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SUMMARY

Pacific Northwest Laboratory (PNL) is providing technical assistance to
Westinghouse Hanford Company (WHC) in selecting, designing, evaluating, and
d nstrating protective barriers. As part of this technical assistance
effort, asphalt, clay, and chemical grout will be evaluated for use as alter-
nate barriers. The purpose of the subsurface layer is to reduce the likeli-
hood that extreme events (i.e., 100-year maxi m storms, etc.) will cause
significant drainage through the barrier. The tests on alternate barriers
will include laboratory and field analysis of the subsurface layer perform-
ance. Tt 5 field test plan outlines the activities required to test and
design subsurface moisture barriers. The test plan covers activities
completed in FY 1988 and planned through FY 1992 and includes a field-scale
test of one or more of the alternate barriers to demonstrate full-scale
application techniques and to provide performance data on a larger scale.

Tests on asphalt, clay, and chemical grout were initiated in FY 1988 in
small (30.5 cm diameter) tube-type lysimeters. The parameters used for
testing the materials were different for each one. The tests had to take
into account the differences in material characteristics and response to
changes in conditions, as well as information provided by previous studies.

Asphalt is suited for use as a sublayer in protective barriers since it
has an extremely low permeability and resists penetration by animal and plant
intrusion. In addition, asphalt is an extremely stable material when protec-
ted from ultraviolet light. This long-term stability has been demonstrated
by the recovery of asphalt artifacts and pavements that have been dated from
4900 to 5500 years old. Asphalt was tested successfully by PNL as a cover
system at a uranium mill tailings site in Grand Junction, Colorado. The
information gained from that study is being used to evaluate barrier perform-
ance at Hanford.

Clay, with its low permeability, has been used for seepage barriers for
many years. The natural plasticity of clay is an advantage for resisting a



breach caused by subsidence of the materials underneath it. The clay liner
is being evaluated in this study to determine its performance as a barrier in
the arid environment at Hanfor

Chemical grouts have been used to Timit water movement and to add
strength to noncohesive materials. Sodium silicate, an inorganic grout, is
being evaluated to determine its effectiveness with Hanford soils. This
material is geochemically stable and much less toxic than organic grouts.
Adding the grout to the soil at the waste site is expected to reduce
hydraulic conductivity and further stabilize the barrier materials.
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1 .0 INTROI‘II I~ TTINA

The Protective Barrier and Warning Marker System Program managed by
Westinghouse Hanford Company (WHC) for the U.S. Department of Energy (DOE) is
1 iting a multilayer earthe cover design as a long-lasting barrier to radio-
nuclide migration at the Hanford Site. Specifically, the barrier is being

wveloped to reduce the potential for water infiltration, plant and animal
intrusion, and erosion at low-level waste disposal sites (Adams and Wing
1986). Figure 1.1 shows the basic features of the conceptual earthen cover
system.

While e type of barrier system illustrated in Figure 1.1 is considered

to be adequate under present climatic conditions, certain conditions (e.g.,
100-year storm events) could cause excess infiltration and lead to drainage
through the barrier (DOE 1987; Fayer et al. 1985; Fayer 1987). Pacific
Northwest Laboratory (PNL)(a) is providing technical assistance to WHC in
selecting, desic ing, evaluating, and demonstrating barriers that may be
effective as a protective cover and last thousands of years while ensuring
that infiltration and plant, animal, and human intrusion are minimized.

Figure 1.2 shows one possible modification of the Hanford Site Protec-
tive Barrier which includes a low permeability sublayer. The exact design of
the subsurface ayer including material type, thickness, etc., will depend on
a variety of factors that are discussed below.

Three materials have been selected by the PNL and WHC barrier team as
potential materials to use in a low-permeability control layer for the
Hanford Site Protective Barrier. These materials are asphalt, clay (ben-
tonite), and chemical grout (sodium silicate). While numerous materials
could have been selected, these materials represented a good cross section
of materials that have been used at other waste sites; they are long lasting
and can be obtained readily from commercial sources. In addition, PNL has
tested asphalts and clays as liner materials for barrier systems at uranium
mill tailings sites (Baker et al. 1984; Buelt 1983; Freeman, Hartley, and

(a) Operated for the U.S. Department of Energy by Battelle Memorial
Institute.
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Gee 1984; Gee et al. 1981; Koehmstedt, Hartley, and Davis 1977). This
experience has been he ful in assessing potential materials for subsurface
liners at Hanford waste sites.

Asphalt was used by early man as a paving material, wood preservative,
sealant, adhesive, and mortar (LeMaire 1953; Marschner 1980 and Micropaedia
1974). Furthermore, many artifacts dating from 4900 to 5500 years old have
been recovered in the Middle East in excellent condition. These artifacts
attest to the long-term stability of asphalt under anaerobic conditions.

