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EXECUTIVE SUMMARY

A 4-year (fiscal years 1995 through 1998) treatability test has been successfully completed on a
prototype of the Hanford Barrier constructed i_n fiscal year 1994 over the 216-B-57 Crib in the
200-BP-1 Operable Unit. The primary purpose of the test was to document surface barrier
constru bility, construction costs, and physical and hydrologic performance in support of the
remediation of the remaining waste sites within the 200-BP-1 Operable Unit. In addition to
satisfying data needs specific to the 200-BP-1 Operable Unit, treatability test results will also

support the evaluation and potential application of surface barriers at other waste sites on the

- Hanford Site.

The principal surface barrier performance parameters evaluated during the treatability test
included water balance within the barrier under ambient and extreme precipitation conditions;
surface wind and water erosion; stability of the barrier foundation, surface, and riprap side slope;
surface vi :tation dynamics; and animal intrusion. Using irrigation techniques, extreme
precipitation conditions were simulated by applying water up to three times normal, including
1,00 year storms. Treatability test objectives have been achieved or exceeded by the 4 years of
testing. Results demonstrate that the barrier is easily constructed with standard construction

equipment, performance criteria have been met or exceeded, and the Hanford Barrier and

" associated design comi)onents are highly effective.

This report summar s the results of the treatability test, and provides recommendations for
future monitoring of the prototype Hanford Barrier, remediation of the operable unit, optimizing

barrier design components, and additional barrier development needs.
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1.0 INTRODUCTION

The 200-BP-1 Operable Unit is located in the 200 East Area of the Hanford Site. Results of a
feasibility study completed for the source operable unit suggested that a surface barrier would be
a viable remedial action alternative for waste sites within the operable unit. Prior to constructing
a final barrier over the remaining 216-BY-Cribs, the Tri-Parties agreed on the need for a multi-
year treatability study to assess surface barrier constructability and provide cost and performance
information needed to fully evaluate and support the selection of a surface barrier as the
preferred remedial alternative. This report summarizes the results of a 4-year treatability study
completed on a full-scale surface barrier constructed in fiscal year (FY) 1994.

1 PURPOSE AND SCOPE

A treatability test was conducted on a full-scale surface barrier constructed over the 216-B-57
Crib within the 200-BP-1 Operable Unit (Figure 1-1). The treatability test was performed as part
of the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
remedial investigation/feasibility study (RI/FS) process for the operable unit to collect
performance and cost data needed to fully evaluate surface barriers as a proposed remedial
alternative. The report provides conclusions/recommendations on the barrier’s constructability,
cost, performance, applicability as a remedial alternative, and readiness for implementation.
Surface barrier testing and monitoring activities were performed over a 4-year period starting in
FY 1995. The treatability test was originally scheduled for 3 years, in accordance with Hanford
Fe ral Facility Agreement and Consent Order (Tri-Party Agreement) Change

Request M-15-92-5. However, additional funding was obtained for FY 1998 to extend

the testing and monitoring activities to nearly 4 years.

The purpose of the test was to demonstrate the physical and hydrologic performance of a
prototype of the Hanford Barrier, to document constructability, and to provide cost data to
support the implementation of surface bart” s as a remedial action for final closure of the
remaining waste sites within the 200-BP-1 Operable Unit. In addition to satisfying 200-BP-1-
specific da’ needs, testing of a full-scale barrier will support remedy selection decisions and the
remedial design and implementation process for other waste sites on the ...nford ..te.
Conceptual surface barrier designs, including the Hanford Barrier, have been established through
the feasibility study process. A graded approach to cover design has been developed whereby a
limited number of barrier designs satisfy the requirements of a broad range of waste sites
(DOE-RL 1996, 1999). The 200 Area barrier focused feasibility study (DOE-RL 1996) provides
performance and cost comparisons along with an applicable or relevant and appropriate
requirement (ARAR) evaluation of these graded barriers (including the Hanford Barrier) and the
standard Resource Conservation and Recovery Act (RCRA) Subtitle C design. The Hanford
Barrier provides the maximum degree of containment and hydrologic protection of the graded
barrier designs. Although the application of the Hanford Barrier itself is expected to be limited
(e.g., to waste sites with significant transuranic inventories), the Hanford Barrier test results can
be used to guide the design of more modest surface barrier designs because they share common
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design concepts and components (e.g., capillary break, vegetative components). The remedial
design process will be streamlined by having a thoroughly tested set of surface barrier design
elements from which site-specific definitive designs can be prepared.

Barrier test performance objectives (see Section 2.1) and requirements were defined in the
Treatability Test Plan for the 200-BP-1 Operable Unit (DOE-RL 1993a) prepared in FY 1993.
1addition to the treatability test plan, a monitoring and testing plan was prepared (Gee et al.

1993b) to provide an additional level of detail to guide the barrier testing program. Yearly
summary reports have documented the progress of the testing and monitoring activities (Gee et
al. 95, 1996; Ward et al. 1997).

1.2  SITE BACKGROUND

The 200-BP-1 Operable Unit is located in the approximate center of the Hanford Site, along the
northern boundary of the 200 East Area. The operable unit consists of 10 waste sites (cribs) that
were used to dispose of low-level radioactive liquid waste from 1955 to 1975. The low-level
radioactive waste was a result of U Plant uranium reclamation operations (scavenged
supernatant) and waste storage tank condensate from the adjacent 241-BY Tank Farm.

In March 1990, the U.S. Department of Energy (DOE) issued the Remedial Investigation/
Feasibility Study Work Plan for the 200-BP-1 Operable Unit, Hanford Site, Richland,
Washington (DC™ RL 1990) and initiated site characterization activities. Characterization
included a variety of activities that included collection of soil samples from the surface to
groundwater (approximately 76.2 m [250 ft] below ground surface).

The results of the study indicated that the majority of high-activity (greater than 1,000,000 pCi/g)
contaminated soils are located between 5 and 15 m below ground surface. The primary
contaminants of concern remaining in the subsurface soil include strontium-90, cesium-137,
plutonium-238, plutonium-239/240, and uranium. Most of the radioactivity is associated with
strontium-90 and cesium-137. The contaminants are generally immobile with the exception
uranium, which also has a relatively long half-live (DOE-RL 1993a). Transport modeling results
for a surface barrier remediation scenario indicated that uranium would not impact groundwater
in excess 0. , oposed drink _: water stan within edes 1i ofabarrier

(DOE-RL 1994b).

