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2.5 MULTILAYER BIOTIC INTRUSION DESIGN CONCEPT

[solation of materials buried or otherwise disposed of in the ground
may be realized by alternative multilayer barrier cover systems concepts.
These concepts retain the rationale of a multilayer design; however,
specific layers within the design are modified to enhance control of
specific factors or processes that may, at any time through the design life
of the barrier, cause loss of waste confinement. Enhanced control of
burrowing animal intrusion within the muitilayer barrier concept was
evaluated in a specific test barrier design constructed at the EBTF. This
design concept primarily differs from the previously discussed barrier by
using a mixed soil and riprap layer directly above the sand layer, forming a
soil/riprap/sand interface. This barrier concept is delineated as the
multilayer biotic intrusion test barrier. Conceptual design requirements of
this test barrier, prior to deployment at the EBTF, included: (a) an
axisymmetric configuration; (b) above-grade construction; (c) materials
selection to include an admixture of soil and riprap for one layer
underlying the surface soil layer; (d) a geotextile material at grade and
below the sand layer; (e) side slopes of each layer to range from 1:1 to 3:1
for specific layers; (f) a truncated flat upper surface; and (g) a radial
buffer area adjacent to the test barrier.

This concept is thought to increase the efficiency of the barrier to
preclude or eliminate intrusion by animals. The previously discussed bar-
rier design included layers of soil, sand, gravel, and rock or riprap in
succession from the upper to lTower elevations of the barrier. Burrowing
animals will penetrate the soil layer and perhaps will exhume or otherwise
degrade the sand and gravel layers below. As a result, the interface condi-
tions required for moisture retention in the upper layer may be degraded,
albeit an interface between the second (sand) and third (gravel) layers
exists. Therefore, the biotic intrusion barrier design introduces large
rock mixed with soil in a layer directly underlying the surface soil, or
alternativelv this laver can be thought of as an addition of large rock into
the surfar »i1 la This distinction is important in that an interface
for moisture retention by this design now exists only below the sand, mixed
soil, and rock material. There is a continuity of materijals with approxi-
mately the same pore size distribution from the surface of the barrier
through the upper two layers. Under partially saturated conditions, mois-
ture advection through the mixed soil and rock layer will increase signifi-
cantly per unit area in the intersticies of the rock where soil is placed.
The total volume of moisture entering the soil-rock mix layer should be
nominally equivalent to that of the multilayer infiltration/biotic intrusion
test barrier, but the flux density of the moisture will increase because the
flow path is reduced by approximately a factor of five. As a result, mois-
ture will have the propensity to infiltrate the soil/sand/rock mixed layer
at a higher rate and accumulate at the base of this layer at higher levels
of saturation. Higher saturation over reduced time will increase the proba-
bility of failure of the barrier to retain soil moisture. In addition, the
rock material in the soil/sand/rock mix layer is virtually impermeable to
vapor phase flow of water, and a higher tortuosity of the layer will possi-
bly result in a reduction of evaporation to the surface of the barrier.
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A site was selected within the 200 West separations area of the Hanford
Site at the 218-W-5 burial ground expansion area. This location met site
selection requirements and was approved for use by the cognizant responsible
organizations. The relative location of this facility within the Hanford
Site is shown in Appendix B. The facility was surveyed and perimeter
markers placed. Access to the facility was limited by posting (signs) to
preclude access to unauthorized personnel.

4.0 SELECTION OF BARRIER MATERIALS

Engineered barrier cover systems materials were primarily limited to
natural earth materials. Natural earth materials consisting of silts, sand,
gravel, rock, and mixtures of these materials are durable over 2xtended time
intervals (perhaps centuries to hundreds of centuries). Thus, these mate-
rials should be geochemically stable over the intended life expectancy of
barriers. The availability of these materials, at reasonable unit and
transportation costs, was also assumed in material selection during concep-
tual design. Quarry and borrow areas within a 20 km radius of the desig-
nated test facility were identified, and approval was obtained for aquisi-
tion and haulage of materials.