Clay (bentonite) and grout (sodium silicate) are inorganic materials
that can be found in nature, and are relatively stable. Bentonite is one of
the most commonly used materials for lining waste sites and has also been
recommended by the U.S. Environmental -otection Agency (EPA) and others
(r LT (R | I B b” *in . el S :ific
details on t) 2s of clays used in these waste disposal facilities are lack-
ing, and only general guidelines such as permeability Timits have been issued
(EPA 1978). '

This report describes the fie 1 plans developed for testing asphalt,
clay, and grout. While all three materials are being evaluated for use as a
subsurface layer, the individual tests vary. For example, asphalt is being
tested with vegetation to determine the effects of root penetration. Vegeta-
tion is not included in the clay and grout studies because the tests focus on
drainage. The information discussed here covers the work conducted during FY
1988 and the activities planned through FY 1992. Cost estimates and safety
and quality assurance procedures are also given.
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2.0 7T w7 ASPHALT BARRIERS

2.1 BACKGROUND

1e use of asphalt emulsions as a thin radon barrier layer initially was

demonstrated by PNL in 1976 (Koehmstedt, Hartley, and Davis 1977). However,

is thin seal did not have suitable mechanical stability for use as a long-

'm barrier. In 1979, the study of asphalt radon barriers was reactivated
under DOE’s Uranium Mill Tailings Remedial Action Program (UMTRAP) (Hartley
et al. 1980). During the summer of 1979 the first admix barrier design was
tested on a large scale at the Grand Junction Tailings Pile, Colorado. The
admix seal consisted of asphalt emulsion mixed in situ with uranium mill
tailings. This seal produced variable results because of the heterogeneous
nature of the tailings. The wide range in particle size and moisture content
encountered in the test area caused variations in the coating of the parti-
cles, and, hence, produced an inferior seal. The barrier formulation subse-
quently was changed (in 1980) (Hartley et al. 1983).

The radon barrier work continued in 1980, including another large-scale
field test designed to compare a number of barrier formulations and applica-
tion techniques. The techniques included in situ application, pugmill/paver,
hot rubberized asphalt, and cold mix paver. The most desirable seals were
produced with the cold mix paver, available commercially, which used concrete
sand as the aggregate in the seal instead of relying on the heterogeneous
tailings.

The asphalt seal tested in 1980 contained approximately 22 wt% residual
asphalt, enough to completely fill the voids of the aggregate. This asphalt
produced an extremely tight seal with a very low diffusion coefficient for
radon (<10‘6 cmz/s). An area of over 3400 m? was covered using this tech-
nique, which gave a good indication of seal performance on a large scale.

On the average, greater than 99.5% radon flux reduction was found for the
cold mix paver seal (Hartley et al. 1981). Recent monitoring of this seal
by Gee et al. (1989) and Karp (1986) has shown it to be as effective as ori-
ginally measured.

2.1




In 1981, a third large-scale test area on the Grand Junction Tailings
Pile was covered with an asphalt barrier. The cold mix paver method was
again used. The purpose of this test was to compare three radon barrier
techniques: earthen covers; multilayer clay barriers; and asphalt emulsion
barriers. Subsequent radon flux monitoring has shown that the asphalt seal
was very effective in reducing radon emissions from the tailings (Hartley et
al. 1982, 1983). Measurements taken from 1981 through 1987 showed low radon
flux levels. Only one measurement within the borders of the plot showed
radon flux levels above the EPA 1imit of 20 pCi m2 s-1 (Gee et al. 1989;
Karp 1986). The results from the 1980 and 1981 plots indicate that asphalt
barriers can effectively retard vapor migration; thus, it is expected that
water infiltration should be minimal in this material. Costs of the asphalt
barrier system were found to be comparable with earthen fill and less expen-
siv than clay liner systems (Baker et al. 1982). The =~ je-sca’ field
tests at Grand Junction demonstrated the practicability of asphalt barriers
and were used as the basis for selecting asphalt to be tested under Hanford
Site conditions.

2.2 TEST OBJECTIVE pwmn DHDDAGE

The purpose of the asphalt testing is to evaluate the use of asphalt-
based materials as components of protective barriers for low-level waste
disposal sites at Hanford. The primary emphasis is to evaluate the applica-
bility of the UMTRAP technology to the Hanford Site. The asphalt seals
initially were tested in the laboratory. Promising materials are being
demonstrated on a slightly larger scale using small-tube lysimeters (30.5 cm
diameter). If successful, the barrier will be demonstrated on a much larger
scale similar to the tests performed on the Grand Junction Tailings Pile.
This larger-scale demonstration is necessary to evaluate cost-effective
application techniques and to develop quality assurance techniques for
monitoring the installation of these barriers. Optimization of asphalt
barriers (e.g., determining asphalt content and thickness) is required to
produce the most cost-effective barrier for the intended purpose.
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2.1 Test Description

The asphalt barrier studies are divided into three categories: 1) lab-
oratory studies, 2) lysimeter studies, and 3) field demonstration. Work in
FY 1988 focused on the first two categories, while later work will contain
¢ 2ments of all three categories. The work for FY 1988 is detailed below.
Activities for FY 1989 through FY 1992 are described but will be detailed
more thoroughly in future test plans.

