.

The Protective Barrier and Warning Marker System
Development Plan (Adams and Wing 1986) organizes
and coordinates activities associated with the

development and testing of protective barrier and
warning marker systems. Eleventechnicaltask groups
and a project management task have been identified to
resolve the technical concerns and complete the
development and design of protective barrier and
warning marker systems (Figure 1.3).

The task groups are listed below.

»  Project management

«  Biointrusion control

«  Water infiltration control

«  Erosion/deposition control

1.2
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Figure 1.3. Barrier and Marker System Development Task Groups

«  Physical stability testing and report on each of the technology development
«  Human interference control activities within these task groups. The results of
+  Barrier construction materials activities performed are being used to develop de-
procurement tailed, final barrier and marker system designs.

«  Prototype barrier design and testing

« Model applications and validation Section 2.0 of this document summarizes the tasks
«  Natural analog study and activities, identified above that were conducted
« Long-term climate change effects during FY 1990.

«  Final design.

Specific test plans and other detailed documents have
beenor are being prepared to plan, schedule, execute,
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2.0 STATUS OF INDIVIDUAL TASKS

2.1 PROTOTYPE BARRIER DESIGN

Designing protective barriers is an evolving process. Each year, as tasks are performed, new data and
information are collected, valuable experience is acquired, and insights into the approaches for solving
barrier design problems are gained. As the Barrier Development Program progresses, conceptual
barrier designs are frequently revised and modified.

Periodically during the life of the Hanford Site Protective Barrier Development Program, full-scale
prototypes of the latest barrier designs are planned for construction and fleld testing. This approach
enables engineers and scientists to momentarily freeze the barrier design(s) and obtain field experience
in constructing protective barriers. Constructibility issues that are not readily apparent on the original
engineering drawings may be more easily detectable in the fleld. Another valuable benefit of construct-
ing prototypes in the field is that they allow all the components of the barrier to be brought together into
an integrated system. This is particularly important because several barrier components are being

developed independently.

PROTOTYPE BARRIER DESIGN
N. R. Wing (WHC)

The design of a prototype barrier was initiated during
FY 1990. A barrier design team (BDT) has been
assembled to design the prototype barrier. The BOT
(see Appendix A) includes representatives from WHC,
PNL, and Kaiser Engineers Hanford (KEH), the archi-
tect/engineer for the Hanford Site. The BDT has met
frequently with and received technical support fromthe
barrier technical advisory board (BTAB) — a group of
engineers and scientists on the barrier development
teamwho represent various areas of technical expertise
inthe Barrier Development Program. Review comments
anddesign suggestions fromotherbarrierdevelopment
team members also have been solicited and incorpo-
rated when appropriate.

The KEH has been responsible for transforming con-
ceptual ideas from the BDT/BTAB into definitive, de-
tailed construction drawings. The drawings have been
subjected to numerous technical reviews and repre-
sent the optimal design for meeting the objectives of
the prototype barrier project. These drawings wil! be
cleared for public release when they are completed.

Siting the Prototype Barrler

The prototype barrier is planned to be constructed on
the 200 Area Plateau between the 200 East and 200
West Areas and just northeast of the Hanford Meteoro-
logical Station (HMS) (Figure 2.1). The prototype's
proximity to the HMS enables the meteorological

information collected atthe HMS to be used in assessing
the prototype's performance.

The location of the site selected for constructing the
prototype barrier is ideal for obtaining accurate esti-
mates of the costs associated with constructing protec-
tive barriers. Barrier construction costs are very sen-
sitive to and comprised largely of the costs associated
with hauling construction materials. Most potential
protective barriers sites that are being considered for
waste remediation activities at Hanford are in the
200 Areas. Because the prototype barrier will be
constructed at a site located between the 200 East and
the 200 West Areas, representative and supportable
costs for constructing barriers on the 200 Area Plateau
can be estimated.

Some of the required documentation for constructing
the prototype barrier has already been completed. For
example, cultural resource reviews and biotic surveys
have been conducted. The applicable documentation
was prepared not only for the construction site se-
lected, but for the borrow pits from which construction
matenals will be obtained.

Prototype Barrier Testing

Once the barrier is constructed, a number of tests and
experiments are planned for it. These tests and
experiments will assess the prototype's performance
vis a vis water infiltration control, erosion control,
biointrusion control, and physical stability. The tests
and experiments will use instruments, transducers,

2.1
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Figure 2.1. Location of the Proposed Barrier Construction Site

and nonradioactive/nonhazardous tracers placed
throughout and around the prototype barrier.

It should be emphasized that constructing the proto-
type is a test. Constructibility issues raised duringthe
construction of the prototype will be learned from and
incorporated into future barrier designs.

Status

The majority of the design effort for the first large-scale
prototype barrier for the Hanford Site was performed

during FY 1990. Detailed conceptual designs, a
comprehensive outline construction specification, and
a letter repon documenting the design bases and
engineering calculations for the prototype barrier were
completed during the year. Future efforts will focus on
ccmpleting definitive design drawings, preparing
detailed construction specifications, and constructing
the prototype barrier. An “enhanced” prototype barvier
may be designed and constructed in the future. This
enhanced prototype would build on lessons learned
from the design and construction of the first prototype.
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2.2 BIOINTRUSION CONTROL

Protective barriers with vegetated earthen covers will be inhabited by many animal species over their
10,000-year design life. 1t is possible that animals ranging in size from an's to badgers and coyotes will
burrow into the barriar surface. Burrowing animals may impact barriers by 1) constructing burrows that
act as conduits for water penetration through the upper layer of the barrier, which couid erode the sloped
barrier shculder or permit water to enter the waste zone; 2) moving loose soll to the barrier surface where
it is available for accelerated wind or water erosion; and 3) directly transporting contaminants to the
surface with excavated soil.

The two biointrusion control tasks conducted during FY 1990 Involves ¢xperiments that assess the
Impacts of animal burrows on water infiitration. One experiment focused on burrows created by small
mammais and ohe on burrows created by large mammails.

The objcctive of the animal intr s’ >n studies was to provide information for evaluating and predicting
potential impacts of animal burrowing on barrier performance. They assess the impacts under current
climatic conditions as well as under conditions simulating a wetter climate. Wetter climatic conditions
may resuit in changes in species composition and thus increases in biomass.

ANIMAL INTRUSION STUDIES: SMALL MAMMALS time and also at the end of each test. Throughout the
D. S. Landeen and C. J. Kemp (WHC) test period, soil moisture is measured with a neutron

moisture probe.
Introduction

One small burrowing mammal is introduced into each
An Animal Intrusion Lysimeter Facility was constructed  of four lysimeters, the other two serve as controls. The
in FY 1988 to assess the effects of small-mammal smallmammals usedinthis study were the Great Basin
burrows on the infiltration of meteoric water through pocket mouse, Perognatus parvus, the northern pocket
.protective barriers. The facility, located next to the gopher, Thomomys talpoides, and Townsend's ground
HMS, consists of two steel outer boxes with plywood squirrel, Spermophilus townsendii. Two species of
sides buried in the ground so that the top of each box animals were used per test. Animals were allowed to
is flush with the original grade. These outer boxes burrowfor3to 4 months. During eachtest, supplemental
serve as receptacles for six animal intrusion lysim- precipitation was added to three of the six lysimeters
eters: three lysimeters are housed in each outer box usingarainfall simulator (rainulator). The supplemental
(Figure 2.2). Each lysimeter has been structurally precipitation was applied once a month at a rate
engineered so that it can be imed out of the outer box equivalent to a 100-year storm event at the Hanford
with a crane. The side walls of the lysimeters also have  Site (0.55 in. of water in 13 min).
been designed so they can be disassembled.