Based on the results of the Phase I remedial investigation, a feasibility study was prepared to
examine a range of remedial alternatives and provide a preferred alternative (DOE-RL 1994b).
The range of alternatives included no action with institutional controls, three barrier alternatives,
four alternatives that involve excavation of the high-activity soils with and without treatment,
and one in-situ treatment alternative. A detailed analysis was completed for each of the remedial
technologies in accordance with CERCLA and the National QOil and Hazardous Substances
Contingency Plan (NCP). The results of the comparative analysis suggest that a low-
permeability barrier is appropriate for the waste sites within the 200-BP-1 Operable Unit.

A draft proposed plan for the operable unit was submitted to the regulators in 1994. Prior to
issuance of the proposed} n for public review for the 200-BP-1 waste sites, the :
U.S. Environmental Protection Agency \...’A) required additional construction and performance
data on the proposed barrier collected under this treatability test. Tri-Party Agreement
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well as general design considerations, priority issues, and future testing needs applicable to an
overall barrier development program, are discussed in Section 4.0.

1.3.2 Hanford Barrier

The Hanford Barrier was developed to provide long-term protection (1,000 years) of certain
types of waste in semiarid environments and exceed RCRA cover design requirements, including
life expectancy and hydraulic conductivity. The surface barrier consists of a variety of natural
materials placed in engineered layers. Natural stable construction materials were selected to
optimize barrier performance and longevity. The primary function of a surface barrier is to
contain waste in place by minimizing (1) the infiltration of precipitation into contaminated soil or
debris, thereby minimizing the driving force for downward migration of contaminants; (2) the
migration of windblown dust originating from contaminated surface soils; and (3) the intrusion
potential for direct exposure to contamination. Key performance objectives for the Hanford
Barrier include the following:

Function in a semiarid to subhumid climate
o A design life of 1,000 years
Limit drainage through the silt to less than 0.5 mm yr’'

Limit runoff
Be maintenance free
° Minimize b ic intrusion
Minimize erosion
. Meet or exceed RCRA | formance criteria.

The barrier design consists of a fine soil (silt-loam) layer overlying other, coarser materials such
as sands, gravels, and basalt riprap (Figure 1-3 and Appendix A). Each layer serves a distinct
purpose. The silt-loam layer acts as a medium in which moisture is stored until the processes of
evaporation and transpiration recycle any excess water back to the atmosphere. The design
storage capacity, the total amount of water that can be stored in the silt-loam layer before
drainage occurs, is 600 mm based on an assumed available water storage capacity of 0.3 volume
water/volume soil estimated from field lysimeter results (0.3% x 2,000 mm silt loam = 600 mm
storage capacity). Thesiltlo is« _ edtostoremo thanth times the long-term average
(LTA) annual precipitation at the Hanford Site. The silt loam also provides a medium for
establishing plants, which are necessary for transpiration to take place. In addition, the top 1 m
of silt loam had been amended with pea gravel to minimize wind erosion. Coarser materials
(sand overlying gravel) placed directly below the silt-loam layer create a capillary break that
inhibits the downward percolation of water through the silt (similar to a sponge holding water)
and prevent fine soil from filtering downward into the coarse layer. The coarser materials (i.€.,
basalt riprap) also help deter root penetration, animal burrowing, and inadvertent human
intruders (biointrusion) through the barrier profile. An asphalt layer is placed at the bottom of
the barrier to provide a low-permeability (hydraulic barrier) and redundant biointrusion layer.
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Two side-slope configurations are being consider¢ for the Hanford Barrier (Figures -3, 1-4,
and Appendix A). The first configuration is a relatively ste  embankment of basz' —-rap (less
than 25 cm diameter) placed at approximately a 2:1 slope. ‘I'he angularity of the ri provides
many interlocking surfaces between adjacent rocks, allowing the creation of a relatively steep yet
stable side slope. The second configuration is a relatively flat slope of naturally occ  ing coarse
material (pit run gravel) placed at approximately a 10:1 slope. The flat side slope forms an apron
around the periphery of the barrier. This apron provides a gentle transition from e shoulder of
the barrier to the surrounding topography.
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2.0 TREATABILITY STUDY APPROACH

The nford Barrieris a baselii  surface barrier design developed for the semiarid climatic
conditions at the Hanford Site. The overall objective of the Hanford Barrier design is to provide
a highly protective surface barrier system to isolate wastes for an extended p  >d of time using
natural materials. Prior to construction of the prototype barrier, barrier performance had been
extensively evaluated only through laboratory and small-scale field experiments and computer
model simulations. A field-scale experiment was required to enable engineers and scientists to
obtain experience in constructing protective barriers and demonstrating their performance.

he treatability test addressed each of the key performance objectives identified in Section 1.3.2
within the time frame of the testing period (4 years). The test did not attempt to project barrier
pe ance over the design life of 1,000 years. The design life of 1,000 years is supported by
the of stable construction materials (largely geologic materials), and previous longevity
evaluations completed as part of the barrier development program (see Section 1.3.1). The test
did evaluate the performance of the barrier under three times normal precipitation conditions
projected as an upper bound for potential climatic change at the Hanford Site, as well as the
projected 1,000-year storm.

The treatability test was completed in two phases. Phase I consisted of the design and
construction of the prototype Hanford Barrier. Phase I was completed in August 1994. Design
and construction activities are briefly discussed in this treatability test report. Detailed
information can be found in the Construction Report for the 200-BP-1 Prototype Surface Barrier
(DC. RL 1994a). Phase II consist¢ of a 4-year testing and monitoring program, which is the
focus of this report. Additional details can be found in annual reports as required by the
Treatability Test Plan (Gee et al. 1995, 1996; Ward et al. 1997).

2.1 TEST )BJECTIVES

The primary goal of the prototype Hanford Barrier treatability test was to assess construction and
p rmance data. Consiste with this goal, the objectives of the treatability test are
ss n dasfollows:

. Evaluate the effectiveness of the barrier components (e.g., the various  iterial lay )
individually and as they interact to form a complete/whole engineered system

d Provide large-scale testing of phenomena that  : not adequately tested on  all-scale
plots, in laboratories, or with lysimeters

i Provide a baseline by demonstr ng barrier system performance under both stressed and
ambient conditi¢

* - Document the testing and monitoring activities for the purpose of peer review and
critique, regulatory review, and technology transfer
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irrigation, surface runoff, and soil water storage, permit a more accurate calculation of the final
component, ET.

A simplified form of the water-balance equation used to ev: 1ate ET for ¢ Hanford Barrier is
written as:

ET=(P+I)-(AW +R +D) (2.1
where:
ET = evapotranspiration
P = natural precipitation
I = irrigation
AW = change in soil water storage
R = surface runoff
D drainage out of the soil cover.

The water storage is calculated from soil water content 0 by integrating 6 over deptt rofiles.
Thus, water storage between the surface and depth L is calculated as follows (Green et al. 1986):

W= [0z 2.2)
where:
L = maximum depth of measurement.
0 = volumetric soil water content
z = depth of measurement
t time.
The char :in stor: N, o ula astt differenceinv ers - 1St at dif
times.