2.3 FISCAL YEAR 1988
2.3.1 _I__Af""“‘"""““" Chundian

The purpose of the laboratory studies in [ 1988 was to formulate two
asphalt barriers for use in small-tube lysimeter tests. Laboratory tests
were conducted to determine the optimum parameters for a successful asphalt
barrier. Parameters that were investigated included aggregate type, asphalt
emulsion type, aggregate moisture content, and amount of asphalt in the
asphalt/aggregate admix.

For testing asphalt barrier formulations, a mixer was used to prepare
small asphalt samples (~10 cm diameter). The mixture was then compacted in
steel molds with a hydraulic press. Compacted sample dimensions were approx-
imately 10 cm in diameter by 4 cm thick. Samples were tested for hydraulic
¢ ductivity by using a pressurized permeameter. The hydraulic conductivity
is used as the measure of success of the admix formulation. The hydraulic
conductivity limit is set at a value of 10-9 cm/s.

Two different aggregate sources were used in the mix design: concrete'
sand obtained from near the 200 Area and natural blow sand from near the
2 ) Area lysimeter test site. The concrete sand represented an aggregate
source that must meet certain specifications. The blow sand represented
a "free" source of aggregate that could result in a lower cost barrier. '
Since each aggregate will require a different asphalt emulsion formulation
for optimum barrier performance, two different asphalt emulsions were tested.
The most suitable emulsion for each aggregate source was tested by Akzo
Chemie America, an emulsifier manufacturer. The tests indicated that an
emulsion with a +25 mV charge was most suitablie for the blow sand and
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an emulsion with a +78 mV charge was most suitable for the concrete sand.
This information was used to produce the experimental design outlined in
Table 2.1. Each sample was prepared in duplicate to ensure more confidence
in test results. Problems in trimming the asphalt samples to fit the perme-
ameter cells prevented valid results from being obtained for all of the tests
outlined in Table 2.1. Later modification of the procedure to mold the
asphalt directly in the permeameter cells resulted in hydraulic conductivity
measurements of <10'14 cm/s for seals containing 24 wt% asphalt. Additional
tests using the modified procedure are being conducted in FY 1989 for seals
containing 18, 20, and 22 wt% asphalt.

An asphalt-based material used in pond liners also has shown promise as
an effective barrier material. This material is composed of a styrene-
butadiene asphalt material, which was tested at Grand Junction with some

TABLE 2.1. Asphalt Emulsion Mix Tests

Test ID Aggregate Moisture Con*~~t Emulsion Asphalt Content

Effect of Moisture Content

HPB-01 Blow Sand Oven Dried +25 mV 16 wt%
HPB-02 Concrete Sand Oven Dried +78 mV 16 wt%
HPB-03 Blow Sand 2 wt% +25 mV 16 wt%
HPB-04 Concrete Sand 2 wt% +78 mV 16 wt%
HPB-05 Blow Sand 4 wt% +25 mV 16 wt%
HPB-06 Concrete Sand 4 wt% +78 mV 16 wt%

Effect of Asphalt Content

HPB-07 Blow Sand Optimum(a) +25 mV 10 wt%
HPB-08 Concrete Sand Optimum +78 mV 10 wt%
HPB-09 Blow Sand Optimum +25 mV 12 wt%
HPB-10 Concrete Sand Optimum +78 mV 12 wt%
HPB-11 Blow Sand Optimum +25 mV 18 wt%
HPB-12 Concrete Sand Optimum +78 mV 18 wt%
Effect of Asphalt Type at Optimum Conditions

HPB-13 Blow Sand Optimum +78 mV Optimum(b)
HPB-14 Concrete Sand Optimum +25 mV Optimum

(a) Optimum moisture content found in Tests 1-6.
(b) Optimum asphalt content found in Tests 7-12.
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s :cess. The material is extremely resistant to puncture and retains its
flexibility over a wide temperature range. Because of its very elastic prop-
erties it is referred to as rubberized asphalt. The relative effectiveness
of this material was also tested in the laboratory by measuring the hydraulic
conductivity of a sample sent from the manufacturer. Hydraulic conductivity
tests showed that the material has a hydraulic conductivity <10'12 cm/s.

2.3.2 §&~-1" T+~ Lysimeter “tudies

The purpose of the lysimeter tests is to evaluate the performance of
asphalt barrier formulations under environmental conditions. The major
focus of the investigation is the effect of water infiltration and plant
intrusion on seal integrity.