Resuits
The animal intrusion lysimeters were designed so that
aseries of 3- to 4-month-long tests could be conducted To date, four sets of tests have been completed.
atthe facility. The following paragraphs describe how Preliminary resuits from the first test using pocket mice
the lysimeter study is being used to assess the effects and ground squirrels, conducted during the summer of
of animal burrowing on the infiltration of waterthrough 1988, indicate that water added with the rainulator to
a protective barrier. two lysimeters with burrowing animais was being

removed. The waterinthe soils of the lysimeters (even
Eachlysimeteris lined witha 28-milpondiinerandthen those lysimeters receiving supplemental precipitation)
filled with soil excavated from McGee Ranch, the was not being stored, but was evaporating. Over 3 to
borrow pit site for soils used to construct protective 4 months, the data did not indicate a significant
barriers. After the lysimeters are filled with soil, two difference in the water contents of the soils at depth in
hydroprobe ports are installed in each lysimeter. Soil the lysimeters with animal burrows, compared with the
moisture samples are collected at 6-in. intervals atthis  water content of soils at depth in the control lysimeters,

)
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Figure 2.2. Configuration of Lysimeters at the
Animal Intrusion Lysimeter Facility

which did not have animal burrows.

Data from the second test using pocket gophers and
pocket mice, which was conducted during winter 1988/
1989 indicated that all the lysimeters (controls and
animals) gained water. Lysimeters with animal bur-
rows gained almost twice as much water as the control
lysimeters. The greatest changes were observed at
the 18-in.-depth level in all lysimeters.

Results of test three (summer treatment 1989), which
used ground squirrels and pocket gophers, indicated
that the additional 1.5 in. of precipitation that was
added with the rainulator was lost during this test. The
lysimeters that did not receive any additiunal precipita-
tion all lost water. The hydroprobe readings also
confirmed this overall trend of water loss throughout
the test period.

Test four was a winter treatment (1989/1990) using
pocket gophers and pocket mice. Results showed that
all lysimeters except one (animal with no supplemental
precipitation) gained water. The hydroprobe data also
confirmed the trend of increasing soil moisture condi-
tions. The two control lysimeters (no animals) gained
the mostwater. This was a different result than shown
in test two, also conducted in winter, which indicated
that the control lysimeters showed the ieast amount of
gain in soil moisture. The difference can probably be

explained by the degree of burrowing activity, which for
some reason was significantly higher during test two.

Summary

Information collected from the first four tests indicate
the following trends: 1) during summer months, water
is lost in all lysimeters, including the additional precipi-
tation added with the rainulator; 2) duringwinter months,
lysimeters (animals and controls) gain water; and 3) no
significant water infiltration has occurred below 36 in.
even though burrow depths always exceed 48 in.

The lack of any significant water infiitration at depth and
the overall water loss in the lysimeters occurs despite
the following worst case conditions that have been
imposed on the lysimeters: 1) no vegetative cover (no
evapotranspiration), 2) no water runoff (all water con-
tained), 3) higher than normal animal and burrow
densities, 4) supplemental precipitation added at rates
not normaily expected to occur, and 5) animals usually
burrow to the bottom of the lysimeters.

Preliminary conclusions from the data indicate that
little difference exists between control and animal
lysimeters in the amount of waier stored. This would
indicate that small mammal burrowing does not affect
soil moisture content. Ifthis isthe case, thenthe overall
water loss must be attributed to processes that occur
equally in control and treatment lysimeters (surface
evaporation). It appears that other variables such as
soil turnover from burrowing activities and burrow
ventilation effects, which help remove moisture, may
be influential, but, in the final analysis, make no differ-
ence as far as water content at the end points (times)
used in this study.

ANIMAL INTRUSION STUDIES: LARGE MAMMALS
L. L. Cadwell, L. E. Eberhardt, M. A. SImmons,
P. B. Test, V. Parks, and M. J. Harris (°PNL)

Burrowing animals ranging in size from small inverte-
brates such as ants to medium-size mammais, inciud-
ing badgers, coyotes, and marmots may impact pro-
tective barrier effectiveness in three important ways.
First, ourrows may provide a preferred path for surface
water to enter the upper layers of the barrier, thus
reducing the effectiveness of the barrier in limiting
infiltration. Second, burrowing animals, by casting
excavated soil to the barrier surface, may contribute to
increased erosion of the fine-soil cover and thereby
decrease barrier longevity. Finally, burrowing animals

2.4




have the potential to dig through soil covers, contact
buried wastes, and move contaminants to the surface.

Observaticns made with simulated rainfail in previous
years showed that large burrows dug by coyotes and
badgers can divert surface water deep into barrier
soils. Measurements made in FY 1989 and FY 1990
document that under natural rainfall, precipitation pen-
etrates deep beneath and around badger burrows.
However, the water is subsequently withdrawn (Figure
2.3). In disturbed soils near burrows, the vigorous
growth of invading plant species may result in the
preferential extraction of water through planttranspira-
tion. Enhanced evaporation from the soil surfaces
exposed by burrowing may aiso preferentially remove
soil water near burrows. Our data showed that the soil
beneath burrows in mid-summer was actually drier
than in adjacent areas away from burrows. Vegetation
sampling showed that plant densities (mustards) were
significantly greater in the vicinity of badger burrows
after the 1989 growing season than in nearby locations
away from burrows. Studies are currently under way to
determine whether the preferential drying occurs in
soils beneaththe burrows in the absence of vegetation.

Studies also were conducted to quantify the amount of
runoff entering badger burrows. A runoff generator
was used to apply water along the slope above badger
burrows. Results from these studies showed that
burrows intercept a considerably greater amount of
runoff than expected based solely on the surface area
of the burrow. Thus, it seems clear that runoff may
either be funneled into burrows, or there may be
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Figure 2.3. Mean Seasonal Change (%) in Soil
Moisture Around Badger Burrows at the End of Each
of the Four Calendar Quarters for 1989

increased infiltration in the soil around burrow open-
ings or both.

ROOTINTRUSION STUDIES: DESIGN AND INITIAL
SAMPLES

J.L. Downs, S. O. Link, and L. L. Cadwell (PNL)
and M. R. Sackschewsky (WHC)

Studies related to plant root distribution and plant root
uptake capabilities were initiated in FY 1990 to support
barrier design activities. Knowledge of rooting distribu-
tion and depth for plants expected to establish on the
barrier is needed to evaluate barrier design with re-
spect to depth of the fine-soil layer and the ability of the
barrier to inhibit root intrusion beyond the fine-soil
layer. Understanding the role that roots play in recy-
cling moisture to the atmosphere through uptake and
transpiration will aid hydrologic modeling of the barrier.

Atest planforevaluatingthe role of plant roots in barrier
design was drafted in FY 1990 to guide in addressing
these concerns. The studies outlined in the test plan
will support barrier design by 1) providing soil water
dynamics and root interaction data for modeiing unsat-
urated flow in the fine-soil iayer, 2) producing design
criteria to ensure that planned and inadvertent com-
paction of the fine-soil layer do not adversely affect root
exploitation of the soil layer, and 3) assessing the
effectiveness cf barrier components in preventing root
intrusion.

Studies in support of the first issue were initiated at
several sites that had vegetative cover similar to that
expected on the barriers. Small-diameter (1-in.) root
and soil cores were collected at the Lower Snively old
field, which is dominated by cheatgrass, Bromus
tectorum. This study site is similar in soils and vegeta-
tion cover to the old-field site at McGee Ranch. Rep-
licate cores were obtained from plots receiving differ-
entwater and nitrogenenhancementtreatments. These
samples are processed by washing the roots from the
soil, staining the roots to measure length and area on
adigitalimage analysis system, and weighing the roots
to determine root biomass with depth. Samples were
gathered early in the spring season (March 1990) and
at the end of the spring growing season (May 1990) to
compare root growth response to the enhanced condi-
tions with root growth response to normal growing
conditions.

