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Construction of a Phase II muitilayer test barrier and radiohydrology
facility is the subject of this document. Phase II activities are those
activities conducted subsequent to preliminary computer simulation modeling
design studies. Phase I activities ct sist of previous laboratory and field
work to construct preliminary comparative protective barriers.

3.1 PHASE II MULTILAYER INFILTRATION/BIOTIC INTRUSION TEST BARRIER

The performance of the existing multilayer infiltration/biotic intru-
sion test barrier currently is thought to be superior to other existing bar-
riers regarding control of infiltration, and perhaps control of intrusion of
flora and fauna. The barrier was designed and constructed in fiscal year
1983 using preliminary information from engineering studies, conceptual
design, and materials specifications. As a result of recent construction
experience; additional desi ' evaluation; evaluation of materials availabil-
ity, haulage, and handling; and computer modeling, optimization of this bar-
rier design into a Phase II design is possible.

General layer configuration and materials specifications for construc-
tion of the Phase II multilayer barrier are listed below. The layers are
described sequentially, from the bottom to the top layer:

(1) A 0.5-m layer of 2.5- to 25.0-cm dia. basalt riprap or rounded
rock, with 1 to 1 side slopes

(2) A 0.3-m layer of 0.5- to 3.0-cm dia. crushed basalt or rounded
rock, with 2 to 1 side slopes (items 1 and 2 can be optionally
combined)

(3) A 0.3-m layer of 0.2- to 1.0-cm dia. crushed basalt or pea gravel,
with 2 to 1 side slopes

(4) A single layer of woven glass filter material (geotextile) with an
equivalent opening size of 0.04 cm, with from 7 to 15 percent of
the total open area overlapped 100 percent

(5) A 0.3-m layer of 0.2- to 0.7-cm dia. washed sand, with 2 to 1 side
slopes

(6) Two Tayers of woven glass fi :er material (geotextile) with an
equivalent opening size of 0.04 cm, with from 7 to 15 percent of
the total open area overlapped 50 percent

(7) A 0.6-m mixed covering of native soil (loamy sand to silt)

(8) A 0.3-m layer of 10.0- to 25.0-cm dia. basalt riprap or rounded
rock (located from half to three-quarter depth of soil layer) con-
taining interstitial native soil

(9) A 0.3-m layer of native soil containing 20 percent by weight non-
erodable pebbles (0.3 to 0.5 cm in diameter).




RHO-W EV-8 P

The outer slope of the test barrier will be armored with basalt riprap.
General armoring configuration and mi 2rial specifications for slope and
perimeter trench construction includes a 5 to 4 mixture of 2.5- to 50.0-cm-
dia. basalt riprap and native soil (loamy sand or silt), with 1 to 1 side
slopes. Subsurface ceramic markers for preventing human intrusion will be
installed near the base of the barrier and the armored side slope within the
riprap layer. In addition, equivalent markers will be installed at approx-
imately 30- and 60-cm depths within the native soil and sand layer of the
test barrier. A cross sectional and 1lan view conceptual engineering sketch
of the barrier, armored slope, and perimeter trench is shown in figures 3-1,
3-2, and 3-3. A brief description of each layer and its purpose follows.

3.1.1 Riprap/Round Rock lLayer

A thick layer of large basalt riprap or rounded rock with a minimum of
fine material will be installed above grade. This layer is intended to deter
human intrusion resulting from excavation. This layer also functions to
significantly deter intrusion and consequent uptake and dispersal of con-
taminants by indigenous flora and fauna.

3.1.2 Gravel Filter Layer

A layer of well-sorted gravel will be installed over the bottom riprap
or rounded rock layer. This layer is intended tq function as a filter mate-
rial to prevent sand from the coveri layer from filtering downward into
the interstices of the riprap or rou :d rock layer. This layer is inter-
mediate in texture between the under ng coarse texture material and the
finer textured overlying gravel layer. This layer also serves to deter
intrusion by indigenous flora and fau 1.