To monitor the hydrologic performance of the top 2-m-thick silt-loam layer under the two
precipitation treatments, the . -face was fitted with 14 water balance monitoring stations
(Figures 2-2 and 2-3). Three stations were installed in each of the silt-loam-covered plots, one
station was installed on each of the gravel-covered plots, and none were installed on the
transition plots or riprap-covered plots. Figure 2-2 also shows the horizontal neutron access
tubes that were used to monitor the distribution of subsurface water content.

Each station is equipped with a precipitation meter (mini-lysimeters) to record precipitation
events. Additional precipitation data are obtained from six manual rain gauges located in the
northern section of the barrier and an automated tipping-bucket gauge located on the gravel-
covered side slope. Climatological data are obtained from the Hanford Meteorological Station
(HMS), located about 5 km northwest of the barrier.
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activities had been discontinued. The obiectives were to create a sand dune on the surface and
monitor its impact on surface erosion, ] mtcommunity viability, and soil water storage; and to
remove established vegetation by fire or other means to simulate a post-wildfire condition and
monitor the impacts on erosion (DOE-RL 1993b). Wind-erosion measurements were therefore
focused on measuring the parameters that affect erosivity and erodibility.

Because wind erosion is restricted to dry soils, measurements of wind erosion parameters were
focused on the southern, nonirrigated half of the barrier. Three wind boundary layer stations
(wind monitoring stations) were installed at the barrier to monitor wind stresses. Station 01 is
located south of the center of the barrier, and Station 02 is located in the southeast quadrant, near
the riprap side slope (Figure 2-4). To obtain measures of wind stresses over surfaces typical of
the Hanford Site for comparison with the stress on the barrier, a third station, Station 03, was
established off the barrier at the southwest comer of the site. Each station includes a wind-
direction sensor and four wind speed sensors at elevations of 0.25 m, 0.50 m, 1.0 m, and 2.0 m
above the soil surface. The resulting data were used to calculate erosivity and surface roughness.

odibility of the silt-loam-admixture layer was quantified by measures of surface composition,
with respect to pea gravel content, and surface layer deflation/inflation. To monitor saltation
stresses and sand drift rate, three multi-sensor saltation stations were installed on the eastern side
of the southeastern quadrant (Stations 04, 05, 06) at elevations of 0.25, 0.125, 0.50, and 1.0 m.
Dust traps were co-located with peizoelectric saltation sensors and allowed collection of the
mass of material blowing across the surface as well as calculation of the kinetic energy of sand
grains impacting the surface (Gee et al. 1995). The sensors, with cylindrical cross sections to
eliminate depen¢ 1ce on wind direction, provided a count record of sand grain impacts and a
time record of the total kinetic energy of each erosion event. The dust traps were designed to
remain directed into the wind and collect physical samples of silt and sand-sized particles. The
sensors were controlled by a datalogger that initiated measurements only when wind speed
exceeded ,.5 ms™. Dust traps were sampled manually after signific t windstorms.

2.2.2.1.3 Stability. Barrier stability is important because some of the potential sites for barrier
deployment may be susceptible to settlements due to the disintegration of packing materials or
the presence of void space. Although theoretical estimates of anticipated settlements can be
made, observation of a field-scale barrier allows direct measurement. Barrier stability was

trac by monito =~ e ofvertical deformation of the silt-loam surface and s1 jrade.
Vertical . ormation can be caused by consolidation or expansion of the barrier materials and by
set ment of the barrier foundation. Settl it and consolidation of the foundal 1 soil and the
composite layers of the barrier cancc  pr sb: 1 performance, particularly t >ugh
accelerated erosional processes (Walters et al. 1990). Slumping and gullying under the riprap
side slope are also important erosional processes that would compromise barrier performance

and longevity. :

The objectives of this task were to monitor the order and magnitude of the total and differential
subsidence in the subgrade below the asphalt and in the layers of the barrier as it ages, and to
monitor the stability of the riprap side slope. These processes were quantified by monitoring
changes in surface elevatic ofthe pective areas.
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2.2.2.1.5 Animal intrusion. Animals can be expected to colonize the barrier and burrow into
the surface. Animal activity often results in pedoturbation, which may directly affect the surface
hydrology, plant community dynamics, and erosion by wind and water (Link et al. 1994). Thus,
animal activity has the potential to ¢ promise the barrier by deep burrowing. The main
objective of the animal intrusion monitoring was to docume: the occurrence and extent of
animal burrows.

No specialized equipment was required for the animal intrusion task. Animal intrusion was
determined from visual observation of animal droppings (indicator of animal activity) and
burrows. Droppings and burrow counts were recorded annually and mapped in relation to the
grid shown in Figure 2-4.

Table 2-2 summarizes the expected measurement precision for maj or water balance, stability,
and biointrusion monitoring elements at the prototype barrier.

2.2.2.2 Sampling and Analysis.

2.2 2.1 Water balance. Testi and monitoring activities at the prototype barrier were based
on a water year (WY), which ran trom November 1 of each year through October 30 of the
following year. This format started in WY 1995 and was followed until 1998 when WY 1998
ended on September 30, 1997.

Water inputs. Water input 1ta for evaluation of the water balance were derived primarily from
the precipitation meters at the barrier. Hourly measurements were generally made, except during
the simulated 1,000-year storm test when measurements were made every 5 minutes. Automated
measurements at the barrier were supplemented with manual rain gauge measurements and data

from the HMS. i |

Soil water storage. During the first year of the treatability test, soil water stc  ge (W) was
m¢ 1red using three techniques, TDR, capacitance probe, and neutron probe, with the neutron
probe acting as the standard measurement technique. The TDR system is a fully automated and
multiplexed system and was generally activated on an hourly basis. Each measurement cycle (7
depths on 14 probes) took 25 min  :s. During the first simulated 1,000-year storm event, the
TDR system was used to obtain measurements of . at hourin wvals. M t Ov

verted to water storage according to Equation 2.2. .... expecte¢  cision of TDR
system is 220 mm over depth of the silt-loam layer (Table 2-2).

Neutron probe measurements were first made on September 30, 1994, after which measurements
were generally taken twice per month in the vertical access tubes for WY 1995-1997 and
decreased to monthly in WY 1998. The frequency of monitoring usually increased to coincide
with the extreme precipitation tests (simulated 1,000-year storm events) conducted in late March
of WY 1995-1997. During extreme precipitation tests, a once-weekly monitoring frequency was
initiated and maintained * >ugh the end of April following the storm event.