Studies were also initiated at the McGee Ranch fine-
soil site to determine root distribution with depth under
the mixed shrub and grass cover. A 1-m2 area of a
trench wall was mapped to evaluate root distribution in
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each of these areas: directly below big sagebrush,
Artemisia tridentata, directly below spiny hopsage,
Grayia spinosa, and in the intershrub spaces where
annual and perennial grasses dominate. Examples of
these maps (Figures 2.4, 2.5, and 2.6) show that grass
roots dominate the soil layers above 20 cm, while shrub
roots are present throughout the 1-msoil profile mapped
even under thie grass cover.
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Figure 2.4. Root Distribution in Hummock Area
McGee Ranch Hopsage Cover

Root and soil cores were taken in addition to these
maps to better delineate root distribution beneath the
shrub cover. These 2-in.-diameter cores were taken
on hummocks where hopsage dominates, in swales
where sagebrush is found, and in swales where no
sagebrush occurs. Processing these soilroot cores
provides quantitative information on root lengthdensity
and distribution down to 2 m. This information will be
valuable in evaluating the potential for root intrusion
and in efforts to model water movement through the
fine-soil layer.
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Figure 2.5. Root Distribution in Interhummock Area
McGee Ranch Sagebrush Cover
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Figure 2.6. Root Distribution in Interhummock Area
McGee Ranch Grass Cover
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2.3 WATER INFILTRATION CONTROL

Percolating surface water can carry contaminants from waste disposal sites through the biosphere
uniess the waste sites are isolated by 1) barriers, 2) vitrification, or 3) deep repository disposal. This
section describes results of tasks designed to study the effectiveness of barriers in isolating wastes

from percolating surface water.

FIELD LYSIMETER TEST FACILITY
M. D. Campbell (PNL)

The Field Lysimeter Test Facility (FLTF) designed by
PNL and WHC was built by Kaiser Engineers Hanford
during FY 1987. The FLTF is operated by PNL to
measure the effectiveness of protective barriers in
isolating radioactive wastes from percolating water
(Kirkham et al. 1987; Gee et al. 1989; Campbell et al.
1990; Campbell and Gee 1990).

The Record of Decision 53 FR 12449-53 that commits
to placement of protective barriers provides for isola-
tion of the radioactive waste from the biosphere. The
FLTF lysimeters test seven protective barrier treat-
ment combinations for water exclusion. Detailed mea-
surements of precipitation, evaporation, storage, and
drainage are being made.

Hydraulic barriers at the FLTF are at the interface of silt
loam soil with sand. This textural break increases the
water-holding capacity of the overlying soil. Results of
recent studies showed that gravity moved water down-
ward when the upper profile of the silt loam soils
exceeded 26 vol%. The textural break stopped water
from draining from the silt loam soil until the soil was
wetter than about 38 vol%. Thus, soil water capacity
increased about 12 vol% above normal as a resulit of
barrier influence. Water loss frombare soil was half as
fast and half as much as loss from vegetated lysim-
eters.

Subsequent observations with ciear tube lysimeters
showed that roots from Artemisia tridentata grow to the
depth of moist soil, and that without a hydraulic barrier,
roots from a small transpiant reach the bottom of 3-m
deep lysimetersinone season. Thus, roots penetrated
to the bottoms of 3-m lysimeters and extracted avail-
able moisture, even with threr times average precipi-
tation. Notably, no liquid water drainage occurred
through the hydraulic barrier, even with three times
average precipitation and no vegetation. However,
lysimeters configured without a barrier, but with sandy
soil and a 20-cm gravel cap, yielded nearly quantitative

drainage. Water removal to about 10 vol% was appar-
ent on all vegetated treatments with silt loam soil,
irrespective of irrigation.

Drainage occurred frombothirrigated and non-irrigated
lysimeters containing silt loam soil, but only during the
driest period of the year, apparently as a result of
vapor-phase transport aione. The cbserved drainage
closely approximated the predicted downward vapor
transport computed from data on thermal gradients
and ambient water contents. Liquid transport was
ruled out because drainage was equal from lysimeters
receiving ambient andtwice-average precipitation, and
the ambient treatment soils never reached water
contents above 2C vol%, thus precluding liquid-phase
drainage. Figure 2.7 shows that lysimeters drained
only during the driest part of the year and only following
the maximum favorable thermal gradients.

PLANT TRANSPIRATION/EVAPOTRANSPIRATION
S. O. Link, M. E. Thiede, J. L. Downs, D. J. Lettau,
and T. R. Twaddell (PNL) and R. A. Black
(Department of Botany, Washington State
University)

Evapotranspiration is the combined loss of water from
plants and soil surfaces to the atmosphere and is a
process that must be predictable to adequately model
soilwaterdynamics. This sectiondescribes the results
of technological developments and experiments at the
Tube Lysimeter Experiment (TULE) , Lower Snively
Field, Snively Canyon, and the Field Lysimeter Test
Facility (FLTF) for research leading to the prediction of
evapotranspiration in support of the Protective Barrier
Development Program. We were able to measure
evaporation, evapotranspiration, and carbon dioxide
exchange rates from the TULE lysimeters in the soil
surface with andwithout cheatgrass, Bromus tectorum.
Evapotranspiration was higher on the lysimeters with
cheatgrass than on the lysimeters with bare soil (Fig-
ure 2.8). Leaf area of cheatgrass was positively cor-
related with evapotranspiration rates.
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Growth dynamics of cheatgrass as a function of water
and nitrogen treatments were documented at Lower
Snively Fieild from October 1989 through May 1990.
Green leaf area index and green shoot biomass were
measured monthly over that period. Very little change
in shoot growth was observed untii April when tem-
peratures warmed. Adding water and nitrogen in-
creased growth when they were added singly, but
when added together, growth increased much more.
Plant size is one factor that influences the rate at which
water is transpired back to the atmosphere (Figure 2.9).
Thus, we initiated studies to develop simple growth
models that will support efforts to predict soil water
dynamics for the protective barrier.

7

Control

&}
sl
» o
3

£ 4f-
3

s |
s 3
Sk

-

[
0 2 50 88
Time (days)

) T
123 143 171 206

S9109042.18

Figure 2.9 Plant Size as a Factor Influencing
Transpiration

The whole plant gas exchange system was used to
develop simple models of transpiration and carbon
gain for cheatgrass growing at Snively Canyon. The
relationships between stomatal conductance and net
photosynthesis and the driving variables of light, vapor
pressure gradient, temperature, and xylem pressure
potential were parameterized. These equations were
used to predict transpiration (Figure 2.10) and net
photosynthesis for days in June. The models success-
fully predicted these processes.
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FIGURE 2.10. Cheatgrass in Snively Canyon
June 1990

Finally, we initiated research efforts with R. A. Black of
Washington State University to measure transpiration
of big sagebrush, Artemisia tridentata, growing on the
FLTF precision weighing lysimeters. The heat flow
technique that measures stem flow in woody piants
was able to measure transpiration rates in sagebrush.
The technique will make it possible to observe transpi-
ration rates of sagebrush continuously without disturb-
ing the environment of the shoot or the roots.

Future research will entail the parameterization of
relationships between evapotranspiration, transpira-
tion, soil evaporation, carbon dioxide exchange, growth,
and the abiotic and biotic factors that drive these
processes for model development for cheatgrass,
bunchgrasses, and shrubs.

DIVERSION BARRIER TESTING

Asphait Layer Tests
H. D. Freeman (PNL)

Activities for the asphalt barriers task during FYY 1930
consisted mainly of monitoring existing small tube
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lysimeters, installing five new lysimeters using a clear
acrylic tube, and defining specifications for the asphait
layer of the prototype barrier.

The eight asphalt and two control lysimeters installed
at the Small Tube Lysimeter Facility (SLTF) in 1988
were monitored monthly for weight changes and
drainage. Four lysimeters contained a 1.5-cm
rubberized asphait membrane, four contained an
admixture of asphalt emulsion and concrete sand, and
the two control lysimeters contained only concrete
sand. All lysimeters had a 15-cm surface treatment of
gravel muich, which enhances water infiltration. The
lysimeter weight and drainage data were used with the
measured precipitation at the nearby HMS to estimate
water balance of each lysimeter. A summary of these
data fortwo time per periods, before and after sagebrush
planted on four of the lysimeters, are shown in Figures
2.11and 2.12. These figures show thatthe cumulative
storage in all lysimeters from July 1988 through
November 1989 was positive, while the lysimeters
containing sagebrush from November 1989 through
July 1990 were all negative. These resultsillustrate the
importance of vegetation in recycling infiltrating water
back to the atmosphere.

