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EXECUTIVE SUMMARY

oo o—o—- - -The-Hanford Site Surface Barrier Development Program (BDP) was organized in
1985 to develop the technology needed to provide a long-term surface barrier
capability for the Hanford Site and other arid sites. A Barrier Development Team

.. __....__.__{BDT) was established to develop and test various barrier design configurations for
application in the arid southeastern Washington climate. Fifteen groups of tasks
were identified by the BDT to resoive the technical concerns and compiete the
development and design of protective barriers for the Hanford Site. The major
barrier development task groups that were identified are as follows:

Project management

Biointrusion control

Water infiltration control
Erosion/deposition control

Physical stability testing

Human interference control

Barrier construction materials procurement
Prototype barrier designs and testing
Model applications and validation

Natural analog studies

Long-term climate change effects
Interface with regulatory agencies
Resource Conservation and Recovery Act (RCRA) equivalency
Technology integration and transfer

Final design.

. The information and data generated within each task group enabled the BDP to’

- - -~ - design-and construct a prototype barrier, which has been extensively peer
reviewed. This information was combined into a comprehensive, state-of-the-art,
barrier design for testing and monitoring barrier performance. A BDT and Barrier
Technical Advisory Board (BTAB) were formed in 1990 to transform the work done
in the task groups into a prototype barrier design that could be tested and
monitored to verify barrier performance. The BDT was composed of engineers and
scientists from the task groups and a design engineer from the onsite architect and
engineering contractor. The design of the prototype barrier was initiated in 1990,
delayed in 1991 because of a lack of funding, and was completed in 1992. The
site for the construction of the barrier was changed in this time period from a
location near the Hanford Meteorological Station to tne 200-BP-1 Operable Unit,

- - ~which necessitated redesigning the prototype barrier. Construction was initiated in
1993 and completed in 1994. The goal of the Design Basis Document is to record

-~~~ -~ -and technical basis for the design features and characteristics of the prototype
barrier.
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The reguiations that govern the design and performance of the Hanford Protective
Isolation Surface Barrier and that are reflected in the design of the prototype barrier
are contained in the following five documents.

L "Licensing Requirements for the Disposal of Low-Level Radioactive
Waste" {10 CFR 61)

° "Guidelines for Disposal of Solid Waste" (40 CFR 241)

o "Regulations for Owners and Operators of Permitted Hazardous Waste
Facilities™ (40 CFR 264)

®  The State of Washington Dangerous Waste Regulations (WAC 173-303)

. The U.S. Department of Energy’s Order on Waste Management
(DOE Order 5820.2A).

The final design of a surface cover is determined by the application of the
regulations to a specific situation. Some of the key requirements contained in
the reguiations include the following: (1) provide long-term minimization of
migration of liquids through the closed landfill, {2) function with minimum
maintenance, {3) promote drainage and minimize erosion or abrasion of the cover,
(4) accommodate settling and subsidence so that the cover integrity is maintained,
(5) have a permeability less than or equal to the permeability of any liner systems
or naturai subsoils present, (6) provide a minimum of 5 m (16.4 ft) of cover over
the waste, (7) limit exposure to the inadvertent intruder, and {8) for wastes that
remain hazardous beyond 100 years, use passive controls (e.g., appropriate
markers and barrier systems) to warn and deter inadvertent intruders from
disturbing the site for up to 500 years.

A preliminary set of performance objectives was defined to help guide the design
of the prototype barrier. The performance objectives are intended to encompass
the various regulatory requirements for the types of wastes anticipated to be
disposed of using barriers at the Hanford Site and elsewhere. The preliminary
performance objectives are as follows:

& To function in a semiarid to subhumid climate

] To limit the migration of water through the waste to near zero amounts
(0.05 ¢m [0.02 in.] of water per year [1.6 x 10® cm/s {6.3 in./s)] was
the design objective selected based on preliminary performance
assessments)

e To be maintenance free (no institutional control)
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o To minimize the likelihood of plant, animal, and human intrusion
® To limit the exhalation of noxious gases
L To minimize erosion-related problems
] To meet or exceed RCRA cover performance requirements
] To isolate wastes for a minimum of 1,000 years
- _ ®__ To be regulatorily and publicly acceptable.

A design life of 1,000 years and the performance objective to isolate wastes

for 1,000 years were chosen based on a review of the regulatory drivers, the
radioactive and biological half-lives of the contaminants of concern, a value
engineering workshop for the BDP, and the design lives that are being required
across the nation for other waste disposal facilities. Some facilities are even being
required to consider a design life of 10,000 years. This does not appear to be
reasonable for the prototype barrier given the uncertainty in the assumptions that
are required to analyze barrier performance over a 10,000-year period and the

cmeoe ——...._._likelihood of significant advances in the area of waste treatment technology. -

The performance objective to limit the migration of water through the waste to _
near zero amounts and to minimize erosion-related problems is dependent on the
~ . amount of precipitation that the barrier raceives. To predict the average annual

: precipitation’ over the design life of the barrier, a probabilistic projection of the
long-term variability of the Hanford Site’s climate was conducted. The results
indicate that the mean annual precipitation has ranged from 25 to 50% below to
28% above present day levels. Consequently, a conservative estimate of three
times the annual average precipitation (3 x 16 cm [1.2 x 6.3 in.]) has been used as
the upper limit for the average annual precipitation for the design and testing of the
prototype barrier.

The prototype barrier design uses a multilayer concept and has muitiple layers of
earthen and asphaltic materials. The top layer is 2 m {6.6 ft) of fine soil, which
allows runoff of precipitation and also acts as a water storage medium to store the
— ~water until it cam be evaporated or transpired back into the atmosphere. The top
surface of the soil has a 2-percent slope for runoff and the top 1 m (3.3 ft) of the
soil has 15-wt% pea gravel added to the soil to prevent erosion. The bottom of
the soil layer uses the capillary break between the soil and underlying coarser
materials to enhance the water retention capabilities of the soil iayer. The fine soil
- --—--—---—-gyer is underiain by a gravel filter. The gravel filter is composed of a layer of fine
sand and a layer of minus 16 mm (0.63 in.) road surfacing material. The gravel
filter provides the capiliary break and prevents the fine soil from sifting down into
the coarser material under the gravel filter. The layer under the gravel filter is
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1.5 m{4.9 ft) of minus 25 cm (10 in.) basalt riprap. The riprap serves to deter
biointrusion from human, animal, and plant activities and forms a significant part of
the required thickness of the barrier. Under the riprap is a layer of 10 to 25 mm
{0.39-0.98 in.) drainage rock that protects the underlying layer of asphaltic
concrete from the riprap and provides a layer for water drainage. The next layer of
the barrier is a composite layer made of asphaltic concrete overlain by a polymer
modified asphalt. The composite asphalt layer is the final hydrologic barrier in the

---prototype-barrier, and-is-gesigned to divert the water to the sides of the barrier

away from the waste zone should water breakthrough the fine soil layer. The

composite asphalt layer consists of 15 cm (6 in.) of high oil content asphaltic
concrete overlain by a 5 mm (0.2 in.} layer of fluid applied asphalt that is designed
to be a very low permeability barrier to the migration of water. The last and
bottom layer of the barrier is a layer of minus 16 mm (0.63 in.) road surfacing
material that is the foundation or subgrade material for the composite asphalt layer.

Two side slope configurations are being tested in the prototype barrier. One is a
relatively flat slope of naturally occurring soil {sand and gravel) placed at
approximately a 10:1 slope. This slope is called a clean fill dike in the barrier
design. The second is a relatively steep embankment of basalt riprap placed at
approximately a 2:1 slope. The clean-fill dike concept uses readily available
materials {such as pitrun gravel) to create a relatively flat apron around the
periphery of the barrier. This flat apron provides a more gentle transition from the
shoulder of the barrier to the surrounding topography than does the steep side
slope. The steep side slope design uses basalt riprap (minus 25 cm [10 in.]),
which consists of relatively large angular rocks. The angularity of the riprap
provides many interlocking surfaces between adjacent rocks, which allows the
creation of a relatively steep, yet stable side slope.

The acquisition of barrier construction materials is a significant issue on the
Hanford Site. Substantial quantities of fine soil are available at a location outside
the Yakima Barricade known as McGee Ranch. The Hanford Site has several basalt
outcroppings and formations that can be developed into sources for the basalt
riprap used in the barrier design. The sand and gravel that are used in the barrier
are available from several onsite gravel pits. Significant work is needed to resolve
cultural resource issues between the Department of Energy and the Native
American Tribes before these sources of materials can be used. The alternative is
higher costs for barrier construction materials.

The prototype barrier will be tested and monitored to evaluate its performance over
a range of conditions representative of those expected to be experienced during
the design life of a long-term surface barrier. A number of tests and experiments
are planned to be conducted on the prototype barrier to assess its performance
with respect to water infiltration, biointrusion, wind and water erosion, and
physical stability. Because only a finite amount of time exists to test a prototype
barrier that is intended to function for a minimum of 1,000 years, the testing

Vi
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program has been designed to "stress” the prototype so that barrier performance
can be determined within a reasonable time frame. Other BDP elements (e.g.,
natural analogs, long-term climate change, modeling, etc.) provide data necessary
to increase confidence in long-term surface barrier performance. Testing and
monitoring of the prototype barrier will assess the adequacy of this barrier design
and indicate which tasks, if any, require additional effort. A full-scale prototype
barrier enables engineers and scientists to gain insights and experience with issues
regarding barrier design, construction, and performance that have not been
possible with the individual tests and experiments conducted to date in the
program. The testing and monitoring of the prototype barrier is planned to be
conducted for-a minimum of 3 years, commencing immediately following
construction.

The BDP engineers and scientists have momentarily "frozen" evolving barrier
design work and incorporated the latest findings from BDP tasks. The design and
construction of the prototype barrier has required that all of the various
components of the barrier be brought together into an integrated system. This
integration is particularly important because some of the components of the
protective barrier have been developed independently of other barrier components.
The prototype barrier and the testing and monitoring program will determine how
effectively this integrated barrier/cover system functions. The prototype barrier is
a giant step forward toward the BDP’s goal of providing a iong-term cover system
that can be used on the Hanford Site for the inplace isolation and stabilization of
Hanford Site wastes.

Vii
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1.0 INTRODUCTION

Long-term surface barriers have been proposed for use at the U.S. Department of
Energy’s (DOE} Hanford Site near Richland, Washington to isolate and dispose of
certain types of waste in place. It is assumed that the impiementation of an.in-
place disposal alternative will require the use of a protective cover or surface
barrier that will provide long-term isolation of the wastes from the accessible
environment. If the wastes are exhumed and treated, a long-term protective
barrier may still be required to dispose of the wastes in an acceptable manner.
Currently, no proven long-term barrier is available. The Hanford Site Surface
Barrier Development Program (BDP} was organized to develop the technology
needed to provide a long-term surface barrier capability for the Hanford Site and
elsewhere.

Existing short-term barrier designs currently are available (U.S. Environmental
Protection Agency [EPA] 1982, 1990). iIn general, the design life of these covers
-- - is for-relatively short periods--such as the 30-year post-closure period specified by
the Resource Conservation and Recovery Act of 1976 (RCRA). The performance
of barriers during this relatively short period can be monitored, and maintenance
activities can be performed to correct any problems that might be encountered.
However, some waste management situations make it desirable to isolate wastes
for much longer than the 30-year post-closure period {i.e., up to or beyond a
millennium). For these waste management situations, the relatively short-term
(i.e., RCRA) designs might not be satisfactory. For example, many synthetic
construction materials that might be effective for decades (e.g., geosynthetics)
cannot be relied on to perform satisfactorily (or even exist) more than 1,000 vears.
Consequently, a need arises for a long-term, isolated barrier. The objective of the
work being conducted by the BDP is to develop and assess the performance of
permanent isolation barriers.

The current BDP was organized in 1985 to develop, test, and evaluate the

- effectiveness of various barrier designs. The BDP is supported by DOE and
consists of a team of engineers and scientists from Westinghouse Hanford
Company (WHC), the Pacific Northwest Laboratory (PNL), ICF Kaiser {Kaiser) and
Bechtel Hanford Incorporated (BHI}'".

' Bechtel Hanford Incorporated now administers the Environmental Restoration
Funding for the Barrier Development Program, formerly administered by
Westinghouse Hanford Company.

1-1
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Fifteen groups of tasks were identified by the barrier development team to resolve
the technical concerns and complete the development and design of protective
barriers (Wing 1994). These major barrier development task groups are as follows:

Project management
Biointrusion control .
Water infiltration control
Erosion/deposition control
Physical stability testing
Human interference control
Barrier construction materials procurement
" Prototype barrier designs and testing
. Model applications and validation
10. Natural analog studies
11. Long-term climate change effects
12. Interface with regulatory agencies
13. Resource Conservation and Recovery Act of 1976 (RCRA) equivalency
14. Technology integration and transfer
156. Final design.

CONORRON

The information and data generated within each of these task groups are input into
barrier designs. '

The information and insights gained from the development tasks previously
mentioned have enabled the barrier program to progress so that the design and.
construction of a prototype long-term surface barrier (from here on referred to as
the prototype barrier}) is now vital to continued barrier development. Although the
results of development and testing efforts conducted previously are not final, and
additional work needs-to be performed, enough information and data exist to allow
the design and construction of a prototype barrier. ‘A full-scale prototype barrier
enables engineers and scientists to gain insights and experience with issues
regarding barrier design, construction, and performance that have not been
possible with the individual tests and experiments conducted to date in the
program.

The design of the prototype barrier was completed in 1993, and construction was
completed in 1994. The testing and monitoring of the prototype barrier is planned
to be conducted for a minimum of 3 years, commencing immediately after
construction.

The prototype barrier will be tested and monitored to evaluate its performance over
a range of conditions representative of those expected to be experienced during
the design life of a long-term surface barrier. Many tests and experiments are
planned to be conducted on the prototype barrier to assess its performance with
respect to water infiltration, bicintrusion, erosion, and physical stability. Because

1-2
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only a finite amount of time exists to test a prototype barrier that is intended to
function for a minimum of 1,000 years, the testing program has been designed to
"stress” the prototype so that barrier performance can be determined within a
reasonable time frame. Other BDP elements (e.g., natural analogs, long-term
climate change, modeling, etc.} provide data necessary to increase confidence in
long-term surface barrier performance.

This document provides the basis for the design of the prototype barrier.

Engineers and scientists have momentarily "frozen™ evolving barrier designs and
" incorporated the latest findings from BDP tasks. The design and construction of
____ the prototype barrier has required that all of the various components of the barrier
be brought together into an integrated system. This integration is particularly
important because some of the components of the protective barrier have been
developed independently of other barrier components. This document serves as
- the baseline by which future modifications or other barrier designs can be
compared. The document will provide a basis for material choices in the prototype
barrier design, the design of the layers of the barrier, and barrier performance
testing and monitoring. A discussion of long-term barrier issues and concerns will
be provided. Also, this document contains the minutes of meetings convened
during the definitive design process in which critical decisions affecting the
prototype barrier’s design were made {Appendix A) and the construction drawings
{Appendix B). Another complementary document (DOE-RL 1934) has been
published that describes the lessons learned from the construction phase of the

nratatuna harriar nrniect
FUULULY BT Uainicr R .
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2.0 HISTORY OF THE PROTOTYPE BARRIER DESIGN EFFORT

The prototype barrier originally was designed to be constructed on a radiologically
--"clean" site located near the Hanford Meteogrological Station (HMS). The prototype
barrier design effort was initiated during FY 1990 but had to be terminated prior to
completion because of funding constraints. Funding was restored during FY 1992
and the design of the prototype was completed in September 1992, Efforts during
FY 1992 focused on {1) preparing a draft project management plan, (2) preparing a
functions and requirements draft document, (3) preparing a design basis draft
document, (4} preparing a draft prototype barrier testing and monitoring plan,

{5} completing the appropriate level of National Environmental Policy Act (NEPA)
documentation (for the prototype construction site and for the borrow pits from
which construction materials would be obtained}, (6) completing definitive design
drawings, and (7) developing detailed construction specifications.

A Barrier Design Team (BDT)} was assembled to lead the design of the prototype
barrier. The BDT consisted of representatives from WHC, PNL, and Kaiser. The
BDT met frequently with and received technical support from the Barrier Technical
Advisory Board (BTAB}, which is a group of engineers and scientists on the barrier
development team who represent the various areas of technical expertise. Review
comments and design suggestions from other barrier development team members
also were solicited and incorporated as appropriate.

Kaiser was responsible for transforming conceptual ideas from the BDT/BTAB into
definitive, detailed construction drawings. These drawings were subjected to
numerous technical reviews, including an offsite expert technical peer review
panel. The completed drawings represented the optimal design for meeting the
objectives of the prototype barrier project.

In August of 1992, the U.S. Environmental Protection Agency (EPA), in
conjunction with the DOE Richland Operations Office (RL} and WHC, discussed
moving the prototype barrier from the original uncontaminated site located near the
HMS to a location situated on top of a cantaminated crib (216-B-57) within the
200-BP-1 operable unit {OU). WHC's initial position was to construct the
prototype barrier at the HMS, as originally envisioned, and construct a second
barrier over the 200-BP-1 OU, based on the recommendations of the ongoing
Comprehensive Environmental Response, Compensation, and Liability Act of 1980
{CERCLA) feasibility study {FS). After several meetings among WHC, RL, and the
EPA, the decision was made to construct one prototype barrier over a portion and
possibly all of the 216-B-57 Crib as a technology demonstration. Provisions were
made to monitor barrier perfoermance for a minimum of 3 years, followed by an
option to conduct partial or full destructive testing of the barrier to determine
overall performance. Formal change control was initiated in October 1992, and a
-~ change request (M-15-32-5) was written to document these and other changes to

L 2-1
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the 200-BP-1 OU work scope. Kaiser was directed to complete a site-specific
engineering study to redesign the prototype barrier for construction over the
216-B-57 Crib and to identify the associated costs.

The final remediation option for the 200-BP-1 OU wiill be determined through the
ongoing CERCLA FS process. Although numerous in situ and ex situ treatment

---altérnativas-are being considered; preliminary indications from the FS strongly

suggest that some type of protective barrier or cover system wiil be the preferred
alternative. The protective barrier option reduces personnel exposure to hazardous
contaminants, minimizes secondary waste handling requirements, and establishes
an important precedent for in-place disposal of wastes.

Although not the most desirable construction site from a research and development
perspective, construction of the prototype barrier over the 216-B-57 Crib will
provide insights into barrier constructibility over actual waste sites and under
radiologically controlled conditions. While actual barrier performance data will not
be available for several years after the completion of barrier construction, lessons
learned during the construction of the prototype barrier and actual costs incurred
will provide information in support of the final "Record of Decision” for remediation
of the 200-BP-1 source area and the subsequent remedial design. Also, the
prototype barrier demonstration will constitute the first full-scale test of the
integrated barrier design and will allow collection of data necessary to verify barrier
performance or provide a basis for design modifications.

The prototype barrier alone, is not expected to provide all of the evidence required
to demonstrate barrier performance over its intended design life of 1,000+ years.
Other tasks within the BDP ({e.g., natural analog studies, climate change studies,
asphalt degradation studies, subsidence studies} are designed to provide the data
needed to increase confidence in the barrier’s ability to perform over its design life.
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oo 22 3.0 JUSTIFICATION - REGULATORY DRIVERS

Some type of cover and/or surface barrier probably will be placed over burial
grounds, landfilis, and other similar areas, at the time of closure. The promulgation
of the various regulations that govern the disposal of these various waste materials
has reflected this logic. Currently, many potentially applicable or relevant and
appropriate requirements (ARARs) exist that have been promulgated and many are
currently being enforced. Although some variation exists in the actual enforcement
- and-implementation of the law {i.e., specific practice), there appears to be little if
any disagreement on the intent of the law as it relates to the functional need for
covers or surface barriers. These structures are emplaced both to limit the amount
of water and rate at which water enters the zone of contamination and to limit
intrusion. For some waste, the function of limiting intrusion through biological and
human activities is considered as important if not more important than limiting
contaminant migration via water infiltration (For example; 10 CFR 61.51 (a)
paragraphs (4} through (6) vs. 10 CFR 61.52 (a) paragraphs {4) through {11}).

The regulations that govern the design and performance of the Hanford Protective
Isolation Surface Barrier and that are reflected in the design of the prototype barrier
are contained in the following five documents:

L "Licensing Requirements for the Disposal of Low-Level Radioactive
Waste"” (10 CFR 61)

[ "Guidelines for Disposal of Solid Waste™ (40 CFR 241)

] "Regulations for Owners and Operators of Permitted Hazardous Waste -
Facilities™ {40 CFR 264)

® The State of Washington Dangerous Waste Regulations (WAC 173-303)

] The U.S. Department of Energy’s Order on Waste Management

The relevant sections of these regulations as they relate to cover design and
performance are summarized in the following paragraphs.

3-1
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3.1 Code of Federal Regulations
{10 CFR Part 61 Subpart D - "Technical Requirements for Land Disposal Faciiities"]
61.51 (a) Disposal site design for near-surface disposal.

(4) Covers must be designed to minimize, to the extent practicable, water
infiltration, to redirect percolation or surface water away from the disposed
waste, and to resist deterioration by surface geologic processes and biotic

activity.

(b} Surface features must direct surface water drainage away from disposal
units at velocities and gradients which will not result in erosion that will require
ongoing active maintenance in the future.

{(6) The disposal site must be designed to minimize to the extent practicable
the contact of standing water with waste during disposal, and the contact of
percolating or standing water after disposal.

61.52 Land disposal facility operations and disposal site closure. Wastes
designated as Class C must be disposed of so that the top of the waste is a
minimum of 5 m below the top surface of the cover or must be disposed of
with intruder barriers that are designed to protect against an inadvertent
intrusion for at least 500 years.

[40 CFR Part 241 - "Guideline for the Land Disposal of Solid Waste"]
40 CFR 241.209 Cover Material.
- - - -4G-CFR 241.205-1 Requirement.
Cover material shall be applied as necessary to minimizé fire hazards,

infiltration of precipitation, odors, and blowing litter; control gas venting and
. _.____.___ ___ vectors; discourage scavenging; and pravide a pleasing appearance,

f.»
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[40 CFR Part 264 - "Standards for Owners and Operators of Hazardous Waste

“Treatment, Storage, and Disposai Faciiities™]

40 CFR 264.310 Closure and post-closure care

— a)

At final closure of the landfill or upon closure of any cell, the owner

or operator must cover the landfili or cell with a final cover designed and
constructed to:

{1}

(2}
(3}
(4}

(5.,

Provide long-term minimization of migration of liquids through the closed
landfill;

Function with minimum maintenance;

Promote drainage and minimize erosion or abrasion of the cover;
Accommodate settling and subsidence so that the cover’s integrity is
maintained; and

Have a permeabhility less than or equal to the permeability of any bottom
liner system or natural subsoils present.

3.2 Washington Administrative Code

[WAC 173-303 - Dangerous Waste Regulations]

WAC 173-303-610 "Closure and post-closure."

(2)

Closure performance standard. The owner or operator must close the
facility in a manner that:
(a) {i) Minimizes the need for further maintenance
(i} Controls, minimizes, or eliminates to the extent necessary to
protect human health and the environment, post-closure escape
of dangerous waste, dangerous constituents, leachate,
- contaminated run-off, or dangerous decomposition products to
—. —_the ground, surface water, groundwater, or the atmosphere

____liii) _ Returns the land to the appearance and use of surrounding land

areas to the degree possible given the nature of the previous
waste activity.
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WAC 173-303-665 "Landfills.”

(6) (a) At final closure of the landfill or upon closure of any cell, the owner
or aperator must cover the landfill or cell with a fina! cover designed
and constructed to:

(i} Provide long-term minimization of migration of liquids through
the closed landfill

(i} Function with minimum maintenance

(iii} Promote drainage and minimize erosion or abrasion of the cover

{iv)] Accommodate settling and subsidence so that the cover’s
integrity is maintained

(v)] Have a permeability less than or equal to the permeability of any
bottom liner system or natural subsoils present.

3.3 Department of Energy Order

In addition to the specific requirements on cover design and performance, other
criteria exists within the DOE complex that could increase the performance
-requirements of surface barriers and covers. Included in this category is the list of
DOE orders and EPA guidance documents. '

The DOE requirements for the management of radioactive wastes, mixed wastes,
and contaminated facilities are contained in DOE Order $820.2A, "Radioactive
Waste Management.” The high-level and transuranic wastes are managed in
accordance with applicable EPA and NRC rulings. The chapter on the management
of low-level waste does not address the issue of design life. However,

RLID 5820.2A supplements DOE Order 5820.2A by establishing Hanford
Site-specific policies, guidelines, and requirements for waste management.

DOE Order 5820.2A Radioactive Waste Management
Chapter 3: Management of Solid Low-Level Waste

3. Requirements

a. Performance Qbjectives.
(4) Intr r Pr ion. Disposal closure systems shall be designed to ensure

that exposure to individuals who inadvertently intrude the closed facility
after the active institutional control period shall not exceed

100 mrem/year for continuous exposure, or 500 mrem for a single acute
exposure. For wastes that may remain hazardous to inadvertent intruders
beyond 100 years, passive controls {e.g., appropriate markers and barrier
systems) shall be incorporated to provide reasonable assurance that
inadvertent intruders will be warned and deterred from disturbing the site
for up to 500 vyears.

3-4



o

&
i

P515545.055

BHI-00007
Rev. Q0

k. Disposal.

(4} Disposal sites for solid LLW-MW (non-PCB) shall be located and designed
in compliance with the applicable requirements in WAC 173-303,
40 CFR 264, 265, and 268, and the RCRA Dangerous Waste Permit.

Other materials to be considered include design criteria and codes that have been
established but are neither promulgated by law nor included as DOE orders. These
design materials are related to surface barriers and covers and are contained in
numerous references. The primary impetus for the use of surface barriers and
covers has resulted from the promulgation of the waste disposal regulations found
in RCRA and CERCLA. In support of these regulations, EPA has prepared
numerous guideline documents on the use and design of these structures.
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4.0 PRELIMINARY PERFORMANCE OBJECTIVES

To aid in the development of surface barriers, a preliminary set of performance
objectives for the barriers has been defined. These objectives are intended to
encompass the various regulatory requirements for the types of wastes anticipated
to be disposed of using barriers at the Hanford Site (and elsewhere). The objective
of current designs is to develop a long-term surface barrier with the following
features:

o To function in a semiarid to subhumid climate

] To limit the recharge of water through the waste to the water
table to near-zero amounts {0.05 cm of water per year [1.6 by

——- ——- ———— 10 cm/sl was the designobjective selected, based on

' preliminary performance assessments)

L To be maintenance free (no institutional control}
® To minimize the likelihood of plant, animal, and human intrusion
o To limit the exhalation of noxious gases
L To minimize erosion-related problems
L To meet or exceed RCRA cover performance requirements
] To isolate wastes for a minimum of 1,000 years
L To be regulatorily and publicly acceptable.
These objectives have provided the basis for formulating a barrier development
program and for evaluating the adequacy of various barrier designs. These
objectives also have been used in the preparation of a statement (provided below)
that summarizes the goals of the BDP.
The BDP goal is to provide defensible evidence that barrier designs will control
water infiltration; plant and animal intrusion; and wind and water erosion for a
~minimum of-1,000 years;- and protect human health-and the-environment-in
accordance with ARARs. Conceptual designs for a warning marker system that

would be used to inform inadvertent human intruders will be provided for scenarios
in which institutional caontrol is assumed to be lost.



BHI-00007
Rev. 00

Evidence of barrier performance will be obtained by conducting laboratory
experiments, field tests, computer modeling, and other studies that establish
confidence in the barrier’s ability to meet its 1,000+ year design life. The stability
and performance of natural analogs that have existed for millennia, and
reconstruction of climate changes during the past 10,000 years will establish
bounding conditions of possible future changes and serve to focus experimental
designs and increase confidence in the barrier’s ability to meet its design life.

4-2



7919335.0355

BHI-00007
Rev. 00

5.0 PREDICTIONS OF LONG-TERM CLIMATE CHANGE

The control of water infiltration and percolation through the barrier is dependent on
- .. the amount of water available. The amount of water available is dependent on the

climate. Because of the long time frame during which surface barriers must

function (1,000 + years), the climatic conditions acting on the barrier may change.

5.1 Current Climatic Conditions

Since 1945, the amount of precipitation collected at the HMS has averaged

160 mm (6.30 in.) annually (Stone 1983). Most of this precipitation (44%]} is

received between November through January while only 13% is received between

- —-July through September. About 38 percent of the precipitation during the
December through February time frame is in the form of snow. Total annual

- -—snowfall averages 335 mm {13.2 in.) based on records from 1912 to 1980. Based
on extreme-value analysis of Hanford Site climatological records from 1947
through 1969, the 60-minute, 100-year storm would result in 20.6 mm (0.81 in.)
of precipitation and the 60-minute, 1,000-year storm would result in 28.2 mm
(1.11 in.) of precipitation. No records have been kept for time periods less than

- _------60 minutes. However, the rain gauge chart for June 12, 1969 shows that

14.0 mm (0.55 in.) of precipitation was collected during a 20-minute period.

In addition, an afternoon thunderstorm on June 29, 1991 dumped 11.2 mm

(0.44 in.) of rain at the HMS in only 10 minutes. A 24-hour maximum

accumulation for a 100-year return period is 50.5 mm (1.99 in.) and the

1,000-year return is 68.1 mm {(2.68 in.).

.- .--The average monthly temperature at the HMS is 11.7 °C (53.0 °F). However,
January monthly temperatures average -1.5 °C (29.3 °F), and July monthly
temperatures average 24.7 °C (76.4 °F). Temperatures reach 32.2 °C (90 °F} or
above an average of 55 days/year while minimum temperatures of 21.1 °C (70 °F)
or above occur only an average of 8 days/year.