Neutron probe counts were made at each of the 14 vertical access tubes in 0.15-m increments
from the surface down to a depth of 1.9 m and the data stored electronically. Data were
downloaded to the database (Figure 2-7) and converted to 6 using calibrations derived for the
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different surfaces and surface sheer stresses, respectively. These parameters were calculated
from measurements of wind-velocity gradients (change in wind velocity with elevation) near the
surface, using the following relationship (Rosenburg et al. 1983):

-1
w=k ‘m(z"dJ = kM 2.5)
\Z;—-d
where
us = friction velocity, (ms™)
z; = elevation 1, (m)
Z; = elevation 2, (m)
d =  zero plane displacement
Au =  change in velocity between elevations z; and z,, (m)
k =  von Karman’s constant, usually 0.40
] = Au/In(z;-d/z,-d).

or an open, level, and relatively smooth surface, such as test surfaces in the wind tunnel
(Ligotke 1993) or the barrier shortly after construction, the zero plane displacement, d, in
Equation 2.5 is zero and u* is a simple logarithmic function of elevation. '

In general, z, for plants is about an order of magnitude smaller than the plant height, #. The
empirical relationship between z, and 4 reported by Szeicz et al. (1969) was rearranged to give A
as a function of z,

h=exp(1.0031In z,+ 2.039) .6)

where % and z, are reported in meters.

© 7 7 7.3 Stability. Stability monitoring was performed in WY 1995-1997 and included
res of top« ¢ 1 s of the surface, creep gauges, settlement gauges, and soil

)

physical properties. No stability measurements were taken in 1¢ _ 3.

Topographic changes. Sampling and analysis fortl evaluation of stability consisted mainly of
topographic surveys using an EDM system. Surveys were conducted in December 1994,

July and September 1995, January and September 1996, and January and September 1997. Each
survey included measurement of surface elevation of the two settlement gauges, as well as the
elevation  1spatial location of ! 12 creep gauges on the riprap slope (see Figure 2-4).

Surface elevation measurements were taken at the location of each stake on the 3-m by 3-m grid.
Vertical control was provided by the use of the four permanent survey monuments that were
installed at the outside comers of the site barrier site during construction. ...e survey data were
used to make contour maps with the aid of three-dimensional gridding software.

Creep and settlement —quges. Data from the survey of the settlement and creep gauges were
analyzed relative to the nrst survey. The location of each creep gauge was also surveyed twice

2-25







- DOE/RL-99-11
Rev. 0

nt size. The size of plants in water-limited ecosystems is positively correlated with available
water (Link et al. 1990a). Measurements of shoot height were taken to see if plants were taller in
the irrigated treatment compared with the nonirrigated treatment. In WY 1997, canopy shape for
A. tridentata was measured to relate the treatment to morphological characteristics  d to
estimate canopy leaf area and leaf area index.

anopy characteristics and leaf area. To document the observed changes in plant cover with
time, leaf area and leaf area index (leaf area compared to the area of the plant canopy projected
onto the ground surface) were investigated for A. tridentata (sagebrush). The transpiration rates
for A. tridentata were estimated because is the dominant shrub on the surface; also, it is
expected to account for a large portion of plant transpiration from the surface. Canopy
morphological measures were used to estimate canopy leaf area and leaf area index.
~ Observations were taken on April 15, May 15, and June 15, 1997, to describe canopy
characteristics, leaf area, and leaf area index dynamics. Canopy characteristics were measured to
estimate leaf area, as described in Link et al. (1990b). Details of the leaf area measurements are
provided in Ward et al. (1997). Canopy characteristics of the same individual shrubs were
measured on the April, May, and June dates. Shrubs were randomly chosen (20 from the
nonirrigated treatment and 20 from the irrigated treatment). Leaf area of 4. tridentata was
predicted, based on the day when plants were harvested.

lant gas exchange. Plant gas exchange data are useful as an indication of the ability of shrubs

- to remove water from tl  surface. Gas exchange data were gathered with a Li-Cor 6200 gas
exchange system. Measu nents were made by placing a chamber over plant stem tips and
allowing water vapor and CO; to exchange over a few minutes. A 10-cm length of stem was
placed in the chamber for plants in the nonirrigated treatment, and a shorter piece (less than 5 cm
long) was used in the irrigated treatment. The varying amounts of exposed leaf area were used to
maintain similar vapor pressures for the two treatment samples in the chamber. After
observations were made, the stem was cut and a single-sided leaf area measured, using a Li-Cor
3100 Leaf Area Meter. All gas exchange observations were taken at mid-day and in full sun.

oot study. Root observations were made using a video camera in the clear mini-rhizotron
tubes. Observations were made from July 13 to July 21 in 1995, in June 1996, and on
€t Herl8,1997. In WY 1997, only three tubes were examined in each treatment.
videos of each root tube were examined to calculate root _ 1 v
count each root that intersected with the tube surface and each 1ntersect1ng branching r a

>t already in contact with the tube. In WY 1995 and WY 1996, all roots observed were

considered to be alive. In 1997, live roots and dead roots were counted separately.
Differentiating live roots from dead roots is subjective. Live roots are white to brown and turgid,
and some roots have root hairs. Dead roots are dark in color and contracted within root channe
in :soil. Root counts were taken in an area the width of the viewing area (1.55 cm) and 10 cm
long. The count data were then divided by the observation area to yield a root length density
(U hurch and Ritchie 1983).

While the root number serves as an indicator for the mechanical state of the soil, root length
density provides information on the efficiency of root systems to supply water and nutrients to
the whole plant. Thus, the ability of the plants to remove water from the silt-loam layer is highly
correlated with root length density. Root  _ 1 density is normally calculated by dividing the
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3.0 RESULTS AND DISCUSSION

Results of the treatability test are discussed for each major phase of activity. Section 3.1
ldresses Phase I construction issues including the constructability of the barrier using standa

equipment, cost, and hydraulic testing of the asphalt layer. Phase II addresses performance

testing and monitoring after construction, the results of which are discussed in Section 3.2.

3.1 PHASE I BARRIER CONSTRUCTABILITY AND COST

Construction of the prototype Hanford Barrier was completed in August 1994. In general, no
significant design or construction issues occurred that would compromise the barrier’s

per mance (DOE-RL 1994a). Naturally occurring materials were able to meet the project
specifications or provide equivalent performance with minimal processing. The majority of
construction issues were related to installation of testing and monitoring equipment. The
relevant barrier construction issues included (1) construction schedule, (2) asphalt specificatio:
(3) Hplication of the fluid-applied asphalt; and (4) borrow source ] itations.

Seasonal cycles have a significant impact on the integrity of barner components. Freezing
temperatures made it extremely difficult to meet compaction requirements. Scheduled downtime
during the win  months should be planned.