25

z I ET

g€ ok Precipitation |(£ZZZ] Storage

é fixey Orainagel]

SR 15|

Y

38 10

[s4]

3

3 5

2

Rubberized Admix Control
Treatment
S9109042.2

Figure 2.11. Water Balance for the Asphalt and

Control Lysimeters During July 1988 - November 1989

Small amounts of drainage were observed in several of
the asphait lysimeters. The source of the drainage
could be from water originaily added to sand below the
seal or from the water in the asphalt emulsion used for
the admix seals. Because the origin of the water was
difficult to discern, a solution of saturated NaCl was
injected above each seal to act as a tracer. The drain
waterwas then coilected and monitored each month by
measuring the conductivity of the drain water. The
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Figure 2.12. Water Balance for Asphait and Control
Lysimeters During November 1989 - July 1990

conductivity was compared with drain water collected
from each lysimeter before the saturated salt solution
was injected. As of October 1990, the conductivity of
the collected drain water from the asphait lysimeters
had not changed significantly from the base period.
This indicates the origin of the drain waterwas not from
above the asphalt seal. The control lysimeter that had
tracer injected, however, showed extremely high con-
ductivity in the drain water. This proves that the tracer
salt is free to move through the Hanford sand and is not
immobilized through adsorption or reaction with the
soil.

Five new lysimeters, constructed of clear acrylic to
allow any leaks and root intrusion to be visually moni-
tored, were added to the STLF during FY 1990. Four
of the new lysimeters contained rubberized asphait
membranes with the same layering sequence as the
existing rubberized asphalt lysimeters, and one con-
tained Hanford Site sand foruse as a control. No leaks
or drainage was observed during the first 2 months of
exposure. Sagebrush was transplanted to all of the
new lysimeters in November 1990. The control and
oneotherlysimeterwere also instrumented withthermo-
couples at 1, 15, 50, 100, 125, and 150 cm to monitor
the temperature profiles for comparison with a similar
set of thermocouples placed in the soil outside of the
lysimeter. Comparing the temperature profiles of the
lysimeters in relation to natural soil allows the mag-
nitude of warming and cooling of the lysimeters from
the air gap around each lysimeter to be evaluated. Itis
hypothesized that the thermal cycling of the lysimeters
may affectthe waterbalance observedinthe lysimeters.
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Clay and Chemical Grout Tests
M. J. Sackschewsky and C. J. Kemp (WHC)
L. L. Cadwell and M. E. Thiede (PNL)

Using clay and chemical grout components to control
infiltration of water through the protective barrier is
currently being evaluated by the Hanford Site Protec-
tive Barrier Development Program. Tests are being
conducted in smali tube lysimeters at the Small Tube
Lysimeter Facilty. The purpose of these lysimeter
tests is to evaluate the performance of a clay compo-
nent (25% bentonite clay, 75% McGee soil) and a
chemical grout component (25% sodium silicate solu-
tion mixed with McGee soil to form a pourable grout
mixture, about 30% water by volume) under twice
average precipitation. Five small tube lysimeters are
being used to test each of these alternative barrier
components.

Each lysimeter used in the tests of clay and chemical
grout consists of a 15-cm-thick course pitrun gravel
layer covered with a 30-cm layer of either clay or
chemical grout. A 120-cm layer of McGee soilis placed
on top of the infiltration barrier. The performance of
these infiltration barrier lysimeters is compared with
control treatments consisting of either a “bimodal”
capillary break configuration or a graded sand configu-
ration. All lysimeters in this experiment are kept free
of vegetation and receive enough irrigation to result in
atotal water input equal to twice the long-term average
precipitation.

In FY 1990, no significant differences were found inthe
total evapotranspiration or total storage change among
any of the treatments (Figure 2.13). Total
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FIGURE 2.13 Alternative Barriers Component
Values from July 1989 - July 1990

evapotranspiration exceeded total water input for all
treatments, thus the observed decrease in total water
storage over the period July 1989 to July 1990. No
drainage was observed from any of the lysimeters.

From these results, we conclude that the infiltration
barriers and the different capillary break configurations
all perform very well under twice average precipitation
conditions. We also conclude that these subsurtace
infiltration barriers have not been “stressed” by the
amount of precipitation applied. Future plans include
increasing the amount of irrigation to increase the
probability of detecting performance differences among
the treatments.
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2.4 EROSION/DEPOSITION CONTROL

Several studies funded by the Protective Barrier Development Program are testing surface additions ot
gravel muiches and admixtures for long-term control of wind and runoft erosion. Althoughadding gravei
to the barrier topsoil may control erosion, it was uncertain as to whether it would ailso compromise the
capacity of a barrier to cycle water back into the atmosphere.

FIELD STUDY OF GRAVEL ADMIX, VEGETATION,
AND SOIL

L. L. Cadwell, M. E. Thiede, M. J. Harris, P. B. Test,
V. Parks, and S. O. Link (PNL), C. J. Kemp (WHC)
W. J. Waugh (Geotech)

This field study was designed to measure the effects of
gravel admixtures on soil water storage and plant
abundance. Field plots were installed inthe fallof 1986
on the site selected as a source of topsoil for protective
barrier experiments, and ultimately, for the full-scale
construction of barriers at Hanford. Gravel admixiure,
vegetation, and enhanced precipitationtreatments were
randomly assigned to the field plots using a split-split-
plot design structure. The admixture treatments in-
cluded no gravel, a 20-cm admixture of 15% by weight
pea gravel (1.0 cm), and 30% pea gravel. Twice
average precipitation was added monthly to half the
plots to simulate a wet climate. Changes in soil water
storage have been monitored monthly with neutron
moisture meters since 1986. Spring and fall plant
cover have been sampled using an ocular point-inter-
cept method since 1987.

Vegetation cover has increased annually through 1989
on both soil and gravel admix surfaces with only slightly
greater, but not significantly different, cover on the
gravel admix treated surfaces (Figure 2.14). However,
twice the normal precipitation resuited in significantly
greater cover. Water storage for the plots receiving
only ambient precipitation has, in general, declined
since the inception of the study in 1986. Howeverthere
are seasonal variations in soil water storage as well as
year-to-year variations. For the period July 1, 1989,
through June 30, 1990, total profile storage actually
increased (the top 1.25 m plus the underlying 1.5 m -
Figure 2.15). The increase appears to be the resuit of
variations in the amount and timing of precipitation and
is likely to be transient. Vegetated piots with gravel
admixtures have shown storage changes equivalentto
the plots with soil-only surface treatments. Thus, our
data suggest that admixtures can be included in waste
cover designs to control soil loss without influencing
the extraction of soil water.
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Figure 2.14. Vegetation Cover (%) for Soil and 30%
Admix Treatment Plots for the Years 1987, 1988, and
1989

SMALL TUBE LYSIMETER TESTS
M. R. Sackschewsky and C. J. Kemp (WHC)
L. L. Cadwell and M. E. Thiede (PNL)

The Small Tube Lysimeter Facility (SLTF) was
constructedto measure the influence of erosion control
practices and altemate barrier layer configurations on
soil water balance. The facility was completed in
September 1988, and data have been collected for the
last 2 years. To improve the facility, in 1990 insulating
collarswereinstalled aroundeach lysimeter. The collars
allow the lysimeter soil temperature to more closely
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track the ambient soil temperatures, thus decreasing
bias because of temperature differentials and gradients.

Experiments conducted in the facility are devised to
measure the effects of surface gravel admix (gravel

uniformly mixed into the top 20 cm of soil) and gravel
muich, sand deposition, twice the average monthly
precipitation, presence or absence of vegetation, and
two types of subsurface capillary break configurations
on water storage, evapotranspiration, and drainage.
The array of small tube lysimeters for the experiments
consist of 21 rows of 5 lysimeters each that are irri-
gated, weighed, and checked monthly for drainage.