Synthetic materials were also specified in the conceptual design as
adjuncts for construction of individual barriers. Geotextiles, i.e., syn-
thetic polypropylene woven fabrics, were selected primarily for evaluation
of their performance during construction of layered earth materials. As
previously noted, construction of multiple layer barriers depends directly
on establishment of a distinct interface between layers. Geotextile mate-
rials installed between layers during construction were necessary to sustain
an interface condition because heavy equipment was required to place and
configure successive layers of multiple layer barriers. The presence of
these materials subsegquent to construction is not required. Specifications
for geotextile materials, i.e., strength characteristics, mesh (opening)
size, etc., are given in Appendix C.

Specific requirements for natural earth materials were needed for each
barrier configuration. Special emphasis was given to the specification of
materials for multiple Tlayer barrier conceptual designs due to interface
conditions discussed previously. Each individual layer was mandated to be
comprised of nominally a unimodal distribution of materials, for example,
the sand layer underlying the soil layer of the multilayer infiltration/
biotic intrusion barrier must sustain a distinct interface. This condition
cannot be maintained over time if fine textured material from overlying soil
layers filters downward into the underlying coarser textured sand layer.
Similarly, sand from this layer will degrade the utility of the gravel layer
underlying it if downward filtration of particulates occurs. Therefore,
particulate filtering calculations and laboratory analyses were conducted to
determine the propensity of particulate filtering under static
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activities; (y) cost trade-offs as a function of material sources and haul
distances; (h; identification of and cost relationships of crew sizes and
equipment requirements; and (i) unit costs for materials and labor.

This model is used as a preliminary tool for determining the magnitude
of construction requirements and costs for barriers. Example tabulations
and graphic representations of hypothetical engineered barrier test cases
are given in Appendix H. Verification of this model in future applications
will provide an essential element of demonstration barrier cost
optimization.

8.0 TEST BARRIER CONSTRUCTION AND MONITORING SYSTEMS DEPLOYMENT

Construction of test barriers was preceded by approval of construction
permits, excavation permits, delegation of work authority, etc. Initial
construction/preconstruction included a civil survey of the site as delin-
edted in construction engineering drawings. This survey was conducted by
staking and flagging the perimeter of the facility, access roads, buffer
areas, and test plots. Standard survey instruments (i.e., theodolites and
survey rods and chains) were used. Site preparation included designation of
a spoils area approximately 1 km from the EBTF where spoils and grubbed
vegetation could be disposed. Access roads, buffer areas, and barrier test
plots were grubbed using’a paddlewheel scraper. The scraper effectively
removed all vegetation and topsoil to a depth of approximately 20 cm from
the preconstruction grade. Subsequently, buffer areas and test barrier
plots were resurveyed, flagged, and temporary fencing was installed around
each plot.

Subplots were established within each plot to place and mix biotic
intrusion chemicals tracers. Lithium chloride and cobalt chloride tracers
in aqueous solution were applied at grade within each subplot using a
mechanical sprayer. Directly after cessation of spraying activities,
chemical tracers were mixed into subsoils to a depth of approximately 20 cm
using a mechanical mixing device. Immediately after compietion of this
activity, an appropriate cover layer of soil or rock was emplaced over the
tracer layer so that tracers would not be dispersed by environmental
conditions (e.g., resuspension by wind over buffer or undisturbed areas of

the EBTF).

Either before or subsequent to chemical tracer placement, specific soil
physics instruments were deployed below and at grade at test barrier plots.
Neutron/gamma soil moisture-density access tubing was installed by:

(a) excavation of subsoils to depths of approximately 3 m below grade using
a dragline, placement of tubing, and backfilling using a front end loader;
or (b) augering a hole approximately 0.6 m deep, placement of tubing, and
backfilling by hand. Lithium chloride, due to its thermal neutron capture
cross section, may interfere with neutron moisture logging activities.
Effects of concentration and configuration of this tracer layer are being
evaluated. The mounded soil, mounded rock, and multilayer infiltration/
biotic intrusion test barriers were instrumented to depth below each barrier

17
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at a maximum of 0.6 m, whereas the impermeable off-flow and multilayer
biotic intrusion test barriers were instrumented to a maximum depth below
grade of 3 m. Emplacement of electronic soil physics transducers below
grade used similar excavation and installation procedures. Separation of
access tubing and transducers/transducer lead wires was maintained at a
minimum distance of 0.75 m so that electronic and thermalization interfer-
ences would be reduced or eliminated.