Eight small-tube (30.5 cm diameter) weighing lysimeters were installed
at the south end of the Small Tube Lysimeter Facility (STLF) adjacent to
t : Field Lysimeter Test Facility (FLTF) located near the 200 Area Hanford
Meteorological Station (HMS) (Figure 2.1). Two control lysimeters had been
installed earlier as part of another program (Gee, Downs, and Rockhold
(1989).

Two different asphalt barrier treatments are being tested in duplicate.
Each treatment is being tested with and without vegetation. The treatments
were selected based on the results of the laboratory hydraulic conductivity
studies. Figure 2.2 shows schematically the cross section of a lysimeter
used to test asphalt. The bottoms of the lysimeters were filled with ~15 cm
of gravel to facilitate collection of any moisture drainage. The gravel was
covered with 5 cm of coarse soil. An asphalt barrier, ~1 cm thick for
rubberized asphalt and ~15 cm for admix containing 24 wt% asphalt, was placed
on the coarse soil. The asphalt barrier was covered with an additional 1 to
1.2 m of sand. Fifteen centimeters of gravel were placed on the surface to
enhance water infiltration by 2 to 5 times the infiltration of uncovered
soils. Half of the lysimeters were seeded with cheatgrass (Bromus tectorum)
a | Russian thistle (€-1-~7~ ke1+', also called tumbleweed, to assess the

effect of vegetation on the barrier. Figure 2.3 shows the arrangement of the
duplicate test lysimeters in the test facility.
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Asphalt Admix Rubberized Asphalt
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FIGURE 2.2. Cross Section of Tube-Type Lysimeter for Asphalt
Barrier Tests

The effectiveness of the barriers is being assessed by closely monitor-
ing the water balance of the lysimeters. The lysimeters are removed periodi-
cally from the racks and checked for moisture drainage through a drain port
in the bottom. After the first year there should be a quasi-equilibrium on
the bare soil plots that are covered with gravel. The drainage is expected
t amount to less than 0.05 cm/year. Drainage from the bottom of the lysi-
meter can be measured with a precision of less than 0.01 cm (resolution
<5 mL).
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FIGURE 2.3. Plan View of Alternate Barrier Test Lysimeters
Showing Treatment Combinations

Total water stored in the lysimeter is determined periodically by using
a crane scale to weigh the lysimeter. Total water input is determined from
meteorological data from the nearby HMS. Evapotranspiration is computed as
the difference between the water input and water stored in the lysimeters.

The relatively shallow soil cover will allow the effects of root pene-
tration through the seal to be studied. Cheatgrass roots can be expected to
penetrate up to 75 cm, while Russian thistle has roots that can extend sev-
eral meters. Incorporating several plant species into the lysimeters will
allow us to test for root penetration from one or more of the plant species.
After several years of monitoring, one replicate from each treatment will be
split lengthwise for examination. Soil moisture profiles, degree of root
penetration, and condition of seal will all be noted. The remaining set of
lysimeters will be monitored for several more years.
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2.4 c©Terhl YEAR 1989

The studies for FY 1989 are focusing on identifying the proper engineer-
ing parameters for designing a complete barrier system. These parameters
include mechanical properties, long-term stability, equipment requirements,
material specifications, quality assurance issues, and cost estimates. The
primary activities being conducted in FY 1989 are continuation of lysimeter
monitoring and preliminary planning for a field demonstration.

2.4.1 Lysipntow Chudigg

The small-tube lysimeters installed in FY 1988 are being monitored on a
monthly basis. Russian thistle has been planted on half of the asphalt
lysimeters.

2.4.2 Long-Term Stability Tests

Issues related to the long-term stability of asphalt barriers are being
identified to provide a basis for planning for laboratory and field testing
in FY 1990 and beyond. Parameters that may be of importance include oxida-
tion, temperature effects, and mechanical stability.

2.4.3 Field Tests

An important element in designing the complete barrier system is the use
of large-scale field testing to develop data required for cost estimation,
quality assurance planning, and equipment selection and operation. The plan-
ning and coordination required for a successful field test will be initiated
in FY 1989 so that the test itself can be conducted in the latter part of FY
1990. Planning will include site selection and preliminary design and
development of a draft test plan, including costs.

2.5 FISCAL YEAR 1990

The activities planned for FY 1990 include continuation of the lysimeter
tests, initiation of long-term stability tests, and initiation of the large-
scale field testing.
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2.5.1 Lysimeter Studies

The small-tube lysimeters will continue to be monitored to obtain water
balance data.

2.5.2 Llong-Term Stability Tests

A number of stability tests designed to address any long-term stability
questions identified in FY 1989 will be initiated. These tests will be
designed to accelerate the rate of degradation to allow long-term projections
of the seal integrity and effectiveness to be made.