In tests conducted in FY 1989 and FY 1990, 60
lysimeters were used to examine the etfects of gravel
admixtures and gravel muich. Tentubes were used to
test the effects of a surface sand deposition layer, and
10 to test the effects of pitrun gravel versus a graded-
filter layer as a capillary break. The remaining 25
lysimeters were used in a companion alternate barrier
test of asphalt, clay, and chemical grout infiltration
barriers.

In the surface treatment experiment, the total amount
of evapotranspiration exceeded the total amount of
precipitation in all the plain soil and gravel admix
treatments, resuiting in a net decrease in soil column
water storage fromJuly 1989 to July 1990 (Figure 2.16).
All the gravel-mulch-covered lysimeters had a net
increase in total water storage over this time period,
except the vegetated, ambient precipitation treatment.
These lysimeters had increased in storage during the
previous year, and we believe that the vegetation took
advantage of this excess moisture. Overall, vegetative
biomass was relatively low, but vegetation resulted in
a small but significant amount of water loss by
transpiration.
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Increased precipitation also permitted an increase in
evapotranspiration, but had little effect on total storage
for either the plain soil or the gravel admix surface
lysimeters. Therefore, these treatments eventually lost
almost all the additional water by evapotranspiration.
Gravel muich surface lysimeters had a significantly
gieater amount of storage with irrigation compared
with ambient precipitation lysimeters, sugge<ting that
most of the additional waterinput is initially stored inthe
column and will eventually be lost through drainage.
Drainage was only observed in the irrigated gravel
treatments.

A sand deposition layer on the lysimeter surface had
muchthe same effect as a surface layerof gravel muich
(Figure 2.17). The total evapotranspiration was less
than the total amount of irrigation plus precipitation,
resulting in a net increase in total storage. The pres-
ence of vegetation increased the amount of evapo-
transpiration and decreased the amount of total stor-
age. Drainage was detected from lysimeters in both
the vegetated and bare sand-covered lysimeters.
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Figure 2.17. Bimodal Versus Graded Layering Com-
ponent Values from July 1989 - July 1990

At this point, no discernible differences in soil moisture
dynamics exist between the bimodal (McGee soil over-
lying pitrun gravel) or graded filter (McGee soiloverfine
sand) capillary break configurations (Figure 2.18).
Evapotranspiration from all treatment lysimeters ex-
ceeded total water input, and no drainage was de-
tected from any of these lysimeters.
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Figure 2.18. Surface Treatment Component Values
from July 1989 - July 1990

in future studies, the amount of irrigation will be in-
creased, allowing us to detect performance differences
among the various treatments, especially the bimodal
and graded-filter comparisons.

WIND EROSION
M. W, Ligotke, D. C. Klopfer, and J. F. Cline (PNL)

Maintaining anintact, erosion-resistant surface layer
over waste sites is especially important during times
of extended climatic stress such as droughts and
climates postulated to be caused by increased CO2
levels in the atmosphere (the greenhouse effect).
Three eolian processes cause erosion and transport
of soil particles by wind: surface creep, saltation, and
suspension. Surface creep is the wind-influenced
sliding and rolling of particles along the surface.
Sattation is the short-distance hopping of very fine
sand particles and occurs as wind suction overcomes
gravity and electrical charges holding particles on
theground. Suspensionisthe long-distance transport
of soil particles from exposed suifaces. Soil particles
are even smaller than very fine sand grains, and
while gravity plays little role, the electrical charges
between these particles and the ground are very
strong, and thus difficult to overcome by wind alone.
Soil particles are dislodged from the surface by the
process of saltation and to a lesser degree of creep
and wind turbulence.

The objectives of wind erosion studies in support of
natural material protective barriers are to: 1) develop
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a surface layer composition that will protect the
underlyingfine soil reservoir during periods of climatic
stress, 2) investigate the formation processes of
sand dunes and blowouts, and 3) provide data for
and develop a predictive model of wind erosion.
These objectives are further described below.

1. Awind tunnel is being used to study the stability

of surface layers. Surfaces containing silt-loam soil
and varied gravels, soil moistures, and surface crusts
have beentested. Measured surface deflation rates
are compared with the wind-caused surface shear
stresses. In addition, a method to characterize the
shear stress caused by saltating sand grains was
initiated in FY 1990. Continued tests of these eolian
and surface parameters are planned, as are tests of
the influence of windbome sand deposits, plant
canopies and roots (post-wildfire simulation), bur-
rowing animals, and surface microterrain.

2. Large-scale eolian structures such as sand
dunes and blowouts may provide a threat to the
integrity of long-term protective barriers. If sand
dunes formon the surface, plant communities would
be displaced, and water from precipitation could
migrate through the waste zone. Blowouts caused
by scouring winds could reduce the water storage
capacity of the fine soil reservoir, provide depres-
sions for water accumulation, and potentially expose
lower barrier fayers. Studies are planned to investi-
gate the formation processes and methods of control
of dunes and blowouts. Potential control methods
include stabilizing upwind source sands and using
gravel admixtures.

3. The development of a predictive wind erosion
modelis planned. The model willbe usedto determine
the predominance of deflationary or inflationary
fartors, to estimate the impact of dunes and blowouts,
and to determine potential loss rates of the fine-soil
reservoir as influenced by climatic factors and animal
intrusion. Although modification of existing agricuitural
models will be considered, the parameters used in
such models may not be applicable to awind erosion
model for long-term, natural-material protective
barriers. Input requirementis for a wind erosion
model will include long-term climate scenarios.

Results of FY 1990 wind tunnel studies included
1) comparisons of the influence of sands and gravels
on surface deflation rates, 2) initial soil moisture and
surface crust data, and 3) the influence of induced
saltation. Although the addition of small-diameter
gravels (0.2 to 1 ¢cm) decreased erosion rates to

about 2% of those from unprotected soil surfaces,
the inclusion of fine and medium sands increased
deflation rates to between 3 and 10 times those from
unprotected soil surfaces. Thisisimportant because
wind-deposited sand grains are particularly suscep-
tible to wind erosion and can, in saltation, increase
erosion rates of soil particles. Aninitial series of soil
moisture tests provided a relationship between the
moisture content of the surface layer (SMC in %) and
surface deflation rates (DR in g[m2-s]): DR =
14.7(SMC)1.73, R2 = 0.88. The measurements
were performed over a surface SMC range of 0.7 to
5.5%, measured to a depth of 3 mm, and deflation
rates ranged between 31 g/(m2-s) and < 0.6 g/(m2-s).
The deflation rates from simulated raindrop-impact
crusts exposed to only wind stress were too low to
measure, but were estimated to be less than about
0.01 gfm2-s]). One crust was then exposed to
induced sand saltation atarate of 28 g/(m-s) forthree
2-min periods, and deflation rates of 7, 14, and
21 g/(mz-s) were measured. The saltation rate used
in the test was comparable to drifting dune sand at a
10-m wind speed of about 14 mvs (32 mph). Thus,
the stress caused by saltating sand particles was
shown to cause raindrop impact crusts to fail and
deflation rates to approach those of unprotected soil
surfaces.

Sand transport potentials at and near the Hanford
Site were estimated and reported as sand roses.
Wind rose data were modified using the results of
sand transport equations to provide sand drift rate
estimates. At the HMS, for example, the yearly
average sanddrift potential estimate is 9.125 g/(m-s),
and the yearly resultant sand drift potential estimate
is 0.082 g/(m-s) fromthewest. Althoughthe prevailing
winds are usually the northwest drainage winds, the
fastest wind speeds are associated with the
southwesterly wind vector, and as shown in
Figure 2.19, can contribute greatly to the resuitant
yearly average sand drift potential vectors.