Coaxial tubes used for determination of filtering (described previ-
ously) were also installed at grade before emplacement of barrier materials.
Two each approximately 12-m-Tong, 0.l-m-diameter tubes were installed below
the mounded rock and multilayer infiltration/biotic intrusion test barriers.
Rock (rounded large diameter rock or large angular basalt riprap) was placed
by hand over these tubes to a depth of approximately 0.5 m in such a manner
that heavy equipment would not directly traverse and subsequently destroy
the gratings constructed within the upper surface of these tubes.

Appendix I contains an example of barrier construction sequence.

8.1 MOUNDED SOIL BARRIER

Construction of the mounded soil barrier primarily involved use of
large earth moving scrapers. These units were used to collect soil from a
borrowing area located adjacent to the EBTF, transport this material, and
place it within flagged boundaries within the subject plot. The borrowed
material had been previously wetted to control dust and provide greater
efficiency of scraper operations. This is a standard operational procedure
used at the Hanford Site. After placement of the required volume of mate-
rial, a bulldozer was used to configure the barrier to approximate design
dimensions. A blade was used to complete the shaping of the barrier and the
leveling of the buffer area directly adjacent to the test barrier. Straw
was distributed over -the surfaces of the barrier and buffer areas using a
mechanical chopper/blower device. The straw was then incnrnorated into the
ground surface by repeatedly traversing the barrier and bl ‘er areas with
the bulldozer. This activity, in principle, is also a standard operational
procedure used for equivalent construction activities at the Hanford Site.
Monitoring transducers were emplaced in the soil at specified design eleva-
tions as 1ifts of soil were deposited progressively from grade to the test
barrier's design height. Transducers and transducer leads were protected
during construction by backfilling by hand around transducer strings. Mois-
ture density access tubing emplaced from below grade to design height (from
approximately 1 m to 5 m in length with an inside diameter of 5 cm) was also
protected during construction by backfilling by hand around each tube.

18
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8.4 MULTILAYER INFILTRATION/BIOTIC INTRUSION BARRIER

Construction of the multilayer infiltration/biotic intrusion test bar-
rier, by virtue of multiple layering design, required a greater degree of
control of construction practices. The rounded rock and angular basalt rip-
rap base layer of this barrier was constructed using the same construction
practices and equipment that were used for the mounded rock test barrier.
The gravel layer, consisting of rounded gravel and crushed angular gravel
overlying rounded rock and riprap respectively, was placed by offloading
materials from dump trucks directly on the slope of the underlying rock and
pushing this material into place with a bulldozer.

A polypropylene geotextile was placed directly over the gravel layer
after shaping operations were completed. The geotextile fabric was
installed by hand in a manner similar to that for the plastic sheeting dis-
cussed above. The geotextile materials were overlapped by approximately one
fifth so that if deformation of the underlying gravel layer were to occur as
a result of heavy equipment operations, the overlying sand would not breach
(i.e., filter) downward into the gravel layer through seams in the geotex-
tile. Clean washed sand (concrete sand) was placed directly over the geo-
textile using the same operations as described for the underlying gravel
layer. During construction of this Tayer, it was determined that approxi-
mately 30 cm of sand was required to overlay the geotextile. Bulldozer
tracks caused tears on the geotextile if sufficient sand depth was not main-
tained, especially on sideslopes of the barrier layer. The surface of the
sand layer was leveled and shaped by hand after successive traverses of the
bulldozer were used to compact the sand layer. A flat surface was main-
tained to assure a distinct interface condition between the clean-washed
sand layer and the upper soil layer of the barrier.