The asphalt mix was developed to minimize permeability while maintaining structural integrity
of the overlying materials. During placement of the asphalt, some material was slightly out of
specification (the amount of fine material was less than required). Permeability testing was
completed to ensure that the performance of the asphalt was acceptable (Section 3.1.2).

The fluid-applied asphalt as applied developed small air bubbles that appeared to be associated
with the microcracks in the surface of the asphalt. The application of several thin layers was
required to reduce the bubbling effect. Air bubbles in the fluid-applied asphalt were op  :d by
hand while the layer was still hot and allowed to flow into itself. Because of the relatively high
it cost(Sec “m3.1.1) 1construction issues, alternative products may need to be
iated. In addition, hydraulic conductivity results of the asphalt ; 1
requirements, which may elii ~ a the need for the fluid-applied asphalt layer.

Borrow sources for materials used in the cc ;tion of the prototype Hanford Barrier were
readily available. Large reserves of these n s remain; however, the areas may be culturally
and ecologically sensitive, which would require alternate borrow sites. Additional planning is
required to secure a reliable source of materials.

All construction-related quality assurance activities are documented in Construction Quality
Assurance Report for the Prototype Surface Barrier (BHI 1995). As-built drawii
(H-2-817484 through H-2-817497) were prepared to document the final Hanford Barrier’s
configuration.
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2 PHA_SE II BARRIER T "RFORMANCE TESTING AND MONITORING
3.2.1 Water Balance

2. 1 Water Inputs. The LTA is the average amount of natural precipitation expected based

on historical Hanford Site meteorological record. Based on records from 1912 through 1980, the
\ equals 160 mm yr! (Stone et al. 1983). Recent precipitation has been elevated above the

LTA with all-time records occurring dur! ; the 4-year test, specifically, in calendar year 1995
(313 mm) and 1996 (310 mm) (Hoitink and Burk 1998). Extreme value analysis of Hanford Site
precipitation records shows a 60-minute, 100-year return storm of 20.6 mm, whereas the
60-minute, 1,000-year return storm is 28.2 mm. A 24-hour maxim  accumulation of 68.1 mm
is estimated for the 1,000-year return storm. Although no records are available for periods of
less than 60 minutes, analysis of rain gauge charts shows 14 mm falling over a 20-minute period
on June 12, 1969, and 11.2 mm falling in only 10 minutes on June 29, 1991. Stratigraphic pollen
analysis on sediment cores obtained from Carp Lake (160 km southwest of the Hanford Site)
suggests that the mean annual precipitation in the Columbia River Basin, including the Hanford
Site, ranged ~ »m 50% to 75% of modern levels to as high as 130% of modern levels (Petersen
et al. 1993). Based on these findin; the treatability test included an elevated precipitation
treatment in which water was applied at three times the LTA, including a simulated 1,000-y:
storm. Figure 3-1 shows the schedule of water applications followed during the treatability test.

Figure 3-2 shows a plot of cumulative precipitation over the 4-year test for the ambient and
irrigated treatments, as well as the LTA. The cumulative LTA for the test period is 640 mm.
During the 4 years of testing, the northern, irrigated portion of the barrier received a total

(i zation plus ambient) of 1,609 mm. Irrigation testing ceased in September 1997 after a total
of 673 mm of water was applied, and was resumed briefly in May 1998 to facilitate verification
of the neutron probe measurements. In contrast, the southern, ambient treatment received

936 mm. This amount was 46% higher than the cumulative LTA for the Hanford Site. In terms
of individual test years, natural precipitation in WY 1997 was 1.8 times higher than the LTA,

co Hared to 1.5 times in WY 1996 and 1.8 times in WY 1995. Thus, the ambient treatment was
significantly higher stressed than would be expected under the normally drier conditions at the
Hanford Site. Since a wetter, rather than drier, climate is expected to place more stress on barrier
] formance, these results  d support to the expectation of adequa _ ew o
sustained elevated precipitation.

3.2.1.2 Soil Water Storage.

3 1.2.1 TDR measurements. There are very few published data that document field
performance of remote-shorting diode TDR probes such as those in use at the Hanford Barrier
(Gee et al. 1995, Rockhold et al. 1996, Frueh and Hopmans 1997). There were two main
problems associated with use of the TDR probes. The data showed several unexplained temporal
variations in 6(z,t), especially in the end segments. Gee et al. (1995) showed that over a 4-hour
period the standard deviation in 6(z,t) ranged from 0.01 m> m™ to 0.10 m> m, with the error
increasing as segment length decreased. Multiple measurements had to be averaged over a

\ger time to produce meaningful results (Gee et al. 1995). While averaging several readings
over a longer time reduced the error, it hampered the resolution of short-term changes in 6(z).
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Figure 3-5. Spatiotemporal Variations in So Water Content at the Bottom of the Silt-
_ Loam Layer of the Irrigated Treatment of the Barrier.
([a] northern end of treatment, tube AA1 + AAS, and [b] southern end of treatment,
tube AA2 + AA6).
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A better visual perspective of the temporal ¢ inge in 0 is obtained from two-dimensional plots of
0(t) along a transect of interest. Figure 3-7 shows a plot of 6(t) at 7 m (midpoint of the plot) a1

14 m (outer edge of the plot) in each treatment. In November 1994, initial 6 on the four plots
was relatively similar, with a mean of 0.10 m> m™ over all plots. Despite regular irrigations, no
significant increase in 6 was observed at the capillary break until just after the first simulated
1,000-year storm on March 26, 1995.

In general, accumulation of water was grea t at the northwest and northeast edges of the
imgated plots (tubes AA1 and AAS) and usually peaked by early May. These data also show
that the decline in 0 at the capillary break usually starts shortly after reaching its maximum
value. There also appears to be a difference in the arrival time of the wetting front at tubes in the
- north and south ends of each plot, as well as a difference between the value of 0 on the western
(Figure 3-7a) and eastern (Figure 3-7b) plots. These differences are most likely due to
differences in the snow and water accumulation during the winter and spring..

Figures 3-7(c) and 3-7(d) show that on the nonirrigated section, 6 declined during the first

10 months of monitoring, after which it remained relatively constant. The first real increase in 6
occurred following the winter of WY 1997. Water content reached as high as 0.30 m® m™, which
for the Warden silt-loam soil, corresponds to a matric potential of about -186 cm of water. The
saturated O for the Warden silt loam is 0.49 m® m™, so the soil was never saturated.

Nevertheless, these observations may have implications on final design, as the elevated water
content appears to have originated at the edge of the barrier, in the transition plot.