2.5.3 Field Tests

The primary emphasis for FY 1990 will be the planning and installation
of a large-scale field test of the most successful asphalt barrier design.
Based on present recommendations (NRC-EPA 1987), the asphalt sublayer would
satisfy Resource Conservation and Recovery Act (RCRA) requirements by
providing an "impermeable" cover over the waste. The purpose of the test
will be to obtain data on installation techniques, application costs, quality
control issues, and barrier effectiveness. The test will be conducted using
full-scale equipment covering a large area (~3000 mz) to obtain information
on application rates, seam integrity, and variability in seal thickness and
quality. The seal will be thoroughly characterized to provide data useful in
predicting barrier effectiveness and for developing quality control proced-
ures. The barrier will be monitored for a minimum of 2 years to allow plant
and animal intrusion to be studied. In addition, failure mechanisms such as
subsidence-related stresses can be simulated by inducing subsidence by
artificial means.

2.6 FISCAL YEAR 1991

2.6.1 Long-Term Stabil** T~~*-

Laboratory tests initiated in FY 1990 will be continued to obtain data
necessary to predict performance of the barrier for the required performance
period.
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2.6.2 Field Tests

The effectiveness of the large-scale field tests installed in FY 1990
will be monitored.

2.7 FISCAL YEAR 1992
2.7.1 Long-Term Stability Tests

Long-term stability tests will be completed in FY 1992. Results of this
monitoring will be used to predict the long-term performance of the barriers
with regard to degradation. A topical report summarizing all long-term
stability studies will be prepared.

2.7.2 FEi~'4 Tests

The field tests will continue to be monitored throughout the year to
allow an additional growing season to be assessed. Plant and animal intru-
sion will be closely monitored to determine if the barrier is breached.
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3.0 TreT NI A—IN(‘ FI)-B_C-I AV |INE

3.1 BACKGROUND

Clay is a natural soil material that is low in permeability. Most
particle sizes are less than 5 um in diameter. The low permeability and
natural plasticity of clay make it suitable for study as a component of
protective barriers at the Hanford Site. However, the performance of clay in
arid environments needs to be further investigated.

Clay materials have been used for many years as seepage barriers for
reservoirs, canals, waste landfills, and impoundments, and as Tiners and
covers for waste sites (Daniel 1987; Daniel and Trautwein 1986; Day and
Daniel 1985; Ely et al. 1983). Furthermore, clay materials have existed for
many thousands of years at temperatures less than 100°C (Pusch 1983).
Because of its plasticity, a clay layer would also be expected to resist a
breach caused by subsidence of the material stored below it. However, the
¢ fectiveness of liners or covers containing clay in limiting infiltration or
seepage depends on many factors, including clay type, amount of admix,
initial moisture contents, compactive effort, drying of the mixture during
construction, soil solution chemistry, and climatic variables. Because of
these factors, EPA (1978) has provided criteria for soils (clay) to be used
for liner materials.

Specifically, soil used as liner/cap material must meet the following
requirements:

1. must be classified as CL, CH, SC, or OH under the Unified Soil
Classification System

2. must allow greater than 30% passage through a No. 200 sieve
must have a liquid 1imit equal to or greater than 30 units
must have a plasticity greater than or equal to 15 units

must have a pH of 7 or greater

(o) TR & ; - I 78]

must have a permeability of less than 10_7 cm/s.
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The EPA mandates the use of a clay liner/cap for landfill-type facil-
ities. However, poor construction quality assurance (CQA) often has lead to
measurements of unusually high hydraulic conductivity values (compared with
values measured in laboratory tests) (Daniel 1987; Day and Daniel 1985). The
factors affecting the hydraulic conductivity of a clay Tiner/cover can be
controlled by establishing construction criteria that would use test pads to
develop mixing, compaction, and testing procedures (Daniel 1987).

Hydraulic conductivity values below 10'10 cm/s were measured in the lab-
oratory by Kleppe and Olson (1985) on samples made with 12% bentonite and 88%
silty sand. Carlson (1986) found that conductivity values between 10'10 and
10'9 cm/s were achievable on laboratory samples with a 25% bentonite/75%
crushed basalt mixture. Dry bentonite absorbs water from a humid atmosphere
and will swell as the humidity is increased. A layer of bentonite clay mixed
with soil as a barrier component will remain "wet" as long as it is not
directly exposed to surface conditions (1 m of sand or soil should be suf-
ficient to allow the bentonite to remain moist). Compacted soil/bentonite
liners and covers with hydraulic conductivities on the order of 10'9 cm/s
should be practical with proper field testing and CQA.

3.2 TEST OBJECTIVE AND PURPOSE

The purpose of the clay barrier component testing is to evaluate the use
of clay materials as components of protective barriers for low-level waste
disposal sites at Hanford. The objectives of this testing program are to
1) obtain practical answers to questions relating to clay-layer performance
(i.e., mean hydraulic conductivity, density and strength values, and their
respective variances); 2) develop methods for barrier construction in the
field; and 3) develop methods for CQA to ensure that desired performance is
achieved.