Contributions were made to the plan to construct a
prototype protective barrier. Design issues included
the location and orientation of the barrier, the com-
position of the surface layer, and the geometry and
composition of the upper edge region of the barrier.
Field studies were planned to measure surface shear
stresses using boundary layer anemometers and
surface deflation rates using erosion pins or scour
chains and saltation traps. These field studies will
provide information on eolian erosion processes and
the long-term stability of protective barriers.
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FIGURE 2.19 Annual Sand Roses forthe Hanford
Site. A line length of 0.5 cm represents an annual-
average sand drift potential of 0.1 g/(m-s). The
Hanford Meteorological Station is located just east
of the 200 West Area (after Glantz et al. 1990).

WATER EROSION
W. Walters K. A. Hoover, and L. L. Cadwell (PNL)

Pacific Northwest Laboratory is conducting water
erosion studies to investigate the ability of the barrier
top surface, composed of Warden silt loam and basalt
rock sideslopes, to withstand the erosional and
destabilizing eftects of rainfall and runoff.

Field tests initiated to assess the erosion potential of
barrier top surfaces were conducted at McGee Ranch,
the source location for fine-textured soils planned for
use on the barrier's gently sloping top surface. Tests
consisted of applying storms of known rainfall charac-
teristics to soils in 1-m2 plots equipped with flumes to
collect runoff water and sediment. The tests used
Warden siit loam with three different surface treat-
ments: 1) unmodified silt loam, 2) silt loam soil
enrichedwith up to 80%silt, and 3) silt loamwith gravel
admix (soil amended with 30% by weight pea gravel).
Thefreshly prepared test surfaces were uncrustec and
lacked vegetation growth.

The highest runoff rates (Figure 2.20a) and the lowest
sediment concentrations (Figure 2.20b) were derived
from the gravel admix plots that developed a surface
armor layer as fines were lost to erosion. The gravel
armor reduced raindrop splash. Raindrop splash
appeared to be a significant erosional process that
occurred during al* storm events. Some movement of
the pea gravei-sized particles occurred. Crustandseal
formation appeared to be promoted by proportionally
highersiltcontentonplot surtaces. Crustingdeveloped
through a wetting and drying process. Sealing was
destroyed during a subsequent storm by raindrop
impact and crusts by re-hydration. Crusts alone
appeared to inhibit infiltration and promote runoff,
which occurred even in the absence of saturated soil
conditions.
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Thes2 preliminary results suggest that gravel admix
surfaces have at ieast one very desirable property for
barrier performance. The reduced soil erosion that
results at least in part from reduced raindrop splashwill
contribute to greater surface stability and extended

barrier life by protecting the surface covering of the
barrier. Additional tests and/or modeling efforts are
required to predict amounts of soil that may be lost
through time and relationships between soil loss and
vegetation establishment for these surfaces.



2.5 MODEL APPLICATIONS AND VALIDATION

The model applications and validation task uses computer modeis to predict barrier performance (Fayer
1990). The water balance portion of the task, particularly the drainage component, has been the major
focus of the modeling effort. In FY 1990, major efforts were to 1) solve the barrier edge problem with the
TOUGH and PORFLO-3 computer codes, 2) verify the ability of PORFLO-3 to simulate infiltration in
animal burrows and root channels, and 3) use the TOUGH code to study temperature effects on lysimeter

drainage.

MODEL APPLICATIONS AND VALIDATION
M. J. Fayer, M. L. Rockhold, and D. J. Holford (PNL)

The barrier edge problem involves studying the effect
of water flowing under the barrier edge from beyond the
barrier. The results of this work will eventuaily be used
to optimize the distance that a barrier must extend
beyond a waste zone to limit flow past the waste. The
results, using three codes, indicate that for a 76-m-
thick unsaturated zone, acommon water-content solu-
tion is obtainable, but not a common flux soiution as
seen in Figure 2.21. The TOUGH code predicted that
within 500 years, the flux moving past the waste will be
3.5xthat predicted with PORFLO-3. Astime progresses
beyond 500 years, ailthree codes predicted fluxes that
would be less than the current barrier drainage stan-
dard of 0.05 cmvyr. Additional work is planned to
narrow the prediction differences.

A verification test of PORFLO-3 Version 1.1 was
conducted in preparation for using the code to study
infiltration into animal burrows and root channels. Axi-
symmetric solutions of water infiltration using

10!
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Figure 2.21. Estimated Flux Past the Bottom-Left
Corner of the Waste Zone Versus Time

Drainage (mi)

PORFLO-3 were compared with generalized solutions
forinfiltrationfrom a surface point source. Comparisons
of the two soiutions were qualitative, given that the
code configurations (e.g., node density and
arrangement, internodal conductance calculation,
surface boundary description) were not identical.
Despite the differences in how the problemwas solved,
the comparisons showed that PORFLO-3 predicted
wetting front positions that were comparable to the
generalized solutions. For a more quantitative
benchmark of PORFLO-3, the TOUGH code will be
used to solve this problem. Some difficulties in the
comparisons reported here (e.g., hode density and
arrangement and internodal conductance calculation)
can then be eliminated.

The TOUGH code was used to test the hypothesis that
temperature changes alongthe side walls of smail tube
lysimeters could induce drainage of in situ waterlocated
beneath supposedly impermeable asphalt layers
(Figure 2.22). Drainage from the lysimeters has been
observed yearround, and the peak occurs during the
summer. The proposed mechanism for producing
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Figure 2.22. Comparison of Drainage Predicted by
TOUGH and Measured from Asphait Barrier
Lysimeter

2.18




drainage of in situ water is redistribution of water in the
liquid and vapor phases in response to temperature
gradients. Using mean monthly soil temperatures
measured at a nearby site, TOUGH predicted that
some of the in situ water would drain, and that the peak
would occur during the summer. The results imply that

any lysimeter that has belowground surfaces exposed
to uneven temperature changes may be subject to the
same effect. The resuits also imply that temperature
effects on protective barriers could be significant and
should be calculated.

2.19




2.6 NATURAL ANALOGS

The natural analogs tasks of the Hanford Protective Barrier Development Program use natural and
anthropogenic environments to obtain evidence for projecting the long-term performance of engineered
structures. During FY 1990, this project consisted of six tasks. As part of one task a draft report, Barrier
Analogs: Long-Term Performance Issues, Preliminary Studles, and Recommendations was prepared
describing the applicability of analogs to long-term performance issues. A test pian was written for a
second task to study analogs of the dynamics of future plant communities and its eftect on the
effectiveness of barriers at preventing water infiltration. Three of the remaining four tasks entailed field
and/or literature studies and are described in detail below.

PEDOGENIC CARBONATE STUDIES
A. J. Busacca (Department of Agronomy, Washing-
ton State University)

In the soils of arid regions, carbonates tend to be
washed from near-surface sediments and precipitate
below the surface 7 s soil water evaporates. Over long
periods of uniforr climate, these carbonates tend to
build up, forming carbonated horizons. This task
explores the effects that the formation of carbonate
horizons in soils may have on the hydraulic character-
istics of barriers during the planned period of perfor-
mance. Two subtasks were conducted in FY 1990.
The firstwas publication of a report, A Feasibility Study
of Modeling Pedogenic Carbonates in Soils and Sedi-
ments at the U. S. Department of Energy’s Hanford
Site. (Hunter, Busacca, and Waugh 1990). The second
subtask was a pilot project conducted to assess the
impact pedogenic carbonate in shallow subsoil hori-
zons may have on infiltration rates of water into the
soils, relative to similar soil horizons without carbonate.
Two naturally occurring soils whose histories began
around 13,000 years ago were described, infiltration of
water under natural field conditions was measured
using a disk permeameter, and samples were col-
lected for laboratory analysis of their physical proper-
ties and moisture release characteristics. Two calcic
horizons in the soils had steady-state infiltration rates
that were 3-5 times lower than similar, noncalcic soil
horizons. One gravelly calcic horizon showed no
difference in infiltration from its noncalcic equivalent.
These findings show that variation in hydraulic proper-
ties resulting from spatial variability of texture and
pedogenic carbonate content within individual soil ho-
rizons is an important consideration in the design and
operation of proposed engineered earthen protective
barriers. A draft report was prepared on the FY 1990
progress of that study.