The prevailing wind direction at the Hanford Site is either WNW or NW in every
month of the year. The strongest winds are from the SSW, SW, and WSW. June,
the month of highest average wind speed, has fewer instances of hourly averages
exceeding 13.9 m/s (31 mph) than December, which has the lowest average wind
speed. When extreme value analysis of peak gusts is performed on data from
1945 through 1980 (coilected at an elevation of 15.2 m [50 ft] at the HMS}, the
100-year return period for a peak wind gust is estimated to be 38 m/s (85 mph).
The maximum gust recorded in the data set was measured in January 1972 at
35.8 m/s {80 mph). The 1,000-year peak gust is estimated to be 44 m/s

{99 mph).
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---5.2 Projected Climatic. Conditions

A task within the BDP, the "Long-Term Climate Change Effects Task,"” has been
established to obtain probabilistic projections of the long-term variability in the

" Hanford Site’s ciimate so that anaiyses of barrier performance during its projected
design life (1,000 + years) could be made (Petersen et al. 1993). One of many
activities that has been performed as part of the climate change task is the
extraction of a pollen record from the lake bottom sediments of Carp Lake. Carp
Lake is located near Goldendale, Washington, southwest of the Hanford Site. This
pollen record, dating back 75,000 years or more, enables scientists to determine
the types of vegetation that once grew in the vicinity of the lake. With an
understanding of the vegetation species’ history, scientists are then able to predict
the climatic conditions necessary to support the growth of the types of vegetation
determined from the pollen record.

Referring to the climatic conditions of the Columbia Basin inferred from the
Carp Lake poilen record, Petersen {1993) states the following.

Throughout the record, mean annual precipitation ranged from 25 to 50%
below modern levels...to 28% above...At no time did precipitation levels
reach three times that of present day. Three times modern precipitation
has been taken as an upward bounding condition of precipitation to be
used in barrier performance assessment...

The three-times-average annual precipitation (3X) projection has been used since

FY 1991 as the upper bound when applying supplemental precipitation to field test
plots. This 3X amount also will be used during the testing of the prototype barrier.
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6.0 DESIGN LIFE

6.1 Background

Design life is defined as that period of time over which an engineered system or
structure is expected to remain operational and perform its intended function.
Conventional, modern design-life criteria for humanmade structures tend to range
from a qu decades to possibly several hundred years, with the application of
appropriate "safety factors.” The design life criteria tend to be influenced by our
knowledge of the physical, chemical, and biological properties of humanmade and
natural materials; our experience in the use of such materials under a variety of
“conditions and applications; and the intended usefui iife of the engineered

structure. While design life criteria of several decades to a few hundred years are
adequate for most commonly used engineered structures or systems, the long-term

- - -disposal of radicactive and hazardous waste materials poses new design life
challenges to ensure proper protection of human heaith and the environment during
the period that the wastes will remain hazardous.

The radioactive and biological half-lives of the contaminants of concern are such
that their life expectancies can range from several hundreds of years to tens of

complicated by the common assumption of possible loss of institutional control at
waste disposal sites after a period of 100 years. Consequently, waste disposal
structures must be capable of performing without maintenance and be designed to
withstand maximum credible events such as high winds, high rainfall, seismic
disturbances, and other natural phenomena that could occur during the life of the
disposal structure. Accurately predicting the occurrence of natural phenomena and
their impact on the integrity of waste disposal systems is difficult (if not
impossible) because of the multitude of uncertainties that can exist, especially over
periods of time up to the tens of millennia. Alvin Weinberg (1985} characterized
this situation by coining the phrase "transscientific” to describe certain
environmental problems that, while requiring close evaluation by engineers and

scientists, are not likely to be solved by science because of the enormous
e e uncertainties and lack of geotechnical experience.

AR mmrY P mT e el N B LRt T e A i =

A "defense in depth™ logic is commonly applied to the isolation of radioactive and
---hazardous wastes, wherein numerous barrier systems are employed to control

surface and subsurface phenomena. For example, surface covers are typically
used to control water infiltration, biointrusion, erosiun, and noxious gas emissions.
The waste materials can be encased in cement or glass monoliths to provide

_. _.__.... _.._ phvsical_stability and leach resistance._Subsurface barriers can be deploved around
the wastes to control advective and diffusive flow of contaminants away from
their place of disposal or to provide capabilities for leachate collection and removal.
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The extent to which any one or a combination of these barrier systems are applied
is driven particularly by the outcome of risk assessments, and public and regulatory
expectations.

Despite the multitude of uncertainties and a general lack of geotechnical
experience, design life criteria ranging from 1,000 to 10,000 years are becoming
commonplace in the design and selection of radioactive and hazardous waste
disposal facilities across the nation. Because our understanding of material
properties and behavior over long periods of time is limited, the study of natural
and humanmade analogs of barrier systems increasingly is relied on to provide
qualitative evidence of long-term performance. This qualitative evidence of
long-term barrier performance obtained through the study of natural analogs is
supplemented with a more quantitative understanding derived from field and
laboratory testing, and computer modeling. The qualitative and quantitative
information together provides the evidence needed to support the hypothesis that
protective barrier systems can isolate radioactive and hazardous wastes effectively
for the period of time that the wastes are considered potentially harmful to human
health and the environment.

6.2 Regulatory Drivers Affecting Design Life

There have been several developments in promulgated regulations that address the
design life of waste disposal systems. Generally, requirements for waste disposal
system performance are expressed in terms of dose to humans, contaminant
concentrations, environmental releases, or risk to human health and the
environment. Over the past decade, DOE, U.S. Environmental Protection Agency
(EPA), and Nuclear Regulatory Commission (NRC) regulations have cited waste
disposal design life criteria of 1,000 years and 10,000 years. The major difference
in the design life criteria for the waste disposal system concerned designation of
the wastes as low-level radioactive wastes or high-level radioactive wastes. In
addition to radioactive wastes, some of the wastes also contain a hazardous
chemical component and are referred to as mixed wastes. The current direction of
applicable regulations tends to be converging on the 10,000-year design life for all
nuclear waste disposal systems, regardless of waste origin.

The EPA has two primary rules governing the disposal of low-level and high-level
radioactive wastes: 40 CFR 193 and 40 CFR 191, respectively. 40 CFR 191 was
promulgated in 1985 and contains limits on integrated releases during a
10,000-year period. 40 CFR 191 also establishes limits on individual dose for
1,000 years. 40 CFR 191 was remanded in 1987, partially because the
1,000-year time frame for individual dose limits was not considered to be
sufficiently justified and the regulation had not been subjected to public review and
comment. However, the courts ruled that the 10,000-year integrated release limit
was adequately justified.
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The final ruling for the nations’ transuranic waste repository, the Waste Isolation

- Pilot Plant {WIPP} in Carishad. New Mexico, and.any. aother transuranic or high-levei
waste repository (except the Yucca Mountain Site} was reissued on December 20,
1993 (68 FR 66398). This final ruling states that the performance time frame for
both integrated releases and individual doses will be 10,000 years. The EPA ruling
for the nation’s high-level waste repository, the Yucca Mountain Site, will not be
prepared until the National Academy of Sciences (NAS) completes its review and
provides recommendations. The NAS recommendations are due by January 1995.
Although 40 CFR 191 does not apply to the disposal of low-level radioactive
___wastes, recent rulings by U.S. courts provide insight for the direction in which the
EPA is heading.

Currently, EPA regulations governing the disposal of low-level radioactive wastes
from the Uranium Mill-Tailings Remedial Action Program require waste disposal
sites to remain physically stable {not susceptible to subsidence) and chemically
isolated {no migration of waste materials from their place of disposal} for periods
up to 1,000 years {40 CFR Part 192.02). However, EPA’s move toward a
-10,000-year performance requirement will undoubtedly influence the future ruie for
jow-level waste disposal (40 CFR 193), which has been remanded and is being
rewritten.

The EPA also has promulgated regulations on underground injection (40 CFR 148}
and land disposal restrictions (40 CFR 268), which may have some bearing on the
determination of waste disposal system design life. In both rulings, provisions
exist for a "no-migration” variance. The no-migration variance is granted if the
licensee can provide an analysis of the waste disposal system showing that no
contaminants will migrate beyond their place of disposal for a period of

--10,000 years. The WIPP has applied to the EPA for a no-migration variance.

The Hanford Site-specific requirements for the performance of the waste disposal
system addresses the need to protect the general public, the groundwater, and
inadvertent intruders. For the safety of the general public, disposal systems must
be designed to limit exposure to no more than 25 mrem/year "Effective Dose
Equivalent™ (EDE) through all exposure pathways for at least 1,000 years. The
groundwater protection requirements reflect the need to meet the Clean Water Act
~and the Safe Drinking Water Act. The groundwater protection requirements also
ensure that the EDE, through the groundwater pathway, does not exceed

4 mrem/year to any person who might drink 2 liters of water per day from a well
- driled-into-the underlying aquifer. Compliance is necessary for a minimum of
1,000 years after the disposal of the wastes. Intruder-protection requirements
limit exposure to inadvertent intruders to 100 mrem/year for continuous exposure,
or 500 mrem for a single acute exposure, for up to 500 years.

6-3



BHI-00007
Rev. 00

The DOE is in the process of revising DOE Order 5820.2A, which will be
superseded by DOE Order 5820.2B. Existing drafts of DOE Order 5820.2B contain
a 10,000-year time frame for compliance with the individua! dose limit. However,
some debate remains regarding the need to conduct performance assessments
beyond the 10,000-year time frame to analyze the point of maximum contaminant
release, where warranted.

The NRC ruling on the disposal of low-level radioactive waste is contained in

10 CFR 61. Low-level waste disposal sites are required to demonstrate long-term
stability for approximately 300 to 500 years {10 CFR 61.44}. However, recent
license applications for waste disposal in the state of California contained
performance and risk assessments extending to 10,000 years. This may indicate
future NRC direction for the disposal requirements of low-level radioactive wastes
and the design life of waste disposal facilities.

In addition to the waste disposal regulations promulgated by the DOE, EPA, and
NRC, waste disposal systems will be subject to the requirements of RCRA and
CERCLA. RCRA establishes requirements for generators and transporters of
hazardous waste materials and provides a permitting process that regulates the
treatment, storage, and/or disposal of hazardous chemical wastes. Radioactive
wastes that are also considered hazardous under RCRA (mixed wastes) are subject
to regulation under Subtitle C of RCRA. RCRA has a shorter-term mentality in
terms of the design life of surface covers for landfills and other surface
—impoundments. -After the actual closure of a waste disposal cell;, RCRA requires a
30-year post-closure care period. The potentially harmful effects of waste disposal
___operations on human health and the environment are mitigated through an
extensive program of final cover maintenance, operation of a leachate collection
" and removal system, and establishment of a groundwater monitoring system.
Because the 30-year post-closure care period is typically well within the realm of
active institutional control, periodic maintenance can be conducted to ensure that
the cover system continues to perform as designed.

CERCLA provides for liability, compensation, emergency response, and cleanup of
hazardous substances released to the environment. CERCLA was amended by the
Superfund Amendments and Reauthorization Act of 1986 (SARA). CERCLA, as
amended, requires that remedial actions taken at a waste disposal site must attain
minimum ARARs based on state and federal laws. RCRA Subtitie C requirements
for hazardous waste treatment, storage, and/or disposal facilities frequently
become ARARs for CERCLA actions, mostly because RCRA regulates the same or
similar wastes typically found at CCRCLA sites. Consequently, the 30-year
post-closure care period specified under RCRA becomes a minimum requirement in
the closure of CERCLA sites. CERCLA legislation also discusses the need for
"permanency” of closure actions to ensure protection of human health and the
environment for as long as the wastes remain hazardous. This CERCLA
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requirement and the radioactive nature of wastes at the majority of CERCLA sites
at Hanford tend to drive the design life of surface covers into the range of 1,000
to 10,000 years, depending upon the specific radionuclides of concern.

6.3 Value Engineering Workshop

A Value Engineering (VE} workshop for the Hanford Site Long-Term Surface Barrier
Development Program was convened the week of February 8 to 12, 1993
(DOE-RL 1993b}. The VE workshop was attended by all the potential stakeholders
in surface barrier technology and included technology developers, technology
end-users, and the regulators. In general, the VE workshop was designed to
review barrier development progress to date, to review plans for remaining barrier
development activities, and to reach stakeholder consensus regarding the need to
conduct the remaining planned development activities to ensure public and
regulatory acceptance of surface barrier technology. Several specific issues also
were addressed during the VE workshop to ensure that stakeholder expectations
were articulated clearly and understood. One of these issues was the design life
for long-term surface barriers.

- After a lengthy-discussion-of-existing and-emerging regulatory requirements and
stakeholder expectations, a minimum design life of 1,000 years was selected. The
planned application of the barrier at Hanford will be predominantly over low-level
radioactive or mixed waste disposal sites. Consequently, a 1,000-year minimum
design life adequately addresses protection against the majority of the
contaminants of concern, which have half-lives less than 100 years {radionuclides
decay to innocuous levels after 10 half-lives) and tends to conform to existing
regulatory guidance for the disposal of low-level radioactive and hazardous
chemicai wastes. Aiso, a 1,000-year design life tends to be approaching the upper
range of credible and defensible extrapolations of surface barrier performance
results, given our limited understanding of natural and humanmade materials and
general lack of geotechnical experience. A 10,000-year time frame is considered
to be "transscientific” and tends to be difficult, if not impossible, to prove given
the great many uncertainties in the assumptions required to conduct engineering
-.-analyses of surface barrier performance over long periods of time. Finally, a
1,000-year design life was recognized as being ample time to allow technological
advancements in the area of waste treatment. In this regard, the surface barrier
would adequately protect human health and the environment until new and
innovative waste treatment technologies are developed and demonstrated.
Removal of the surface barrier and deployment of new waste treatment
technologies would be relatively simple.
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7.0 MULTI-LAYER BARRIER CONCEPT

7.1 Functional Performance of Surface Barriers

The protective barrier design consists of a fine-soil layer overlying other layers of.
coarser materials such as sands, gravels, and basalt riprap (Figure 7-1). Each layer
serves a distinct purpose.

The fine-soil surface of the protective barrier has been engineered for two major
purposes: to maximize runoff while minimizing erosion, and to evapotranspire
water that has infiltrated the barrier’s surface back to the atmosphere. The
surface of the protective barrier has been engineered with a slight slope or crown.
This slight grade is intended to maximize the runoff of meteoric water and to
reduce the amount of precipitation available for infiltration and percolation. The
amount of water available for infiltration and percoiation is a function of the
amount of precipitation that falls on the barrier surface, minus the amount of water
that runs off of the barrier surface and away from the structure. The current
barrier design uses a 2-percent sloped surface to allow runoff and minimize
erosion.

The fine-soil layer also acts as a medium in which moisture is stored until the
processes of evaporation and transpiration recycle any excess water to the
atmosphere. The protective barrier is designed and constructed with a fine-soil
-layer overlying a layer of coarser materials (e.g., sands and/or gravels). The
differences in textures between the barrier materiais at this interface provide a
capillary barrier for percolating water.

In an unsaturated system, the capillary pressures are much less than atmospheric
pressure. The overlying fine-textured soils must become nearly saturated for the
water pressure to approach atmospheric pressure and allow water to flow into the
underlying coarse layers. This resistance to drainage increases the storage
capacity of the overlying fine-textured soil. Keeping the water in the fine-textured
‘layer provides time for the processes of evaporation and transpiration to remove it.

The critical component of the capillary barrier is the fine-soil layer. The fine-soil
_layer must be able to retain infiltrating precipitation until the processes of
evaporation and transpiration can recycle the water back to the atmosphere. The
removal of water from a barrier’s fine-soil layer is increased significantly by the
presence of vegetation. After the construction of a barrier, desired stands of
vegetation on the barrier surface are to be engineered and cultivated. However,
during a barrier’s design life, periods may exist when the engineered vegetative
cover is disturbed by range fires, drought, disease, or some other phenomenon.
Because the design objective is to create a maintenance-free barrier, revegetating
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the barrier surface with the desired plant species may not always be possible.

A long period of time may elapse before a climax community of vegetation
reestablishes itself on the barrier surface in these circumstances. Although the
presence of vegetation on the barrier surface is ideal, the results of lysimeter tests
provide evidence that the capillary barrier concept performs effectively even in the
absence of vegetation (Wing 1993b).

In addition to transpiring water back to the atmosphere, the presence of vegetation
on the barrier surface will significantly reduce the amount of fine soil lost from the
barrier by wind and water erosion. As discussed previously, vegetation is
expected to be growing on the surface of the barrier throughout the majority of its
design life. However, periods of time may exist when the vegetative cover is not
present. To protect the barrier surface during these times, surface gravels will be
admixed into the surface of the protective barrier. Wind tunnel tests have
demonstrated that admixtures and layers of 3- to 7-mm gravels provide superior
surface protection. The best gravel admixtures reduced surface deflation rates by
greater than 96 percent {compared to unprotected soil). In addition, rounded river
rock and angular crushed-rock gravel provided equal surface protection, thereby
expanding the possibilities of finding adequate source materials for the least
expense (Ligotke and Klopfer 1990; Ligotke 1993).

- .- The placement of the silt loam directly over the coarser materials also creates an

environment that encourages plants and animals to limit their natural biological
activities to the upper, fine-soil portion of the barrier, thereby reducing biointrusion
into the lower layers. The coarser materials help to deter plant and animal
intrusion as well as the inadvertent intrusion by humans.

Low- permeabil'ity asphalt layers, placed in the barrier profile below the capillary

.asphalt Iavers include (1) diverting any percolating water that gets through the

capillary break from the waste zone, and (2) limiting the upward movement of
noxious gases from the waste zone.

Several types of asphalt have been studied in tests conducted by the BDP. One
promising asphalt formulation currently being tested consists of a composite layer
of asphaltic concrete {with 7 to 8 percent asphalt and low voids) overlain by a
layer (5.1 mm [0.2 in.] thick) of polymer modified asphalt. Two major advantages
to this asphalt formulation include its high mechanical strength and its use of
composite layers, which have been shown to provide much lower permeabilities

- than-one layer alone. The low permeability and longevity of asphalt, along with its

_low water content, make asphalt ideally suited not only to prevent water intrusion

but biotic intrusion as well. The coarse materials, above the low-permeability
asphalt layers, also serve as a drainage medium to channel any percolating water
to the edges of the barrier.



BHI-00007
Rev. 00

Two side slope configurations are being considered in long-term surface barrier
designs: (1) a relatively flat apron of clean-fill materials (commonly called a clean-
fill dike) and (2) a relatively steep embankment of fractured basalt riprap. The
clean-fill dike concept uses readily available borrow materials {such as pitrun
gravels) to create a relatively flat apron around the periphery of the barrier. This
relatively flat apron provides a more gentle transition from the shoulder of the
barrier to the surrounding environment than does the steep side slope. The steep
_side-slope design uses fractured basait riprap, which consists of relatively large
angular rocks. The angularity of the riprap provides many interlocking surfaces
between adjacent rocks, which allows the ¢reation of a relatively steep, yet stable,
side slope.

The control of water infiltration at the periphery of the barrier is a significant design
feature that must be considered for both clean-fill dike and fractured basalt side
slopes. Protective barriers are designed with sloped fine-soil surfaces and low-
permeability subsurface components. Consequently, water will be channeled to
the side slopes and toe of the barrier. Because of this channeling, a significant
amount of water is expected to accumulate at the periphery of the barrier. This
accumulation of water poses two major design considerations: (1) What effect
does the additional water have on side slope stability and erosion? and (2} How
can the additional water be kept from contacting buried wastes?

Many different approaches exist for controlling potential water infiltration problems
at the side slope and toe of a surface barrier. Three key options include:

(1) allowing an adequate amount of barrier overhang, (2} using vertical asphalt or
grout curtains, and (3) designing the toe of the barrier to remove water passively
via evapotranspiration.

"Barrier overhang” (Figure 7-2) is the terminology used to describe the projection
of the functional barrier surface (outer edge of the fine-soil layer) beyond the
perimeter of the waste zone. Barrier designs use overhang to control the lateral
flow of water from the toe of the barrier {where water accumulates) to the waste
zone. if the barrier overhang is great enough, the amount of water (if any) that
gains access to the waste zone via lateral flow would be sufficiently minimized to
reduce the potential for contaminant leaching and subsequent transport. The
prototype barrier is testing this concept.

The asphalt or grout curtains (Figure 7-3} would consist of a vertical ring or band
of low-permeability materials that completely encircles a waste site. The curtain
would be constructed such that runoff water from the barrier would be diverted
onto the side of the curtain opposite the waste zone.
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The barrier toe could be designed to intercept and retain runoff water from the
barrier until the water can be passively recycled to the atmosphere via
evapotranspiration. One concept being evaluated is the construction of a
retention-pond type of structure. This feature is constructed by extending the
-- subsurface asphalt-layerin-the protetype barrierinto-2 shallow trench dug along
the periphery of the toe of the barrier. The asphalt layer serves as a liner in the
trench. Gravel and silt-loam fine soil are backfilled over the asphalt liner. The
silt-loam fine soils are vegetated to take advantage of the transpiration capabilities
of plants. Runoff water from the prototype barrier is allowed to flow into the soil
in the retention pond system. Based on lysimeter studies, the fine-soils will store
—...maisture during the fall and winter manths. This stored water subsequently will he
-—~—removed from the soil by evapotranspirational processes during the warmer spring
and summer months, reducing the amount of water avallable for recharge. This
concept is being tested in the prototype barrier.

7.2 Barrier Material Availability

7.2.1 Description

The prototype barrier design calfs for the use of a number of naturally occurring
materials that contribute important functions to the overall barrier performance.
The wide variety of functions that these materials will provide range from water
storage and drainage to biointrusion control and erosion control.

7.2.2 Background

To aid in the initial barrier design, a set of performance objectives were established
that encompassed regulatory issues and technical concerns. Task groups were
organized to focus on resolving specific technical concerns regarding the
performance of a protective surface barrier in the arid environment found at the
Hanford Site. Subsequently, the task groups identified the need to use a variety of
materiais 16 perform functions required for successful barrier performance

(Wing 1994). These materials include fine silt, pea gravel, sand, drainage gravel,
- -basalt riprap, and asphalt. Of these materials, the fine-silts and basalt riprap
comprise most of the volume required to construct the prototype barrier.

7.2.3 Design Basis

-f-suitable materials- are not located -near the-barrier construction site, they might be
available from a nearby region outside the local area. However, if the
transportation costs for moving the material from outside the local area to the
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barrier construction site are prohibitive, either a change in barrier design is required
or the minimum acceptable properties for the given material as outlined in the
construction specifications must be lowered. In the latter case, performance will
be sacrificed, and the design may no longer follow the objectives first established
for the original barrier design. Design changes may dictate using greater quantities
of inferior materials to accomplish the same function or substituting materials that
do not have well-known or well-documented long-term properties. For example,
one of a variety of humanmade products, such as geosynthetic membranes, may
have a well-known set of properties resulting from tests conducted over several
years; however, the performance of these materials over many decades or
centuries is not known.

Fortunately, the Hanford Site encompasses a large area, so abundant barrier
construction material resources exist within its boundaries. Basalt outcrops,
gravels, and sands, are commonly found within the boundaries of the Hanford Site.
Fine silts are also found in abundant, but limited supply, northwest of the Yakima
Barricade on the McGee Ranch Site, within Hanford Site boundaries.

Factors such as transportation costs, material suitability, and material quantity are
not the only factors that can affect the availability of desired resources. Because
Hanford property is Federally owned, additional considerations are given to cultural
and historical significance of the ground and structures that are proposed to be
disturbed. Many basalt outcrops located on Hanford property are considered
culturally or religiously significant to the Native Americans who once inhabited the
Site.- Detaiied cuiiurai resource information about the Hanford Site can be found in
Chatters {(1989).

Abundant materials identified as suitable and available for use in barrier
construction from an engineering perspective may not be suitable or available for
use from a cultural or historical perspective. Such conflicts will require negotiation
between the DOE, Native American Indians, and appropriate state agencies to
mitigate the issues. However, if no solution can be reached that is acceptable to
both parties, alternate material resources must be identified on Hanford property as
close as possible to the barrier construction site. If materials cannot be secured
within Hanford boundaries, the materials must be identified and secured from an
offsite source. In addition to the considerable costs for transporting materials from
offsite, costs will be accrued for procuring materials from private parties.

7.2.3.1 Basalt Resources. Basalt riprap is a major component in the prototype
barrier design. The barrier design includes a 1.5-m- (3,9-ft-} thick layer of riprap in
the barrier core and an armoring layer of riprap used to stabilize the steep barrier
side slopes against the erosive forces of wind and water.

~J
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A Site Evaluation Report {(SER) (Myers 1985) identified suitable locations of basalt
resources on the Hanford Site at Gable Mountain, Gable Butte, and West Haven
that could be used to support barrier construction. After analyzing the sites, the
preferred location was Gable Butte, which is located closer to expected barrier
construction sites of all the basalt sources considered. This nearly unlimited
supply of basalt also is located near rail lines and paved roads, which would
facilitate transportation of the riprap. However, subsequent comments regarding
the cultural significance of Gable Butte to the Native American Indians suspended
immediate plans to develop a large-scale quarry at this site. Similar issues exist for
the other basalt outcrops identified in the aforementioned materials study.

_ Permission was granted to obtain a small quantity of basalt from the Vernita

- Quarry for use in construction of the prototype-barrier.-Approximately 10,700 m®
(14,000 yd?) of basalt riprap was removed from this site for use in constructing
the prototype barrier.

7.2.3.2 Fine-Soil Resources. Four locations across the Hanford Site were
originally identified as candidate sites for developing a fine-soils borrow site

(Myers 1985). In 1985, a location west of the 200 West Area was selected from
the four alternatives as the preferred site for securing fine soils for barrier
construction. However, quarry activities in this area would have interfered with
the reference repository location monitoring activities for the Basalt Waste Isolation
Project (BWIP).

Later, a siting study (Skeliy and Wing 1992} identified extensive depositsof fine
soils at McGee Ranch and subsequently selected it as the preferred site to borrow
fine soils. Surface soils found at McGee Ranch were originally classified in 1919
as Sagemore fine sand, very fine sand, or silt loam. However, after grouping of
some soil series and applying new names, the Sagemore soils listed above were
reclassified as a Warden silt loam (Hajek 1966).

Recent characterization activities at McGee Ranch identified approximately

3.4 million m® {4.5 million yd? of fine soils {Last et al. 1987) in an area east of
McGee Well referred to as Area A. Area A encompasses an area south of McGee
Well and is bounded on the east and south side by SR 24. Surface features of
Area A consists primarily of fields that were farmed before 1943, and a small area
of native shrubs. Fine-soils used during construction of the prototype barrier were
acquired from an existing borrow pit immediately south of McGee Well in Area A.

7.2.3.3 Sand and Gravel Resources. A variety of sand and gravel resources
required for use in constructing the prototype barrier were obtained from Pit 30,
located in the 200 Area corridor between the 200 West and the 200 East Areas.
" Ih addition to the advantages of this pit suppiying pea gravel, sand, and drainage
gravels, the prototype and many potential barrier construction sites are nearby in
the 200 West and 200 East Areas. A



BHI-00007
Rev. 00

7.2.4 Testing and Monitoring

The prototype barrier will be constructed using the same native materials, available
on the Hanford Site, that will be used for constructing large-scale barriers. This
provides the opportunity to test and monitor the performance of readily available
native barrier materials as they are stressed over time by forces such as water
erosion, wind erosion, biointrusion, moisture migration, freeze-thaw cycles,
settlement, and vegetation growth.

The prototype barrier design is expected to perform well under the tests planned
during the next several years because of the supporting data and information
collected over many years from field tests, laboratory experiments, and numerical
modeling. However, based on results from these testing and monitoring activities,
some adjustments could be made in the arrangement, specification, or quantity of
readily available native materials used in subsequent surface barrier designs.

7.3 Fine Soil Layer

7.3.1 Description
The fine-soil layer is a composite of two layers. The bottom layer is 1.0 m (3.3 ft)
thick and comprises silt-rich material (e.g., Warden Silt Loam Soil} obtained from
the McGee Ranch Site located immediately northwest of the Yakima Barricade on
the Hanford Site. The siit material is naturally occurring and well graded, with
more than 30 percent by weight passing through a No. 230 sieve. Moisture may
be added before or during transport to facilitate handling. The top layer is

also 1.0 m {3.3 ft) thick and is comprised of Warden Silt Loam soil, to which

15 percent (by weight} pea gravel has been added.

7.3.2 Background

A surface barrier designed to minimize water intrusion into waste must meet
certain criteria. These criteria focus on the properties of the soil layers but also
consider climatic and biotic factors that combine to affect water intrusion.

In arid climates, where precipitation is limited, evapotranspiration (ET) is often
sufficient to limit water from percolating through the cover and intruding into
underlying wastes. The potential for all of the annual precipitation (rain and snow)
to be removed by evaporation is high in arid climates because the theoretical limit
for evaporation is often 10 times the precipitation {Gee and Hillel 1988). In this
respect the water balance is favorable for preventing drainage and optimizing
-.evaporation losses-ef incoming-precipitation. However, the critical consideration is
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the distribution of the precipitation and the ability of the soil cover to store and
retransmit water to the atmosphere so that drainage is prevented. In addition to
climatic variables and soil properties, biological factors (including plants and
-animals) combine to influence the water balance. Plant root depth and density
influence the water extraction rates. Animal burrowing provides pathways
{macropores) for water infiltration and for advective vapor flow {(evaporative
losses). Thus, biotic factors can influence the soil water balance significantly and,
in many cases, control the ultimate water balance of an earthen cover system.