Electronic transducers used to monitor moisture, temperature, and par-
ticulate filtering were installed by hand within the sand layer and in the
overlying soil/sand layer. Transducer leads extending from grade, below
which were placed additional transducers, were protected by casings equiva-
lent to those described for the mounded rock barrier and installed within
the rock and gravel layers. Moisture density logging access tubes were also
encased within the rock and gravel layers to preclude damage to the access
tubing during construction. Coaxial filtering tubes were also installed at
grade, below the rock layer of this test barrier, in a manner equivalent to
that described for the mounded rock test barrier. The final layer of the
multilayer infiltration/biotic intrusion barrier, which consisted of soil,
was constructed in a manner equivalent to that of the mounded soil test bar-
rier. Ffinal shaping, grading, and mulching with straw was also conducted at
this barrier using the methods previously described for the mounded soil

barrier,

8.5 MULTILAYER BIOTIC INTRUSION BARRIER

The multilayer biotic intrusion test barrier was constructed using
methods, procedures, and equipment equivalent to that of the multilayer
infiltration/biotic intrusion test barrier discussed above. Construction
proceeded by placing a geotextile layer at grade. This material was

20







H 3 2

1

i

)

9 2

RHO-WM-SR-3 P

9.1 ABIOTIC MONITORING (EXAMPLE PRELIMINARY RESULTS)

Moisture content determinations within each barrier, within respective
barrier layers, and in subgrade soils will be ultimately used as verifica-
tion data to numeric computer models for simulation of mass and energy
balance through and from engineered barrier systems. Moisture content
versus depth is determined by three techniques discussed previously. Data
from the use of one of these techniques will be used to illustrate the
format and utility of the information collected.

Collection of data from subsurface transducers (i.e., gypsum blocks) is
accomplished by connecting specific transducer leads from these blocks '
directly to a data logger, and collecting sufficient signal current over
sufficient time to result in estimation of the maximum, minimum, mean, and
standard deviation of moisture content. Moisture content data from gypsum
blocks installed in the field is accurately determined by comparison of
field data logger paper tape information with laboratory calibration curves
produced for each type of geologic media within or below each test barrier.
On a preliminary basis, an increase in soil moisture below a given barrier
could be interpreted as: (a) a failure of the barrier to preclude infiltra-
tion of meteoric water through the barrier; or (b) drainage from the barrier
as a result of application of water to barrier materials used during con-
struction. At least one annual climatic cycle will be required to differen-
tiate between these conditions. Conversely, a static moisture condition
below a given barrier may be interpreted as assurance that the barrier is
functioning to design specifications with respect to infiltration if it can
be shown that negligible flux occurs.

Soil moisture content data at a depth of 0.6 m from a location adjacent
to a test barrier within the buffer area (i.e., a control location) and soil
moisture content data from the same depth below grade beneath the center of
the mounded soil, mounded rock, and multilayer infiltration/biotic intrusion
barriers are shown for example comparison in Appendix J.

Measurement of micrometeorological parameters both in control (undis-
turbed) and test barrier test plot areas is also conducted as part of deter-
mination of abiotic barrier performance. Numerous parameters are measured
as previously discussed. Data from micrometeorological stations located at
the EBTF are supplemented by data from a large meteorological station
located approximately 2 km from the EBTF. Micrometeorological data collect-
ed at the site will be primarily used for determining boundary layer condi-
tions occurring near or at the ground/atmosphere interface at the slope and
surface of each barrier. Quantification of these conditions is needed in
order to evaluate mechanisms and the relative importance of these mechanisms
which may tend to enhance or degrade test barrier performance. For example,
wind velocity over the surface of the ground directly influences the temper-
ature of the ground surface, the relative humidity of the geologic media
directly below grade, the soil moisture content at and below grade, and the
deposition or loss of particulates onto or from the surface of the ground.
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Soil Monitori

\;‘j‘

Instrument Characteristics Under Barrier Conditions.

Temperature Relative Pore-water
Transducer r ge humidity content (gggggzi{ Data mode
(°C) range range
Temperature
Thermocouple 0.0 to +200 Saturated/ Saturated/ +0.3°C Electronic
unsaturated unsaturated
vapor conditions | 1iquid
conditions
Relative Humidity
Thermocouple 2.0 to +80 95% - 99.9% Unsaturated +0.5% Electronic
psychrometer conditions
Moisture Content/
Potential
Thermocouple -80 95% - 99.9% 0.8 to >20 bars +0.2 bar Manual
psychrometer
Resistance 0.0 to 80 Unsaturated/ 0.3 to >15 bars $+0.5 bar Electronic
block saturated
: vapor conditions
Neutron 0.0 to + Unsaturated/ Unsaturated/ +2.0% (vol) | Manual
saturated saturated
vapor conditions | liquid
conditions
Density
Gamma 70 Unsaturated/ Unsaturated/ 0.3 g/cm3 Manual
logging device saturated saturated
vapor conditions | liquid

conditions

d €-4S-WM-OHY
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Filtering Monitoring Instrument Characteristics Under Barrier Conditions.