The occurrence of infiltration along the sloped interface between the silt-loam layers and the side
sl es could impact long-term performance. In very wet years, infiltration along the edges (e.g.,
edge effect) could lead to lateral migration along the capillary break. Although the soil remained
U aturated, there is a possibility of water crossing the capillary break by preferential flow due to -
fingering. Nevertheless, the data show that by the end of October of each year, 0 is usually back
to pre-winter levels, reflecting the pattern observed in water storage in the silt-loam profile.
Thus, in normal years, the accumulation of water at the base of the silt-loam profile appears
controllable simply by ET. However, in extremely wet winters like in WY 1997, accumulation
of water at the I~~~ of the sloped interface could cause a decrease in the matric suction to a point
where water could cross the « ] ceol drain: :collection system in a
final barrier design, water crossing the capillary break would eventually be diverted by the
asphalt layer, increasing the amount available for infiltration along the edge of the asphalt layer.
The amount of water that infiltrates past the silt-l. 1 layer could be reduced by modifying the
design of the sloped interface such that the slope was away from the base of the silt-loam layer
rather than toward it, as is now the case. Such a modification would inc se the storage
capacity along the edge of the silt-loam layer.

3.2.1.3.2 Drainage. Figure 3-8 shows a plot of cumulative drainage (vertical drainage onto t]
asphalt layer diverted laterally to collection vaults) from each of the water collection zones
through September 30, 1998. Table 3-6 summarizes the amount of water drained from each
surface plot and shows the relationship to precipitation. In interpreting these data, it is assumed
at the direction of flow is vertically downward through the upper layers and horizontal in " e
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In WY 1997, mean gravel content in the 0- to 2-cm layer for the entire surface was 13.0 £ 2.3%
by weight, whi  was unchanged from the WY 1995 values (14.8 £ 2.4%). The mean surface
gravel content decreased from 14.9 = 2.1% by weight in WY 1995 to 12.3 £ 3.2% by weight in
WY 1997. The decrease in surface gravel (0 to 2 cm), particularly on the irrigated treatments,
su; sts gravel loss by either erosion or surface inflation. The erosivity of rainstorms at the

ba r was insufficient to move pea gravel over any considerable distance and, therefore, rules
out erosion. However, a measurable increase has occurred in the %C in the surface soil and an
increase in plant debris on the surface, particularly in the irrigated treatment. These changes are
most likely the cause of the apparent changes in pea gravel content. It is expected that most of
the short-term changes will occur in the near-surface layers, with changes in bulk gravel content
occurring only in the long term or after severe erosional stresses.

3.2~ 7 Wind Erosion Summary. M« “oring was performed to measure, evaluate, and
document the effects of eolian stresses on the silt-loam surface of the barrier. Wind speeds on
the elevated barrier surface can be 20% higher than at ground level. Therefore, the exposed,
elevated, vegetated surface cover of the barrier is subjected to greater erosive stresses than the
surrounding natural environment. The barrier was monitored for soil loss in WY 1994, a period
representing worst-case surface conditions for wind erosion. The only measurable soil loss by
w d erosion occurred in the first 3 months when the soil surface was bare. The total quantity «
blowing material was determined to have varied between 25 and 2,500 g per meter of width.
The removal was sufficient to initiate the formation of a pea gravel armor. The pea gravel
armor, coupled with establishment of vegetation on the surface, essentially reduced the rate of
soil loss to zero. The changes in the wind stress parameters over time and the associated
decrease in soil loss are consistent with the evolution of a more stable barrier surface.

Wind stress parameters calculated from peak gusts were generally lower than the values from the
literature and Pacific Northwest National Laboratory wind tunnel measurements, and are
indicative of reduced stress near the surface. The increase in the roughness length o© time is
related to an increase in plant cover and plant height, both of which increase turbulent exchange
over the barrier and reduce the erosive stress near the soil surface. Mean roughness height
calculated from boundary yer theory was similar to that observed in wind tunnel experiments.
Plant heights predicted from the theory were identical to field-measured values.

Mean __. rel content (0 to 10 cm) in WY 1997 was significantly smaller than tl Y .}
value. No differences were fow ° between plots within treatments or between the two treatments
in WY 19¢,. However, the irrigated treatment showed the greatest decline from WY 1994. _.is
result is a reflection of the effect of organic matter and plant debris on the composition of the
surface layer (0- to 2-cm depth). These results indicate a stable surface that has undergone very
little soil loss except dur the first 3 months following construction. The vegetation was
effective at protecting the soil from rect wind contact, one of the prerequisites for wind

erosion.
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Figure 3-15. Creep Gauge Movement Between December 1994 and Septemb  1995.
(Elevation was measured by EDM; the resultant is in meters and
the bearing is in radians).
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An analysis of the time course of creep gauge movement over the last 3 years shows a decrease
in both the resultant and bearing between the first and second surveys (Ward et al. 1997). After
the initial decline, they both increased and remained relatively constant. The variance in the
resultant data was also relatively high, suggesting some randomness to the movement. However,
the decrease in variance of the bearing estimates between the first and last surveys sugge a
preferred easterly movement. Movement in an easterly direction is consistent with an outward
and downward movement of the rock slope. However, visual observation and the magnitude of
the measured changes show no evidence of side-slope failure. Thus, the small amount of
displacement observed between December 1994 and September 1997 is probably due to
settlement of the side slope intc more stable and compact arrangement. As with the settleme:
gauges, additional monitoring would be required to confi _ or eliminate slope failure.

3.2.4 Vegetation

Plants and animals influence water and wind erosion and the hydrologic characteristics of
landfill covers, such as the prototype barrier (Link et al. 19952, 1995b). Vegetation of the barrier
surface was done in the late fall of 1994, as discussed in Gee et al. (1995). Conclusions from the
first 2 years of observations suggest that plants dry out the surface under most conditions, even
with added water, and that plants virtually eliminate wind and water erosion (Gee et al. 1995,
1996; Ward et al. 1997). In WY 1997, studies of the biological component of the prototype
barrier included extensive observations of plant and animal characteristics. This section
summarizes data on vegetation characteristics including floris s composition, ground cover and
spatial distribution, plant height, canopy leaf area, gas exchange rate, roots, shrub survivorship,
and reproduction.

3.2.4.1 Plant Identification (Fl« istics). A species plant list was developed in WY 1995,

WY 1996, and WY 1997. This list was compiled through several inspections each year. For
identifications, Hitchcock and Cronquist (1973) was consulted. The species list is presented in
Table 3-9 with documentation of the origination, occurrence, and life form of each species on the
barrier surface.