The water balance of an earthen cover in an arid site for any given period can be
written as:

P=ET+S+ D+ RO {1)
where:

P is precipitation

ET is evapotranspiration

S is soil water storage change
D is drainage

RO is runoff.

The design criteria for an earthen cover is to minimize the drainage, D, considering
all factors that influence the remaining terms of the water balance. For the
Hanford Site, much information is now available regarding earthen cover water
balance (Gee et al. 1992, 1993, 1994). This information has been used in current
design features and will be described in the following paragraphs. The
incorporation of this information into specifications for the surface soil and the
choice of materials used in the selection of the top 2 m (6.6 ft) of the prototype
Hanford barrier. ‘ ‘

7.3.3 Design Basis

The purpose of the fine-soil layer is to act as a root zone for plants and a
confinement zone for animals. The water storage of the soil is sufficient so that
--extreme water infiltration events can be accommodated and minimal drainage
occurs {averaging less than 0.5 mm/year [0.13 in./year]). The purpose of the
gravel admix is to minimize soil erosion by wind and water. Justification for this
design is found in the following sections.

7.3.3.1 Precipitation. The Hanford Site is located in an arid climate where winters
are cool and wet and the summers are hot and dry. During the past 80 years,
annual precipitation has varied from 76 mm to 291 mm (3.0 in. to 11.5 in.}. Snow
contributes about 20% of the annual precipitation, and is also highly variable. For
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example, in 1992 to 1993, a record snowfall (1425 mm [56 in.] snow) occurred
with a water equivalent of about 140 mm (5.5 in.) or more, half of the annual
precipitation (Gee et al. 1993). In contrast, during this past winter (1993 to
1994}, only 104 mm (4.1 in.) of snow fell compared to a long-term average of
348 mm (13.7 in.) based on records from 1951 to 1980. Also, periods of extreme
dryness have occurred. Within the past 6 years, two summers have experienced
more than 65 days wathout rain. Additional climate information can be found in
Section 5.0.

The design features of a protective surface barrier at Hanford should accommodate
all expected extremes in precipitation (both extreme wetness and extreme

~drought}. 1In the prototype design, extremes in precipitation have been

accommodated for by providing an adequate water storage zone in the top 2 m
(6.6 ft) of surface soil. Lysimeter tests (Gee et al. 1993) show that when plants
{perennial shrubs and annual grasses) are present on a silt loam soil surface, all the
annual precipitation under both ambient climate (past 6 years) and elevated
precipitation conditions {3 years of 320 mm/year [12.6 in./year] water application,
plus 3 years of 480 mm/year [18.9 in./year] water application) is removed.
Drought may increase the potential for wind erosion of the soil surface. Such
erosion can be minimized by incorporating pea gravel in the top meter of soil. Pea
gravel additions in the soil will assist in stabilizing the surface against both wind
and water erosion (Ligotke and Klopfer 1990; Giimore and Walters 1993).

7.3.3.2 Evapotranspiration. Evaporation from plant and soil surfaces is a function
of applied water and associated surface climatic parameters. When water is
available, either at the soil surface or readily available to plant roots, evaporation
processes proceed at or above the potential evaporation rate under arid climate
conditions. '

For the field lysimeter testing (Gee et al. 1993), irrigation was applied to both bare-
surface and vegetated lysimeters. The water application was confined to a set of
11 lysimeters, while the remaining 13 lysimeters were not irrigated. Evaporation
and ET were always highest on the irrigated lysimeters. For the vegetated
lysimeters, the ET rates were always equal to or greater than the applied water
{whether irrigated or not). This observation confirms that ET rates in arid climates
are variable and depend significantly on the available precipitation.

--For-our combination of scils-and-plants-{silt-loam-soil and sagebrush vegetation),

the water removal rates have been entirely adequate to remove up to 480 mm/year
{18.9 in./year} (3 times the average annual precipitation). This amount of annual
precipitation has never been observed naturally at Hanford and is expected only if
an extreme climate change occurs, causing wetter conditions to persist for an
extended period of time {see Section 5.2).
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Based on these observations, the 1.5 m (4.9 ft) of silt loam soil tested in the
lysimeter should be adequate to store and transmit all of the applied water via ET,
even during years with extreme (up to 3X) precipitation. For these reasons and
those discussed in the following sections, the ET rates from the 2-m (6.6-ft) deep
prototype barrier soil should remove all applied water annually for any of the test
conditions {up to 3X precipitation) imposed.

7.3.3.3 Storage. Water stored in silt loam soil has been documented for profiles
up to 1.5 m {4.9 ft) deep. The computed water storage for 1.5 m (4.9 ft) is
——————— —approximately 500 mm {19.7 in:}. "Fora 2.0 m (6.6 ft) deep soii profiie, neariy
linear increase is expected in storage for a silt loam soil, thus a 2.0 m (6.6 ft) deep
silt loam profile should store up to 667 mm (26.3 in.) of water or about 4 times
the annual average precipitation. While no direct measure of the influence of a
pea-gravel addition exists, a potential reduction of water storage probably will
occur because of the pea gravel. Because of the addition of 15 wt percentage pea
gravel to the top 1.0 m (3.3 ft) of soil, the water storage in the 2.0 m (6.6 ft)
prototype soil surface will be approximately 600 mm (23.6 in.). This water
storage limit will be tested during the next 3 years in the Field Lysimeter Test
Facility (FLTF) (Gee et al. 1993). A storage limit of 600 mm (23.6 in.) is expected
to provide sufficient water storage capacity to fuily accommodate any extreme
precipitation event during the next 1,000 years or more. Thus, more than three
__ times the annual average precipitation can be stored in the soil during the year, and
all of the water will be removed annually by ET.

7.3.3.4 Drainage. The design objective for water infiltration control for the
prototype is to limit drainage to less than 0.5 mm/year (0.02 in./year). A similar
objective was met in the FLTF, where 1.5 m (4.9 ft} of silt loam soil has been

_ . tested in vegetated and irrigated conditions. The FLTF tests also show that
sagebrush roots penetrate at least 2.0 m (6.6 ft} deep when adequate soil water
exists. The entire 2.0 m (6.6 ft) profile of the prototype barrier probably wiil be
penetrated by sagebrush roots, and water will be extracted from the entire profile.

--- -——------ Buch a@-system, which removes water effectively from the entire profile, severely

—— — —— ——limits drainage. The drainage criteria of 0.5 mm/year (0.02 in./year) or less should

be possible using the fine soil (silt loam) surface.

The performance objective of 0.5 mm/yr for recharge {drainage) was initially
obtained from a performance assessment related to cover designs for buried waste
at Hanford (Gee 1987). The performance assessment suggested that at 0.5 cm/yr,
buried contaminants in the 200 Areas (where water table is at least 60 m (197 ft)
below the waste) would reach the water table only after 10,000 years. As
discussed in the previous sections, cover design life for LLW is currently set at
1,000 years, thus, the barrier design has considered features that have a high
probability of lasting 1,000 years or more. If the recharge performance objective is
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met, a Hanford Barrier in the 200 Areas (i.e., where waste is 60 m [197 ft] or
more above the water table) should provide a 10 fold margin of safety against
increasing the aquifer contamination.

- There-is still. some uncertainty about the length-of the cover design life required in
the "final" regulations. Also there is the possibility that waste sites in other areas
{with much shallower water tables) might be considered as candidate cover sites,
or the possibility that some covers will require longer design lives than

1,000 years. Because of these considerations, we have chosen to leave the

design objective at 0.5 mm/yr,

7.3.3.5 Runoff. Runoff is not expected to be a major component of the water
balance at the Hanford Site. However, runoff can be expected at certain times as
a result of rapid snowmelt (with or without superimposed rainfall} and high-
intensity storms {current climate capabilities}. On the gentle sloping (2 percent)}
surfaces of the prototype barrier, runoff is not anticipated under normal
precipitation events for two reasons. First, the vegetation provides a microrelief
feature that tends to trap water and generally increases the infiltration capacity of
the soil (Wishmeier and Smith 1978; Marshall and Holmes 1979}. Second, gravel
admixtures, which were designed for wind erosion control (Ligotke and

Klopfer 19920; Ligotke 1988; Cadwell et al. 1993} may also aid in stabilizing the
surface. This may increase water infiltration in-winter by modifying the thermal
regime sufficiently to limit freezing depths and speed the thawing of surfaces that
otherwise might remain frozen, resulting in the water permeability.

The dominant effect on runoff control is expected to be the vegetation. Based on
field studies of water-sediment vyield, we would expect very little sediment to be
eroded from a vegetated barrier surface, but varying amounts of water yield are
possible depending upon precipitation intensity and duration. Shrubs or grass will
act to enhance the macropore structure of the surface soil, and the infiltration rates
will tend to be higher in soils with the most vegetation. The plan for monitoring is
to determine the volume of water that leaves the barrier surface as runoff and the
associated sediment load (if any).

7.4 Graded Filter

7.4.1 Description

The graded filter consists of two layers, a 0.15-m (0.5-ft) layer of naturally
occurring or blended sand overlying a 0.30-m (1.0-ft) gravel drainage layer. These
layers lie between an overlying surface layer of McGee Ranch silts and an
underlying layer of fractured basalt.
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The gravel filter layer was constructed of commercially available, 16-mm {0.63-in.)
maximum, crushed surfacing, top course, meeting the requirements of the
Washington State Department of Transportation (WSDOT) Standard Specifications
-for-Road,Bridge, and-Municipal Construction {M41-10,-8-03:8[3]). -This particular
gravel blend was selected because it allows the use of a sand filter (between the
silt and gravel filter) with a broad range of gradations and is readily available. The
criteria used to select the gravel filter were based on its ability to prevent the

-transport of fine particles from the overlying sand filter under saturated flow
conditions. Laboratory tests determined the hydraulic conductivity of the gravel as
approximately 0.57 cm/second (0.22 in./second).

The thickness of the gravel filter is 0.30 m (1.0 ft) based on half the value of the
largest dimension of the particles in the fractured basalt layer beneath the filter,
plus 0.15 m (0.5 ft}, to ensure an adequate layer thickness at all iocations.
Placement and compaction in horizontal areas was in accordance with WSDOT
M41-10, 2-03.3(14). The steeply sloped area of the gravel filter at the inside face
of the barrier edges could not be compacted.

Naturally occurring sands having a gradation meeting the standards established by
the U.S. Army Corp of Engineers for a soil filter under saturated flow conditions
were used for the sand filter. Placement and compaction in horizontal areas

(15 cm [6.0 in.] thick) was in accordance with WSDOT M41-10, 2-03.3(14). The
steeply sloped area of the sand filter at the inside face of the barrier edges could
not be compacted. For this reason, the design thickness measured normal to slope
was increased to a minimum of 26.8 cm.

Railroad ballast (meeting the requirements of WSDOT M 41-10, Section 9-03.9(2])
was used to level the surface of the fractured basalt iayer.

7.4.2 Background

A change in side slope design during the barrier’s development affected the design
of the side slopes of the filter layers. In the 1990 design, the portion of the sand
filter on the side slopes was to be placed in horizontal layers to support a portion
---— --- of the basalt side slopes. This required a width in excess of 2.4 m (8 ft) to
accommodate standard compaction equipment. The sand filter no longer supports
-~~~ -~ the side siope struciiure s0 compaction is no ionger critical.
The design of a surface barrier {final cover) aczording to the EPA requirements
includes a surface layer of fine-grained soil {to store precipitation and support
vegetation), an underlying drainage layer, and a low-permeability layer {to direct
percolating water away from the underlying waste form). The prototype design
. alsoincludes a biointrusion impediment layer of fractured basalt to inhibit deep
animal burrowing, root penetration, and inadvertent human intrusion. The
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fractured basalt layer underlies the graded filter layer. A graded filter was needed
between the fine-soil surface layer and the fractured basalt layer to impede the
movement of silt into the large pore spaces of the coarser grained materials. Each
filter media must not clog the pore spaces of each successive filter yet the abrupt
change in grain size between the silt and the underlying filter must be maintained
to provide a capillary break. Moisture in the silt will tend to move laterally along
the fine-soil/filter interface, being retained by the higher tension in the pores of the
fine-soit compared with the coarse sediments. In addition to water loss by ‘
evapaoration from the soil, the piant community that develops in the silt also can
extract soil water and transport it into the air by transpiration.

Criteria for the filter media is given in Seepage, Drainage, and Flow Nets .
(Cedergren 1977). The criteria was used to calculate the range of grain sizes
required for the sand and gravel layers to function as filters under saturated flow
conditions and conforms to the gradation standards established by the U.S. Army
Corp of Engineers. Because saturated flow is unlikely, the selection was
conservative.

7.4.3 Dasign Basis

The materials chosen for the graded filter depended on the materials chosen for the
surface layer and the position of the fractured basalt layer in the stratigraphy of the
- barrier. The fine fraction of the gravel filter did not meet the third design criteria
when evaluated with respect to the coarsest ranges possible in the basalt layer
(see calculations in Appendix C). Another filter media was required between the
basalt and the overlying drainage gravel to ensure conformance with the filter
criteria. Leveling the surface of the basalt with railroad ballast satisfied the design
criteria. The railroad ballast aiso served to aid construction in controlling the
thickness of the gravel filter.

7.5 Basalt Riprap Layer

7.5.1 Description

The basalt riprap layer is composed of well blasted basalt fragments obtained from
a locai quarry. The design specification for the basalt riprap is a maximum particle
size of 25 cm (10 in.) and an average particle size by weight of 10 cm (4 in.). The
riprap layer is 1.5-m (4.9 ft) thick and is sandwiched between the gravel drainage
layer which overlays the composite asphalt and the graded filter which is under the
fine-soil. The gradation specification for the riprap is 100% smaller than 25 cm
(10 in.), 50 to 70% smaller than 13 cm (5 in.), 30 to 50% smaller than 8 cm

(3 in.), and O to 5% smaller than 1.5 cm (0.6 in.).
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7.5.2 Background

Early barrier designs placed a great deal of emphasis on preventing biointrusion into
the buried wastes from plants, animals, and humans, especially in scenarios where
there was no institutional control and no maintenance. Consequently, the bottom

- -layer of early barrier designs was a thick layer of basalt riprap, which was

--Incorporated into the basalt side slopes at the edges of the barrier and formed the
entire outer perimeter of the barrier. The graded filter and the fine sail was placed
in the depression or "bathtub™ formed by the riprap bottom layer and the riprap
side slopes. The fine soils placed over the underlying coarse materials created a
capillary break and was the only hydrologic barrier in this early design. The basalt
riprap layer formed the biointrusion barrier (i.e., plant roots, burrowing animals, and
human intrusion activities such as digging and well drilling).

The philosophy of the early designs was that the fine-soil layer would reduce the
amount of water available for drainage into the buried waste by using runoff,

use in the barrier because the fine soil could become saturated under severe
conditions anid a break-throygh of the water through the bottom of the soil layer
could occur. The clay layer was placed between the soil and the riprap to provide
a redundant hydrologic barrier. However, upon reviewing the published literature

—and obtaining information from users of clay layers in covers, it was found that the
clay could desiccate and crack in an arid environment. This led to the clay layer
being replaced with a composite layer of asphaltic concrete and fluid-applied,
polymer-modified asphalt. The composite layer of asphalt is intended to replace
the typical composite layer of clay overlain by a geomembrane that is used in many
RCRA cover designs.

The design for the barrier was reviewed by an expert peer review panel to verify
that the Hanford BDT had not inadvertently overlooked any necessary design
features and to add credibility to the barrier design from experts with a national
perspective. One of the recommendations of the peer review panel was to move
the low-permeability asphalt layer to the bottom of the barrier and place the riprap
between the fine soil and the asphalt. This would result in the riprap layer
protecting the low permeability asphalt layer and the buried wastes. The barrier
design was modified as recommended and has resulted in the layer configuration
that is currently in the prototype barrier.

The function of the basalt riprap layer is to impede biointrusion (human, plant, and
animal) into the waste disposal site and protect the composite asphalt layer. The
thickness of the barrier is used as a deterrent to biointrusion and 10 CFR 61, as
‘explained in the previous section on Justification - Regulatory Drivers, specifies a
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5-m (16-ft) distance from the top of the waste to the top of the barrier. The
thickness of the riprap layer is 1.5 m (4.9 ft} and contributes a significant part of

-~ —the 5-m {16-ft} thickness of the entire barrier. Rasistance to biointrusion is based

) "~ notoniy on the total thickness of the layers but also on the characteristics of the

materials in the layers. A layer of riprap is more resistant to root penetration,
animal burrowing, and intrusive human activities than is a layer of sand or gravel.
The basalt riprap layer is needed in the barrier to protect the low-permeability
performs this function by creating a dry rocky environment that is not conducive to
root penetration and by providing a layer of large rocks that are a barrier to
burrowing, digging, and well drilling.

The maximum particle size of the riprap is based on the maximum size of particle
that a burrowing animal, such as a badger, can remove from a burrow; this size
was doubled to arrive at the maximum particle for the riprap. The maximum
particle size for the riprap is 25 cm (10 in.) based on a maximum particle that can
be removed from an animal burrow is approximately 13 cm (5 in.). These design
decisions were made during BDT meetings and discussions about animal burrowing
activities. The riprap needs to be large enough to discourage small animal

- - - hurrowing-and reasonable-in-size-to facilitate material handing. The gradation of
the riprap was selected to facilitate the placement of a graded filter.

7.5.4 Testing and Monitoring

. ________ _ The construction of the prototype barrier will determine the constructability of the
basalt riprap layer. The ongoing testing and monitoring of the prototype barrier will
help to determine the effectiveness of the riprap layer in terms of plant and animal

- ————- -intrusion and-the effectiveness of riprap and graded filter layers in supporting the
fine-soil layer.

7.6 Asphalt Layer

7.6.1 Description

The asphalt layer is a composite layer composed of a 15-cm (5.9 in.) layer of
asphaltic concrete overlain with a 5 mm (0.2 in.) layer of fluid-applied asphalt
(FAA). The specification also contains directions for the heating, mixing, and
applying the aggregate and asphalt.

The mix design developed for the hot-mix asphalt concrete (HMAC) component

used in the prototype is quite different from HMAC mixes designed for use in
... ... .___roadway paving applications. There are major differences between the two mix
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designs in asphalt content, aggregate gradation and air voids. The asphalt
(AR-4000W) content of the HMAC used in the prototype was specified at

7.5 +/- 0.5 percent. Asphalt contents in HMAC used in paving applications
typically range from 4.0 to 6.0 percent. Variations in the aggregate gradation
represent the most significant difference between the HMAC designed for the
prototype and that for paving applications. The aggregate gradation used in the
prototype HMAC contains no aggregate greater than 0.5 inches in diameter and is
comprised of a high fines (-200 mesh) content. Controlling these two process
variables makes it possible to achieve extremely low air voids, after field
compaction, in the in-place HMAC used in the prototype.

The asphaltic concrete in the prototype is placed and compacted in two lifts to
reach the 15-cm (5.9 in.) minimum thickness. Each loose layer may be up to

10 cm (3.9 in.) thick and is compacted to 96 percent of maximum density. The
—-number of passesrequired to- compact the asphaltic concrete is determined on a
test pad and the seams in the upper and lower layers are offset to minimize
preferential pathways for water movement. The asphaltic concrete is a high-
asphalt content product designed to minimize the void spaces in the concrete and
to result in a layer with a permeability equal to or less than 10”7 cm/second

(10® in./second).

The FAA is a styrene-butadiene polymer-modified asphalt that is sprayed onto the
surface of the asphaltic concrete. The FAA is very elastic and can be subjected to
a very large amount of deformation while maintaining the ability to return to the
same shape. The specification calls for the FAA to be applied in two 2.5-mm

(0.1 in.) layers to achieve a final minimum thickness of 5-mm (0.2 in.}. The FAA is
designed to provide a low-permeability coating for the surface of the asphaltic
concrete, forming a composite layer. The permeability of the FAA is expected to
be as low as 107°%-10"" cm/second {(101'-10'2 in./second).

7.6.2 Background

Early barrier designs placed a great deal of emphasis on preventing biointrusion into
the buried wastes from plants, animals, and humans, especially in scenarios where
there was no institutional control and no maintenance. Consequently, the bottom
layer of early barrier designs was a thick layer of basalt riprap, which was
incorporated into the basalt side slopes at the edges of the barrier and formed the
entire outer perimeter of the barrier. The graded filter and the fine soil was placed
in the depression or "bathtub"™ formed by the riprap bottom layer and the riprap
side slopes. The fine soil in early barrier designs was the only hydrologic barrier
and the basalt riprap layer formed the biointrusion barrier {i.e., plant roots,
burrowing animals, and human intrusion activities such as digging and well drilling).
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The fine soil layer is designed to divert as much water as possible away from the
buried waste by using runoff, evaporation, and transpiration. A low-permeability
clay iayer was added to the barrier because the fine soil could become saturated
under severe conditions and a break-through of the water through the bottom of
the soil layer could occur. The clay layer was placed between the soil and the
riprap and provided a redundant hydrologic barrier. After the clay layer was added

__ to barrier design reviews_of published literature and the information from users of

clay layers in covers revealed that the clay could desiccate and crack in an arid
environment. This led to the clay layer being replaced with a composite layer of
asphalitic concrete and fiuid-applied, polymer-modified asphalt. The composite
layer of asphalt is intended to replace the typical composite layer of ciay overlain
by a geomembrane used in many cover designs.

The basic premise of the capillary barrier concept is that most, if not all, of the
meteoric water that infiltrates the barrier surface can be returned to the
atmosphere by surface evaporation and plant transpiration. However, for periods
of unusually heavy, intense, and/or prolonged precipitation, the water-holding
capacity of the fine-soils may be exceeded, thereby allowing water to break
through the capillary barrier before it can be recycled back to the atmosphere.
Unless checked in some way, the water would be free to migrate down through
the barrier and into the waste zone. In addition, coarse-textured, sparsely
vegetated side slopes will allow significant water infiltration. (Please refer to
Section 7.7 for a more detailed discussion of water infiltration through side slope
materials.) To restrict the percolating water from the waste zone, a low-
permeability component is placed strategically within the barrier profile below the
capillary barrier to divert percolating water away from the buried waste. This
diversion barrier is constructed of low-permeability material(s), such as asphalt.

Two types of asphalt have been used in tests being conducted by the BDP. Based
on recommendations supported by laboratory test results, lysimeter studies at the
Small-Tube Lysimeter Facility (STLF) have used two asphalt formulations: (1) hot
rubberized asphalt and (2) an admixture of cationic asphalt emulsion and concrete
sand containing 24 wt percent residual asphalt. These asphalt formulations have
been effective in limiting percolation {Freeman et al. 1989). A third type of
formulation, hot mix asphalt concrete with ~ 8 percent asphalt, also is being
evaluated for use in barrier designs. This formulation was originaily developed for
use as a diffusion barrier around the grout vaults at Hanford. The formulation had

--to-have a high mechanica! strength to prevent slumping under its own mass.

Changes in the specifications included substituting a smaller gravel and removing
the requirement for lime couting the gravel. The larger gravel, used to increase
mechanical strength, was not needed because much thinner layers are used in the
surface barriers than around the grout vaults. Also, the lime coating used as an
anti-slipping agent in the grout vault application was required only because of the
higher expected temperatures, up to 80 °C {176 °F).
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Compacted clay layers will be used sparingly, if at all, in long-term isolation barriers
at the Hanford Site. This reticence to use compacted clay layers is caused
primarily by the hot, arid climatic conditions at the Hanford Site. The construction
of compacted clay layers requires relatively close control of moisture content
and/or compactive energy imparted to the clay to achieve the desired degree of
impermeability. The level of control required to achieve the desired low hydraulic
conductivities may be difficult to realize and maintain during the Hanford Site’s

hot, dry summers and for the extremely large barriers planned for the Hanford
Site’s disposal needs. In addition, concerns have been raised regarding the
potential for desiccation cracking of clay layers in arid sites following construction.

Geosynthstic clay liners (GCLs) may provide an effective alternative to the
compacted clay layers. GCLs are easy to install and, because they are placed in an
unhydrated condition, the problems associated with drying and desiccation
cracking during construction are minimized.

A particularly promising application of GCLs are their use in tandem with an asphalt
" layer to form a composite iow-permeability fayer.” The composite iayer concept has
been shown to provide much lower permeabilities than using one layer alone
{Daniel and Trautwein 1991). One concept currently being considered is to place a
GCL directly on top of an asphalt layer. Any cracks or holes that may develop (but
- -a2re not expected) in the asphalt would be "plugged”™ by hydrated clay from the
GCL above. Another composite layer concept currently being considered is to
apply a layer(s) of hot rubberized asphalt directly on top of a layer{s) of asphaltic
concrete.

Additional research and testing needs to be conducted to verify the effectiveness
of these concepts. Physical properties of various types and blends of asphaltic
concrete and FAA being considered for use in long-term isolation barriers need to
be understood. These physical properties include large-scale permeability, shear
strength, cohesion, friction angle, and the stress-strain relationships associated
with various forces acting on the barrier, such as three-dimensional deformation.
Another area requiring further study pertains 10 the longevity of asphalt as a low-
permeability component. The asphaltic layers need to be durable enough to

- provide the level of impermeability needed over the design life of the long-term
isolation barriers. Asphalt longevity studies were initiated in 1992.

The low-permeability layers, together with the engineered surface that maximizes
runoff and the capillary barrier (which blocks the downward movement of
percoiat'ng water) is expected to perform in such a way that near-zero drainage
rates through the barrier can be achieved.
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7.6.3 Design Basis

The design for the barrier was reviewed by an expert peer review panel to verify

. that the Hanford BDT had not inadvertently overlooked any necessary design
features and to add credibility to the barrier design from experts with a national
perspective. One of the recommendations of the peer review panel was to move
the low-permeability asphalt layer to the bottom of the barrier and place the riprap
between the fine soil and the asphalt. This would resuit in the riprap-layer
protecting the low permeability asphalit layer and the buried wastes. The barrier
design was modified as recommended and has resulted in the layer configuration
that is currently in the prototype barrier.

The function of the asphalt layer is to provide a hydrologic barrier to movement of
water through the barrier to the buried wastes, to impede biointrusion, and to limit
the upward movement of noxious gases from the waste zone (Wing 1993). The
low-permeability composite asphalt layer is analogous to the composite layer found
in RCRA-compliant barriers. Many RCRA barriers have a layer of compacted clay
that is covered by a geomembrane. The FAA over the asphaltic concrete is
expected to provide the same function as the geomembrane used over the
compacted clay in the semi-arid climate of the Hanford Site. The asphalt layer is
separated from the basalt riprap layer by a 30-cm (1 ft) layer of drainage rock. The
drainage rock protects the asphalt layer from the riprap and allows any water that
may percolate through the barrier to be diverted to and drain towards the outer
edges of the asphalt layer, away from the buried wastes.

The asphalt layer is also a barrier to biointrusion and gas movement. The asphaltic
concrete is expected to remain free of cracks in the subsurface environment and
should prevent root penetration and inhibit upward movement of noxious gases.
The 15 cm (6 in.) layer of asphaltic concrete is also a barrier to burrowing animals
and inadvertent human intrusion.

- -The effectiveness of inhibiting upward gas movement was demonstrated when
nearly eight years after construction, a post-mortem examination was performed
on the Grand Junction protective barriers (Wing 1994). The results of the post-
mortem showed that the protective barriers constructed with low-permeability
asphaltic layers performed the best in inhibiting the diffusion of radon gas. The
results also suggested that asphaltic layer constructed in the field with
conventional equipment can performed as designed for an extended period of time
{Gee et al. 1989).
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7.6.4 Testing and Monitoring

A pan-type lysimeter with a self-contained sump collector for water was placed
below a portion of the asphalt layers in the prototype barrier. This lysimeter will
collect any water that passes through the composite asphalt layer, although none
is expected. Horizontal neutron probe access tubes, placed below the asphalt
layers, also will enable the detection of any moisture that passes through the low-
permeability component. .

An asphalt test pad (18 m by'8.5 m [59 ft by 28 ft]) will be constructed adjacent
tothe prototype barrier. This test pad is designed such that the performance of
the asphait layers can be tested using seaied doubie-ring infiltrometers (SDRIs) {or
equivalent) and lysimeters. The SDRIs will be embedded into the surface of the
asphait layer while a 6.5-m-by-6.5-m (21 ft by 21 ft} lysimeter will be constructed
under the asphalt layers.

The pan lysimeter and neutron probe access tubes placed under the prototype
barrier and adjacent test pad will provide an effective means of measuring the
performance of the asphalt layers over a large area. In addition core samples of
the asphaltic concrete in the barrier and the test pad will be taken for laboratory
testing. The cores will be used to conduct permeability and aging tests of the
asphaltic concrete used in the prototype barrier.

7.7 Side Slopes

7.7.1 Description

The control of water infiltration at the periphery of the barrier is a significant design

... ____feature that must be considered. Protective barriers are designed with sloped fine-

soil-surfaces and low-permeability subsurface components. Consequently, water
will be channeled to the side slopes and toe of the barrier. The side slopes and

- -toes-of surface barriers are generally designed-and constructed-with material in

such a manner that long-term stability can be achieved and water accumuiation
can be controlled. Two radically different side slope designs are being considered:
{1) a relatively flat apron of clean-fill materials {commonly called a clean-filled dike)
and (2) a relatively steep embankment of fractured basalt riprap.