LAYER INTERFACE INTEGRITY
J.C. Chatters (PNL)

This task considers the possibility that pedoturbation
processes might disrupt the textural boundary be-
tween layers in protective barriers, compromising the
capillary break those layers are intended to create.
Two subtasks were conducted during this year. The
first was a search for anzlog sites with layering that
resemble protective barriers and in which some sort of
pedoturbation is evident. The second was an analysis
of the possibility that cryoturbation (mixing due to
freeze-thaw cycles in permafrost soils) might occur at
Hanford in the next 10,000 years, and a search of
analog sites. The search for analog sites, which is
described in a letter report, Evaluation of Long-Term
Stability of Layer Interfaces in Protective Barrier De-
sign: Recommended Natural Analog Sites for Detailed
Characterization, resulted in discovery of three sites,
where the effects of biotrubation and illuviation of fine
sedimentinto gravels canbe studied. The cryoturbation
study, described in a letter report, Evidence and Poten-
tial for Cryogenic Alteration of Soils within the Pasco
Basin, inciuded a literature review on cryogenic effects
in soil, and an evaluation of evidence for cryoturbation
inthe Pasco Basin. The conclusionis that cryoturbation
has not been a significant process here during either
glacial or interglacial periods.

HUMMOCK/SWALE TOPOGRAPHIC EFFECTS ON
SOIL WATER PATTERNS

S. 0.Link, J. C. Chatters, J. L. Downs, P. B. Test, M.
E. Thiede, and G. W. Gee (PNL), W. J. Waugh
(Cieotech)

One purpose of waste containment structures is to
minimize the infiltration of water into the buried waste.
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An important factor influencing the possibility of drain-
age through a soil cap is the structure of the soil.
Current construction practices impose an unnaturat
microtopography on a closure cap. In time, though, it
is thought that the surface microtopography of a con-
structed cap could return to the form occurring in
undisturbed sites. Many sites from which closure cap
soils may be obtained have a complex surface struc-
ture that may influence drainage patterns and the
distribution of soil water. The area in which this study
was conducted has a surface structure that is complex,
characterized by coppice dunes in association with
spiny hopsage, Grayia spinosa, shrubs.

The objective cf this study was to determine if
relationships exist between hummock/swale
topography and soil water dynamics under normal and
enhanced precipitation regimes. Addressing this
objective required detailed information about the
topography (electronic distance measurement),
aboveground plant community (digitized aerial photos),
the soil water profile (neutron probe), and the root
distribution and density (root profile mapping) below
groundinrelationto the topography of the area. To test
the hypothesis that surface topography was related to
soil water content we used an experimental design in
the field that concentrated on apparent major effects.

McGes Ranch probe ports (+) ond

k2

Three conditions were apparent at this site. These
hummocks were dominated by spiny hopsage, bare
swales, and swales populated by big sagebrush and
grasses. There were 7 replicates in the bare swales
and sagebrush swales and 14 replicates in hummocks.
To test the hypothesis that additional water would
increase soil water pattern differentiation with respect
to surface topography we used the same experimental
design described above, but without spiny hopsage
hummocks and sagebrush swales. The site chosen for
irrigation with the rainfall simulator was similar to the
unirrigated area.

Coppice dune topography and related vegetational
patterns (Figure 2.23) appeared to cause patterns in
soil water storage and soil water content with depth.

Bare swales were wetter than either hopsage
hummocks or sagebrush swales while hopsage
hummocks and sagebrush swales were not significantly
different. Sagebrush swales were similar to bare
swales with respect to soil water storage patterns in
time (Figure 2.24). This observation has implications
for hydrology models. Accurate representation of soil
water dynamics requires the use of multidimensional
models. These models have to consider the effect of
plants on soil water dynamics The effect of enhanced
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Figure 2.23. Contour Map of the Study Area Showing Hummocks, Swales, and Cover Classification
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precipitation on end-of-season soil water storage and
profile pattems in this study was negligible. This
semi-arid ecosystem can recycle to the atmosphere
at least twice the normal precipitation given that
additional water comes in the spring (Figure 2.24).

Soll Water Storage (cm)
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Figure 2.24. Soil Water Storage Dynamics in Bare
Swales (n=7), Irrigated Bare Swales (n=7), Spiny
Hopsage Hummocks (n = 14), Irrigated Spiny
Hopsage (n=7) Hummocks, and Sagebrush Swales
(n=7). Bars are one standard error of the mean.

The soil water profile 15 days after irrigation indicated
that the maximal depth of the wetting front was
between 80 and 125 cm (Figure 2.25).

The soil water profile on day 215 showed that all
irrigation water had been recycled to the atmosphere.
No clear evidence exists of drainage (Figure 2.26.).
The main active zone for soil water and roots was
above 125 cm. Below 125 cm little change was
apparent in soil water content over the period varying
between 6 and 9%.

Future research at this site will investigate how much
additional water can be added to the system before
the wetting front passes the deepest observed root-
ing depth, creating the potential for drainage. This
water will be added in the fall while the plants are at
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Figure 2.25. Volumetric Soil Water Content (%) Pat-
terns with Depth on Day 88, 1990
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Figure 2.26. Volumetric Soil Water Content (%) Pat-
terns with Depth on Day 215, 1990

low activity levels. Further work will use stable isotopes
to determine if the soil water below 125 cm is more like
recent precipitation or is derived from older waters (oid
precipitation or ground water).
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2.7 LONG-TERM CLIMATE CHANGE EFFECTS

The Long-Term Climate Change Assessment Task is a muitiyear program to assess long-term climate
change effects on protective barrier performance. The work is being performed In support of the
objectives and tasks outlined in the Protective Barrier and Warning Marker System Development Plan
andthe Protective Barrier Climate Change Assessment Study Plan. The effortisa collaboration between
scientists and engineers from PNL and WHCto design and test barrier performance in limiting movement
of radionuclides and other contaminants to the accessible environment for at least 1,000 years and

possibily as long as 10,000 years.

LONG-TERM CLIMATE CHANGE EFFECTS
K. L. Petersen (WHC) and J. C. Chatters (PNL)

A multi-disciplinary approachto climatic data acquisition
isbeingreliedonto obtaindefensible climaticinformation
that will aid in satisfying 1) design and regulation
requirements, 2) barrier performance assessment
requirements, and 3) hydrologic and other barrier task
input needs. The strategy applied to accomplish this
is a series of task studies that provide for an under-
standing of the range and probability for recurrence of
past climate change and for a projection of potential
future climate at the Hanford Site. These tasks focus
onidentifying and characterizing historic and prehistoric
climatic patterns through literature review and
specialized field studies. A local climate forecast
model is being developed that will couple the past
climate patterns with models of regional and global
climate change to provide test scenarios that can be
used in barrier performance assessment. The ultimate
objectof these efforts isto obtain defensible probabilistic
projections of the long-termclimate variability in Hanford
Site and Pasco Basin region.

Late in FY 1989 an independent third-party technical
peer panel reviewed a draft study pian for the climate
change task. That draft study plan reflected an
integration of plansfirstdevelopedforthe Basait Waste
Isolation Project (BW!P) withthe needs ofthe Protective
Barrier Development Program. In FY 1990, the study
planwas completed. The study pian contains task and
subtask descriptions, preliminary budget estimates,
andschedules. Based largely onthe recommendations
of the third-party review, the program has become
more focused, and the cost of performing the work has
been reduced from an initial estimate based on
applicable BWIP costs in FY 1988 of $3.4 million to a
current estimate of about $1.9 million contained in the
current study plan. This amount could be reduced
even more depending onthe outcome of critical decision
points in the work strategy.