3.2.1 Te~* P~e~~wiption

The clay barrier component tests are divided into three categories:
1) lysimeter studies, 2) field studies, and 3) Tong-term stability studies.
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The work for FY 1988 is detailed below. Activities for FY 1989 through
I 1992 are described but will be detailed more thoroughly in future test
plans.

Based on experience of WHC Environmental Technology personnel and the
literature cited in Section 3.1, a mixture of 25% bentonite and 75% McGee
soil is being used for the clay barrier component. This mixture was com-
pacted at approximately 18% moisture by weight [based on experience back-
filling the FLTF lysimeters with McGee soil and the bentonite compaction
curves (Carlson 1986)]. The 25% bentonite is sufficient to ensure that the
mixture has the properties of a clay, and, at the same time, reduces the
amount of clay ' juired for a barrier component by 75%, compared with pure
bentonite. Tests conducted with clay barrier components have a minimum
overburden of 120 cm of soil to prevent desiccation cracking of the clay.

3.3 FISCAL YEAR 1988
3.3.1 L~“~eter Studies

The purpose of the lysimeter tests is to evaluate the performance of a
clay barrier component under field conditions. Five small-tube lysimeters
were insta led at the south end of the STLF to test the clay component. The
control lysimeters (no clay component) for these tests were already estab-
lished within the STLF.

Figure 3.1 shows the test configuration. A 15-cm-thick coarse layer of
pit run gravel (less than 3-cm-diameter rock) was placed in the bottom of the
1 simeter and covered with a 30-cm layer of the clay-soil mixture. The clay
layer was hand-tamped to 95% of Proctor density at or above optimum moisture
content and covered with a 120-cm layer of 100% McGee soil to the top of the
lysimeter. The lysimeters are bare (no vegetation) and are being irrigated
as needed to maintain twice the average annual rainfall (2X normal precipi-
tation). The lysimeters periodically are wei¢ ed and the drainage measured
to determine barrier performance.
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120 cm McGee Soil

30 cm Clay/Soil
Mixture

Pit Run Gravel

FIGURE 3.1. Test Configuration of Small-Tube Lysimeter Clay Barrier Component

3.4 FISCAL YEAR 1989

3.4.1 Lysimeter Studies

The small-tube lysimeters installed in FY 1988 are being monitored to
obtain the water balance data required for barrier evaluation.

3.4.2 Fiel” <ty“*-~

Small-scale field plots (25 mz) will be constructed to 1) test the formu-
lation of the clay-soil mixture developed in FY 1988 and 2) develop the test
methods subsequently required. The construction of the plots is similar to
the layering placed in the small-tube lysimeters, except that a layer of sand
or gravel will be placed directly on top of the clay-soil layer to facilitate
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excavation for testing. Equipment and methods for obtaining sample cores will
be tested in addition to laboratory testing of the cores themselves. The
capability to measure in situ hydraulic conductivity with large, double-ring
infiltrometers is also being developed. Measurements will be compared with
similar measurements made with core samples in the laboratory.

3.5 FEISCA' ‘(E*™ "990

3.5.1 Lysimeter Studies

The small-tube lysimeters installed in FY 1988 will continue to be moni-
tored to obtain the water balance data required for barrier evaluation.

3.5.2 Field Studies

A field-scale barrier (Figure 3.2) will be constructed using normal heavy
construction equipment to develop construction methods and clay barrier com-
ponent CQA test methods (e.g., large, double-ring infiltrometer for measuring
hydraulic conductivity in the field). We anticipate constructing a 12-in.
(30-cm) clay barrier component layer in the field in two lifts. Ceramic
suction devices will be placed both above and below the clay layer to detect
possible moisture breakthrough. Five large-scale hydraulic conductivity tests
will be conducted on the clay component immediately after construction. Six
to twelve inches (15 to 30 cm) of sand will be placed over the clay component
before the overburden of soil is placed. A minimum of five additional field
hydraulic conductivity measurements will be made on various parts of the
barrier after construction to evaluate the effects of placing an overburden on
1 e layer, along with construction performance and spatial variability of the
clay component. After each hydraulic conductivity test, core samples will be
taken from the immediate area to measure density and strength. Core holes
will be backfilled by hand with material identical to that taken out while
placing neutron-gamma access tubes to monitor moisture and density changes in
1 e barrier.

3.5.3 long-Term Stability Studies

Instrumentation placed in the FY 1990 field study barrier will be
monitored to establish a baseline in barrier moisture and density values.
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3.6.2 Field Studies

Data from the FY 1990 field study and design criteria developed in
this program will be used to construct a prototype barrier similar to that
described in Section 3.5.2. Hydraulic conductivity, density, and strength
measurements will also be conducted as above.