2.7.2 Back

_Early design developments called for placing basalt riprap at the natural angle
(4H:3V) of repose for the side slopes of the prototype (Fort 1993). Considerable
concern was expressed that this might not be stable or safe, especially for
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individuals testing and monitoring the prototype and for visitors to the site. The
purpose of the side siope, from a human intrusion perspective, needed to be
decided. Initially, the side slope was envisioned as a potential deterrent to humans
climbing up the barrier sides. Subsequent discussion suggested that the side
slopes could only deter the public, not prevent access. Therefore, the best
strategy would be to warn the public and not rely on the side slopes to completely
prevent access. [f human intrusion were not one of the primary issues, then safety
and stability would be the primary concern. It was suggested that a backhoe be
used to pull down the riprap to a 2H:1V side slope, which would be more stable
than the 4H:3V.

in March 1993, a peer review panel visited the Hanford Site to review the surface
— —— — - barrier work performed to date. They recommended that the prototype barrier be

used to test different edge effects (Wing 1992). The term "edge effects,” refers
- ——— ——to the influence of the barrier side slope and toe on the overall performance of the
barrier. They suggested that the design include an edge with a sloped and
vegetated surface. They wrote,

-~ Foremost among the panel’s concerns regarding the design of the
prototype is the need to test a variety of configurations and performance
characteristics. The prototype barrier should not be a monolithic, uniform,
or symmetrical structure. Rather, is should include a variety of
configurations ... A number of edge configurations shouid be tested,
including abrupt, steep-sided configurations such as currently proposed as
well as subdued, gently-sloped aprons of native material that will blend into
the landscape and extend the zone of positive water control (Wing 19392).

During the ensuing weeks, the BDT met to consider options for barrier side slopes.
The option selected was constructing half the prototype with a clean-fill dike side
slope and the other half with a basalt riprap side slope (Wing 1993).

7.7.3 Design Basis

The clean-fill dike concept uses readily available borrow materials (such as pitrun
gravels} to create a relatively flat apron around the periphery of the barrier. This
relatively flat apron provides a more gentle transition from the shoulder of the
barrier to the surrounding environment than does the steep fractured basalt side
slope. _

A clean-fill dike side slope is desirable for several reasons. First, the clean-fill dike
is aesthetically appealing and tends to blend in with the surrounding environment.
Second, the pitrun gravels used to create the clean-fill dike will provide a relatively
erosion-resistant surface. Third, the pitrun gravels used in construction of the
clean-fill dike probably will support the growth of vegetation. Vegetation already
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has been described as a desirable barrier feature for the removal of undesirable,
excess water from waste sites. Also, the pitrun gravels used in the design of the
clean-fill dike side slope may be more effective in transmitting runoff water farther
away from the waste zone than the fractured basalt riprap used in the other side

slope design configuration. Pitrun gravels are also very plentrful on the Hanford

Site (Wing 1993).

A disadvantage of the clean-fill dike concept is that its gentle slope could
significantly increase the surface area, or "footprint,” of the barrier. If significantly
more construction materials are needed to create the gently sloping apron, the

- -costs of the clean-fill dike concept may be greater-than for a steeper side slope,

despite the fact that the unit cost of pitrun ravels is considerably less expensive
than for fractured basalt riprap. (An engineering evaluation should be performed to
assess the cost effectiveness of these concepts.) The subtie blending of the
barrier with the surrounding topography may also pose some challenging human

The steep side slope design uses fractured basalt riprap, which consists of -
relatively large angular rocks (see Section 7.5). The angularity of the riprap
provides many interlocking surfaces between adjacent rocks, enabling relatively
steep, yet stable, side slopes to be created. This steep, rocky side slope provides
several desirable design features. First, steeper side slopes help to minimize the
total surface area of the barrier. Second, the steep, rocky side slope clearly
delineates the boundaries of the surface barrier. Third, the basalt riprap is an
effective erosion-control feature because the mass of the riprap pieces makes them
stable against wind and water erosion. Fourth, the large-particle basalt serves as
an impediment to animal and inadvertent human intrusion (Wing 1993).

However, in addition to its positive features, the limitations of a riprap side slope

_also must be understood and considered. For example, the procurement of basait

- riprap at the Hanford Site can be expensive and difficult to obtain. Costs

associated with drilling, blasting, crushing, screening, and hauling the basalt riprap
from the quarry to the barrier construction site can be significant. In addition,
cultural resource and other environmental concerns associated with basalt outcrops
must be considered. In certain circumstances, these cultural and environmental
concerns can prohibit the procurement of basal riprap from specific locations

{(Wing 1993).

Another potential problem with basalt riprap is that, in some circumstances, it can

-enceurage the invasion and establishment of deep-rooted perennial plants

(Wing 1993; Wing 1992). These deep-rooted plants could encroach into
undesirable locations of the barrier or the waste zone. Potential remedies for this
problem include burying the riprap side slopes beneath clean-fill dikes constructed
with soils that promote favorable plant growth, or using a chocked-rock design to
fill the interstices of the outermost riprap surfaces.
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Fractured basalt riprap has many relatively large pore spaces between adjacent
-rocks. Consequently, surface water that-comes in contact with the fractured
basalt side slope materials will readily drain through the pore spaces between rocks
and onto the native soils over which the barrier has been constructed. So, the
basalt riprap will do little to divert the movement of any infiltrating water

{Wing 1993).

The control of water infiltration at the periphery of the barrier is a significant design

---foature -that must-be-considered-for-both clean-fill dike and fractured basalt side

slopes. As discussed previously in this document, protective barriers are designed
with sloped fine-soil surfaces and low-permeability subsurface components.
Consequently, water will be channeled to the side slopes and toe of the barrier.
As a result of this channeling, a significant amount of water could accumulate at
the periphery of the barrier. This accumulation of water poses two major design
considerations: (1) What effect does the additional water have on side slope
stability and erosion? and {2) How can the additional water be kept from
contacting buried wastes {(Wing 1993)?

Using either side slope design carries both positive and negative possibilities in
relation to human intrusion. A clean-fill dike side slope is aesthetically appealing
because it blends in with the surrounding landscape. However, if surface markers
are lost for any reason, blending the waste sites in with the local topography might
tend to hide the location of the waste sites, making it possible for someone to
stumble inadvertently onto the sites. Barriers that employ the basalt riprap side
slopes are obviously structures that have been engineered and constructed by
humans. The basalt riprap side slope designs make no attempt to blend the barrier
in with the appearance of the surrounding landscape; consequently, these barriers
are readily noticeable. The obvious barrier designs possibly could become an
attractive nuisance (similar to the subsurface markers) that draws curious
individuals to the mounds. This has been the experience with other (ancient)
barrier systems that have been totally or partially breached (e.g., the Egyptian
pyramids). Another potential problem is that the relatively flat surfaces of the
barriers, which contain excellent fine soils, may attract future farmers to the
barriers. In addition, curious individuals may think that valuables have been buried
beneath the mounded soils and subsequently may want to excavate it.

7.7.4 Testing and Monitoring

The prototype barrier is an idea! facility for testing the effectiveness of water
infiltration control. Two major issues must be addressed in the prototype testing:
(1) the effects that extreme precipitation events have on water infiltration, and
(2} the effects of water infiltration on side slope stability and subsurface water
content changes {Gee et al. 1993).
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" The second issue (side siope infilfration) is one for which the prototype wiii provide
unique and important data for the final design of the protective barrier system.
One of the main reasons for building the prototype barrier is to test the
performance of side slope/toe design concepts because they could not be modeled
in the lysimeter facilities. A key consideration in the final barrier design is the side
slope performance in protecting against erosion and internal water drainage

— - Two philosophies exist about-barrier appearance and inadvertent human-intrusion:
one is that the barrier remain highly visible to warn of danger; the other is to
camouflage the barrier so that it will not attract curious visitors. Because the
prototype barrier will be an experiment, the BDT decided to test the two types of
slide slopes (Wing 1993; Wing 1994). :

The two side slope configurations being investigated on the prototype for
application in long-term surface barrier designs include: (1) a relatively steep
embankment of fractured basalt riprap and {2} a relatively fiat apron of clean-fill
materials (commonly called a clean-fill dike) (Fort 1993; Wing 1993; Wing 1994).

One half of the prototype barrier side slopes will be constructed of fractured

basalts. A stable 2H:1V side slope ratio was chosen for the fractured basalt after

clarification of the criteria for resistance to human intrusion. The steep side-slope
,,,,,,, _design uses fractured basalt riprap, which consists of relatively large angular rocks.

The anguiarity of the riprap provides many interlocking surfaces between adjacent

rocks, which creates a relatively steep, yet stable, side slope. Barrier markers and
.. - ..warnings will deter inadvertent human intruders (Fort 1993; Wing 1993;

Wing 1994).

=== Theclean-fill-dike concept uses readily available borrow materials (such as pitrun
gravels) to create a relatively flat apron around the periphery of the barrier. With a
siope of 10H:1V, this relatively flat apron provides a more gentie transition from

" the shouider of the barrier to the surrounding environment than does the steep side
slope. This side slope will blend into the landscape to camouflage the barrier
(Fort 1993; Wing 1993; Wing 1994).

A water collection system will be installed (asphalt barrier and collection pipes,
etc.) under rock side slopes 10 measure drainage. Minimizing water penetration
through the asphalt layer is important, so documenting the amount of water, if
any, that seeps through the asphalt layer directly under the rock side slope {where
maximum water infiltration is expected to occur} is equally important. To
accomplish this, a specially constructed pan lysimeter will be located under a
section of the rock side slope (Fort 1993; Gee et al. 1993) (see Section 8.0).
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Based on their performance, the side slope/toe designs can be adopted or modified,
as necessary. The identification of the type of side slope to be used in the design
- - f-future - barriers-wilt be -deferred-to federal-and state regulators.
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8.0 PROTOTYPE DESIGN FEATURES FOR TESTING AND MONITORING

8.1 Instrumentation and Monitoring

-..Each_af the tasting and manitoring features discussed_in the following sections are

needed to understand barrier performance and t0 demonstrate that the
performance of the barrier meets or exceeds regulatory requirements of a RCRA
cover system. Appendix B contains barrier construction drawings that include the
instrumentation discussed below.

The prototype barrier is a unique facility for studying the water balance of a
surface cover under both normal and stressed (extreme climate) conditions. The
facility will allow comparison of both intrusive and nonintrusive measures of soil
water content and water storage, important and necessary parameters in

- @valuating surface barrier performance. Further, the barrier will be unique in

allowing us to quantify the drainage (recharge) that will come from the soil and the
side slope surfaces under ambient and elevated precipitation {extreme event)
conditions. Such tests are necessary to evaluate long-term performance of surface
barriers. Measures of water reaching the asphalt layer to levels of less than

0.05 mm/yr are easily achievable with our large lysimeter system. In addition to
water balance, plant intrusion, wind erosion and water erosion features will also be
quantified during the three year test period.

8.1.1 Water Infiltration
A suite of tests are planned for monitoring fine soil performance on the prototype
barrier. General features of the tests are described in Gee et al. (1993). The

following is a brief outline of the selected testing that is planned for the prototype.

Water will be applied to the north half of the barrier via irrigation and snow.
Application rates will be similar to those used in testing Hanford covers at the

- _FLTF. Plans call for application of water at the rate of 480 mm/yr for the next

three years on two test plots of the prototype barrier (Figure 8-1). The application

~willinclude irrigation on a biweekly basis except in winter. In winter, snow

applications will be made at rates that will be 3 times the normat snow fall of

130 mm/yr (5.1 in./yr.}, i.e., three applications of 130 mm {5.1 in.) each. The
times for delivery will be weather dependent but will occur between November and
March each year. In late March of each year there will be an irrigation at a rate
equivaient to a 1,000 year storm. QOver a 24-hour period we will deliver 68 mm

~{2.7 in.}) of irrigation to the north side of the barrier.
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Prototype Barrier Test Plots.

Figure 8-1.
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The water balance of the barrier, under ambient and irrigated conditions will be
measured with a variety of instruments. Precipitation will be measured with a
specially constructed mini-lysimeter that will act as a raingage and snowpillow
combination. This will allow measurement of both rainfaill and snow with one
instrument. Fourteen units will be used to measure the spatial distribution of the
precipitation over the barrier surface.

Snow depth-will also be measured with gauging instruments both electronically
and manually. Irrigation will also be measured with the mini-lysimeters.

A series of instruments will be used to measure the soil water content and soil
water storage. These instruments include neutron-neutron devices, electrical
capacitance, and time domain reflectometry.

Neutron probe (neutron-neutron logs) will be used to measure the volumetric water
content of the soil profile. These water contents will be converted to soil water
storage and the water storage compared as a tunction of irrigation treatment and
time. Water content underneath the barrier {(below the asphalt layer) and at the

~—bottom of the fine-soil layer (just above the fine-soil/sand interface) will also be

measured. These monitoring points will be used to help determine the depth of

~ water penetration in the barrier along selected transects. These data will also be

useful in quantifying increases and decreases in storage associated with potential
recharge {drainage) conditions. These instruments require manual operation and
routine measurements (taken at least monthly). The neutron probe requires field
calibration.

Data from the lysimeters at the FLTF located in the 200 Plateau Area near the
HMS will be used initially for water content estimates. Cores taken during the
installation of the access tubes will be sampled for gravimetric water content and
bulk density. These data will be used to determine the volumetric water content of
the soil. Neutron probe counts will be compared to the water contents and,
subsequently, a calibration for the prototype barrier will be established. These data
will then be compared to the FLTF calibration.

Electrical capacitance will also be used to measure volumetric water content. This
will be accomplished by using a commercially available capacitance probe to log
2-m (6.6-ft} deep soil profiles by lowering a cylindrical probe down small 5-cm
{2-in.} diameter plastic access tubes. The electrical capacitance of a soil is
dependent upon both salt and water content of the soil. If the salt content
remains constant, the charjes in capacitance can be calibrated in terms of the soil
water content alone. The access tubes will be located adjacent to the neutron-
probe access tubes. The capacitance calibration will be accomplished by
measuring water content and bulk density of the soil during the coring and
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placement of the access tubes. Some additional water content and bulk density
samples may be taken if the range of water contents obtained in the initial coring
is not sufficient to cover the expected range of water contents.

Time domain reflectometry (Hook et al. 1992) will also be used to measure
volumetric water content in the soil profile. Time domain reflectometry (TDR) uses
an electronic pulse that is transmitted through the soil along a transmission cable
and reflected back to a detector at a speed dependent upon the dielectric
properties of the soil. The dielectric constant of the soil is highly dependent upon
the soil water content. Because the dielectric constant for water is about 80 and
about 5 for mineral soii, the measured time for a reflected pulse can be uniquely
related to the effective soil dielectric, which in turn is a measure of water content.

- ~The advantage of TDR over conventional neutron probe logging is that TDR can be
automaticaily logged on virtually a continuous basis and the data collected
remotely through electronic means. Further, there is no radioactivity, nor
associated radiation safety concerns with this instrument,

A series of 15 TDR units will be installed. These units are specially constructed
transmission rods containing shorting diodes, that allow for measurements of
water content across seven segments of a 185-cm-long rod, buried vertically in the
ground. The units will be connected together and, by means of electronic
switching, all units will be logged on at least a daily basis. Thus, profiles of water
content across the irrigated and nonirrigated {ambient) sections of the prototype
will be displayed and documented. Both profiles and water storage (integrated
profile data) will be stored in the data base. Weekly summaries of these data will
be provided for review and analysis.

Thermati profiles will also be measured using copper-constantan thermocouples.
Thermal heat dissipation units {Campbell and Gee 1986} will also be used to
document the soil water suction. The temperature will be monitored on an hourly
basis and the soil water suction will be monitored daily.

Noninvasive measures of water content planned for the prototype include the use
of electromagnetic induction (EM) meters and ground penetrating radar (GPR).
Both methods are currently available and have been used for vadose zone
characterization work at Hanford, primarily for detecting buried objects. However,
the use of these systems for profiling water content in the vadose zone has not
been evaluated. Because of the noninvasive features of these devices they could
be useful for routine monitoring of surface barriers at the Hanford Site and
throughout the DOE-complex. Collaboration with New Mexico Tech (Dr. Jan
Hendrickx} is underway to develop an appropriate calibration for EM meters to
monitor the surface of the prototype for water content. When this work is
completed it should be possible to correlate the water content profiles obtained
from neutron probes, capacitance probes, and TDR with the signal characteristics
from both the EM meters and GPR units. Thus the prototype barrier, because of

8-4



9513555.0575
BHI-00007
Rev. 00

its well defined surface features, will provide an excellent facility for calibration of
noninvasive devices for monitoring water content profiles and evaluate water
storage of surface barriers.

~— - ———The monitoring plan proposes to collect data and information on the erosional
behavior of the soil under natural rainfall and snowmelt conditions to evaluate the
effectiveness of the admix and vegetation in stabilizing the soil surface. The plan
consists of two separate data collection efforts: (1) the measurement of runoff
and sediment yield from a 6 by 15 m (20 by 50 ft} flume installed on the soil
surface (controlled-area monitoring) and (2) the observation and documentation of

- - the-effects of precipitation over the larger remaining surface area (barrier-surface

monitoring).

The controlled-area monitoring will measure water and sediment runoff from the

6 by 15 m (20 by 50 ft) flume with an automated flow measurement and sediment
sampler operating on the occurrence of rainfall and snowmelt events. Soil
moisture probes, thermocouple temperature indicators, and a snow gauge will
record snowmelt events. A rain gauge will serve as a backup system to validate
rainfall at specific locations. Time-varying data of overland runoff from rainfall and
snowmelt events and corresponding sediment yield will be used to analyze erosion
from precipitation falling on the barrier surface and the corresponding changes in
erosivity as the surface ages over the 3-year monitoring period.

The barrier-surface monitoring approach uses a 3 by 3 m (10 by 10 ft} grid system
established on the soil surface that provides a ready field reference system to map
surface changes. The system was established by setting four corner markers
composed of steel rebar enclosed in 7.6-cm (3-in.) PVC that defines a 36 by 75 m
{118 by 246 ft} rectangle centered within the perimeter of the compacted gravel
roadway. Interior grid points were located using painted wood surveying stakes
and numbered for grid coordinate identification. The rock creep gauges were
installed at 11 locations along the rock slope. Figure 8-2 shows the grid system
and flume location.

Profile leveling will be used to determine the elevations at each grid point and
gauge. The gauge plan positions will be surveyed with EDM surveying equipment.
All elevations and positions will be checked on a seasonal schedule during each
year. Soil properties, such as density and moisture content, will be measured
monthly or seasonally. Soil surface changes, such as cracking and rill
development, will be monitored with photography and located with respect to the
grid layout.
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Figure 8-2. General Surface Instrumentation Layout (one square = 3 by 3 m).
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Maps of the soil surface elevations and postconstruction soil properties will be
developed. Seasonal or annual changes in the elevations and properties will be
documented over the life of the prototype barrier. Maps of changes in vegetation
cover and animal burrowing will be developed to relate those changes to erosional
trends. This will be a cooperative effort with other tasks. The mapping will
document the degree of nonuniformity of near-surface moisture (localized
--aceumulations) together with the other soil properties and changes in those
properties over the monitoring timeframe. Their relationship to erosion and

_ infiltration will be investigated in cooperation with other tasks.

8.1.3 Wind Erosion

Monitoring work has been initiated to study the influence of eolian stresses on the
stability and function of the admixture surface of the prototype barrier. Data are
being generated to develop correlations between surface characteristics and
deflation, inflation, and surface shear stresses (wind and sand saltation). As a part
of this effort, measurements are being performed to validate the selection of test
parameters in past wind tunnel tests that provided design-basis information for the
surface layer (Ligotke and Klopfer 1990; Ligotke 1993). Most measurements are
being made over the south, nonirrigated portion of the prototype barrier {see
Figure 8-2} where erosive stresses are maximized and most closely represent the
worst-case conditions needed for wind erosion monitoring. While normal erosion
 events are of interest, monitoring systems were designed for continuous use to
ensure data are obtained if high-intensity wind storms occur (> 10 year return
period).

The scope and objective of actual wind erosion monitoring activities were listed
and described briefly by Gee et al. (1993), and include the following: (1) monitor
the influence of eolian stresses on the compaosition of the surface layer as it ages;
- {2) measure actual rates of surface defiation or inflation; {3) obtain
micrometeorological information about erosive shear stresses that are present on
the surface; and {4) measure the intensity and affect of abrasive sand particle
scouring (saltation). Additional testing and monitoring objectives may include the
- greating -a-sand-dune {ercsion, plant viability, water infiltration) and removing
vegetation to simulate a range fire (erosion).

Eolian erosion testing and monitoring activities were initiated in August 1994. Pea
gravel concentration from surface samples was measured as the mass of pea
gravel per the combined mass of dried soil and pea gravel. The average of

24 samples indicated a pea gravel composition of 14 + 2 wt%. Continued
sampling of surface layers is planned annually or more often if the appearance of
the surface changes significantly. Two wind boundary layer stations were installed
on the top-center and top-edge of the barrier in August. Wind speed sensors were
installed at each station at elevations of 0.25, 0.50, 1.0, and 2.0 m (0.8, 1.6, 3.3,
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6.6 ft, respectively) above the surface. Wind direction and air temperature sensors
were installed at each station. Three multisensor saltation stations were installed
on the eastern side of the southeast quadrant of the barrier surface. The stations
consist of saltation sensors and dust traps located at elevations of 0.125, 0.25,
0.50, and 1.0 m (0.41, 0.82, 3.3, 6.6 ft, respectively) above the surface of the
barrier. Data acquisition from the wind and saltation stations is obtained
continuously at rates dependent on a threshold wind speed.

8.1.4 Barrier Stability

Disruptive natural event analyses have identified the FAA as a displacement plane
during seismic loading conditions {see Section 9.6). This analysis determined the

displacement plane is within the wedge of the basalt riprap side slope and extends
vertically downward to the FAA to just below the basalt side slope toe.

To monitor barrier stability, 8 number of survey points have been installed along
the 2:1 basalt side slope on the east side of the prototype barrier (see Figure 8-2).
These points will be surveyed periodically during the testing and monitoring phase
to determine if there has been movement along the displacement plane.

8.1.5 Water Collection System

The surface of the composite asphalt layer was divided into four collection zones
delineated by concrete curbs arranged beneath the test plots, side slopes and
buffer zone on the surface of the barrier. This portion is beneath the compliment
of barrier layers. Four additional zones are located beneath the area of transition
between the test piots and side slopes of the barrier. Another four zones are
located beneath the side slopes. Three zones correspond to the two end zones
and the central buffer zone between the test plot applications. Each of these
zones, defined by the curbing, drains into a separate set of gutters and piping.

.__The compasite asphalt layer was constructed in terraces to facilitate water

collection from each of the colilection zones. Any water reaching the asphalt will
flow off the edge of a zone terrace and into the adjacent angle iron gutter. Each
gutter is sloped and lined with concrete to channel water to the attached piping.
The piping is 75 mm (3 in.} galvanized steel at the point where it attaches to the
gutter. The portion of the piping extending beyond the edge of the asphalt surface

- ...and that_at the toe of the barrier are made of polyvinyl chloride. The piping leads

to vaults containing dosing siphons used to measure the volume of water that
infiltrates through the corresponding zone.
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Supplemental water applied to the prototype barrier for testing purposes must be
collected and removed from the vicinity of the 216-B-57 crib because of concerns
about remobilizing contamination. Any water reaching the composite asphalt layer
is channeled to the measurement and disposal system, except for the northeastern
corner. Measurements of collected water volumes can be used in the water
balance study. The water-collection system design allows for its abandonment and
later extension of the barrier according to the needs of adjacent facilities.

8.1.6 Pan Lysimeter

A lysimeter, shaped like an inverted pyramid, constructed of a GCL sandwiched
between two geomembranes underlies a portion of the northeastern section of the
composite asphalt layer. The perimeter of the lysimeter is sealed to the underside
of the asphaltic concrete. The pan lysimeter was placed beneath the area of
- - —--asphalt most likely to-be stressed by-infiltrating water t¢ test the performance of
the composite layer of asphaltic concrete. This area is located beneath the basalt
.___....side slope at the test nlot receiving three times the average annual precipitation
. ___from an_overhead sprinkler system. Tubes for siphoning moisture from the bottom
of the lysimeter are constructed of 1.65-mm (0.065 in.}) 304L stainless steel.

Another lysimeter is located beneath the asphalt test pad located immediately
north of the prototype barrier. A series of tests to be performed on this test pad
will be used in an effort to demonstrate the equivalency of the composite asphalt
layer to clay.

8.1.7 Neutron Probe Access Tubes

Two horizontal neutron probe access tubes were installed near the base of the first
lift of silt for each set of test plots. The access tubes were installed by paring a
shallow trench in the first layer of silt then backfilling. Movement of moisture can
be evaluated for areas receiving ambient precipitation and three times the average
annual precipitation. The sections of the tubes that project through the side slopes
were encased in 100 mm (4 in.} polyvinyl chloride piping to protect the access
tubes from crushing by the riprap or gravel side slopes.

Three access tubes, placed horizontally one above the other, were installed
beneath the northeastern portion of the composite asphalt layer, which receives
three times the average annual precipitation. Each tube was shaped as a
rectangular loop (i.e., hairpin} with the open ends on the eastern side slope of the
‘barrier. Probes drawn through these access tubes are used to monitor lateral
moisture migration back under the barrier from the side slopes. Conditions of high
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recharge {(uncollected percolating water) and nominal recharge at the side slope toe
can each be evaluated. The tubes are made of 64 mm (2.5 in.) nominal-diameter,
rigid aluminum conduit.

8.1.8 Subsidence Posts

Two posts were placed in the barrier to measure subsidence in the subgrade below
the asphaltic concrete. Specifically, these subsidence posts were used to measure
subsidence during construction of the layers as they were placed and will be used
to measure settling and soil loss as the barrier ages.

The posts are made of galvanized steel rods, one placed in the center of the north
end of the barrier and the other placed in the northeastern corner. The portions of
the rods extending from the gravel filter down to the surface of the asphaltic
concrete are encased in 100 mm {4 in.) galvanized steel pipe to prevent binding
between the larger fractured basalt particles. The rods are welded to a 600 mm
--{24&-in.) square plate, bearing on the asphait surface and covered by drainage
gravel. Any movement of the asphalt surface would be detected by conducting
periodic surveys of the top ends of the rods.

8.2 Daesign

The BDT originally decided on a design that had six test plots on the barrier’s
surface separated by 5 m (16 ft} buffer zones. The final design for the barrier’s
surface includes four test plots arranged in two sets of two, separated bya 10 m
(33 ft) buffer zone. Each set is oriented in such a manner to facilitate comparison
of edge effects from the two side slope designs (see Section 7.7). One of the
main reasons for building the prototype was to test the performance of side slopes
because this could not be modeled with the lysimeters. Three times the average
annual precipitation will be applied to one set of test plots while the other set will
receive ambient precipitation. The applied precipitation will also include snow from
---a snow -machine, ..One-nlot may be tested to failure-(i.e.,-water breaking through
the capillary interface between the silt and the underlying filter layer) to determine
the limit of the prototype barrier performance.

There were a number of reasons for selecting only four test plots for monitoring
barrier performance. Large surface areas were preferred for erosion testing and the
roughly square dimensions of the tes. plots minimize boundary effects. Also, the
proposal to test one plot with a 1,000-year storm can be performed after other
testing is completed, so additional plots are unnecessary. Finally, additional
vegetative cover options would only duplicate the work already in progress at the
lysimeter stations.

L]
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In the original prototype barrier designed for placement on a clean site, the neutron
probe tubes were to have been placed beneath the entire asphaltic concrete layer.
However, in the design for the 216-B-57 crib, the placement of the tubes was
restricted to the area beneath the northern end of the prototype. Access tubes
placed below the southern end of the prototype would have required excavation

- - - - -into potentially contaminated soils. Also, at the southern end of the prototype
barrier, the slope required to keep the tubes drained would have placed the ends of
the tubes too far below the grade for safe and economical access vaults.

*********************** Because the prototype has been placed over-existing contamination, the access
tubes could provide a potential pathway for water movement, even when sloped to
drain outward {should ponding ever occur at the barrier toe). Because the long
tubing iength wouid have made it difficult to pull a neutron probe from one side of
the barrier to the other, access tubes shaped like rectangular hairpins were
selected because of the shorter tubing length requirement. However, the slope
required for drainage limits their penetration to only half of the barrier. The option

- 10-USE-Other devices, such as gypsum blocks, 10 monitor moisture migration
beneath the barrier was evaluated and found unsatisfactory. After consulting with

-= regulatory agencies, the Operating Contractor decided to use neutron probe tubes
in the soils beneath the northeast corner of the barrier--an area located away from
the contaminated soils.

oo
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9.0 ISSUES AND CONCERNS

9.1 Barrier Construction Materials

Existing short-term barrier designs currently are available {U.S. Environmental
Protection Agency [EPA] 1982, 1990). In general, the design life of these covers
is for relatively short periods--such as the 30-year post-closure period specified by
the Resource Conservation and Recovery Act of 1976 (RCRA). The performance
of barriers during this relatively short period can be monitored, and maintenance
activities can be performed to correct any problems that might be encountered.
However, some waste management situations make it desirable to isolate wastes
for much longer than the 30-year post-closure period (i.e., up to or beyond a
millennia). For these waste management situations, the relatively short-term

e - (i-es, RCRA) designs might not be satisfactory. For example, many synthetic
construction materials that might be effective for decades (e.g., geosynthetics)
cannot be relied on to perform satisfactorily {or even exist) more than 1,000 years.
Because of the need for the barrier to perform for at least 1,000 years without

- o=~ o~ maintenance, natural construction rrraterials {e:g., fine soii, sand, gravel, cobble,
crushed basalt riprap, asphalt, etc.) have been selected to optimize barrier
performance and longevity. Most of these natural construction materials are
available in large quantities on the Hanford Site and are known to have existed in
place for a millennia or longer (e.g., basalt).

9.2 Barrier Material Availability

‘Availability and Iocation of sufficient quantities of materials with acceptable
properties and qualities can be a controlling factor in the design of protective
surface barriers and covers. This issue will be further compounded by a barrier
design that requires multiple materials with widely varying physical and hydrologic
——- - —— - —-— properties-rather than a barrier requiring only one or two different materials.