3.1.3 Fine Gravel Filter Layer

A 1yer of fine gravel or fine crushed rock will be installed above the
gravel filter layer. The function of this layer is equivalent to that dis-
cussed above.

3.1.4 Woven Glass Layer

A single layer of woven glass fi r (geotextile) will be installed
directly above the fine gravel filter layer. The purpose of this layer is
to preserve physical stability of the overlying layer. Additionally, this
fabric provides a redundant layer to prevent intrusion (see 3.1.6).






9 2

RHO-
SIDE SLOPE ARMORING
(RIPRAP AND SOIL)
A
3. n LOGGING ,I““.
TUBE (TYP) S
Y]

L. »x%
3
25
/] A
l{‘!"
a0y

GYPS
(TYP}

Figure 3-2. Cross Section Ski
Configuration (Barrier Slope,
ing Caissons, and Monitoring

-EV-8 P
2va AW e S S NS e )
Y AR S WA SOIL/ PEBBLES
&£ o NS N S ON D )
&Y :S‘,som
RIPRAP
Sl SolL

PERIMETER
TRENCH

NYLO* ~ND

MARKERS
RIPRAP

CAISSON ACCESS — " %
PORTS (TYP)

TR

BLOCKS

NOT TO SCALE

PS8501-158

:h of Phase II Multilayer Barrier
arimeter Trench, Layers, Monitor- -
struments) . |



RHO-WM-EV-8 P

PERIMETER TRENCH

MONITORING ACCESS
TUBES AND INSTRUMENTS
(TYP)

ARMORING SIDE
>\/ SLOPE

N\
ARMORING SLOPE
3\ BUFFER AREA

BARRIER SURFACE

MONITORING
CAISSON

NOT TO SCALE

—\y

PS8501-160

|

]
.

AV

I

Figure 3-3. Generalized Sketch of Phase II Multilayer Barrier.



RHO-WM-£V-8 P

3.1.5 Sand Layer

A layer of screened, washed, coarse textured sand will be installed
over the gravel filter layer. This layer fuifills two primary requirements:
it filters native soil and sand from the cover layer downward into succes-
sive layers, and it ensures a distinct interface between the overlying
native soil and sand and the clean, course textured sand within the subject
layer. The interface is expected to function as a barrier to downward move-
ment of soil water infiltrating thri gh the cover layer. The interface

results in retention and storage of water near the barrier surface, where it -

can be returned to the atmosphere by direct evaporation or by transpiration
by flora inhabiting the overlying native soil layer. The interface phenom-
ena is described as the "Richards Effect" (Richards, 1950).

3.1.6 Woven Glass Layer

Directly above the sand layer, uble layers of fibrous woven glass
wi | be installed. This layer preserves the distinct interface between the
overlying native soil and sand cover and the underlying coarse textured sand
layer, and reduces intrusion by indigenous flora and fauna. Construction
experience has shown that operating the equipment to place the cover layer
will perturbate the interface, which will result in loss of soil moisture
retention capacity unless a geotextile or similar material is used.

3.1.7 Native Soil

A Tayer of native soil and sand excavated from a borrow area near the
PBTF will be emplaced over the upper woven glass layers. This cover layer
is intended to fulfill two major functions: (1) to retain soil moisture
originating as precipitation near the barrier surface, where it can be
effectively evapotranspired back to the atmosphere; and (2) to sustain a
vegetative cover of short-rooted plant species to transpire infiltrating
precipitation.

3.1.8 Rock/Interstitial Soil Layer

A layer of rock will be placed directly over the native soil layer.
This Tayer will primarily serve to deter burrowing rodents and will contain
interstitial native soil from its overlying layer. The thickness and mate-
rials composition of this layer will e insufficient to perturbate inf ltra-
tion, evaporation, and evapotranspiration through the barrier.