Temperature elative
Transducer range umidity ?g;g:gﬁi) Misc. Data mode
(°C) range
Filtering 0 to >25 Unsaturated/ To be Modified dew Electronic
Resistance sat ated determined monitoring
grid vap conditions transducer
Gamma 0 to 70 Unsaturated/ +0.3 g/cm3 Used to Manual
logging device sat ated determine
vap conditions A density
Coaxial Al Unsaturated/ +2% (wt) Direct Manual
saturated sampling
vap  conditions of particulate
below rock

layers
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Alternatives for Acquisit > of Materials Used for Engineered Barrier Cover Systems

Alternative

Major operations Notes

! 1 Purchase materials All materials are purchased from vendors offsite and
2 Delivery stockpile delivered to a centrally located stockpile. From there the
3 Build stockpile materials are delivered to the site(s) as needed.
4 Load from stockpile
5 Delivery tossite
6 Barrier construction

I 1 Purchase materials All materials are purchased from vendors offsite and
2 Deliver directly to site delivered directly to the site(s). Materials are assumed to be
3 Barrier construction placed on the site and utilized as delivered.

I 1 Screening plant operations All materials are produced using a screening plant iocated
2 Loading at screenin Hlant ata centr. location. Rounded rock, gravel, and washed
3 Delivery to site sand are produced, stockpiled, and delivered to the site(s) as
4 Barrier construction needed.

i\ 1 Basalt quarry blastir All materials are produced from basalt rock quarried onsite.
2 Screening/crushing plant operations | Required gravel and sand is produced by use of a screening/
3 Loading at screening plant crushing plant. The materials are stockpiled and delivered
4 Delivery to site to the site(s) as needed.
5 Barrier construction

Vv 1 Purchase available materials onsite | Required rock and gravel is purchased from onsite stockpiles
2 Loading at stockp and delivered to the site(s). Sand is purchased and delivered
3 Delivery tosite by an offsite vendor.
4 Barrier construction

P$84-3316-5
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S4-SLOPE

T1-SOIL
{ : T2-ROCK/SOIL

' T3-SAND

7

b ™™ GeoTexTiLE
T4-GRAVEL

|<———— BUFFER B2 ———-——-i‘\

BARRIER SPECIFICATIONS METERS (m) SLOPES
T = 1.00 Bt = N/A St = 1.00
T2= 0.67 B2 = 5.0 $2= 050
T3= 025 TOTAL THICKNESS = 2.7 m §$3= 050
T4= 075 S4= 033

EXTENT OF
CONTAMINATION

PS8410-133

Computer Model Generated Example of a Multilayer Biotic Intrusion

Barrier Cross Section (Graphically Enhanced).
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221 29927 38

}4—31

S4-SLOPE s1 *
T1-SOIL
s3 ‘ GEOTEXTILE
S2 \

{
T2-SAND * Ve

AN
4 T3-GRAVEL

T4-ROCK
BUFFER
|<——- Bz———-i‘\ EXTENT OF
CONTAMINATION
BARRIER SPECIFICATIONS METERS (m) SLOPES
Ti= 150 B1 = 5.00 S1= 050
T2= 0415 B2 = 0.00 S2= 100
T3= 015  TOTAL THICKNESS = 540 m 83=  1.00
T4 = 3.60 S4 = 1.00

PS8410-132

Computer Model Generated Example of a Multilayer Infiltration/Biotic
Intrusion Barrier Cross Section (Graphically Enhanced).
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SOIL WATER TENSION, (-BARS)
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ROCK/GRAVEL
FINE SOIL AND REVEGETATED  FINE TEXTURE FILTER WITH BASALT MARKER
BASALT RIPRAP MIX SURFACE SOIL GEOTEXTILE RIPRAP LAYERS
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