Costs associated with transporting the material from its source to the barrier .
-- eonstruction-site can be- significant if the material must be hauled over great
———————-distances. For barrier construction projects requiring large quantities of materials,
additional distance could easily add tens of millions of dollars to the total project
costs. A design for a surface barrier must consider what materials are available for
use in its construction. So locating sufficient gquantities of acceptable material as
near as possible to the construction site is desirable.

-1
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The infrastructure required to support large material volume transport operations
could be inadequate or may not exist at all. Consideration must be given to the
capital money required to add necessary rail lines, improve existing roads, build
new roads, or secure the appropriate trucks or rail cars. These factors could add
significantly to the total barrier construction cost. ‘

9.2.1 Basalt

An SER {Duranceau 1994) {currently in draft) focused on the evaluation of seven
basalt sources, including the three sources of Myers {1985), where a quarry could
be developed to produce riprap for use in surface barrier construction projects.
Upon evaluating the seven sites against a set of engineering criteria, Gable Butte
received the best score, as it did in Myers {1985}.

Of the four sites not included in Myers (1985), the top candidate site for
developing a quarry surrounds a small existing quarry immediately east of SR 24 on
a ridge south of the Columbia River overlooking the Vernita Bridge. The origins of
this small quarry are believed to be associated with an earlier highway construction
project in the area. This is the same quarry that was used 1o obtain a small
quantity of riprap for constructing the prototype barrier.

Even though the precedent has been set for obtaining riprap from this quarry for
the prototype barrier construction, permission to develop a large-scale quarry at
this site has not been given. Availability of this site for large-scale quarry
development depends on the outcome of cultural resource surveys, threatened and
endangered species surveys. and_farmal cansultation, through the DOE, with the

L4

appropriate Native American tribal councils and state agencies.

Several other alternate sources of basalt, in addition to the Vernita Quarry, also
have been identified for potential quarry development, but they are located farther
from the construction site, which will result in higher transportation costs.
Additionally, several of these sources are at or slightly below grade and do not
have the large exposed benches of basalt that are associated with outcrops such
as those found at the Vernita Quarry, Gable Butte, or Gable Mountain.

Subgrade basalt sources would have to be developed as open pit or surface mines,
which would impact a large surface area. After the required volume of basalt is
removed from a surface mine, a large pit will remain on the landscape--an obvious

---anomaly-that-will-be. gut-of character with the surrounding landscape.

An advantage to developing an exposed basalt bench, such as Vernita Quarry or
Gable Butte, is that after the mining operation is complete, an exposed bench wiill
remain, although it will be translocated farther into the basait formation. Restoring
such a site to conditions similar to those that existed before the quarry operation,
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such that the quarry site will blend with the surrounding landscape, will have a
greater chance for success than the effort directed toward restoring an open-pit
mine. Of course, the degree of restoration required for future borrow sites
probably wiil be the result of regulatory obligation or will be decided through
negotiation with affected Native American tribes and state agencies.

9.2.2 Fine-Soils

Phase i characterization activities conducted in 1993 at McGee Ranch .
{Lindberg 1994) identified 32.7 million m®(42.8 million yd®} of fine soil west of
McGee Well in an area referred to as Area B. This substantial volume of soil is
expected to meet any future surface barrier fine soil requirements currently
planned. The surface of Area B consists of native shrubs interspersed with fields
that were farmed before 1943. The old fields in Area B are primarily dominated by
cheatgrass and are essentially devoid of shrubs.

A number of potentially historic and cultural resources exist within the boundaries
of Area B at McGee Ranch. A cultural resource mitigation plan is currently under
preparation that will address the measures required to mitigate cultural and historic
resources that are.determined to be significant. The cost and extent of mitigation
is not known at this time, but will certainly be realized before beginning large-scale
excavation activities.

9.2.3 Sand and Gravel

An extensive area consisting of nearly 129 ha (320 acres) around Pit 30 has been
reserved to accommodate future sand and gravel requirements of barrier
construction projects. However, because of the varied nature of the sand and
gravel deposits at this site, some general characterization work will be required to
establish efficient operations for securing and stockpiling appropriate sand and
gravel. This characterization could be as simple as running core sampiles through a
standard sieve stack to obtain gradation data for locations throughout the pit.

A stacking conveyor can be used for bulk material screening to segregate the sand
and gravel compeonents into the size fractions stipulated in the barrier construction
specifications.

A number of groups have an interest in the land in or around Pit 30 that could
create a variety of potentiat Tonfiicts with a sand and gravel operation. Careful
coordination through Site Planning is necessary to resolve these potential conflicts
ahead of time. An additicnal conflict may exist with the Pit 30 expansion
encroaching upon the HMS and air monitoring equipment. Investigation of the
potential impacts to the HMS and resolution of related concerns will be required.
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9.2.4 Impact of Barrier Design Change

- -Specific - information-resulting from design and-development activities for particular

barrier layers is found in Sections 7.3 through 7.6. However, the next several
paragraphs illustrate how a design change in one material component can increase
the votume of material required in the barrier cross section. With this under
consideration, it is easily seen how the issue of availability of native materials
could potentially become a limiting factor in the design, size, and/or number of
future barriers constructed.

Fine-soil from McGee Ranch was selected for use as a component in construction
of the prototype barrier because of its favorable characteristics, such as moisture
retention, ability to support vegetation, and relative close proximity to the barrier
construction site. Modeling results {Fayer 1987} suggest that a 1.5-m- {4.9-ft-)
thick layer of pure silt soil should be used at the barrier surface to provide moisture
retention for the climatic conditions expected at Hanford.

However, observations at field test plots indicate that animals can burrow below
the 30-cm (12-in.) depth, at which admix gravels were originally placed, and that
the animals can cast unarmared soil to the barrier surface (Wing 1993). This type
of disturbance is undesirable because the admix gravels serve to armor the barrier
surface against the erosional forces of wind and water. i unarmored soils on the
barrier surface are eroded by these forces, significant deflation and loss of function
of the fine-soil layer can be expected over time.

To resolve this issue, the prototype barrier final design was changed to require that
gravel admlx be placed in the top 1.0 m (3.3 ft) of soil, a depth to which most
animal burrowmg activities are confined. To regain the moisture retention capacity
lost by increasing the gravel content in the top 1.0 m (3.3) of silt, an additional
0.5 m (1.6 ft} of silt was added to the profile. The net result is 1.0 m (3.3 ft) of
gravel admix overlying 1.0 m (3.3 ft) of pure silt, a 33-percent increase in the
volume of fine-silt soil. Fortunately, the additional volume requirement for silt
material in the final prototype barrier design was supplied from the fine-soil
reserves identified at McGee Ranch. However, similar design changes in future
large-scale barriers that cover hundreds of acres may not be as easily
accommodated by nearby material reserves. Future barrier designs must consider
the availability of material reserves on the Hanford Site and the supporting
infrastructure required if materials must be procured from offsite sources.
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9.3 Verifying and Monitoring Long-Term Barrier Performance

9.3.1 Passive Versus Active Systems

The need for a maintenance-free barrier that lasts for a minimum of 1,000 years
necessitates the use of passive systems for achieving the preliminary performance
objectives. Active systems are impractical because they require human

.involvement to operate, monitor, and maintain. For example, the use of active

water collection and removal systems may require the use of piping networks,
pumps, ot other similar devices. These types of components are not intended to
last for long periods of time and require periodic maintenance as well. This level of
human activity over extremely long periods of time is impractical and would mean
passing on this generation’s legacy of waste to future generations, which is an
undesirable option. Hence, the design of long-term surface barriers is biased
toward passive systems.

9.3.2 Long-Term Monitoring Issues

The monitoring of a long-term surface barrier presents several interesting
challenges. Quantitative "proof” cannot realistically be acquired to guarantee that
surface barriers will perform as designed for at least 1,000 years. The term
"transscientific™ has been used to "describe certain environmental problems that,
whiie requiring the ciose attention of scientists and engineers, are not likely to be
solved by science” (Winograd 1986). While definitive proof of long-term barrier
performance may be unrealistic, various scientific and engineering methods or
techniques exist for projecting barrier performance over its long design life. Five

- methods-for determining the long-term performance of surface barriers over the

range of conditions expected to act on the barriers during their design life are listed
as follows:

(1) Test the performance of individual barrier components

--{2).. .Use validated.computer simulation models to pradict future barrier
performance

(3) Evaluate natural geologic formations and ancient humanmade structures
that are analogous to various barrier components

(4) Design, construct, and test prototype long-term surface barriers
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(8) Provide access for replaceable monitoring instruments and transducers.
(The life expectancy of most monitoring instruments and transducers is
significantly less than the design life of long-term surface barriers.
Consequently, placing the monitoring instruments and transducers within
the surface barrier will only provide valuable data as long as they remain
operational. Once the instruments and transducers cease functioning
properly, performance data are no longer available unless the monitoring
equipment is retrieved and/or replaced, which could entail undesirable
actions such as excavating the barrier.)

The BDP is currently employing all five methods for evaluating surface barrier
performance. (For more information on these approaches, please refer to Wing,
{1994] and Gee et al. 1993.) Strengths and weaknesses are associated with each
of these techniques; however, when combined, these methods provide a
comprehensive approach for projecting barrier performance during extremely long
periods of time.

9.4 Human Intrusion

To deter the inadvertent intrusion of humans into a waste site, a marker system
concept has been designed to warn future generations of the dangers of the buried
waste. The DOE fully intends to maintain active control of the Hanford Site (using
fences, patrols, alarms, monitoring instruments, etc.) for the foreseeable future.
However, if active control should ever cease, passive measures (i.e., those
requiring no maintenance) may be needed to warn the inadvertent intruder of the
potentially hazardous materials disposed of beneath the barrier. These passive
measures may include recognizable warning markers, engineered features, and
widely dispersed information (e.g., in U.S. Geological Survey maps, libraries, and
other information repositories).

Passive measures will not provide absolute protection to every individual for all
postulated events during the barrier’s design life, nor will such measures prevent
intentional intrusion. Howaever, recognition of this limitation is consistent with the
history of rulemaking for the disposai of radioactive waste.

A preliminary human-intrusion deterrent concept for Hanford Site barriers was
developed during the early 1980s. This concept included built-in redundancies:
offsite records, surface markers, subsurface markers, and barrier designs. An
approach for developing this concept to deter intrusion by humans was prepared.
This approach involved (1) the definition and design of marker materials,
configurations, and messages; (2) the testing of selected materials; and (3) the
procurement and testing of marker prototypes.

9-6
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The human-intrusion issue presents a difficult design challenge because of the
unpredictability of human behavior. Whatever humans construct also can be
destroyed. Consequently, the human intrusion issue becomes one of where to
"draw the line," i.e., what should the barrier be designed to prevent or to deter?

The DOE .has not yet decided on the approach that will be used to deter
inadvertent human intrusion at the Hanford Site or across the DOE Complex. The
concept proposed in the early 1980s represents just one approach and the

. effectiveness of some aspects of this approach has been questioned. For example,

the use of the subsurface markers has been chailenged repeatedly. Some
individuals have viewed the subsurface markers as an attractive nuisance that
could draw curious individuals to the protective barrier instead of deterring them,

Many opinions regarding barrier design exist, with regard to human intrusion.

For example, two different side slope designs are being considered by the BDP:

a relatively gently sloping {10H:1V} clean-fill dike of pitrun gravels and a relatively
steep {2H:1V) embankment of fractured basalt riprap. The clean-fill dike provides a
gentle transition from the shoulder of the barrier to the surrounding environment.
Essentially, the clean-fill dike concept blends the barrier into the topography of the
surrounding landscape. Conversely, the steep, rocky side slope of the basalt riprap
clearly delineates the boundaries of the surface barrier by providing a stark contrast
with the surrounding environment.

Both side slope designs have positive and negative features with respect to human
intrusion. A clean-fill dike side slope is aesthetically appeaiing because it blends
with the surrounding landscape. However, if surface markers are lost for any
reason, blending the waste sites with the local topography might tend to hide the
location of the waste sites, making it possible for someone to inadvertently access
the sites. Barriers that employ the basalt riprap side slopes are obviously
structures that have been engineered and constructed by humans. The basalt

——- - ---viprap side slope designs make no attempt to blend the barrier in with the

appearance of the surrounding landscape; consequently, these barriers are readily
noticeable. The obvious barrier designs possibly could become an attractive
nuisance {similar to the subsurface markers) that draws curious individuals to the
mounds. This has been the experience with other_(ancient) barrier systems that
have been totally or partially breached (e.g., the Egyptian pyramids). Another
potential problem is that the relatively flat surfaces of the barriers, which contain

excellent fine soils, may attract future farmers to the barriers. In addition, curious

-~ individuals may think that vaiuables have been buried beneath the mounded soils

and subsequently may want to excavate it.
Warning marker designs other than those proposed at the Hanford Site have been

developed. For example, the Sandia National Laboratory recently has assembled
national experts in a workshop setting to develop, at least conceptually, various
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warning marker concepts for the Waste Isolation Pilot Plant {Guzowski et al. 1991;
Hora et al. 1991; Ast et al. 1992; Givens et al. 1992). Many different concepts
were considered, some quite different from the concepts proposed at the Hanford
Site.

The warning marker issue is not one of which design/concept is "right” or
"wrong." Rather, the critical concern is the assumption(s} upon which the warning
marker designs/concepts are based. Without a clearly delineated set of
assumptions and policies to guide the development of warning marker systems,
incorporating "unofficial™ warning marker concepts into barriers currently being
constructed may be not only counterproductive but also may be unwise. For
example, the premature selection of a warning marker system design before a
human-intrusion policy decision has been reached may be warse and more costly in
the long term than purposely leaving out human-intrusion deterrent features
completely. For instance, the prototype barrier constructed over the 216-B-57 crib
is intended to be the final remediation for that particular site {provided that the
barrier performs as designed). If subsurface markers were used in the prototype,
they would have needed to be placed within the various layers of the barrier early
in FY 1994 to meet schedule commitments. Because DOE did not have a human-
intrusion policy in time to support the prototype’s construction, no warning
markers were used. This decision was made because if markers had been used in
the prototype barrier as a human-intrusion deterrent (such as subsurface markers)
- —-—-——-and werelater determined to be unwanted or inappropriate, the fate of the barrier
over the 216-B-57 crib would be in question. The multimillion-dollar barrier then
might have to be removed or rebuilt.

Perhaps the worst possible scenario would be for every project at the Hanford Site,
or across the DOE Complex, to decide independently of each other which human-
intrusion deterrent designs/concepts would be used. This scenario could result in
-—.... many different designs/concepts that make it difficult, if not impossible, to discern

what is going on. The lack of consistency among warning marker schemes could

~ exacerbate a situation that the warning markers were intended to ameliorate. Until

--a-DOE policy decision has been made, all BDP activities dasigned to address the
human-intrusion problem have been discontinued. However, when a human-
intrusion policy has been made and a warning marker approach selected, it should
be uniformly and consistently applied across the Hanford Site (and probably across
the entire DOE Complex).

9.5 Physical Stability

The performance of long-term surface barriers may be adversely affected by the
physical, chemical, and radiological characteristics of certain types of waste. In
addition, the susceptibility of certain types of waste to biological attack or
biodegradation also may have an impact on barrier performance. Of specific
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and rate of subsidence); and the volumes, concentrations, and types of noxious
gases that could be generated by the waste.

The 216-B-57 crib is a rock-filled crib; consequently, little subsidence is expected
to be experienced. During the definitive design process, Kaiser ICF commissioned
Dr. Edgar Becker to perform an analysis of the subsidence potential of the crib over
which the prototype barrier was constructed. Dr. Becker's analysis concluded that
after filling the crib’s distribution pipe with grout, the maximum amount of
subsidence that could be expected was ~ 1 in. (please refer to Appendix D to
review Dr. Becker’s analysis). Subsidence posts also have been constructed into
the north end of the prototype barrier to monitor the settling (if any) of the
compacted fill material used to support the testing of various components of the
prototype. In addition, because of the wastes that were disposed of in the
216-B-57 crib, no noxious gases are expected to be generated that in turn would
act on the prototype barrier.

Tasks within the BDP currently are being conducted to determine the maximum
allowable subsidence that a barrier can withstand and still remain functional.
Although the use of subsidence control measures (e.g., dynamic compaction and in
situ grouting) are expected to significantly reduce the magnitude of subsidence
experienced, subsidence events for certain types of waste cannot be expected to
be reduced to zero. Consequently, the magnitude of subsidence that a barrier is
__capable of withstanding and still function as designed must be determined.

The subsidence control tasks are focusing on the low-permeability asphalt layers
-—- — -becausa they are-the last line of defense against infiltrating water. These tasks

- -will determine the-ability of asphalt-to-deform and-remain-functional following a

subsidence event. The stress/strain relationships associated with three-
dimensional deformation of the asphalt layers will be studied. In addition, methods
to ennance the tensiie and shear strength of the asphalt layers will be tested and
assessed. For example, does the incorporation of a woven fiberglass fabric or
other highly durable and strong product into the asphalt layers increase the tensile
and shear strength of the low-permeability layer? As data and information from
these tasks becomes availabie, they will be incorporated into future barrier designs.

Tasks aiso may be performed to assess the barrier’s ability to mitigate potential

-.— — —-problems 2ssociated with-the-emanation of noxious gases from the waste zone.

Depending on the type of waste being disposed of, noxious gases from the wastes
couid be generated and subsequently diffuse from the waste zone to the accessible
environment. Unless controlled in some way, the noxious gases could pose a
potential threat to human health and the environment.
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The potential for problems with noxious gases is not unique to the Hanford Site.
For example, uranium mili-tailings sites are often challenged with the emanation of
elevated concentrations of radon gas. One such site is located in Grand Junction,
Colorado. Many years ago, scientists and engineers (several of whom are currently
serving on the BDP) were requested to participate in finding a solution to the
elevated radon gas concentrations at the Grand Junction uranium mill-tailings sites.
Various barrier designs that used several different barrier construction materials
~were developed and tested. In general, the designs consisted of a multilayer
barrier of compacted soils and gravels with a low-permeability component {asphalt
or clay) incorporated into the barrier profile. In 1979, full-scale protective barriers
were constructed over the uranium mill-tailings sites (Baker et al. 1984).

Nearly 8 years after the protective barriers had been constructed, a post-mortem
examination was performed on the performance of the Grand Junction protective
barriers. The results of the post-mortem showed that the protective barriers that
were constructed with low-permeability, asphaltic layers performed the best in

_ inhibiting the diffusion of radon gas to the surface of the barrier. Control of radon
exhalation was effective using low-permeability asphalt because radon has a short
half-life (less than 4 days}. Restricting radon flux allows for radon decay. In
addition, radon has a low partial pressure, so gas pressure build up did not
occur; hence, the cover was not disrupted by excessive pressures. The resuits
also suggested that asphaltic layers constructed in the field with conventional
equipment can perform as designed for an extended period of time

__ {Gee ot al. 1989).

The BDP will use the experience and expertise gained at Grand Junction, Colorado,
and elsewhere in the design of barriers that mitigate problems associated with the

__release of gaseous wastes. A test plan has been developed to address the various

technical issues associated with the emanation of noxious gases that were
identified previously. Engineers and scientists will assess the barrier’s ability to
inhibit the diffusion of noxious gases to the accessible environment. In addition,
concerns have been raised regarding the potential for gases to be trapped under
various barrier layers, particularly the low-permeability components. These gases
could induce elevated pressures on the barrier components of concern. In addition,
concerns have been raised regarding the accumulation of water vapor under the
low-permeability components. Some of these concerns will be addressed on the
prototype barrier by using an array of instruments and transducers to measure
parameters such as soil moisture, temperature, and air pressure just below the
asphalt layer. Another concern requiring assessment is the potential harmful
effects of organic vapors (solvents) on the low-permeability asphalt layers.

The use of computer simulation models will be used as appropriate (1)} to assess
the barrier’s ability to withstand subsidence events of various magnitudes,
{2) to assess the barrier’s ability to control the emanation of noxious gases,

and (3) to assess the impact on barrier performance of gas accumulation under

9-10



H15555. 0584

BHI-00007
Rev. 00

low-permeability components. Field and laboratory tests also will be performed to
enhance understanding and corroborate the resuits of the computer simulation

--models-{if used). The test results will be used to formulate barrier design

standards. To employ a long-term isolation barrier, end users would be required to
provide waste forms that comply with the established barrier design standards for
subsidence and noxious gas emanation.

9.6 Assessment of Potehtially Disruptive Natural Events

Those disruptive events determined to have a reasonable probability of occurring
during the 1,000-year design life of the Hanford Protective Barrier are being

--assessed to determine their consequences on the performance of the Hanford

Barrier. Specifically, the assessment covers tornados and other high-wind
conditions; high-intensity precipitation; earthquakes; the deposition of volcanic ash;
and any other possible disruptive events that could act on the Hanford Barrier. The
following summarizes the results found to date; full documentation is forthcoming.

The testing and monitoring of the prototype barrier is planned to be conducted for
a minimum of 3 years, commencing immediately following construction. Data on
extremes for wind and precipitation will provide bounding ranges to be used for the
testing and monitoring.

The wind data collected at the Hanford Site and surrounding locations have been
used to develop probabilistic straight-wind and tornado hazard assessments for the
Hanford Site. Straight wind velocities that equal or exceed tornado velocities are
at return periods of less than 100,000 years. Tornado winds are expected to be
extremely rare on the Hanford Site.

During the 48-year period of record at the Hanford Meteorological Station {1945 to

~-1993)-oniy 2dayshave had more than 2.5¢m (T inj-precipitation {Octover 10,

1957 with 4.0 cm [1.6 in.]; June 17, 1950 with 2.77 cm [1.1 in.]). The most
intense storms in the region are warm season thunderstorms. The 6-hour duration
storm amounts are more indicative of this type of storm. For prototype barrier
testing, it can be noted that according to calculations examined, the 1,000-year
storm at the Hanford Site would accumulate 5.59 cm (2.2 in.) of precipitation in 6
hours (compared to a maximum record of 4.2 cm [1.65 in.]) and to have
accumulated 6.8 ¢m (2.68 in.) of precipitation in 24 hours (compared to a

- maximum-recerd-of 4.85 em-[1-.9 in.} during QOctober 10-11, 1957). The

1,000-year, 6.8 cm {2.68 in.) 24-hour amount is 42% of the entire annual mean
precipitation of 16 cm (6.3 in.}. The 16 cm (6.3 in.) is the 30-year normal
precipitation amount.
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The maximum annual precipitation received at Hanford through 1293 is 29 cm
(11.4 in.}, 181% or normal, which occurred in 1950 (the next high is 28 cm
_111.0.in.]), 176% of narmal, which occurred in 1983). Thus, it would seem that
for prototype testing that 200% of normal is probably not conservative enough on
scales of 1,000 years. However, for the following reasons, it is believed that
300% of normal is conservative. Calculations indicate that the probability that the
annual precipitation amount will not exceed 31 cm/yr (12.2 in./yr), 193% of
normal, is 1 in 100 years; that it will not exceed 41 cm/yr {16.1 in./yr), 256% of
normal, is 1 in 1,000 years; and that it will not exceed 51 ¢m/yr {20.1 in./yr),
319% of normal is 1in 10 000 years The current upper bound for testing the

As noted maximum amount of precipitation ever recorded on the Hanford Site in
any 24-hour period was 4.8 cm (1.89 in.). And as noted above, the accumulation
of precipitation over 24-hours with a 1,000-year return period is 6.8 cm (2.67 in.)
or 125% of the record. The Probable Maximum Precipitation (PMP) is theoretically
the greatest depth of precipitation for a given duration that is physically possible
over a given size storm area at a particular geographical location at a certain time
of year. The PMP precipitation that could fall on the Hanford Site within a 24-hour
period has been calculated to be 28.8 cm (11.34 in.) or 175% of the average
annual precipitation, but all received in one 24-hour period. The probability of
exceeding this amount has been estimated to be 1 in 1,000,000.

Although there is some stratigraphic evidence for the occurrence of extreme
precipitation events during the past 2,000 years from buried evidence of past
Columbia River floods, there is much more paleoclimatic data on long-term
precipitation averages. A 75,000 plus-year polien record from Carp Lake near
Goldendale, Washington, provides evidence for estimates that the mean annual
precipitation in the Columbia River Basin ranged between 50 to 75% of modern
and 128% of modern levels. For the majority of the pollen record {almost
65,000 years out of the 75,000 years), the climate in the Columbia Basin was
drier than at present (i.e., averaged less than 16 cm/yr [6.3 in./yr] in the
Hanford Site region). Based on the Carp Lake data and others, it can be concluded
that there is no evidence that the long-term precipitation average ever reached
300% of modern levels, which has been taken as the upper bounding annual
amount to test the prototype barrier.

The nearest Cascade Volcano is more than 100 km {62 miles} from the Hanford
Site. Tephra from the Cascade Volcanoes has been found in the sediments in and
around the Hanford Site. During the 1980 eruption of Mount St. Helens, about

T cm (0.39 in.) of ash fell on the northern part of the Hanford Site. The volcanic
hazard is dependent upon the probability and type of renewed Cascade eruptive
activity and the meteorological conditions that control the direction and distance of
air transport. Current design load for volcanic ash at the Hanford Site is a ground
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loading of 165 kPa (24 Ib/ft?) to be applied to Safety Class 1 structures. The
potential impact of such an occurrence on the Protective Barrier has not as of yet
been examined in the Protective Barrier Development Program.

The Columbia River Plateau region, including the Pasco Basin, is an area of low
magnitude seismicity when compared to the rest of the western United States.
The closest regions of historic moderate-to-large earthquake generation are in
western Washington and Oregon and western Montana and eastern Idaho. The
most significant event relative to the Hanford Site is the 1936 Milton-Freewater,
Oregon, earthquake that had a magnitude of 5.75 and that occurred more than
90 km (56 miles) away. The largest Modified Mercalli Intensity was felt at

-Walla Walla, Washington, and was VI. This event was approximately 105 km

{65 miles) from the Hanford Site.

A static slope stability analysis, and associated earthquake deformation analyses
was performed by Adam Saleh and David Daniels of the University of Texas, for
the Prototype Barrier at the 200 BP-1 site. For a 1,000-year prototype design life,
the average site seismic response spectra with structure damping curves of 5, 10,
and 12% the ground acceleration is 0.14 g and is 0.38 g for 10,000 years. The
corresponding, equivalent Richter Earthquake Magnitude for both is 6.0 at a
distance of 15 kilometers (9.3 miles).

A -summary of significant findings from the static slope stability and seismic

deformation analyses are presented below:

L The minimum static safety factor for the Prototype Barrier is on the order
of 1.5, occurring along the 2 Horizontal to 1 Vertical (2:1) basalt side
slopes.

& _Fora 1,000-year return pericd,-seismic loading conditions, estimated,
permanent seismic deformations are estimated to be on the order of O to
0.08 cm (0 to 0.031 in.). The displacement piane for the most critical
surface is within the wedge of the basalt side slope, starting from the top
of the slope extending vertically downward to the FAA layer, then
extending horizontally, essentially along the FAA 1o just below the toe of
the basait side slope. The estimated resulting mode, magnitude, and
location of deformation is not anticipated to significantly impact the
functional perfermance of the barrier. '

L For a 10,000-year return period for seismic loading conditions, permanent
seismic deformations are estimated to be on the order of O to 2.05 cm
(O to 0.81 in.). The displacement plane for the most critical surface is
within the wedge of the basalt side slope, starting from the top of the
slope extending vertically downward to the FAA layer, then extending
horizontally, essentially along the FAA to just below the toe of the basalt

-
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side slope. The estimated resuiting mode, magnitude, and location of
deformation is not anticipated to significantly impact the functional
performance of the barrier.

Under nonseismic, static loading conditions, the potential for downhill

movement creep effect of the Fluid Applied Asphalt Materials, and
overlying materials has been identified.
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Type . Meeting No. Date .
Barrier Design Team ' 1 June 25, 1990
Project or Work Order Ko. and Title Distribution
ERO736 Prototype Barrier for the Hanford Site Attendees
JW Cammann
References SD Consort
SJ Phillips
JJ Verderber
Attendees Eng Doc Control
DL Fort
GW Gee
MT Janskey
DR Myers
NR Wing
1.) Discussed Barrier Team Protocol. NR Wing distributed profoco] outline with
1ist of task group leaders. _
2.) Discussed field trip of June 20, 1996, and proposed Basalt Borrow Pit.
Proposed Basalt Borrow Pit lies north of McGee Ranch. Dual access is available
to minimize SR240 traffic impacts. Feedback from Hanford Security indicates
problems with access permission. May require stationing of Patrol Guards during
operations. Discussed improved safety aspects of using two points of access to
proposed site, namely visibility of approaching traffic. Discussed high quality
of basalt available at proposed site.
3.} Discussed KEH ROM Estimate of concept presented 6/11/90. Unit price cost of
,,,,, ~-—- - basalt $25.30/cu. yard in place when taken from proposed borrow pit. Option
to purchase basalt in Kennewick and haul to site of Prototype Barrier would be
$25 to $28/cu. yard in place.
Prepared By o Approved By
DL Fort M
Title j Title
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Type Meeting No. Date
Barrier Design Team 1 June 25, 1990
Project or Work Order No. and Title Page No.

ER0736  Prototype Barrier for the Hanford Site

Page 2 of

Minutes Continued

4.) Discussed proposed site of Prototype Barrier. Site slopes downward to the
northeast approximately 2 meters. Discussed using uniform slope across top of

Prototype Barrier to minimize costs. No decision was made.

5.) Discussed ways to lessen cost of prototype. Design as proposed on 6/11/90

js estimated to cost $1.26 Million without any test equipment.

Discussed using

monitoring/access vaults which would lessen amount of basalt needed. Discussed
-- access vault and tunnel concepts and costs, (use of existing vaults verses

new). Discussed basalt thickness in barrier necessary for required function.