3.1.9 Native Soil/Nonerodable Particle Cover Layer

A layer of native soil and particles sufficient in mass and diameter
to sustain a stable barrier surface over an extended time will be placed
over the barrier as a top cover layer. This layer will retain soil moisture
and sustain a vegetative cover, as discussed in 3.1.7 (native soil).
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3.1.10 Slope and Perimeter Trench

A cocver of mixed bas¢ : riprap, native soil, and sand will be emnlaced
on the slope of the test | *r 2r and within the perimetaer trench., = is
cover is intended to sustain the monolithic structure of the barrier against
erosion, provide a distinct structure to the barrier to deter human intru-
sion (used in conjuction with the intrusion marker systems), and provide a
deterrent to intrusion by inc jenous flora and fauna.

3.2 RADIOHYDROLOGY TEST FACILITY

Infiltration of precipitation through protective barrier cover systems
and subsequent transport of ¢ ;posed contaminants is of primary concern.
Evaluation of infiltration by typical monitoring techniques provides only
indirect evidence of the direction, rate, and magnitude of infiltration.
Therefore, a small facility i< needed to determine the effectiveness of each
PBTF barrier in significant ‘educing or eliminating infiltration. An area
will be constructed that cc its of a subsurface caisson containing one-
dimensional vertical segments of each PBTF barrier and specific layers of
inorganic and low-concentrati 1 (near background) radiotracers. Require-
ments for the facility include a central access caisson (3.0 m deep by 3.5 m
diameter), sample collection tubes, and connected outer caissons (3.0 m deep
by 1.0 m diameter) containing layered or monolithic barrier materials and
tracer materials.

Abiotic monitoring syste . will be installed in one-dimensional barrier
segments in columns installed below grade at the ‘test facility. The systems
will be used to compare the performance of each column with each respective
test barrier located at the F F, under both ambient and increased infiltra-
tion conditions. Abiotic mor .oring systems are discussed in 5.1.

Vertical barrier columns will include both static (non-weighing) and
dynamic (weighing) lysimeters. The lysimeters permit controlled, quantita-
tive measurement of radionucl le flux in addition to simultaneous mass bal-
ance of materials entering ar leaving the soil surface, i.e., precipitation
and evaporation/evapotransp -ation of water vapor. No interconnection or
drainage between columns will be permitted per design. Sampling and moni-
toring of each caisson will : conducted through a central access caisson.

A preliminary sketch of representative columns and an access caisson is
shown in figure 3-4. Design of the overall radiohydrology test facility
will be modified from an existing installation (Phillips, et al., 1979).
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Table 4-1. Phase II Multila
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Infiltration/Biotic Intrusion

Test arrier.

Material Units require Material specifications
Basalt riprap 1,450 m3 2.5-t0 25.0-cm diameter
Crushed rock 45m3 0.5- to 3.0-cm diameter
Fine crushed rock 68 m3 0.2-to 1.0-cm diameter
Clean washed/sieved 82 m3 0.2-t0 0.3-cm diameter
sand
U.S. Standard % Passing
Sieve Mesh (by weight)
0.95 62-10C
4 30-95
16 6-30
50 c-4
100 0
Geofabric 300 m2 ~0.1-cm thickness
Woven cleaned silicon-dioxide glass
(filaments only)
Soil/sand 40 m3 20.0 to 30.0 percent passing a 230 sieve
Aluminum tubing 10m ~0.1-cm wall thickness
~2.5-cm diameter (inside)
Sheet steel 10 m2 ~0.6-¢cm thickness
Steel sheet metal 4m2 ~0.3-cm thickness
Steel H-Beam 7m ~0.8-¢cm thickness
~10.0- x 10.0-cm overall height width
Corrugated steel 32m ~0.6-cm wall thickness