The surface was planted in November 1994 with ¢  1lings of A4. tridentata (big sagebrush) and
C. nauseosus (gray rabbitbrush) and then seeded with a mixture of native perennial grasses. This
mixture cluded Poa sandbergii (Sandberg’s bluegrass), Agropyron dasystachyum (thickspike
wheatgrass), Oryzopsis hymenoides (Indian ricegrass), Poa ampla (Sherman’s big bluegrass),
Stipa comata (needle-and-thread grass), Pseudoroegneria spicata (bluebunch wheatgras and
Sitanion hystrix (bottlebrush squirreltail). '

A total of 38 species have been observed since WY 1995. Currently, 12 families are prese  of
which Brassicaceae, Compositae, and Poaceae comprise 68% of the 38 species. In WY 1997,
57% of the species found were native to the western United States, and the rest were invasive
aliens. Annuals comprise % of the species, and 54% are biennials or perennials. A prolific
invasion of Salsola kali (tumbleweed) during the first year dominated the surface, but this plant
species was mostly absent in subsequent years.
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Figure 3-18. Mean Root Length Density as a Function of Depth in WY 1995,
WY 1996, and WY 1997.
([a] nonirrigated treatment, and [b] irrigated treatment.)
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These files are formatted for subsequent graphical display and analysis. Detailed records are
kept and hardcopy files are maintained at the task level. A CD-ROM, compiling electronic data
records, was prepared and is in the project file (PNNL 1999).

Procedures that are specific to the prototype barrier project include the following:

PNL-PSB-2.0

PNL-PSB-4.0

PN -PSB-5.0

PNL-PSB-9.0

PNL-PSB-10.0

PNL-PSB-11.0

Procedure for Operational Use of Prototype Barrier Linear Irrigation
—Juipment.

Procedure for Routine Maintenance and Calibratioh of Dosing S hons
at the Prototype Surface Barrier.

Procedure for Surface Composition Analysis of the Prototype Surface
Barrier.

Procedure for Calibration of Precipitation Meter Load Cells at the
Prototype Surface Barrier.

Procedure for Measuring Soil Moisture Using the } 1tron Probe in the
Neutron Access Tube Vertical and Horizontal Arrays.

Soil Sampling and Testing Procedure for Verification of Hydrologic
Performance at the Hanfor¢ rototype Surface Barrier.

Data analysis focused on quantifying barrier performance. Quantification of water balance was
made on selected test areas and, combined with wind and water erosion and biotic intrusion
measurements, have been reported in status and letter reports on an annual basis (Gee et al. 1995,

1996; Ward et al. 1997).
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4.0 CONCLUSIONS AND RECOMMENDATIONS

Four years (FY 1995-1998) of performance testing and monitoring have been successfully
completed on a prototype of the Hanford Barrier constructed in FY 1994 over the ~ 16-B-57 Crib
in the 200-BP-1 Operable Unit. The principal barrier performance parameters evaluated during
the test included water balance within the barrier under ambient and extreme precipitation
conditions, surface wind and water erosion, stability of the barrier foundation, surface and riprap
side slope, surface vegetation dynamics, and animal intrusion. In addition, constructability and
cost data were collected. Using irrigation techniques, extreme precipitation conditions were
simulated by applying water up to three times normal, including 1,000-year storms. All test
objectives defined in Section 2.1 have been successfully achieved.

Results of the treatability test have demonstrated the effectiveness of the Hanford Barrier and
associated design elements. General conclusions regarding the constructability, cost; and
performance of the Hanford Barrier include the following:

Construction of the prototype Hanford B:  :r was easily completed using standard
construction equipment. No construction issues were identified that would compromise
- overall barrier performance.

o The approximate unit cost of the barrier (excluding testing and monitoring tasks) was
$320/m®. Extrapolation of these unit costs for estimates of larger barriers, and/or mass
construction of barriers, should take into account economy-of-scale factors.

o Hydraulic conductivity testing results concluded that the asphalt layer performed better
than the 1 x 107 cm s low-permeability (recommended maximum) soil layer in the
RCRA barrier design.

Essentially no drainage of water through the barrier silt-loam layers was observed wm r
ambient and extreme (three times normal including 1,000-year storms) precipitation
conditions. The upper silt-loam layers and capillary barrier functioned to effectively

. _ iom i walby T, * reby preventi drainage. As
expected,d - " occur from gravel d riprap side slopes, but was effectively
diverted by the sloped asphalt layer. No change in water content or drainage was
observed under the Hhalt layer except at its very edge.

o Surface water runoff generated under extreme precipitation conditions was minimal
except under frozen soil conditions.

J Native vegetation was established quickly on the barrier surface and effectively extracts

water from the 2-m-thick silt-loam profile, even under extreme precipitation conditions.
The complete coverage by deep-rooted perennials effectively dries out the soil.
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A sufficient performance baseline has been established on the effectiveness of the barrier and its
components. As aresult, operable unit-specific recommendations include the following:

Use of the existing prototype Hanford Barrier as a final remedy for the 216-B-57 Crib
and implementation of a post-closure care and monitoring program for the waste site.
A continued but reduced level of monitoring of the Hanford Barrier is recommended to
support other Hanford Site programs that may require longer term records of barrier
performance.

Adoption of a surface barrier using the graded barrier approach for final remediation of
the 216-BY Cribs consistent with the 200-BP-1 feasibility study preferred alternative
(DOE-RL 1994b).

The following recommendations pertain to barrier design optimizatior. d are based on field
observations and lessons learned over the course of the treatability test. Although the
observations were of the Hanford Barrier design, they can be applicable to guide the

o]

mization of other graded barrier designs because of shared design elements.

Silt Loam Thickness. A performance objective of the prototype barrier was to limit net
drainage through the barrier profile to 0.5 mm yr'. Test results indicate that the water
storage capacity of the ' per silt-loam yers (600 mm) alone was sufficient to meet the
0.5 mm yr’' criterion. The presence of a good vegetative cover of deep-rooted pere  ials
and a capillary break beneath the silt loam was critical in achieving this level of

rformance. Because of the efficiency of the silt loam in limiting drainage, the asphalt
layer functioned primarily to shunt drainage received from the side slopes.

Treatability testing results suggest that some optimization of the silt-loam thickness may
be appropriate depending on site-specific performance needs. Where 2 maximum degree
of hydrologic protection for extended periods of time (1,000 years) is required, 600 mm

~ of storage capacity (1.e., 2-m-thick vegetated silt-loam layer over a capillary break) is

considered appropriate to accommodate potential long-term climatic changes and
changes in vegetative cover to plant species that are less effective at water removal. For
the Hanfc b 1 formance credit would be “ven for the

vhalt layer other than as backu, ion should the performance of the vegetat¢ silt
loam deteriorate over the long term.