Further discussion deferred to Barrier Development Workshop to be held 6/26/90.

i Prepared By | Approved By

- DL Fort

. Title

Title -

RPRETL 1720789 A3




- KAISER ENGINEERS BHI-00007
PANEORD bt .MINUTES OF MEETING Rev. 00
Type Meeting No. Date ’
Barrier Design Team 2 July 16, 1990
Project or Work Order No. and Title Distribution
£RQ735 - -Prototype Barrier for the Hanford Site Attendees
SD Consort
References DR Meyers
SJ Phillips
T Eng Doc Control
JW Camman
DL Fort
GW Gee
MT Janskey
JJ Verderber
NR Wing

1.) -Read minutes of 6/25/90 BOT meeting.

2.) Discussed use of excess material located at west end of Gable Mountain.

During decommissioning of the Gable Mountain Near Surface Test Facility, excess

basalt was spoiled in an area near the existing basalt barrow pit.

Spoil

contains a lot of soil fines and was determined not to be suitable for the

prototype barrier.
3.)
slight.

Discussed the cost differences between establishing a borrow pit or hauling
_from pit in south Kennewick. KEH estimating maintains cost differential is

ACTION ITEM. KEH to research into most cost affective source of basalt.

Prepared By

DL Fort 1,%

Approved By

Title v

Title
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-4.) . NEPA documentation-has been-submitied to DOE. B
a

Minutes Continued

3.) Discussed sources of custom blended material, {filter). 200 Area batch
plant currently does not have the capability of screening and mixing materials.

_KEH estimate was based on hauling material from a Richland Batch Plant.

ACTION ITEM: KEH to find most cost affective source of screened and blended
material.

eginning FY 1991 all NEPA
documentation will be approved by Admiral Hatk1ns St ff. An EA or EIS will be

required on all future projects.

5.} Discussion of the Pinch Theory continued. Bring up problems as they arise.
Resolve them, do not hold them until they become too difficult to resolve.

ocol. NR Wing stressed the importance of attendance

6.) D
in mee érs or their representatives.

iscussed BDT/BT AB Pro
tings of BDT team mem

Cl'rl'

7.) JW Camman handed out a "Summary of De51gn Considerations from Barrier
. Morkshop™. - Discussion of the items given within followed.
GW Gee mentioned additional 1tems to those listed under the Water
Infiltration Control Group heading in the above handout:
-0 Place pressiure sensors in the basalt side slopes to determine wind

effects in the open pore basalt.
-0 - Place-temperature probes throughout barrier. '
0 Installation of devices should occur during construction of the
barrier so that installation does not disturb the barrier.
0 Install a viewing trench across the barrier to actually see the
features of the barrier. PNL is planning a barrier concept test at
_ . the lysimeter station. A small scale example of the barrier may
suffice for the v1ew1ng trench.
0 Something to measure side slope charging of the barrier is needed.
0 Section lysimeters or free draining lysimeters should be installed at
the interface between the fine soil and the sand/gravel filters.
- Couid be instaiied post barrier construction as 1t disturbs on]y the
fine soils.

Discussed the Erosion Control Group input.
) Group wasn’t against supplemental treatments of rainfall, just didn’t
need them for their studies.

o Recommended the establishment of subplot divisions for various
treatments.
Prepared .By Approved By
DL Fort
Title Title
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o' Recommended consideration of barrier being square instead of
" ~rectanguiar as that wouid minimize edge effects on the barrier.
o The recommended pea-gravel surface layer would represent a weathered

cuvnfara

Bl | R s

0 If supplemental precipitation tests are performed recommend testing
side slopes and evaluate runoff erosion of the side filter into the
basalt.

Discussed Biointrusion Control Group Input.

0 Compacted silt layer would inhibit but not prevent root intrusion.
Discussed blending clay, (25% bentonite), with silt and compacting to
above 1.8 gm/cc density.

0 Plant growth improves evapotranspiration of the soil and 1.5 meters
of minimally compacted soil is necessary to allow plant growth.

8.) Discussed various security or personnel barriers to control access to the
prototype barrier. Levels of security needed discussed.

9.) Discussed the generation of maps showing walkways so that those who do
access the barrier surface do not damage the tested surface.

10.) Concerns were aired about over-loading the proto-barrier with test concepts
that could be tested at smaller scales. One item that could be tested on a
smaller plot would be the pea-gravel surface layer.

- 11.} Discussed placing manuments on top of the barrier for measurements for
subsidence and wind/water surface erosion.

12.) Extreme event testing was discussed. Group consensus was that extreme
event testing should be performed, especially rainfall and runoff.

13.) Discussed testing layout and separation. Barrier construction methods to
be the same or at a maximum two or three different methods.

Prepared By Approved By
DL Fort

Titte Yitle
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Barrier Design Team 3 July 24, 1990
Project or Work Order No. and Title Distribution
ERO736 Prototype Barrier for the Hanford Site Attendees

References

M.T. Janskey
S.J. Phillips
J.J. Verderber

Attendees

L.L. Cadwell
Cammann
. Consort
Fort

Gee

. Myers
Petersen
. Wing

2 A0mo0oung
oo O

Eng Doc Control

Read minutes of July 16, 1990 meeting.

the barrier, (trench, vault, etc.).

plant root inspection.
impacts to the system.

3.)
penetration by roots.

4

for such, etc. Sketches passed out.

1.) KEH given action item to perform ROM.estimate on a viewing port inside

2.} Larry Cadwell discussed horizontal viewing and neutron sensing tubes.
The Bio-intrusion Group requests that some vertical tubes be installed for
These tubes can be installed in a manner to minimize

Larry Cadwell discussed the addition of a tracer chemical placed at
different interfaces to allow testing of surface plants to check zone

Discussed Barrier Concept #z construction sequencé and materials, reasons
Discussed 2.0M thickness of silt {0.5M

Prepared By
DL Fort

Approved By

Title

Title
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Minutes Continued

- -compacted,- 10" of surface-having pea gravel-blead, -batance - oo
silt). Discussed 8 feet wide sand filter at side slope interface
layers. Consensus that BDT agreed.on concept.

e placed
with silt

3

5.) Jerry Camman passed out an updated "Summary of Design Considerations for
Prototype Barrier, (July 23, 1990 update)". The summary sheet will be regularly
updated as the design progresses.

6.) Discussed collection of side slope and internal drainage for sampling
purposes. Use of asphalt curbs on asphaltic concrete layer and asphait emulsion
coating of side slopes as a means to collect drainage was advanced. The
lysimeters (having 5 feet of silt), have yet to show breakthrough on double
annual rainfall. The maximum condition for water intrusion would be a rapid
snow melt. There are difficulties in simulating the occurrence of rapid snow
melt. Side slope infiltration testing is of major interest for such an
occurrence.

7.) Discussed erosion measurement and the use of electronic surveying
equipment, their capabilities and accuracy. The prototype barrier must have
several monuments placed on it to assist in the monitoring of the barrier.

P;egare:_i 8y ) Approved By
DL Fort

Title Title
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Barrier Design Team 4 July 31, 1890
Project or Work Order No. and Title Distribution

FRO736 Prototype Barrier for the Hanford Site Attendees
v r—— __Eng Doc Control
KETEFENCES M.J. Fayer

K.A. Hoover
M.T. Janskey

Attendees

L.L. Cadwell
) J.W. Cammann

S.D. Consort

D.L. Fort

G.W. Gee

D.R. Myers

K.L. Petersen

S.J. Phillips

N.R. Wing

Read minutes of July 24, 1990 meeting.

1.) Discussed improvements to Barrier Design Concept #2 as suggested by the
BOT at last meeting. Passed out sketches of Design Concept 2A. Discussed use
of Hoosier Style dumping in the placement of the silty soil to minimize
compaction, allowing plant growth.

2.) Discussed 7-8 percent oil content asphaltic concrete verses spray applied

asphalt emulsions. A contact for additional information about asphalt emulsions

would be Bob Dunning who has been a past consultant to WHC. Discussed use of

%sgha1t emulsion on side slopes to collect infiltration from rip-rap and side
ilters.

..---3.) Glenden Gee presented methodology in applying extreme rainfall to barrier

and side slopes. He also passed on cancerns by the water infiltration group in
the abilities of the drainage material in transporting excess water over the

Prepared By

Approved By
DL Fort

Title

Title
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surface of the asphalt layer. Raised concerns about the barrier recharging

-adjoining barrier sites with the-edge treatment of the barrier. BDT discussed

means of minimizing this problem. .One recommendation is to channeling the
collected water to the toe of the barrier by the use of an emulsified asphalt
coated slope under drainage material. The collected water would then be absorbed
into a suitable depth of local soil that would enable plant growth.

4.) Discussed size of prototype and the ratio of area used by side slope
treatment to actual barrier area. Consensus of BDT was that in an actual barrier
the ratio of side slope area to barrier area would be much smaller and of little
concern.

5.) Discussed stope orientation of prototype barrier and the possibility of
using an asymmetrical centerline to simulate greater barrier width. BDT
consensus that the number of treatment areas available for testing by the various

___barrier technical groups is mare important than minimizing side slope effects

on rainfall infiltration.

6.) Discussed concepts to test infiltration from extreme events. Namely placing
a pair of curbs, (spaced 2 feet apart), on the asphalt layer and centered on each
test plot. Run the curbs longitudinally and collect the accumulated water at a
low point. :

7.) Discussed dividing the 34Mx64M barrier into zones of 5M width. The outside
zones to be used as buffers to side slope effects. Seven zones each side of
the barrier centerline, (14 total), could then be apportioned to the various
technical groups for testing programs. Consensus of BDT agreed with concept.

8.) Discussed placing asphalt emulsion on side slopes of barrier and collecting
infiltrated water. A curb would be added under the outer edge of the silt
Tayer to divide the collection zones from side slope and the silt barrier.
Consensus to place asphalt emulsion on only half of the barrier to allow
monitoring of effects sans asphalt emulsion treated side slopes. '

9.) Dick Wing handed out an Action Item List for barrier test plans. 80T
members are to respond with answers by the end of August.

10.) NEPA documentation due back from DOE later today.
11.) Barrier Workshop to be held on August 9 and 10, 1990. KEH to prepare

media for presentation to attendees at workshop. As some attendees will be
from offsite, media must be cleared by appropriate levels of management.

Prepared By

Appraved By
DL Fort

Title

Title

HPMéIL 1/20/8% A-10




KAISER ENGI. B T
HANFORD ENT N Tﬁ - {j gﬁ"’ﬁ

MINUTES OF MEE'.I'ING = CONTINUED }Blgrl-oo 7
Type ¥eeting No. Date
Barrier Design Team 4 July 31, 1990
Project or Work Order No. and Title Page No.

ERO736 Prototype Barrier for the Hanford Site

Page 3 of

Minutes Continued

12.) KEH 2lso to proceed with ROM cost estimate on latest concept, (ZA);

Prepared By
DL Fort

Approved By

Title

Title
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BARRIER DESIGN TEAM 5 August 7, 1990
Project or Work Qrder No. and Title Distribution
JR0O736 Prototype Barrier for the Hanford Site Attendees
Eng Doc Control
References J.W. Cammann‘
J.J. Verderber
M.T. Janskey
Attendees S.O. Link
L.L. Cadwell H.D. Freeman
S.D. Consort J.C. Chatters
M.J. Fayer
D.L. Fort
G.W. Gee
K.A. Hoover
0.R. Myers
K.L. Petersen
S.J. Phillips
N.R. Wing

version 4.

layers within the barrier.
determine effects on layers.
of seismic events on earthwork (dams).
and Ann Tallman).

aid in construction.

1) Discussed construction sequence of barrier, Distributed sketch ES-736-F1

4) Added geotextile at the interface between the silt and the

Read minutes of meeting for July 31, 1990.

¥

2) Discussed seismicity of Hanford Site and potential for separation of certain
Testing may be performed using a shake table to
Discussed finding assistance or examples of effects

Mentioned WHC support group (Tom Conrads

3) Modified top of asphalt emulsion siope to coat earth fill only.

sand filter as an

Prepared By .
D.L..FORT

Approved By

Title

Title
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Minutes Continued

5) Discussed moving access road to northwest of prototype barrier so that access

could be used for possible future barrier.

6) Consensus that tumbleweed growth in gravel covered sand filter is not a
problem.

7) Dick Wing distributed a cross section of the Durango Cover (noted vegetative
cover and 1-5 side slopes of basalt). Area has 50 c¢m of precipitation and is at
an elevation of 7000 feet. Much of the precipitation is snow. Vegetation

includes coniferous forest. The cover design is an UMTRA (Uranium Mi1l Tailings

3 e
Remedial Action} cover.

8) Lysimeter was saturated until breakthrough - contact Melvin Campbell.

Prepared By Approved By

D.L. FORT

Title

Title
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Attendees

Eng Doc Control

References

J.€. Chatters
. Janskey
. Petersen

Attendees

Cadwel]
. Cammann
. Consort
. Fayer

. Fort

. Freeman
. Gee
Hoover
Link

. Myers

. Wing

Z0nmn AN IToXunar
DOOPEZOFLOE T

. Phillips
. Verderber

Lin KX
L —

lysimeters at saturation.

pressure in the surrounding soil.

1) Discussed items of concern from last meeting - seismic events causing
separation in the layers of the barrier and the breakthrough in one of the

2) Several new ideas were expressed at the workshop held on 8/9/90. Jerry
Cammann suggested sending a letter to the participants of the workshop asking for
comments on the design presented by the Barrier Design Team (BDT).

3) Glendon Gee raised the subject of integrated demonstrations. The Grout
Facility has been working on items that may lead to such. A paper will be
presented in a seminar this fall that studies a natural analog where ice
formations are created in basalt rubble.
formation could reduce water condensation on waste forms by lowering the vapor
Several similar conditions exist at sites in
--the Northwest. The engineering and construction of this feature would be
difficult primarily because this phenomenon is not clearly understood.

The passive functions of this ice

Prepared By
D.L. FORT

Approved By

Title

Title
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4) Jerry Cammann attended a meeting last Friday om stabilizing single shell
waste tanks. A project is being developed to study this and it has been proposed
that the Prototype Barrier be placed on top of a simulated single tank to create
an integrated demonstration. Funding for an integrated demonstration may be
Justified more easily than separate demonstrations. An aggressive schedule has
been requested by RL to demonstrate a major success in selection of an in-situ
disposal process. The current proposal consists of two mock-ups with different
_treatments. One mock-up consists of a single shell tank that will be filled
with grout to stabilize the simulated waste. Vitrification will be used to
treat the other tank’s simulated waste and the surrounding soil. The Prototype
Barrier would be installed over the grouted tank. The two systems would then

be compared.

Larry Cadwell suggested that the integrated demonstration be used on the
"second” prototype barrier (1993). Otherwise the "first" prototype would be
postponed until the initial stages of the integrated demonstration have been
designed, constructed and demonstrated. Several BDT members suggested that the
proposal to RL about the integrated demonstration be advanced with this idea.

Dennis Myers expressed concern that care be taken in addressing the regulatory
authorities about some of these treatment systems such as in-situ grout.

5) The Barrier Program may be changing in the near future. Proposals are due
this week on goals and milestones and are to-include integrated demonstrations.
Some of these demonstrations {proposed) have not been funded, so funding wars
- - -may-develep. - Lare must be taken in establishing the milestones and having
J._.._._ strong_evidence. and technical suppart in_the program activities. .

6) Dick Wing presented an approach to provide design basis for the selection of
materials and thickness and the selection of criteria to validate materials.
- {ive.-M.W. Ligotke's study using different admix concentrations which provides
documentation for prevention of wind erosion.)

7) Design considerations for the various features of the Prototype Barrier were
advanced:
o0 5 meter thickness requirement - in what document is this specified?
-6 ~Climate - 3x annual precipitation - probable maximum ({from L.L. Cadwell)
- worst or extreme case is a rainstorm following rapidly melting
snow in a year with 3x the annual precipitation {approximately
70% of the annual precipitation occurs during the cool season)
- these conditions may create the worst case infiltration
* Action - L. Cadwell will write report on worst case scenario

Prepared By Approved By

D.L. FORT

Title Title
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end of the fiscal year.
minimize moisture loss in handling silts.

0 Subsidence - assumed that this will not be a problem - will be studied
at a later time

8) Each BDT member given the task of bringing written input to the next BDT
meeting to begin definitive detailing and documentation of the Prototype Barrier.

9) Goals are to develop definitive design documents and specifications by the
Construction should be performed early in 1991 to

Prepared By
D.L. FORT

Approved By

Title

Title
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ERO736 Prototype Barrier for the Hanford Site Attendees
— 2 : Eng Doc Control
References K.A. Hoover

M.T. Janskey
D.R. Myers

Attendees J.J. Verderber

L.L. Cadwell .

J.W. Cammann

J.C. Chatters

S.D. Consort

M.J. Fayer

D.L. Fort

H.D. Freeman

G.W. Gee

S.0. Link

K.L. Petersen

S.J. Phillips

N.R. Wing

1) Dick Wing presented elements Tearned from a seminar on RCRA/CERCLA closures.

_The arrangement of various low permeability Tayers could enhance or detract from
performance. Care should be taken here. -An application of this principle as
it applies to the Barrier would be to put an asphalt coating on a Claymax layer
over the asphalt layer.

" Another issue of concern raised at the seminar was the preferential pathways
created at the interface between 1ifts of soil (the concern is for 1ifts in a
liner). Hoosier dumping may create preferential vertical pathways. Glendon Gee
expressed concern that we not place the silt using the standard practice of

1 - ---compaction-of the primary liner soil- -Plant voot penetration is necessary for

the long term functioning of the barrier. Higher density placement would greatly

inhibit plant growth. The interface created by the Hoosier dumping may enhance
root penetration.
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barrier designs.

three months.,

120 cm in depth.

conditions) on frozen ground.

Further study is ongoing.

~—-----.Also, in-the RCRA seminar; gquestions were raised about the use of asphalt in
Names were obtained to collect
Wing will follow up on this issue.

additional information. Dick

Dick Wing recommended that the BDT invite some of the specialists involved in
presenting the RCRA seminar (August 15,16} to review the final design for the
Prototype Barrier prior to construction. The BDT supported the idea.

2) KEH distributed copies of sketches of the current design concept (copies of
. stides used at the Barrier Design Workshop of August 6th).

-3) Ken Petersen distributed a summary of the Hanford climate from the records
and the evidence for the past 8,000 years.
annual precipitation would exceed the maximum annual precipitation that has
occurred in the past 8,000 to 10,000 years.
precipitation record may provide a good analog for modelling three times the
average annual precipitation for Hanford.

Three times the current average

Use of the Thompson Valley

J.C. Chatters stated that approximately 2,000 years ago the amount of
precipitation changed the aquifer.

The BDT consensus was that three times the annual precipitation is the bounding
scenario. Values over time for duration, intensity and magnitude of
precipitation need to be established for both two and three times the average
annual precipitation. .

Maximum run-off conditions would be three times average annual precipitation for
December, January and February as snow followed by 24 hours of melting (chinook
44% of the annual precipitation occurs in these

Six inches of water was applied over 48 hours in tests at the McGee Ranch. The
intensity was controlied to minimize ponding. The wetting boundary moved to
No run-off occurred.
The BDT consensus was to analyze the present barrier design for its capacities,
then compare the results to the determined probable weather conditions.

Construction practices will govern media thicknesses.

1.35 to 1.4 gm/cm is the requirement for placement of McGee silt. Mike Fayer
has data on McGee silts and AP tank farm sands.
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Project or Work Order No. and Title Distribution
ER0736 Prototype Barrier for the Hanford Site Attendees

issued 9/30/80.

Minutes were not read in an effort to conserve time.

1.) MWater infiltration components testing questions need to be addressed. This
“subject was deferred to a later time.

2.) Conceptual Design drawings will be developed by the end of this fiscal
year. A comprehensive outline specification will be part of this effort. The
completion of and conversion of the conceptual design documents to full
definitive design documents will take place the first part of FY 1991.

KEH will provide the BDT copies of the preliminary conceptual design
drawings and outline specification for review by 9/18/90.

Comments will need
to be returned by 9/27/90 for incorporation into an Engineering Report to be
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3.) Concerns currently outstanding:
a.) M. Ligotke recommends that a final thin layer of 2cm (3/8") pea
gravel be placed on the surface of the barrier after the admixture surface
is prepared. This is to provide an armor to minimize wind erosion on the
freshly tilled silts. Currently the BDT has decided against the
installation of this armor.
b.} The complexity of the current barrijer design will require
 documented defence. Earlier reports developed by other organizations at
Hanford mearly placed a large basalt mound over the in-situ disposal sites,
(reference 241A Cover Report by P.X. Brockman , et al.).

4.} J. Chatters mentioned that native American mounds that date back 3,000 to
4,000 years were constructed using fine soils and have withstood wind and rain
erosion effects quite well. Those with a very thin veneer of shells or gravel
survived the best. A report on this subject is currently in editing that
discusses the findings of a research team.

5.} Constructability issues raise concerns as to how to place a final veneer
without compacting the barrier surface, thus inhibiting plant growth. A
discussion continued that the admixture, part of the current design concept,
would eventually create this veneer and may satisfy the need for the veneer
application. Consensus of BDT was to forgo the final veneer on the first
prototype barrijer.

6.) KEH was given an action item to study methods and special equipment to

install a 2c¢m veneer. KEH is to report back at next weeks BDT meeting with
findings.

7.) J. Chatters presented the design basis weather conditions to be uséd in

the barrier design. (Handout given). There is potential for up to &" of water
run-off over a 12 hour period. '
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1.} The planning of this months BDT activities was discussed. Approval of
- conceptual design documents by the members of the BOT will be by signature on a
- form or letter. -

2.) Discussed placement of McGee Silts in dense and loose layers. Percent of
moisture content critical in achieving low hydraulic conductivity and/or to
minimize compaction of the plant bearing layer.

Discussed Hoosier Style dumping. The methed would possibly create near
vertical planes where preferential pathways for water would develop. G.W. Gee
mentioned that the root development of plants has not indicated this to be a
problem in studies of the McGee Silts. Hoosier style dumping should enhance roct
penetration better than the layered methods of placement.

Subsurface marker placement would be easier using the layered method in
placement. J. Cammaan suggested that subsurface marker configuration can be

- modified.
Prepared By Appraved By
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Subsidence in the loosely placed silts, (Hoosier style placement), should
not be a concern as the in place density at McGee Ranch is near the same density
achieved when the silt is poured into a test cylinder.

Dumping of the upper silt layers in Hoosier style placement, then spreading
in horizontal Tifts as thick as possible, was suggested by D. Myers and the BOT
agreed by consensus. Smoothing and shaping of the silt layers by Caterpillar
will minimize compaction. Use of LPD dozers will keep compaction at a minimum.

3.) Discussed maximum density of McGee Silts (1.88 gm/cc}, at optimum moisture
content (about 14 percent}. Maintaining the moisture content of the silts at
less than optimum moisture may help 1imit compaction to less than than the 1.6
gm/cc density ceiling where plant root penetration would be inhibited. G.W.

Gee has performed studies and will provide KEH with data to assist in determining
if moisture content greatly affects silt compaction. The field lysimeters had
silt placed and compacted by hand at a moisture content of 12 percent by weight.
Density achieved was 1.4 gm/cc with little effort.

~4.) The addition of water to the in-situ McGee soils prior to the excavation

of the borrow pit was discussed. The use of the existing well to supply an

~_irrigation system was.proposed.. A permit from the State of WA will be necessary

to use the McGee Ranch well. The existing well will not deliver 60 gpm. A
lined pond may be required to store enough water to be able to use standard
irrigation equipment in an effort to wet down the borrow area.

5.} Fertilizing of the final layer of McGee Silts was then discussed. The -
re-vegetation of a surface is enhanced by nitrogen and phosphorus addition
similar to standard farming practices. A natural mycorrhizae is necessary for
sagebrush growth in the silts. This fungal-root association is found ,
concentrated in the top 12 inches of in-situ soil. In developing the borrow
area the top soil should be stock piled for placement at the final 1ift of siit.

To minimize the surface area impacted at the McGee Ranch borrow area, the
mycorrhizae should be injected in the top layer of silt. The McGee Ranch borrow
area must be returned to a natural appearing state, therefore the microrhize
must be injected at one of the sites anyway.

6.) KEH passed out an overview of the Barrier design reasoning to the BDT and
requested input from team members by the following BDT meeting, (Sep. 18, 1990).

7.) Discussed QC requirements for barrier construction. Development of
definitive spec will address this issue. To be done next FY.
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8.) KEH reported to BOT on spreaders available to place a thin veneer of pea
gravel as a final layer on the barrier. A chip spreader on a dump truck is
commonly used in Bituminous Surface Treated (BST) road comstruction. It will
1~ require the driving of a Toaded dump truck over the final surface. No other
application equipment is known of. Perhaps if moisture content is controlled to
minimize compaction, this final pass will not harm the barriers ability to grow
plant Jife. The BDT will consider applying the pea gravel with a chip spreader
on one or more of the special treatment zones that will be established on the
surface.

9.) Last week KEH requested WHC perform certain standard soil tests on some of
the constituents of the proposed prototype barrier. KEH is to supply WHC with
a sample of 5/8 inch crushed gravel for testing.

Prepared By Approved By
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Read minutes of 9/11/90.

Discussed overview: received written comments - very Tittle discussion.

Issued drawings to Barrier Design Team (BOT). Discussed drawings.

The site preparation plan shows an economized design. Soils excavated from the
uphill side of the site are used to level the downhill side. The effect is to
place the windward (high intensity winds) side of the barrier about one meter
below grade.

Discussed toe ]ysimeter. Will asphalt heal small penetrations caused by crushed
gravel. Feeling is that it would. Collection of infiltration to a common point
by a ditch was a suggestion offered by D. Wing.

Dave Fort explained the drawings showing the construction of the barrier. Some
soils on the upside slope may not have to be moved to construct the earthen core.
This will save on compaction. Section A was missing a2 dimension from the tce of
the slope to the center of the lysimeter.

This feature should be reviewed by M. Ligotke for modeling problems.
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--Basalt/Filer/Asphalt Layers - shows neutron probe access tubes. Dave explained
the location of the lower probe access to determine if there is condensation
beneath the asphalt. The lower access tubes are 0.5 meter down in the earthen
core to be able to detect moisture. The tubes could not be placed in riprap.

To collect any drainage that reaches the asphalt, trenches constructed of
gravel between two asphalt curbs will slope across the asphalt centered on each
treatment. The pipe for drainage does not extend through the trenches. Mike
Fayer commented that the greatest water accumulation might be near the edge of
the barrier. DOennis Myers commented that a localized piping breakthrough might
not be identified. M. Fayer asked the reason for area of the curb trench
underlying only 10% of the treatment area. Dave said that this area was to
minimize edge effects.

Silt/Sand Layers - Section F shows the maximum single 1ift possible (Hoosier
Style). Section G has more detail of ramp construction in relation to barrier
construction.

Neutron probe access tubes will be placed at the interface between the
compacted and uncompacted silts. The material and dimensions of the access
tubes was discussed. The access tubes will need to be 2 1/2 inches diameter
because the neutron probes are 2 inches 0.D. Also, EMT will be used for the
tube instead of PVC pipe. Joints are critical so that the 18 inch long probe
does not get stuck in the tube.

The tubes in the silts will be located directly above the Tower access tubes.
_Ramps_will be needed to reach_the access tubes especially since the tubes in
the silts will extend out from the side of the barrier 13 feet above grade.
Something 1ike a vacuum will be needed to pull a Tine (with a probe attached)
through the access tube. Access will be needed at both ends of the tubes. A

stairway would be difficult to anchor.

W. Walters asked why the riprap is being dumped at the angle of repose. Riprap
is usually reworked for stability. The riprap is not designed to maintain its
slope over the long term. People will probably try to walk on it when the site
is open for demonstration. '

Petersen pointed out that the riprap is to discourage people from climbing onto
the barrier.

"D. Myers noted that mining dumps of similar composition have maintained steep
stopes for a century or more.
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Dave Fort said that backhoes could be used to pull down the riprap to a 2:1
slope from the 4:3 siope.

S. Consort suggested that since this barrier is an experiment, part of the
riprap could be left at 4:3 and part stabilized at 2:1.

W. Walter’s concern is for long term stab111ty of the barrier. D. Myers’
concern is that the goal of the ‘barrier is to keep humans, burrOW1ng animals,
plants and water out of the wastes.

G. Gee state that we cannot have a collapse of the riprap with visitors at the
prototype barrier. Also, the riprap protects the layers of the barrier.

W. Walters said that there is no safety factor at the angle of repose, and it
will not prevent humans climbing or digging into the barrier. [f the riprap
does not prevent human intrusion, could use river rock instead. But would
river rock protect the silts.

At present design, face failure is possible, but not slip failure. The dashed
line on the drawing shows the worst case face failure. There would still be

- ----epough -armor, but that point may never be reached. The 4:3 slope should remain

long term.

Should the human intrusion factor be revisited? Humans may use the riprap as a
borrow area in the future. Should the slopes of the protype barrier be fenced
of f?

Finished Site Plan - Dave described buiiding the sand filter around the silts.
The finalized drawings are to be to DOE by 9/28/90.