3.6.3 Long-Term Stabijlity Studies

Instrumentation placed in the FY 1990 field study barrier will be moni-
tored for significant changes in barrier moisture and density values. The
clay component will be excavated to inspect the surface for possible cracks
or deformations. After the inspection, hydraulic conductivity tests and
coring for strength and density measurements will be conducted. The clay
component will be restored for continued long-term testing.

3.7 FISCAL YEAR 1992
3.7.1 Field Studies

Construction methods and CQA tests developed in FY 1990 and 1991 will be
incorporated into the construction of a large-scale barrier field study. The
barrier field study facility will be used to test the effects of subsidence
on clay barrier components as well as to gather data for calibration and
validation of computer transport models, plant root and animal intrusion
tests, erosion studies, and barrier performance demonstration.

3.7.2 Long-Term Stability Studies

Instrumentation placed in the FY 1990 field study barrier will be
monitored for significant changes in barrier moisture and density values.
The clay component will be excavated to inspect the surface for possible
cracks or deformations. After the inspection, hydraulic conductivity tests
and coring for strength and density measurements will be conducted.
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4.2 TEST OBJECTIVE AND PURPOSE

The purpose of the chemical grout barrier componi t testing is to eval-
uate the use of chemical grout materials as components of protective barriers
for low-level waste disposal sites at Hanford. The objectives of this test-
ing program are to 1) obtain practical answers to questions relating to chem-
ical ‘-out-layer performance (i.e., mean permeability, density and strength
values, and their respective variances); 2) develop methods for their con-
struction in the field; and 3) develop methods for CQA to ensure that desired
performance is achieved.

2 1 Traect Narcvmindian

2 chemical grout barrier component tests are divided into three cate-
ries: 1) lysimeter studies, 2) field studies, and 3) Tong-term sti’ 11ity
studies. ...e work for FY 1988 is detailed below. Activities for FY 1989
through FY 1992 are described but will be detailed more thoroughly in future
test plans.

Based on experience of WHC Environmental Technology personnel and the
literature cited in Section 4.1, a mixture of approximately 33% sodium sili-
cate solution and McGee soil will be used for the chemical grout barrier
component. Sodium @ iminate will be used as a setting agent for the chemical
grout. The 33% sodium silicate solution is sufficient to ensure that the
consolidated mixture has a low hydraulic conductivity while maintaining an
acceptable soil strength. Tests conducted with chemical grout barrier com-
ponents will have a minimum overburden of 90 cm of soil to prevent desicca-
tion of the chemical grout.

4.3 FISCAL YEAR 1988

4.3.] |rnimntan Chudia

The purpose of the lysimeter tests is to evaluate the performance of a
chemical grout barrier component under environmental conditions. As in the
clay tests, five small-tube lysimeters were installed at the south end of the
STLF. The control lysimeters were also established within the STLF.

4.2




| Figure 4.1 shows the test configuration. A 15-cm-thick coarse layer of

| pit run gravel (less than 3-cm-diameter rock) was placed in the bottom of the
lysimeter and covered with a 30-cm layer of the sodium silicate-McGee soil
mixture. The chemical grout lTayer was covered with a 120-cm layer of McGee
soil.

o A1l five chemical grout component tests are bare (no vegetation) and are
‘ irrigated as needed to maintain twice the average annual rainfall (2X normal
precipitation). The lysimeters periodically are weighed and the drainage

| measured to determine barrier performance.

|

%

OO

N
XS

v.v
S

TS
Q&S

O

NG
K

Vav
.’

120 cm McGee Soil

3%&5’
S

N N
KEXIRL

30 cm Chemical
Grout Layer

Pit Run Gravel

FI"E 2 1. Small-Tube Lysimeter Chemical Grout Barrier Component
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4.4 FISCAL YEAR 1000

4.4.1 Lysimeter Studies

The small-tube ysimeters installed in FY 1988 are being monitored to
obtain the water balance data required for barrier evaluation.

4.4.2 Field Studies

Small-scale field plots (25 mz) will be constructed to 1) test the for-
mulation of the chemical grout-McGee soil mixture developed in FY 1988 and
2) develop the test methods subsequently required. The construction of the
plots will be similar to the layering p~ :ed in the small-tube lysimeters,
except that a layer of sand or gravel will be placed directly on top of the
chemical grout layer to facilitate excavation for testing. Equipment and
n “hods for obtaining sample cores will be tested in addition to laboratory
testing of the cores themselves. The capability to measure in sii hydraulic
conductivity with large, double-ring infiltrometers will also be developed.
Measurements will be compared with similar measurements made with core
samples in the laboratory.

4.5 FISCAL YEAR 1990

4.5.1 Lysimeter Studies

The small-tube lysimeters installed in FY 1988 will continue to be
monitored to obtain the water balance data required for barrier evaluation.