culvert

~3.0-cm diameter
Galvanized

[3Y)
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Thermocouple psychrometers allow measurement or derivation of several
parameters, which include relative humidity, temperature, vapor pressure,
and moisture content/potential, with respect to depth. Resistance blocks
are used to determine moisture content/potential with depth. Logging wells
are designed to accommodate ne .ron and gamma downhole logging probes, and
neutron probe measurements all ' determination of moisture content. Gamma
probes allow measurement of sc density. Micrometeorological stations are
equipped with a variety of devices to measure temperature, relative humid-
ity, wind direction and velocity, and dew duration. Other parameters are
determined at the Hanford Mete ‘ological Station located approximately
2.0 km northeast of the PBTF. Particulate samplers allow wind erosion moni-
toring by collection of aiy orne particulates at various intervals above
grade. The abijotic monitoring system layout for the Phase II multilayer
barrier test plot is shown i figures 3-1 through 3-3. The components of
this system are described beiow.

Resistance blocks of two types will be installed vertically near the
central axis of the circular plot within soil and sand materials. Resis-
tance blocks will also be placed below construction grade to a depth of
1.0 m.

Neutron/gamma probe access wells will be installed vertically through
the test plot. These wells wi | be placed at locations within the barrier
plot, near the central axis, at the midpoint of the side slope, through the
perimeter trench, and one approximately 1.5 m radially outward from the edge
of the barrier.

5.2 BIOTIC PROCESS MONITORING

The potential for radio: clide transport through a protective barrier
is related to the dynamic na re of plant and animal communities. There-
fore, understanding the processes that control these communities is impor-
tant to barrier design and assessment.

Biotic monitoring systems for the PBTF are designed to measure

encroachment of plant and a m¢ species on as well as through the barriers.
These monitoring systems are described in the following sections.

5.2.1 Biotic Encroachment Mon- >ring

Biotic encroachment will be assessed in two ways. First, the co osi-
tion, distribution, and abu ance of plant species on four permanent tran-
sects will be compared with that in the barrier plots. Burrow densities and
the relative abundance of important animal populations on permanent plot
transects and in barrier plots will be compared as an index of the attrac-
tiveness of the barrier plots to various species. Encroachment will be
assessed by measuring changes in species abundance and animal activity on
the barrier plots over time.

15
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These activities are currently underway at the PBTF for the existing
barrier plots, and will be expanded to include the Phase II multilayer
infiltration/biotic intrusion barrier test plot.

5.2.2 Biotic Intrusion Monitoring

Chemical tracers will be emf iced during the construction of the
improved mounded multilayer barrier. 1ese tracers will allow plant and
animal intrusion to be detected nondestructively.

Lithium chlc de and cobalt chl ide have been selected for detecting
plant root penetration (plant uptake followed by tissue sample analysis).
Zinc sulfide will be used for detecting animal intrusion through visual
inspection of burrowing animal excavation material.

Due to the thermal neutron capture cross section of lithium chloride,
interference with neutron logging of soil moisture may occur; therefore,
1ithium chloride will not be placed within a 3.0-m radius of neutron logging

access tubes.

The configuration of tracer materials within the barrier plot is shown
in figure 5-1.

5.3 HUMAN INTRUSION SYSTEMS MONITORING

A potential exists for intrusion of protective barrier cover systems by
humans. To eliminate or significantiv deter human intrusion, two systems
are used. First, the intrinsic stru ure of the barrier slope and base
layer consists of large rock materials. Secondly, large markers will be
installed in barrier perimeter excav. ions ¢ d small porcelain markers will
be installed within specific barrier layers. These redundant marker systems
will result in significant warnings to potential intruders. Testing of
components of surface and subsurface arkers will be conducted at the PBTF.

5.3.1 Subsurface Ceramic Markers

Small ceramic embossed disks (m rs) will be placed in barrier
layers. Markers will be placed on 2 : centers in the riprap/rounded rock
layer, and at two elevations in the native soil layer (one set of markers
below and one above the native soil rock layer). General specifications and
placement of subsurface markers are ven in drawing SK-2-23649
(DOE, 1985(a)) (figure 5-2). Subsurrace markers will be placed in a 90°
segment of the Phase II barrier.

16
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