Dave distributed the specification outline and the calulations for filter
gradation and explained the specification.
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SUMMARY OF DESIGK CONSIDERATIONS FROM BARRIER WORXSHOP

* 5:1a/fe.m¢n'fu.f precigitafran can be post construction

+ @ sucfion o - dra: I y ' ofands 5
¥aier infiltration Control Group chion or dree- draingge lysimetens (i 2, 4es)
® Tampgeratwre and Fresswre Sensers (in 5ide s/a,au)
*  Reduce baealt base Tayer to 0.5 mefers

X elear f:/a:ﬁc. Fubes sectons
o Use horizontal eccess tubed for neutron hydroprobes (3 through fine seil, 1 through basalt base Tsyer)

¢ Install water collection medis under riprap side slopes to evaluste recharge
(e.0., HDPE or other mlymeric membrane to a collection trough)

® Vleuing SgsFems

Erosion Contrel Group

¢ Putlongaxis of barrier on wird rose (9., SW-NE orientation)

s Consider making berrier square instead of rectenqular

s Keep 5 meter overall height; reduce bazalt bese layer and repisce with native soils
¢ Elimingte the berm aiong the tep of the barrier

o  Reduce the thickness of the bassit side slopes by 174t 1/3 of the total riprap

¢ Extend riprap sf top of side slope roughly 3 feet onto the surface of the Mclee Ranch silt logm; ues srall
layer (™3 inches thick) of Z inch minus gravel 1o protect against runeff erosion

o Surface stopes of 2- 3T desirable {2-5% acceptable)
. Grou2 V-«i sgainst the use of supplemental precipitation trestments (net stceded For erossen tests

e 3rou7a was gaf Gf,tst-d o 5ﬁ'7d/d/¢mms‘n./ﬂrccwahfcro-| Por - Fher Fer s
* Recommend the use of pes-gravel admix; 30 cm depth (minimurm), 15-20% by mass L:"“"/‘/""‘"

.F" be o.JJ“‘SS‘-:’
alscuhere, nef

ot Fr‘b "3‘#’,6— .

Recomrnend surfsce layer of pea-qravel (10-15 kg/sa. meter)

o Install erosion pins to monitor surface deflation (lsrge naile snchored in concrete base ) |

o [nstell 3anemometer towers; 1-2 on barrier, 1 off barrier; 10- 20 meter height

o install runoff catchment and measurerment syztem

o Add supplemental presipitation on side slopes snd evaluste runefl erazion (iberfoce bedween Fine Sed(:

arnd basatt ri srd
Bisintrusion Control S/afe:r) £rr e

o Trafeplent surface rather then seeding (e.q., native gresses, shrubs, ete.)
e Useirrigstion fo establish plants; no zupplements] precipitation trestments peeded

¢ Reduce basalt baze layer thickness; no impact to bointrusion ever the test period

Layer F {compacted layer of McGes Ranch silt loam) will not necessar ily be effective sgainst
tiointrusion; recememend additions! 1.5 ftct of McGee Ranch it loam compscted to 80% proctor

4 ”
2,,17474»- THhichr exs A-27
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Provide permanent access to the top of the prototype barrier for menpower and small equipment

Perform compsction treatments on various seclors of the barrier surface; use rhizstrons to look st
impact of percent compaction on plant rocting depthe and distributions

stablizh permanent walkways across the bsrrier surface to minimize surface disfurbances and
 resylfant impacts on vegetation

Sfjn:/ > dain’s bative ﬁncss/ Foad pruepssr
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SUMMARY OF DESIGN CONSIDERATIONS FOR PROTOTYPE BARRIER
(July 23, 1990 update)
r Infiltration Contrgl

Reduce basalt base layer tc 0.5 meters
Use horizontal access tubes to measure soil moisture with neutron hydroprobes

- lexan, lucite, or aluminum

- 3 through McGee Ranch silt loam; 1 through basalt base layer

- lexan or lucite allow additional use as rhizotrons

Install water collection media under riprap side slopes to evaluate recharge
(e.g., HDPE or other polymeric membrane liner which drains to a collection trough)

Install capability to separate drainage through riprap side slope from drainage
through McGee Ranch silt loam (e.g., may be achieved with the use of curbing along
the asphalt layer)

Install pressure sensors in the basalt riprap side slope

Install temperature sensors along the horizontal access tubes

Install suction lysimeters, moisture blocks, or equivalent at soil interfaces {optional)

- Recommend supplemental precipitation treatments (make provisions for subplots)

Evaluate the use of subterranean access (trenches, vaults, etc.) to facilitate collection
of data and monitor barrier performance (undecided; cost issue) -- gavivaLenr Cre.
PutSicmst moper.)

ion Control Gr
Put long axis of barrier on wind rase (e.g., SW-NE orientation)

Consider making pbarrier square instead of rectangular (optional)

Maintain 5 meter overall height; reduce basalt base layer and replace with native
soils

Eliminate the basalt riprap berm along the top edge of the barrier
Reduce the thickness of the basalt side slopes by 1/4 to 1/3 of the total riprap
Extend rock cover from top edge of basalt side slope roughly 3 feet onto the surface

of the McGee Ranch silt loam; use small layer (~3 inches thick) of 3 inch minus
gravel to protect against runoff erosion

A-29
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No need for supplemental precipitation treatments to evaluate erosicn; better
addressed through small-scale field testing

Recommend the use of pea-gravel admixture; minimum depth of 30 centimeters,
15-20% by mass

- Recommend surface layer of pea-gravel (10-15 kg./sq. meter) to represent
weathered surface (defer to small-scale field plots)

L)

-+....Install.erosion pins to.monitor. surface deflation {large .nails anchored in concrete
- base; could become part of anemometer tower base)

Install 3 anemometer towers
- 1-2 on barrier
- 1 off barrier
- =10-30 meters in height (each)

Install runcff catchment and measurement system

Add supplemental precipitation on side slopes to evaluate runoff erosion and
undermining of fine soils under the side slope (candidate for small-scale field testing)
+ Transplant surface rather than seeding (e.g., native grasses, shrubs, etc.)

* Use irrigation to establish plants; no supplemental precipitation treatments to
evaluate biointrusion control

Reduce basalt base layer thickness; no impact on biointrusion control over the
planned testing period '

* Layer °F* (95% proctor compacted McGee Ranch silt loam) may no be an effective
biointrusion control medium; in addition to layer "F", recommend an additional 1.5
feet of McGee Ranch silt loam compacted to 80% proctor

Consider replacing layer "F* with an amended McGee Ranch silt loam/bentonite clay
mix (25% bentonite by weight; candidate for small-scale field testing or could be
incorporated as a subplot)

- Provide permanent access o the-top of the prototype-barierfor manpowe and smail

equipment; provide locking, swinging gate across access to inhibit unauthorize
vehicular travel )
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Perform compaction treatments on various sectors of the barrier surface: use
rhizotrons to look at impact of percent compaction on plant rooting depths and
densities (candidate for small-field scale testing)

Establish permanent walkways across the barrier surface to minimize surface
disturbances and impacts on vegetative growth

No animal intrusion testing planned for the prototype at this time

Place signs and chain barricades around the site to establish administrative control
over site access
Vet ricae 7{—!’:62-66 Access ruEess

CHemical. TEACER. LAYGes Fow Blo/lTEUSIon)
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References ] Attendees
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Attendees JW Cammann - Ha-14
KEH AJ Eirich - E6-41
KL Reis - E6-04
SD Consort ~ E6-40 Eng Doc Cntrl _ pg-2a
DL Fort - E6-50 ‘ _ |
JD Payne - EZ-10
RI Watkins - E6-41
WHC
NR Wing - H4-14 .96 oo
PNL
GW Gee - K6-7

The purpose of the meeting was get the project- team together for an 1n1t1a1
discussion of the project scope and to begin project planning activities. The |
project team is still being formed. L. K. Henley will have to be replaced as |
civil engineer since she is leaving KEH. We have been assured by Ken Burgard that |
the Grout Project can supply civil engineering support as long as it does not

require a full time person.

Estimating support has been proposed to be provided by K.. L.. Reis, although
estimating was not in attendance at the kickoff meeting.

R. I. Watkins discussed the proposed: approach tc engineering design: Phase I
design will consist of a Design Basis Document, Project Estimate and schedule.

The Design Basis Document will be an expanded version of D. L. Fort’s letter
report of September, 1990. No additional drawings will be prepared. The estimate
will consist of a detailed estimate for the design phase, and an update of the
previous construction estimate.

Prepared By Approved By
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Minutes Continued

Phase I1 design will start about February 1st and will be completed by September
30, 1992 with the following deliverables:

Construction Plan
Construction Estimate & Schedule
Construction Specifications

~ Construction Drawings

¥ ok % *

 An integraT part of Phase Il design will be 3 cycles of external reviews and an
internal constructibility review.

The draft Work Breakdown Structure was discussed (attached). Preparations of Work
Element Planning Sheets by all KEH team members was requested by December 3ist.
An estimate for the Phase I design will be provided to WHC first week in January.

RIW/t1p

Attachment

Prepared By
R. I. Watkins
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1.0 Engineering
1.1 Design
1.1.01.01
1.1.10.00

1.1.20.00

1.1.77.00

December 17, 1991

- PROTOTYPE SURFACE BARRIER
WORK BREAKDOWN STRUCTURE

Planning

Phase

10.
10.
10.

01
02
03

Phase

20.
20.
20.
20.
20.
20.
20.

01
02
03
04
05
06
07

I Design (CDR Equivalent)

Design Basis Document
Project Estimate
Engr./Project Schedule

I1 Design (DD Equivalent)

Construction Plan
Construction Estimate
Construction Schedule
Construction Specifications
Construction Drawings
Constructibility Review
Outside Consultants

Project Support

1.2 Engineering/Inspection

1.2.01.01
1.2.10.00

2.0 Procurement
2.1.10.00
2.1.20.00

Planning

Engineering/Inspection During Construction

10.
10.
10.
1C.
10.
10.
10.
10.

0l
02
03

Earth Fill Inspection
Toe Drain

12" Basalt

Crushed Basalt
Asphalt Concrete

Sand Filters

Silt Layers

Marker Installation

Bid Package Preparation

Contract Bid and Award

A-34
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"3.0 " Construction

3.2

Construction Management

3.2.01.01
3.2.10.00
3.2.20.00

3.2.21.00
3.2.77.00

9513343, 0405

ecember 17, 1991

Planning

Construction Management

S/C Overhead

Project Support
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Subcontract
.20.01 Clearing/Grubbing/Site Prep
20.02 Supply & Placement of Earth Fill
20.03 Supply & Placement of Spray - Applied Asphalt
20.04 Furnishment of Crushed Basalt
20.05 Furnishment of 12" Pitrun Basalt
20.06 Placement of Basalt
20.07 Suppiy & Piacement of Asphaltic Concrete
20.08 Supply & Placement of Sand Filter Material
20.09 Supply & Placement of Geotextile
2010 Furnishment of Silt Materials
20.11 Placement of Silt Materials
20.12 Supply & Placement of Protective Markers
20.13 Supply & Instaliation of Instrumentation Tubing/Conduits
20.20 Site Roads & Parking
20.21 Site Utilities
20.22 Construction Offices/Facilities
20.23 Revegetation - Borrow Areas



Scope:

Develop preliminary project WBS.
Surface Protective Barrier.
Phase II, and update previous construction estimate.

December 17, 1991

BARRTER DESIGN - PHASE 1
DETAILED WORK PACKAGES

engineering design and preliminary schedule for construction.

Work Package Description:

1.1.01.01

1.1.10.01

-
.

fu—
.

fu—y
<
[o=]
™

1.1.10.03

1.1.77.00

Planning

* Planning Sheets by Discipline - Phase I
* Cost Estimate for Phase I
* Schedule for Phase I

Design Basis Document

* Prepare Outline

* Research Prior Work

* Draft by Sections

* Compile & Review Document

Preliminary WBS

Engineering SOW Descriptions by WES

Prepare Basis/Assumptions

Planning Sheets Preparation - Phase II Design
Prepare Engineering Estimate

Update Construction Estimate

Estimate Review

Final Estimate

A

Engineering/Project Schedule

Engineering Logic Diagram
Engineering Duration Estimates
Procurement Logic/Schedule
Construction Logic Diagram
Const. Duration Estimates
Schedule Review

Final Schedule

X F 4 % * ¥ *

Project Support

Project Mananement
Praoject Control

Document Control
Clerical/Word Processing
Quality Assurance

* ok A % R
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Prepare Design Basis Document for Prototype
Prepare cost estimate for engineering design -
Prepare schedule for

Responsible to:

Watkins

Al
Watkins
Watkins

Fort

Fort

Fort/Conscri
Fort/Consort
Fort/Consort

Watkins
Fort/Consort
Watkins

AT

Payne

Payne/Fert

Payne/Fort
Payne
Payne/Watkins
Payne/Watkins

Watkins

Watkins
Payne

-Watkins

Watkins
Watkins
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ER2502 Prototype Barrier for the Hanford Site

: Attendees
References Eng.Doc. Control
J.C. Chatters
- S.0. Link

Attendees K.L. Petersen

L.L. Cadwell J.C. Sonnichsen

J.W. Cammann

S.D. Consort

M.J. Fayer

H.D. Freeman

D.L. Fort

G.W. Gee

M.W. Ligotke

D.R. Myers

+rt—fetersen

W.H. Walters

R.I. Watkins

N.R. Wing

No minutes for 3/31/92. Everyone received copies of minutes from 1990 meetings.

D. Wing explained the probiem of technical concerns being discussed at meetings
and then the concern not being resolved. The person with the unresolved concern
should present a statement to the task group leader who can address the concern.
The decision on the concern will be documented. J. Cammann mentioned that we can
use the RCR form. L. Cadwell noted that both PNL and WHC have forms. The Barrier
Design Team (BDT) decided to use the WHC form.

The meetings are scheduled to occur from 9-11:00 AM each Tuesday in room 28 of 345
. Hills Street.

D. Wing contacted Don Wood about guidance -on human intrusion and regulations.

Task Groups were not all able to meet about objectives for testing and mon1tor1ng
Group Leader input:

| M. Ligotke said that he would run surface shear tests. He would need three
--+--- - masts for equipment to measure wind speed. One mast would be placed in the
Prepared By Approved By
S.D. CONSORT
Title Title
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center of the prototype barrier, one on the edge, and one out away from the
barrier. L. Cadwell noted that the shape and orientation of the barrier are
important to the wind erosion tests. M. L1gotke would prefer the barrier to be
oriented SW-NE instead of NW-SE as 1t is in the present design. Also, he favors

a c1nn1n surface traatment

£ LR - Oy =321

W. Walters would like more surface treatments. He is concerned about cracking
due to settlement. He would want to measure soil propert1es, etc. of the
prototype immediate]y after construct1on He is going to contact D. Hoitink for

--daily weather -data. - W.-Walters would-like to-design-some sediment traps to
¥ p

monitor rates of soil erosion.

L. Cadwell stated that we need to decide on a basic design soon.

M. Ligotke presented a surface treatment idea MULTIPLE

showing where the masts for test equipment
would be placed. \\V

D. Fort drew a structure that could maintain
compression during subsidence and be used A\

for a gas collection test. The structure
might also require less building material. V

W. Walters noted that water erosion studies would require more length per
treatment area than M. Ligotke’s version provided.

L. Cadwell drew a square version of D. Fort’s T
drawing. He recommended testing extreme events
on one quadrant and leaving the other quadrants
to ambient conditions.

e

D. Fort suggested blending the upslope side of the barrier into the terrain, or
at least part of the slope to demonstrate the h1d1ng of the barrier.

SLOPE OF LAND
D. Myers asked whether the treatments would be /ﬂ$"’

more functional if the barrier surface sloped 0
with the direction of the wind. The difficulty

is that the wind blows at a higher intensity in

a direction different than the predominant

wind direction. mgn&'ﬂ INTENSITY WiND DIRBCTION
M. Ligotke suggested arranging treatment areas on D. Fort’s version so that
there would be no interference between treatments.

MASTS ¥~ TREATMENTS |

“Prepared By Approved By
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W. Walters prefers to test extreme events on test plots. L. Cadwell agreed, but
only if side slopes will not be tested.

J. Cammann drew another version of the barrier
surface suggesting that erosion could be performed
on the longer rectangle.

[T "R, Watkins stated that the BDT must determine the criteria for each portion and
make the design fit the need. D. Wing asked what our objectives were. H. Freeman.
said that everyone must agree on the major objectives. D. Myers suggested that

the major task groups gather and decide on their individual aobjectives.

J. Cammann pointed out that the data obtained from the prototype barrier must
prove to the regulators that the Hanford barrier design is better than a RCRA
cover. The BDT may want to construct a section of the barrier like a RCRA cover.
The data from the barrier will still need the support cof data from the test plots
according to W. Walters. Also, J. Cammann said that quality control of -
construction must be shown. 0. Fort mentioned that the prototype should not
include a RCRA cover, but demonstrate that our design will withstand three times
the annual precipitation, etc. There are examples of RCRA covers failing in humid
climates and UMTRA covers failing in arid climates. RCRA covers must last for
only 30 years with maintenance. The Hanford barrier must survive much longer with
no maintenance.

D. Wing gave a brief overview of the four objectives for the prototype from 1990.
1) integrate components
2) test constructibility
3) evaiuate barrier’s performance - (needs to be more specific)
4) document design, construction, and testing process for sharing

Even though surface treatments can be measured on test plots, L. Cadwell noted
that surface tests are still needed to prove that construction will produce a
prototype barrier that behaves as the lysimeters predict.

D. Fort said that the BDT must decide on the configuration of the barrier

—companents and whether side slopes will be constructed. The design must also
demonstrate methods for monitoring the performance of an actual barrier according
to the regulations. D. Wing asked what can be done with the prototype that cannot
be done with the test plots.

M. Fayer volunteered to have all task group leaders send a list of their technical
- -needs to him. He will compile the information so that it can be presented at the
next meeting.

Prepared By ' Approved By
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the regulators.

G. Gee contacted Mary Peterson.

H. Freeman noted that the four objectives from 1990 are not current. D. Wing, 6.
Gee, and L. Cadwell will go over these major objectives.

D. Fort explained that the required time span for the barrier’s performance
according to 40 CFR 191 is 1000 years. The 10,000 year criteria is for preventing
exposure to individuals of >25 mrem from high level radioactive waste, TRU, and

spent fuel. 10 CFR 61 is for NRC, not DOE facilities. J. Cammann is talking with

The alternative stratigraphy options for the prototype were tabled.

The work she is involved with includes:
1) in situ bioremediation - mixed waste remediation
2) electro-kinetic remediation
3) non-biological in situ treatment
4) subsidence control

-There is nothing about characterizing wastes.

about waste forms on site.

D. Wing will contact Jim Anderson

Prepared By
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L.L. Cadwell
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S.D. Consort
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D.L. Fort
G.W. Gee
M.W. Ligotke
0.R. Myers
K.L. Petersen
J.C. Sonnichsen
W.H. Walters
R.I. Watkins
N.R. Wing

D. Wing briefly reviewed the pinch theory.

S. Consort reviewed the minutes from the April 7th meeting with comments by D.

ina
Wing.

~ The new schedule for the project was explained by R. Watkins. Revising the

conceptual design is assumed to be our present work. The schedule still needs a
few adjustments.

D. Wing and K. Petersen spoke to Don Wood about guidance on human intrusion.
DOE/RL 91-45, rev. 1, is the document of risk assessment compiying with the Tri-
Party Agreement. DOE’s pians to maintain control after 100 years, but not at the
same level (i.e. fences and guards) as the present. According to the document, -
barriers with markers and warnings are to deter the inadvertent intruder.
Sideslopes should not be dangerous. Protection of the deliberate intruder is not
a concern. People must be made aware of the hazard. Riprap is to prevent animal
burrowing, not human access. 0. Myers asked about blending the barrier into the
topography. D. Wood had said that DOE preferred the structure to be obvious. The
Washington Administrative Code allows blending the structure into the terrain. D.
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Myers also asked about bikers and 4-wheel drive vehicles ruining the barrier’s
performance. According to D. Wood you can only deter the public, not prevent. We
are not responsible for the performance of the design if humans interfere. D.
Myers would prefer to make it difficult for anyone to disturb the barrier.

J. Cammann presented the goal and the programmatic objectives, the update of the
1990 objectives.

The goal is to provide defensible evidence that the design(s) of the final
barrier will adequately control water infiltration; plant, animal, and human
intrusion; and erosion by wind and water for a minimum of 1,000 years and isolate
wastes from the accessible environment. (See handout.) There was a discussion
about the wording concerning human intrusion. The second paragraph mentioned the
changes expected over the next 10,000 years being considered in the studies and
tests used to establish confidence that the final barrier will be able to meet a
1,000 year design life. The BDT basically agreed to accept the goal, but with
some editing.

J. Cammann explained the eight objectives and listed measures of success for
each (see handouts).

There are multiple barrier designs being tested at Hill Air Force Base,
Ogden, Utah. The area receives approximately 18 inches of precipitation annually
{about 3 times Hanford’s annual amount). J. Cammann suggested encouraging the
construction of a Hanford design barrier with the other designs at the base for
comparison testing.

Also, J. Cammann reviewed the issues affecting the design (see handout). The
design team is providing options for the regulators to decide upon. Note: D. Wood

-did not see any need to eliminate the subsurface markers from the design.

D. Wing, L. Cadwell, and J. Cammann designed a new variation of the barrier
surface (see handout) using the comments from the peer review. The drawing does
not show transition zones between the surface treatments. The design of the
sideslopes includes a blended slope on the southwest side, rip rap on the
northeast side, and retaining walls on the ends with platforms for access to
monitoring equipment. Plexigiass windows could be placed in the retaining walls
for viewing the barrier’s stratigraphy. There was a discussion of whether the
prototype should resemble a final barrier or contain things like viewing windows
for exhibit. The prototype will not look Tike the real version because of access
ramps for probes, etc. It may be easier to demonstrate the functions of the
barrier to those without a background in this subject using this version of the
prototype. The prototype should be designed for relative ease of monitoring. D.
For* was concerned that we need to develop or incorporate methods of monitoring
the performance of a final barrier in the prototype. J. Cammann noted that some
of this technology is in the process of being developed and is not available yet.
D. Fort was also concerned about the interface between the retaining wall and the
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layers of the barrier. He suggested moving the crest to one side, but then one
sidesiope t

0
ope treatment would not be tested.
M. Fayer presented a synopsis of monitoring needs and possible objectives by task
groups (see handout). He had not received anything from the groups invoived with
animal and plant studies.

W. Walters noted that we will need extra meetings to decide on the design within
the proposed schedule. J. Cammann proposed that the BTAB and BDT spend an entire
day toge%“er until we decides on a design. Everyone agreed to meet Thursday,
April 1677
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S.D. CONSORT

Title Title

HPW_614.KER 971/90 A-43



KAISER ENGINEERS
HANFORDO

MINUTES OF MEETING  BHI-00007
Rev. GO

1 Type
______BDT/BTAB ALL DAY MEETING

| Meeting No. Date
R . T April 16, 1992

Project or Work Order No. and Title

ER2502 Prototype Barrier for the Hanford Site

Distribution

Eng.Doc. Control

References

J.C. Chatters
H.D. Freeman
S.0. Link

Attendees

Ambalam
. Cadwell
. Cammann
. Consort
. Fayer
. Fort
. Gee
. Gilmore
. Ligotke
. Myers
. Petersen
. Sonnichsen
. Walters
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wrong prototype.

program,

D. Wing reminded the Barrier Design Team and the Barrier Technical Advisory Board
- that the prototype does not have to be the final design. There is no right or

J. Cammann presented a rewritten version of the goal presented Tuesday. The
second paragraph was expanded (see handout). There was discussion about adding a
statement explaining what is meant by human intrusion or just adding the word
"inadvertent" to describe the type of human intrusion. J. Cammann reviewed the
objectives including two new ones that had been added to the 1list.

L. Cadwell reviewed the issues submitted by the peer review group (see handout).

D. Fort asked if monitoring for the final barrier was going to be validated in the
prototype. D. Wing said it would be a separate issue for the future in the

Prepared By
S.D. CONSORT

Approved By

Title

Title

HPM_G13-KEN 9/1/90

A-44




.I

GRISEISON0D

KAISER ENGINEERS

MHANFORD BHI-00007
MINUTES OF MEETING - CONTINUED Rev. 00
1 Type _ Meeting No. Date
BDT/BTAB ALL DAY MEETING 1 April 16, 1992
Project or Work Order No. and Titte Page No. .
ER2502 Prototype Barrier for the Hanford Site Page 2 of

Minutes Continued

BARRIER STRATIGRAPHY

Concerns of the peer review group:

1} The silt and asphalt are insufficient as primary and secondary barriers to
intrusion. Burial by a dune would prevent the silt from functioning as
designed.

--2)--The water control -system needs-protection-from human-and-other biointrusion.

3) The barrier must show RCRA equivalency.

4) Admix should be included in the entire two meters of silt.

The design team decided to change the stratigraphy from the 1990 design.

Desian Criteria:

-~ Redundancy- of low permeability layers was discussed. High density polyethylene
(HDPE) and asphalt were preferred over bentonite mix and Claymax. W. Walters
asked for a reference for the lifespan of geosynthetics. Testing of the asphalt

-is.of major importance, but water will reach the asphalt only if the silt is
tested to failure. The failure test could be performed at the end of the three
year study period. The design team discussed whether the asphalt should be above
or below the HDPE geomembrane with an filter layer between. If the geomembrane
was above the asphalt layer, the geomembrane could be punched through at the end
of the study period to flood the asphalt. A suggestion was made to place
moisture sensors or a lysimeter under the asphalt, or test the asphalt in a
separate plot. A salt tracer could be added to the water to detect leaks.

J. Cammann drew a cross-section of the barrier from the input of the discussion
(see handout). With more input from D. Fort, L. Cadwell, and G. Gee, another

-~ variation was added. - A major discussionof the stratigraphy of the barrier
followed. Is five meters of thickness necessary? The lower portion of the silt
does not need to be compacted. Because of the silt’s thickness, cobbles not
needed in the Tower portion to protect the capillary break from burrowing
animals. Is the basalt only to deter humans from reaching the waste or to
protect the impermeable layers as well? Should there be basalt in two places to
perform both functions (but use fi11 for the bottom layer in the prototype for
cost savings)? G. Gee asked why use basalt instead of another material such as
Pasco gravels. D. Fort said that these gravels were unstable because they do
not interlock unless they are crushed. D. Myers and D. Fort stated that the
basalt would not be as expensive for production as for the prototype. Was
basalt needed to vent the site? The 5/8 inch road top course will vent any gas.
Basalt is politically beneficial. It can serve as a biobarrier to large animals
and plants.

The discussion of HOPE versus asphalt as the primary low permeability layer
began again. The HDPE geomembrane would be useful in determining if water leaks
through the capillary break. After the three years of testing, a trench could
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be dug through the prototype to inspect the layers and look for moisture. The
prototype could be dissected and samples of the asphalt taken into the lab to
test hydraulic conductivity, etc. If the asphalt were placed on top, the siit
could be removed at the end of the test period and the asphalt could be flooded.
Also, one less layer of cushioning material would be required for this design.

Design C was chosen by the team for the stratigraphy (see handout). The
sequence from top to bottom of this design is as follows:

2 meters of silt; the top 1 meter admixed with pea gravel
0.25 meter of fine to medium sand

0.25 meter of crushed rock

0.5 meter basalt

foundation

asphalt

drainage gravel

geotextile

HOPE geomembrane

sand foundation

Meeting adjourned for lunch and reconvened in another conference room.

According to the EPA document on cover design, only one Tow permeability layer is
required for RCRA covers for Class C wastes.

BARRIER SIDE SLOPES

L. Cadwell reviewed previous ideas for multiple edge treatments. He suggested the
jdentification of a working group to resolve specific design issues. A discussion
followed about whether side slopes would be blended into the landscape, actual
slope of edges, and whether retaining walls would be at one or both ends of the
prototype. The discussion then moved to what slope, if any, was required on the

surface. The original design had used a 2% slope.

The EPA document states 3-5%

for surface and drainage layers.
climates.

A 2% slope.will flatten over time.

But drainage layers are not required for arid
[f the design followed the natural

grade, a constant thickness could be maintained in the layers.

The prototype

could be sloped in one direction with sideslopes tested only on the downhill side.
Half could be a clean fill dike and the other half would be rip rap. The
following designs were proposed. RIP RAP

# “\\ &~ RIPRAP SIDE SLOPES —_— >
y)’ i
-
(BT X s winG WAL
(P -
NEUTRCN <
ProBE —7
TUBES /
R cuean File Eblﬂeci EUTRON PROBE ® crgan FiLL DIKE
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The team decided on three surface treatments: ambient, three times average annual
precipitation, and the 1000 year storm. After much discussion, the team decided
that the 1000 year storm would be tested only at the end of the study period on
two of the plots originally devoted to other tests.

Instead of rétaining walls at the ends, the side slope treatments would be
extended around the ends with wing walls placed in them for probe access, etc.

G. Gee noted that it would be difficult to establish vegetation in the first year.
A number of special treatments will be required including adding water to the
silt. D. Fort noted that moisture will have to be added to the silt just to
handle it.

The design team agreed to a 50-50 split between the rip rap and the clean fill
dike treatments. Also, the prototype will be crowned in the middle. The test
areas will be roughly square to minimize edge effects. A version suggested by M.
Ligotke with wing walls satisfied all design members (see handout and below).

<) RIPRAP
NN
BUFFER ZONE
dﬁsirv
BikE —
¢

& S WING WRALLS
‘__/ FOR NEUTRON PROBE
ACCESS

W. Walters, D. Fort , and T. Ambalam will design the surface and layer interface
- ... to the slopes. D. Fort presented a cross-section of the prototype and described
. _construction. The following discussion brought some alterations so that drainage
through the side slopes would not intercept the asphalt Tayer.
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S. Consort reviewed the minutes from the last meeting.

i
e P e e S T Y .
2y geveiuped 4puuL Iruidn in

ing reviewed the agenda and
t i,

the status of old action items. A statement is
riusion

or

'd>;§ﬂ. Myers presented the letter that requests an estimate of the costs to build the

8 barrier by May 15°". There was a discussion of a post mortem study of
esiccation of the clay liner at the LERF site when it is reclaimed in three to
W) five years. '

D. Fort provided sketches of the stratigraphy and sideslope interfaces. the
following items were discussed.

? The BDT/BTAB needs to decide about having a road on the perimeter.
J. Chatters recommended rounding off the corners.