4.5.2 Field S+dine

A field-scale barrier (similar to that shown in Figure 3.2) will be con-
structed using normal heavy construction equipment to develop construction
methods and chemical grout barrier component CQA test methods. We anticipate |
constructing a 12-in. (30-cm) chemical grout barrier component layer in the o
field in two or three pours. Ceramic suction lysimeters will be placed both
above and below the chemical grout layer to detect possible moisture break-
through. Five large-scale hydraulic conductivity tests will be conducted on
the chemical grout component immediately after construction. A minimum of
five additional field hydraulic conductivity tests will be made on various
parts of the barrier after construction to evaluate the effects of placing an
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overburden on the layer, along with construction performance and spatial
variability of the chemical grout component. After each hydraulic
conductivity test, core samples will be taken from the immediate area to
measure density and strength. Core holes will be backf‘ led by hand with
material identical to that taken out while placing neutron-gamma access tubes
to monitor moisture and density changes in the barrier.

4.5.3 Long-Term Stability Studies

Instrumentation placed in the FY 1990 field study barrier will be
monitored to establish a baseline for barrier moisture and densi- values.

4.6 FISCAL YEAR 1991
4.6.1 Lysimeter Studies

The smal -tube lysimeters installed in FY 1988 will continue to be
monitored to obi in the water balance data required for barrier evaluation.

4.6.2 -7 “*-djes

Data from the FY 1990 field studies (both clay and chemical grout bar-
rier components) and design criteria developed in this program will be used
to construct a prototype barrier similar to that described in Sections 3.5.2
and 4.5.2. Hydraulic conductivity, density, and strength measurements will
also be conducted as above.

4.6.3 L~~~ Ty 7" "7ity Studies

Instrumentation placed in the FY 1990 field study barrier will be moni-
tored for significant changes in barrier moisture and density values. The
chemical grout component will be excavated to inspect the surface for pos-
sible cracks or deformations. After the inspection, hydraulic conductivity
tests an coring for strength and density measurements will be conducted.

4.7 FEISC™ YEAR 1992

4.7.1 eld Studies

Construction methods and CQA tests developed in FY 1990 and 1991 will be
incorporated into the construction of a large-scale barrier field study. e

4.5



barrier field study facility will be used to test the effects of subsidence
on chemical grout barrier components as well as to gather data for calibra-
tion and validation of WHC computer transport models, plant root and animal
intrusion tests, erosion studies, and barrier performance demonstration.

4.7.2 Long-Term Stability Studies

Instrumentation placed in the FY 1990 field study barrier will be moni-
tored for signi icant changes in barrier moisture and density valt . The
surface of the chemical grout component will be inspected for cracks or
deformations. After the inspection, hydraulic conductivity tests and coring
for strength and density measurements will be conducted.
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Costs per Year, $K

Bar EY 19-- 1 1989 FY 1990 FY 1991 FY 1992 Combined
Asphalt
L soratory Tests 15 15 75 100 100 305 %
'simeter Tests 25 20 25 25 30 125
Field Tests 0 25 150 150 150 475
Project Management i 20 _50 _50 _50 _180
Subtotal 50 80 300 325 330 1085

[
Laboratory Tests

0 0 25 25 25 75
Lysimeter Tests 6 20 20 20 25 91
Field Tests 0 0 75 75 75 225
Project Management 2 5 oE _25 25 ot
Subtotal 8 25 145 145 150 473
Chemical Grout
Laboratory Tests 0 0 25 25 25 75
Lysimeter Tests 6 20 20 20 25 91
Field Tests 0 0 75 75 75 225
Project Management 2 5 _25 e _25 _82
Subtota 8 25 145 145 150 473
TOTAL 66 130 590 615 630 2031
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6.0 SAFETY AND QUALITY ASSURANCE

A11 Taboratory and field work procedures will be performed using stan-
dard PNL and WHC safety practices. Safe working procedures, habits, and
conditions will be the first priority of all work. No unusual safety hazards
are anticipated during the completion of this work. No toxic or hazardous
materials are required by this test plan.

Data will be entered into a series of controlled, bound laboratory note-
books issued by PNL for the PNL work and by WHC for the WHC work. Entries
will include notes, design sketches, minor procedural modifications, data,
and otl - relevant information. Al1 entries will be dated and signed, and
checked by the responsible task leader. Data collected or transferred to
computer disk will be backed-up by a hard copy located in a three-ring binder
clearly marked by the number of the corresponding laboratory notebook. In
addition to computer files, numerous data sheets will be required for each
laboratory and field test of the alternate barriers. These data sheets, con-
taining unreduced data, will be maintained in a three-ring binder clearly
marked by the number of the corresponding laboratory notebook. Notebooks and
three-ring binders shall be maintained at the laboratory or at the office of
1 2 task leader. At no time shall the custody of the notebooks or the three-
ring binders be issued to separate individuals.

Instrument (scales, etc.) calibrations will be required during tests.
Procedures and data will be documented in the PNL and WHC notebooks. Cali-
bration standards will be traceable to standards sufficient for project needs
based on required levels of accuracy.
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