The tasks and subtasks in the climate program have
been numbered as follows:

0. Task Administration

1. Identification of Climatic Data Needs
2. Synthesis of Existing information

2.1

Modern Climatic Patterns
2.2 Holocene Paleoclimate Literature
2.3 Late Quaternary Literature
2.4  Flood Records
2.5 Global Climate Modeling

3. Pollen and Lake Sediment Studies

3.1 Scablands Pollen Site Transect

3.2  Full Glacial Pollen Study

4, Fluvial Sediments and Ground Water Studies
4.1 Fluvial Indicators

4.2  Episodic Ground Water Recharge

5. Terrestrial Sediment Studies

5.1

Studies of Eolian Processes
5.2  Faunal Indicators
6. Past Climate/Vegetation Variations
7. Future Climate/Vegetation Projections
8. Local Climate Forecast Model

9. Model Calibration and Validation

10.  Projection of Future Climates

11.  Generation of Weather Statistics

12.  lIdentification of Future Spatial Analogs
13.  Input to Barrier Performance Assessment

Notable highlights for FY 1990 include the completion
of an article entitled Paleoecology and Palecoclimates
of the Columbia Basin Region by J. C. Chatters to be
submitted to a professionaljournal. This effort supports
Task 2 (Synthesis of Existing Information), Subtask 2.1
(Holocene Paleoclimate Literature). Inthe article, the
author summarizes and synthesizes existing proxy
evidence for climatic and ecological change in the
Columbia Basin of northwestem America since 10 ka
to 13 ka (thousands of years ago). Inferences based
on glacial and fluvial geomorphology, cave and
lacustrine sedimentation patterns, palynology, fossil
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timberlines, subfossil paleontology, and stable isotope
study of inland lakes are integrated into a detailed
record of environmental change. Findings identify a
terminal Pleistocene environment kept cool and dry by
masses of ice and glacial meltwater, supporting a
mosaic of now-allopatric plant and animal communities.
Thiswas followed between 10 ka and 8.5 ka by a period
of warmer-than-modem summers, colder-than-modem
winters and low, but spring-dominant precipitation,
supporting extensive grasslands and the faunas
associated withthem. By 8 ka summer and winter were
both relatively warm, and precipitation was at least
33%below modernlevels. This climate pattern resulted
in reduced stream flows with late spring flow maxima
and extensive development of shrub-steppe vegetation
throughout most of the region. Climate cooled but
remaineddry between5.4kaand4.5ka, thenunderwent
aperiodof transition to wetter, cooler conditions between
4.5 ka and 3.9 ka. Rivers flooded frequently, and
forests expanded into steppe zories. From 3.9 ka until
2.4 ka the climate was cool in summer and colid in
winter, with winter-dominant precipitation at least 30%
above modem amounts. Alpine glaciers underwent
the first synchronous advance of the Holocene. Rivers
stabilized, and their peak flows were delayed into mid-
summer; steppe vegetation increased in density as
subalpine and probably montane forests expanded
beyondtheir modern margins. Warmer, drier conditions
returned between 2.4 ka and 2 ka, reducing vegetation
density and bringing a renewal of severe flooding.
Climatethenimproved somewhat, and modernclimates
were established. The Little ice Age, although evident
in alpine cirques, had little apparent effect on regional
environments except for a slight drying around 550
years ago. Figure 2.27 compares modern and
reconstruction vegetation for various time periods.

Under Task 3 (Pollen and Lake Sediments Studies),
subcontracts were put in place with Washington State
University, Pullman, and Golder Associates, Seattle, to
collect, date, and analyze fossil pollen and other lake
sediment data obtained from long sediment cores to
allow further refinement of the developing climate
history of the Pasco Basin region highlighted above
and provide more location-specific climatic information
with special emphasis on the periods 125 ka, 18 ka,
9 ka, 6 ka, and 3.5 ka. The task has been divided into
two subtasks.

Subtask 3.1 is a transect of pollen sites across the
scablands of the central Columbia Basin. In FY 1990,
the subtask focused on the pollen records contained in
the lacustrine sediments from three lakes, Williams

(near Cheney, Washington), Wildcat (near Hooper,
Washington), and Sulphur (near Connell, Washington)
that extend from the present forest zone into the
steppe, zone of eastern Washington (Figure 2.27).
This was expected to provide detailed information on
the distributions of vegetation types and levels of
ground water in the Pasco Basin and vicinity. The
pollen analysis completed in FY 1990 forthe 13-k year
record from Wildcat Lake shows that climatic changes
associated with the end of the last glaciation were
consistently at least as rapid, if not more rapid, than
those predicted to result from the buildup of green-
house gases. The 13-k yearrecord from Williams Lake
exhibits a similar transition, but in more detail and
extended over a longer period. Efforts to core Sulphur
Lake below Mazama volcanic ash (which dates ap-
proximately 6.8 ka) in FY 1990 were unsuccessful.
The sediments post-dating the Mazama ash layer had
abanded characterthat may have resulted from rapidly
fluctuating water levels that may prove to be an espe-
cially good indicator of ground-water levels in the area
just east of the Hanford Site.

Subtask 3.2 (Full Glacial Pollen Study) was directed at
coring Carp Lake, near Goldendale, southeast of the
Hanford Site. This site completes the northeast to
southwest transect of pollen that cuts through the
Pasco Basin (Figure 2.27). Ageophysical survey ofthe
bottom of Carp Lake was performed to locate the
deepest sediment sectionof the lake, butthe effort was
not completely successful. The lake coring operation
has been successful in recovering over 19.3 m of lake
sediment. The age ofa 15-cmvolcanic ashiayerat8 m
depth is known to be 33 ka based on the earlier coring
efforts at the lake. This gives a deposition rate of
approximately 4.0 k years per meter and suggests that
the age of the recovered sediments may be as old as
75 k years at 18 m and because of compaction could
possibly be as old as 125k years. A number of
volcanic ash layers occur in the recovered sediment
core.

Another subcontract to Washington State University
supports Task 5 (Terrestrial Sediment Studies), Sub-
task 5.1 (Studies of Eolian Processes). This subtask
studied the relationship between eolian processes and
climatic conditions during the postglacial period (last
10 ka to 13 ka) on and around the Hanford Site.

The FY 1990 research involved 1) assessing aerial
photography and location of appropriate eolian sample
locales; 2) performing trench studies and sampling
eoliandeposits; 3) conducting reconnaissance studies
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Figure 2.27. Modern Distribution of Vegetation Zones in the Columbia Basin (A, upper left) Compared with
Reconstructions of Vegetation Patterns for Three Periods During the Holocene (B, C, D). Modern vegetation
patterns are from Daubenmire (1970) and Franklin and Dyrness (1973).
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for dune deposits containing datable voicanic ash and
archaeological sites; 4) analyzing texture and compo-
sition of eolian samples; and 5) locating, describing,
and sampling Holocene-aged alluvial and alluvial/eo-
lian sediments in the Dry Creek Canyon, along the
“horn” of the Yakima River and on the northeastern
flanks of Rattlesnake Mountain.

Initial findings indicatedfirst that individual active dunes
in the limited area of study have both increased and
decreased in size and area during the last 40 years.
Second, in general, there has been an apparent trend
toward increased stability [decrease in (approximately
40-year)] dune migration rates range from approxi-
mately 2 to 4 mvyr, but relationships are complex.
Third, rapid restabilization ot the previously stabilized
dune surface following a 1984 wildfire suggested that
the climatic threshold needed to promote wholesale

site-wide sand dune reactivation was not breached for
long. Fourth, textural analyses of samples from south-
ern portions of the site showed a crude, fining down-
wind trend from southwest to northeast across the
Hanford Site. Concentrations of coarse-grained sedi-
ment (mean grain sizes from medium- to course-
grained sand) occurred on and adjacent to the 200
Areas and near the easternmost flanks of Rattlesnake
Mountain. Concentrations of fine-grained sediment
(mean grain sizes from fine- to medium-grained sand)
occurred between the old Hanford townsite and the
Washington Public Power Supply System reactors.
Finally, two radiocarbon samples from the Dry Creek
locality were analyzed and returned dates of 9.3 ka
fromthe base of the sequence and 6.4 ka within 3 m of
the surtace. These results indicate that fluvial deposi-
tion was rapid during the early Holocene, but has
slowed substantially since 6.4 ka.
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