Test results suggest that a silt-loam storage capacity of 400 mm (i.e., 1.3-m-thick
vegetated silt-loam layer over a capillary break) could accommodate up to 1.8 times the
LTA precipitation amount. This would provide a high degree of hydraulic performance
for precipitation conditions up to the maximum amount of annual precipitation on record,
which may be appropriate for periods of performance up to 500 years. Additional
reductions in silt-loam water stora; may be appropriate based on the level of hydraulic
performance required at a particular site or the use of additional hydraulic barrier
components such as an asphalt layer. Moisture breakthrough studies of the silt loam
would provide supporting data to optimize silt-loam thickness.  )wever, based on the
observations of plant response to moisture availability, potential impacts to the plant
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Asphalt Layer. The composite asphalt layer of the Hanford Barrier consists ofa 5-cm-
thick low-permeability asphalt layer top coated with fluid-applied asphalt. The hot spray-
applied asphaltic coating was added to the design because it is a highly resilient and
flexible coating with favorable constructability attributes that provides additional
assurance against leakage through the phalt layer over the long term.

The top coating was found to be disproportionately expensive (12% of construction costs)
and difficult to apply. A preliminary stability analysis of the prototype barrier indicated
that the viscous properties also make it the weakest layer in the prototype barrier and
most prone to creep. In addition, the penetration of the overlying gravel layer into the
topcoat may compromise the integrity of the topcoat as a hydraulic barrier (Daniel
1994a). Without the topcoat, laboratory and field hydraulic testing of the asphalt layer
has demonstrated that the permeability of the asphalt alone met the standard RCRA low-
permeability soil criteria of 107 cm s, which is a recommended maximum value.
Furthermore, in the case of the Hanford Barrier design, asphalt performance was not
needed beneath the silt-loam layer because of the effectiveness of the silt loam in limiting
drainage. Any potential incremental benefit the topcoat provides may be outweighed by
constructability problems, excessive cost, and performance concerns that remain
unresolved. It appears appropriate to eliminate the fluid-applied asphalt coating,
particularly for more modest surface barrier designs and those that do not require gas control.

Moisture Measurements. The neutron method was the chosen method for measuring soil
water content. The method was found to be very reliable but relatively labor intensive.
Should additional water content monitoring be warranted (i.e., for post-closure
monitoring), alternate reliable methods should be evaluated that are conducive to
automation.

Vegetative Cover. The establishment of a viable and highly diverse plant community on
the silt-loam surface continues to have significant impact on the function of the barrier
after 4 years of testing. The complete coverage of the soil by deep-rooted plants is
responsible for the annual drying of the soil profile, even with three times normal

- precipitation. Both species of shrubs, rabbitbrush and sagebrush, were sensitive to

sustained elev: t iallow-rc ed g esinone
section of the barrier reduced the effic...._, .. ___ .. ____recycling process. The ideal
plant community to optimize silt-loam performance is one composed of _  sses and
native, deep-roo 1 perennial shrubs, preferably sagebrush. Artificial seeding of grasses
and planting of shrub seedlings in the late fall and winter is recommended to enhance
early establishment of preferred plants and to limit the invasion of undesirable species.

In contrast, the lack of vegetation on the side slopes limits drying as attested by the high
rates of measured drainage for both the riprap and the gravel side slopes. The lack of fine
soil on either side slope minimized its water-holding capacity and kept the seedbed
surface dry so that seed gern ~  tion and plant establishment was minimized. Bare
surfaces or sparse vegetation will likely dominate the side slopes for many years to come;
thus, drainage from the side slopes is expected to persist. While designed to
accommodate the lack of vegetation, by using a low-permeability asphalt layer to shed

4-5
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Settlement and subsidence concerns are expected to be site-specific issues that can be
addressed as part of the site-specific remedial design process that would include site-
specific subgrade modification methods for eliminating subsidence potential when
needed (e.g., solid waste burial grounds and timbered cribs).

Material Availability. Material availability is an important consideration in deploying
surface barriers. Materials specified in the graded barrier designs were generally
perceived to be readily available, often on site. The McGee Ranch silt-loam borrow site
used in the construction of the prototype Hanford Barrier was assumed as the source of
fine soil in all designs. Under the current preferred use scenario identified in DOE
(1999), the McGee Ranch silt may not be available for mining. A significant amount of
effort has been given to characterizing the physical and hydraulic properties as well as
material quantities of the McGee Ranch silt (Last et al. 1987, Lindberg and Lindsey 1993,
Lindberg 1994, Skelly et al. 1994). If an alternate source of silt loam is needed,
additional field and laboratory investigations needed to properly evaluate the alternative
sources should be initiated. Of the various barrier components, the silt loam is e: ected
to be the most sensitive material to source changes.

Other Surface Barrier Performance Testing Needs. Full-scale field performance iting
of previously untested designs (Modified RCRA C and D Barrier designs) was identified
as a need to support implementation of the graded barrier approach (DOE-RL 1999).
Construction of a Modified RCRA C Barrier over the 216-BY Cribs coupled with
monitoring activities consistent with the 200-BP-1 feasibility study would help achieve
this objective.

Modeling Needs. The use of water balance models will be required to support fi 1re
barrier design efforts and to evaluate long-term performance. Such models provide a
means of rapidly evaluating design alternatives for optimization and demonstrating that
regulatory or performance requirements will be met. Although the results from the
treatability study of the Hanford Barrier can guide barrier design optimization, numerical
tools are needed to quantitatively assess various design options in a holistic manner. It is
recommended that available numerical models, such as UNSAT-H and HELP codes, be

evalua | fortl ility to sin zhy * I ‘¢ performance of graded barriers
« eloped for the Hanford Site. ial step in this evaluation should ~ clude a
comp on of previous hydrolc _ ilations performed = T OE-"7 (1996) to ac al

field data collected under the treatability test. Based on treatability test observations,
two-dimensional modeling capabilities may be preferable to assess lateral hydraulic
transport in the silt-loam layer at the capillary break. The overall purpose of the model
evaluation would be to identify a preferred model for use in future barrier design efforts
that would be accepted by the regulators. The preferred model could then be calibrated
and verified against actual field data collected from the treatability test.
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Breakthrough Data Need. One significant parameter that was not determined from the
treatab ty test was the total s -loam water content at breakthrough (drainage through
the silt loam). Although up to three times normal precipitation was applied to the b:  :r,
the barrier was not sufficiently stressed for breakthrough to occur. It is recommended
that breakthrough (field capacity) data be obtained as a function of bulk density and soil
thickness to support model calibration and barrier design optimization (i.e., silt-loam
thickness). Field capacity data can be obtained through either laboratory or fie

techniq
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APPENDIX A

PROTOTYPE HANFORD BARRIER DRAWINGS
AND AERIAL PHOTOGRAPH
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APPENDIX B

SUMMARY OF SOIL WATER STORAGE DATA FOR THE HANFORD BARRIER
FOR WY 1995 THROUGH WY 1998
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APPENDIX C

SUMMARY OF DRAINAGE DATA FOR THE HANFORD BARRIER
FOR WY 1995 THROUGH WY 1998
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