The team had another discussion about the positions of the asphalt and the HDPE
liner. The need for the HDPE was questioned.
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A long discussion took place about the design of the structure of the clean fill
dike sideslope. The team had to decide whether the basalt rip rap on the clean
= - F411-dike-side-should be constructed Tike the rip rap sideslope with the clean
" Fi11 just to conceal the structure, or use the cTean fil11 to support the silt
and test for erosion. The peer review group had suggested that distinct
alternatives be tested.

G. Gee suggested that a minimum of 8 drains were needed to collect water from
the different surface and sideslope treatments. D. Fort suggested 12 drains -
in each of the four test areas include one drain from the asphalt, one from the
HDPE geomembrane, and one from the sideslope. D. Fort asked about using gypsum
blocks to detect water. G. Gee explained that the gypsum blocks are calibrated
to determine capillary pressures, but this can be difficult to correlate to the
water content of the soils.

Two plan views were presented, one with retaining walls and one without. The
walls would sharply distinguish between test areas for demonstration purposes.
Wind tests might be impacted by walls. Construction without walls may be less
expensive. The vote kept becoming tied. Cost will be the driver on the choice.

The team finally decided that the clean fill would support the silt on the clean
fi11 dike sideslope treatment instead of building up the basalt as on the rip
rap side. (New sketches will be presented at the next meeting.)

Comment by J. Cammann: Does the name of the project need to be changed (from
prototype to test facility) to eliminate confusion as to the purpose of this
design? :

The percentage and thickness of admix was addressed by G. Gee. There is no
information on the performance of one meter of admixed silt with triple the
- average annual precipitation. The lysimeters contain silt admixed with gravel '
only in the top 8 inches. The amount of gravel in the admixture is 30 percent.
In the Tysimeters, which have a flat surface, water ponds in the winter and the
soil freezes. The 2 percent slope of the barrier surface will produce runoff in
winter. To simulate winter conditions during testing, M. Ligotke suggested that a
snow machine should be used. G. Gee had thought of using crushed ice. If the
barrier’s performance is dependent upon surface evaporation (as in winter), is i
there too much admixed soil in the design? G. Gee would prefer a thinner layer of
admixed soil. Others would prefer to keep the one meter thickness, but Tessen the
concentration of gravel. The preseat design proposal was for 20 percent gravel in
the admixture.
G. Gee explained his barrier design variation that was mentioned at the last 3
meeting. This idea consists of adding boulders to the surface that would be
difficult for humans to move.
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Task group presentations:

could be collected from disturbed sites.
vegetated versus bare surface.

L. Cadwell explained the impact of monitoring bicintrusion on the barrier

design. Most of the information on animal intrusion will be acquired from a
post mortem of the barrier, so will not impact design.
be required (EDM) for animal intrusion data and subsidence studies. Plant
intrusion studies will require sampling ports.
suggested as the material to be used for the access pipe.

Reference locations will

Lexan pipe (2.5 inch) was

Destructive sampling

may be performed on the prototype at the end of the design life.
tracers could be used above and below the asphalt.

Different

Ptants for the prototype

The team had a discussion about

Due to lack of time, continuation of presentations by the task groups were
postponed until the next meeting.

Prepared By

S.D. CONSORT

| Approved By

Titte

Title

HPM_616.KER 971790

A-50



ER2502 Prototype Barrier for the Hanford Site

95155350413 BHI-00007
KAISER ENGINEERS MINUTES OF MEETING
HANFORD
Type . Meeting No. Date
BOT/BTAB WEEKLY MEETING 16 May 5, 1992
Project or Work Order No. and Title Distribution

References H.D. Freeman
Attenders
. Eng.Doc. Control
Attendees
L.L. Cadwell
J.W. Cammann
J.C. Chatters
S.D. Consort
M.J. Fayer
D.L. Fort
G.W. Gee
B.G. Gilmore
M.W. Ligotke
D.R. Myers
K.L. Petersen
J.C. Sonnichsen
W.H. Walters
R.I. Watkins
J.  Waugh
N.R. Wing

R. Watkins stated that all components of the design must be agreed upon by next
week.

D. Wing mentioned the preliminary results from the lab tests on construction
materials for the prototype. 4The tests were producing incorrect data such as a
hydraulic conductivity of 107" cm/sec for the gravel and a hydraulic conductivity
for the silt that was greater than that of the gravel. G. Gee and M. Fayer are
investigating the problems. '

5. C A correction was required
- E

L 9

~
u

onsort reviewed the minutes from the last meeting.
he statement about the requested estimate.

K. Petersen presented a preliminary version of a statement on preventing human

intrusion. The objective is.to warn the inadvertent intruder. The design team
discussed some minor revisions which will be included and presented at the next
meeting.

control the site.

The statement is based on defining the limits of DOE’s responsibility to
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- state reguiators. The exchange is tentatively scheduled for Tate summer.

G. Gee expiained the objectives and techniques to tesi the controil of water

J. Waugh commented on the barrier program. He is organizing a technical exchange
between the government contractors working on barrier designs and the EPA and

D. Myers handed out information on the cost estimate.

L. Cadwell reviewed the information on bio-intrusion testing that he had presented
at the last meeting. The prototype will not be an efficient place to test methods
of preventing animal burrowing. Information can be obtained at the end of the
prototype testing period. He asked how plant intrusion could be sampied with
horizontal access tubes. Would tracers be viable or would there be contamination
probiems? Clear tube lysimeters with the same stratigraphy as the barrier could
be built off to the side for demonstration purposes.

G. Gee presented information on the water storage capability of different
percentages of gravel per volume of silt. He suggested an admixture of 10% gravel
in the top one meter of silt. L. Cadwell suggested using 20% gravel in only one
half meter of silt. M. Ligotke suggested this also, but with 10% gravel in the
next half meter down.

infiltration. These include the following:
1) water content of soil - horizontal access tubes for neutron probes
--2}-drainage measurements - collection system for soil
3) draTnage measurements - collection system for side s]opes
4) air pressure measurements - pressure sensors in basalt rip rap
5) temperature measurements - sensors along horizontal access tubes
6) water potential measurements - moisture blocks or thermal conductivity
sensors at base of silt layer and perhaps in sand filter and base of rip rap
7) precipitation measurements - tipping bucket rain gauges and manual units ;
8) root observations - rhizotron tubes ‘

D. Fort presented the results of his calculations on the quantities of water that
will be produced from applying three times the annual average precipitation to the
prototype barrier. Using sketches, he described the proposed sequence of
construction and the drainage collection systems. He explained how a dose system
(used in sanitary sewers) would collect the drainage. Twenty collection systems
would be needed - four systems from the asphalt and sixteen systems to collect
from each treatment and side slope.

D. Fort described the use of crushed road top course along the perimeter of the

barrier’s surface. This layer of rock will be approximately three inches deep and
five meters wide. It will serve as an access road and as protection against :
erosion. J. Chatters suggested scattering some of this rock down the slope on the |
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through a this thin armor of rock.

erosion. These included the following:

preferred)
vertical profile of the wind

saltating sand traps

tested with a strip ten feet in width?

postponed.

D. Wing reviewed the action items to be performed.

clean fill dike side of the barrier. L. Cadwell noted that vegetation could grow

M. Ligotke described the objectives and techniques to test and monitor wind

1) documenting the uniformity of the admixture of gravel and silt
2) installing erosion pins to measure inflation/deflation rates (erosion pins
could affect the Jocal environment - electronic surveying techniques may be

"3) installing three masts (two on and one near the barrier) to measure the
4) measuring saltation using two momentum profiling devices and /or four to six

- - Also, at the end of the scheduled testing period, stress the prototype by adding a
sand dune to one area and burning the vegetation on another.
The design team had a discussion on deflation and armoring of the barrier surface,

As part of the water erosion testing, W. Walters suggested monitoring a strip ten
feet in width for soil loss and sediment yield. This would be a controlled area
that could be bordered by wood framing. If this strip is Tocated in the buffer
zone between the different precipatation treatment zones, it could be reached
without disturbing these other test zones. The test strip would be set up after
construction of the prototype is completed. Subsidence as well as soil properties
would be measured on this strip. J. Waugh noted that there exists the potential
for flow concentration over long surfaces producing gully erosion.

Can this be

M. Fayer suggested taking samples of each layer of the prototype as it is placed.
D. Fort said that the quality control people will take these samples. A
discussion of the requirements for modelling the barrier stratigraphy was

K. Petersen explained how some rainfall studies of California were performed and
the data presented. This was to show how the climatic data could be used to
calculate how much water would be needed to stress the prototype.

G. Gee, M. Ligotke, and W.

Walters will meet to decide on the admixture of gravel and silt that will be used.

Pr ey
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been corrected.

intrusion.

erosion should be tracked.

are built,
installed before the barrier is built.

and none in the deeper meter of silt.

D. Wing reviewed the status of old action items.

J. Chatters suggested objectives for testing analogues.

5. Consort reviewed the minutes from the last meeting.

0. Wing noted that Paul Crane would arrive later to present preliminary data from
testing the construction materials for the prototype.
earlier tests were from problems with the equipment fittings.

The odd results from the
The problems have

K. Petersen presented a revised version of the statement on preventing human
After minor revisions, the design team voted to accept the statement.

Settling and surface

The layers of the prototype will be documented as they
0. Fort stated that the site will be surveyed and benchmarks will be

The amount of gravel to be admixed was detided at 15% in the top 1 meter of silt
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G. Gee had some questions on the construction of the collecting systems from HDPE.
D. Fort described the construction of the collecting systems. The scuppers of
HDPE will be fabricated in the shop. J. Chatters questioned whether the four
.corner collecting systems were necessary. G. Gee asked if asphalt should be added
~____under the HDPE. _H. Freeman suggested spraying on rubberized asphalt coating

instead of HDPE. This material is already used in reservoirs. HDPE would not be
required to protect the asphalt from the gravel because the asphait is self-
healing. Scuppers will be tested for leaks in the shop. The leaks in the
membrane above the scuppers are less important. The leakage rate allowed for HDPE
assumes a head of water, as in a surface impoundment, not just drainage.
Installation costs could be higher for the HDPE than the asphalt because of the

- number of seams required. The design team voted in favor of using the asphalt
coating. The scuppers would still be fabricated from HDPE. The thickness of the
asphalt could be determined by spraying it onto a geogrid until the grid is no
longer visible. The slope of the sides in the collecting basins will be from 3%
to 6% so water should not be trapped in depressions on the slope. D. Wing
suggested notifying the peer review group of the asphalt coating idea.

D. Fort described the barrier stratigraphy and construction sequence. The
BDT/BTAB voted to omit the 8 outside collecting basins on the ends. The side
slopes on the ends of the barrier will not be irrigated. The total number of
collecting systems planned is now 12 instead of 20.

H. Freeman asked if there was any interest in a rubberized asphalt coating over
the asphalt aggregate layer. D. Fort said that the asphalt will be placed in two
1ifts which should negate any need for the coating.

The BDT/BTAB voted to accept the stratigraphic design for the prototype. It was
“~~noted that permeameter tests should be performed during construction.

P. Crane presented the preliminary information from testing the construction
materials for the prototype.

D. Fort proposed using the drainage material being used in the LERF Project. This
gravel has a hydraulic conductivity of 0.1 to 1.0 cm/sec when compacted.

The next workshop is tentatively scheduled for mid-June. W. Riggsbee, member of
the peer review group, has been invited to the next weekly meeting. The report
from the peer review group has not been received yet. .

A draft plan for testing and monitoring of the prototype will be finished in two
weeks.

D. Wing reviewed the action items to be performed.
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'S. Consort reviewed the minutes from the Tast meeting.

W. Riggsbee had given another preliminary draft of the report to D. Wing last
week. The report has been delayed by problems with contracts. A discussion
followed on the scheduling of the June workshop. ghe memgﬁrs of the peer review
group are all free in the latter part of June (22 to 26 Information on the
latest design will be sent to the peer review group ﬁt 1east one week in advance

-—-— -of -the workshop--(proposed date-of mailing - June 10t A conference call will be
held with the peer review group a couple of days after they receive the
information.

W. Riggsbee will send information to H. Freeman on work he was involved with about
the asphalt used in the Grout Project.

H. Lachmann requested a briefing on construction requirements for a final barrier
for those who are involved with the macro- engineering project. The shape of the
area in which waste will be buried when it is moved to the 200 Area plateau can be
arranged to facilitate the construction of barriers.
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K. Petersen presented the latest revised version of the statement on preventing
human intrusion. The revisions were from the last meeting plus a couple of minor
changes suggested at this meeting.

H. Freeman investigated the cost of the asphalt coating for the collecting
'systems. The cost to install a coating up to %" thick is less than $1.00/ft2.

The format for the draft plan for testing and monitoring of the prototype was
distributed with the agenda.

L. Cadwell reviewed the action items to be performed.
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L. Cadwell reviewed the pinch theory. The peer review report was rece1ved but
page 15 was missing. L. Cadwell will investigate.

S. Consort reviewed the minutes from the last meeting. H. Freeman has not
received any information from W. Riggsbee about his work with the asphalt used in
the Grout Project.

H. Freeman and D. Fort discussed the styrene butadiene asphalt coating. D. Fort
had spoken to the vendor who installs this coating. He related the information
about the tests that have been performed on this asphalt by PNL and Bechtel.

The task group leaders are to send their input for the draft plan for testing and
monitoring of the prototype to D. Wing by Thursday. There was some discussion of
the requirements to monitor vegetation growth. Horizontal pipe through the sand
or gravel filter will provide access to monitor root growth. The task group for
water erosion studies had decided to perform the high stress tests at the McGee
Ranch site instead of on the prototype.
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- - Most of the BDT/BTAB-had just received the report-frem the peer review group, so

there were few comments at this time.

L. Cadwell reviewed the action items to be performed. The package of information
for the peer review group must be ready by June 10th.
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D. Wing handed out page 15 of the peer review report which had been missing.
Also, he handed out copies of J. Cammann’s work on the goal, objectives, and
strategy for interfacing with regulators for the barrier program.

D. Wing reviewed some of the commepas from the peer review group and the BOT/BTAB
response at the meeting on June 23°". He listed the following comments from the
peer review group that came from the close-out session. .

1) General concurrence with the design -- questions about sideslopes being
undercut by water and destruction caused by humans with off-road vehicles.
2} The peer review group supports the need for a prototype.
3) There is a need for studies of gas generation characteristics and subsidence.
Also, the group was concerned about possible reactions between gases and
asphait, ,
4) Barrier objectives -- 0.05 cm/yr - what does this mean?
5) Need detailed testing and monitoring plan. The peer review group would like
to review this plan.
........ 6). -How will we prove the. asphalt is.equivalent in performance to clay of RCRA
design?
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7} Must understand physical properties of asphalt.

8) Post mortem testing.

9) Evaluate water balance using UNSAT H and HELP.

10) Minimum of three years of monitoring.

11) Suggest a vertical vapor barrier (would not penetrate silts). But will vapor
phase transport be masked by other things?

12) Use prototype to test other equipment.

" The design team discussed ithe above comments. Also discussed were what physical

tests should be performed and whether these tests should be conducted on the
prototype or separately. A separate test was suggested for testing the
compatibility of carbon tetrachloride and asphalt.

G. Gee asked how to design for gas problems if the asphalt is impermeable. He
suggested—des%ﬁning the aﬁpha}t Iaﬁer as - ,’;,—a——-—-—~_5\‘\\
two sections that met with an overhang at o S
the ridge down the center. H. Freeman
’”"?;”—‘—:;“t::;f“ﬁ-
asphalt —

noted that this design could have subsidence
problems.

Concerns from one reviewer about vegetation -- plant roots have reached the clay
layer at UMTRA sites. The rock on the side slopes fills with silt. On some
sites, trees have been introduced. Should
there be a catch basin with vegetation at the
base of the slopes to harvest water? This
condition will occur naturally, so why not
exploit it? Liner to provide catch basin
will also prevent backflow.

Another concern is whether rhizotron tubes will provide preferential pathways for
water infiltration.

Suggestion to add gravel layer near surface of riprap to prevent deeper
penetration of windblown sand and silt thus

RIp
tested by adding sand -- test on prototype - 4 MR
or separate plot? gravel

One comment from the peer review group was the importance of testing whether the
capillary break will function over a large area?

K. Petersen answered how the 1000 year storm could be applied. Begin with one
inch in the first hour and taper down during the next 23 hours.
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exists a plume of carbon tetrachloride
beneath 200 West and a plume of cyanide
beneath 200 East, building a slurry wall
around the perimeter of both areas could
seal off the contamination (assuming that
the slurry wall could be sealed against
the basalt). The seal required to contain
the contaminants may not be feasible and
costs may be prohibitive.

B. Gilmore noted that if a barrier is as large as three square miles, it could cut
off local recharge (if any) to the water table.

D. Myers presented the idea being studied recently of walling off the entire

section beneath the 200 Areas from the surface down to the basalt. Since there

/

COVER,

SURPACE

Dwasre ]

.- J

4= SLURARY WALLS

O  WATER TABLE

BASALT

-'l—\‘

D. Wing asked the task group leaders to review the testing and monitoring plan.

B. Gilmore suggested creating a standardized way'of handling data from all of the
different task groups. This item was tabled for the next meeting.
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groups were present.

of f,

construction would be obtained.

retain km as the design thickness.

D. Wing welcomed everyone and began introductions since more members of the task

W. Riggsbee presented the twelve comments of the second peer review which were
mentioned at the meeting of June 30th.

: The BDT/BTAB discussed these comments.
The draft document from the peer review group is in the process of being signed

- D. Wing explained the history behind the program goal, the statement on human
intrusion, and the objectives.

D. Fort presented the latest status of the barrier design including modifications
-+ -— recommended by the peer review group. - He explained where the materials for

He is working on the design for the vapor
barrier. The desig: team was asked to decide whether to keep im as the thickness
of the basalt riprap. This thickness was based on economy. The decision was to
Also, D. Fort requested information from the
task groups on placement of testing equipment in the barrier. He recommended
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coating the asphaltic concrete with the rubberized asphalt coating that will be
used on the collecting basins so that this layer is a composite.

A. Harris asked about the cost of the barrier compared to other barrier designs.
D. Wing said that there is no comparable design because the RCRA barrier is only
designed for a 30 year lifespan while Hanford’s design is for 1000 years. Also,
costs will be higher for building a small prototype with all the testing and
monitoring equipment compared with mass producing materials on site for the larger
final barriers that will not contain all of the special testing features.

G. Gee presented the testing and monitoring plan explaining the Tayout of
treatments and equipment. He also invited design team members to join him on a
tour of cover designs at Hill Air Force Base in Ogden, Utah on July 23rd.

D. Wing said that the barrier development program document was being revised
again. This time it was being made into a Barrier Design Team document.

L. Cadwell asked for the task groups to each submit a one to two page document on
their work which will be compiled into a highlights document. He needs this input
by the middle of August.

J. Cammann presented his work on the summary of end use and regulatory
interfacing. The RCRA covers have been failing at a rate of approximately one per
month across the nation. The regulators are in favor of the barrier project.
Appointing a special topics group was suggested. Also, building a Hanford barrier
beside a RCRA barrier at Hill Air Force Base for a direct comparison of
performance was suggested again.

D. Wing met with sponsors last Thursday. Funding is still meager. More work has
to be done to obtain funding. The sponsors are pleased with the technical
aspects.
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design.

DOE 4700 does not apply.
and the project management of Westinghouse.
being converted into a project management plan to fall in line with 4700. This
project is special and will be isolated from the rest of the ER progranm.

He reviewed last week’s meeting with the WDOE and EPA.
He introduced Fred Lee from project management in Westinghouse and reviewed the
background on applying DOE Order 4700 to this project.
F. Lee was part of a meeting last week between the DOE
The project plan for the barrier is

D. Wing opened the meeting with information on the following items:
.~ . ..He answered questions about the projected budget after October lst.
The document from the peer review workshop has been submitted for clearance and

R. Gilchrist -has said that

D. Wing suggested updating the design basis document to create a better doéument
trail for this project.

D. Fort reported on the status of the specification and drawings for the barrier
He expiained the problem with tying into the water supply.
has been due for upgrade for years.

The system
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D. Wing reported on the status of the Barrier Development Plan and other
documents.

G. Gee reported on the status of the testing and monitoring plan. The peer review
group has read and commented on the draft version.

L. Cadwell had received most of the input from the task groups for the highlights
document.

K. Petersen described the status of the project on coring lake sediments to
analyze past climates.

D. Wing explained the memorandum of understanding between the OTD and the ER on
funding for the barrier prototype.

W. Walters described the erosion studies on the plots that were built in 1990.

One had native soil and the other was admixed with pea gravel. The simulated
rainfall was applied at a rate of 60 mm/hr (simulator’s limit is about 80 mm/hr)
for a % hour test. This produced a greai deai of runoff. The second test
produced less sediment. A greater amount of vegetation grew on the admixed plot.
Vegetation was established by the second year. This year, the test with simulated
rainfall (60mm/hr) did not produce runoff for the first 8 minutes. The test was
extended from % hour to 1 hour. The runoff contained very little sediment,
insufficient for hydrometer analysis.

G. Gee spoke about funding for 1993.

R. Watkins outlined the action items for D. Wing (questions on the technical data
checklist and safety classification).

D. Wing noted that the specification and drawings will be reviewed by the peer
review panel. RCR’s will be requested from all who review the specification and
drawings.
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D. Wing told the team about the meeting with the EPA and the DOE last week on
August 20th. The EPA proposed to move the Tocation for construction of the
prototype barrier from the Hanford Meteorological Station to the 200-BP-1 Operable
Unit. The proposed sites are 1) over the clean 216-B-61 crib or 2) over the
216-B-57 crib which contains waste. The cover over 216-B-57 would be a hybrid of
a final cover over the waste and the prototype with its additions for testing and
monitoring as an extension. D. Wing asked the task groups to discuss the impacts
of changing the location of the prototype. The operable unit has a continuing
problem with wind blown contamination. Also, there is subsurface contamination in
some areas. The 216-B-61 crib does not require a cover because it has never been
used.

J. Cammann noted that technology and RCRA egquivaiency must be proven before a ROD
can be obtained.

---B. Fort-said-that a2 ROD-would-not be required-if-the-prototype was built over a
contaminated site as a treatability study. But we must know the extent of the
contamination at the 216-B-57 crib to redesign the cover.

Prepared By =~

Approved By

S.D. CONSORT

Title

HPM_&13.KER 971790

A-67




KAISER ENGINEERS

. .HANFORD

BHI-00007
MINUTES OF MEETING - CONTINUED Rev. 00
[ Type Meeting No. Date
BOT/BTAB WEEKLY MEETING 23 August 25, 1992
Project or Work Order No. and Title Page No.

ER2502 Prototype Barrier for the Hanford Site

Page 2 of

Minutes Continued

J. Cammann said that the wind erosion tests would be affected by the change in
barrier orientation required to place the prototype over 216-B-61.
~to the prototype might need protective clothing if they will be downwind of waste
The interface between future barriers over the adjacent waste sites could

sites.
bam o munbT am .
ue a pl U1l .

" R. Watkins noted that the monitoring wells near the cribs would have to be

abandoned and replaced.

Also, visitors

W. Walters asked about samples being contaminated and the difficulty of releasing

them from the site.

A11 samples would require surveying for radiocactivity.

D. Wing noted that building over 216-B-61 {(a clean site) would require redesign of
Potential contamination on the surface at

the barrier without gaining anything.
216-B-61 could cause problems.

The barrier must be built by the end of 1993 to comply with the milestone for DOE

headquarters.

The construction of the prototype at 216-B-61 would have unnecessary costs and

delays unless this area was removed from within the boundary of the operable unit.

The BDT listed the pro’s and con’s of the choice between the two sites within the
200-BP-1 operable unit in the following tables.

216-8-57

PRO’ s

CON’s

potentially completes site closure

proximity to tank farms (potential
surface contamination)

shows progress in Hanford plan for
clean-up

extent of contamination unknown

could save money on operable unit if
prototype design does not require
modification

difficulty obtaining release of
samples from 200 Area (contaminated
samples)

assume treatability s{udy

interface with future covers over
waste sites both within and outside
of operable unit

technology transfer from OTD to ER

functions and requirements of this
site unknown
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impact to cost and schedule (design
alterations and construction delays)

revision of testing and monitoring
plan (no.3X precipitation, etc.)

restricted access (OSHA and
radiation training required)

216-B-61

PRO’ s

CON’s

[¢]
.
[14]
3]
o
w
-
or
[1>]

orientation to wind will be
different

same size barrier as present design
for prototype (no major redesign
required)

proximity to other contamination

compromise between 216-B-57 and not
moving prototype

existing wells must be abandoned and
replaced

located in an operable unit and over
a waste disposal structure

jmpact to cost and schedule

delay in removing samples from 200
Area

menitoring more expensive

restricted access (OSHA and
radiation training may be required)

no long term benefit (no risk-based

requirements)

D. Fort suggested a statement of how we can support EPA, a counter proposal after
looking at the pro’s and con’s. The bottom half of the prototype design could be
woGONStructed ouver. 216-B-57 fan interim.cover of .asphalt) while the location for the
prototype remains near the meteorological station. The operable unit could
provide funding for the cover for 216-B-57.

It would be better to have the "flag
ship" barrier at the meteorological station than within the operable unit.
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~ Constructing the prototype over a coniaminated crib wouid require nigher QA and
‘maybe a different safety classification. SAR required or wouid a PA be

sufficient?

The choice of sideslope treatment is being tested by the prototype. Which would
be used over 216-B-57? An interim asphalt cover would not require this decision
and could provide a test for the asphalt’s performance. The asphalt could be
protected from sunlight by drainage gravel covered by a geotextile and an
overburden of sand. The geotextile and sand would be removed when the cover was
completed. In the interim, the overburden would be vegetated.

Eventually, the EPA would have everything in the operable unit covered. The BDT
would provide design input for what they need as a separate design activity. The
design input would address problems with interfacing covers especially with the
problem of the waste sites being at different elevations. Intermediate covers
could be used for different operable units with completion over all adjacent units
later. G. Gee proposed deep fill with vegetation over potential water collection
points in adjoining covers with different elevations.

COUNTER PROPOSAL

1) Leave the prototype barrier located at the Hanford Meteorological Station.

2) The BDT will design and construct a cover at the 200-BP-1 operable unit using
“state-of-the-art" technology and expertise in barrier design.

3) Continue support to close out technical issues for ongoing studies (erosion
studies, biointrusion studies, etc.) and short-term studies (building Hanford
cover at Hill AFB to demonstrate RCRA equivalency).

COUNTER PROPOSA

PRO’ s CON’s

no cost and scheduie impacts to
prototype

satisfies both technical and
political needs

BDT believes Hanford cover design

better than RCRA version

Prepared By Approved By

S.D. CONSORT

Title

Title

HPM_614.

XER 9/1/90
A-70



RIRARRNILTA

KRAISER ENGINEERS

HANFORD
MINUTES OF MEETING - CONTINUED gHI‘O(%)O"
[ Type Meeting No. Date =
BDT/BTAB WEEKLY MEETING 23 August 29, 1992
Project or Work Order No. and Title Page No.

ER2502 Prototype Barrier for the Hanford Site

Page 5 of

Minutes Continued

systems approach to barrier design

at 200-8BP-1 (could eliminate barrier

interface problems)

meets requirements of EPA’s draft
accelerated ROD/remediation

barrier development plan

allows systematic completion of

etiminates restrictions on access,
testing, and monitoring

1ikely no cost and schedule impact
to final closure of inactive c¢rib
sites

R. Watkins will write the proposal.
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specification.

control blasting.

The design team met to review comments on the preliminary version of the

W. Walters had some questions whether there was sufficient information about
obtaining the desired gradation for the basait (to see if average size is
4 inches). How should samples be taken?

Visually inspect or run sample over a

We will add the statement to the

"grizzly"? There was a suggestion to dictate particle size of fine materials to
The team decided to change the maximum particle size from 12 to
10 inches. Particles larger in one dimension could still come through, but the

smaller maximum size would provide greater control.
have no more than 5% passing a 5/8 inch sieve to control the fine materials.

The design team decided to

J. Cammann suggested that the WHC mobile laboratory would be present at the borrow
sites to test the gradation of materials.
specification that the operator will verify screening of materials. Also,

J. Cammann suggested changing references to KEH to onsite architect/engineer.
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D. Myers comments were reviewed and changes decided for the following.

ASTM A 778 & A 312 will be checked to determine if they should be added for
well screens and stainless steel pipe.

ASTM A 240 will be checked to see if it should be removed.

Instructions for the compaction of some materials will be added.

There was a question about problems with the aluminum pipe in contact with a
galvanized steel encasement. The section of pipe in the encasement must be
wrapped or the encasement material changed to PVC.

A hold point is needed after the neutron probe access tubes are in place, but
before they are covered. At this time, a dummy probe would be pulled through
to ensure correct installation of the pipe.

50% passing a #230 sieve was deemed too fine for the specification of the silt.
The team decided to change to 30% passing a #230 sieve. Also, instructions
for adding water to the silt (to assist in handling it) will be added.

The reference to the "Hoosier" method of placing the silt will be removed and

silt placement will be redefined.

M. Fayer asked for a greater tolerance in placing the access tubes for the neutron
- -probes-and the comment-was accepled.

D. Wing suggested placing a sign on the access road to the site that would
identify the project. This could be ordered through the sign shop later and not
added to the specification.

G. Gee suggested adding plot details to final treatment drawing.

D. Myers suggested changing the wording on signs restricting access. The signs
could be lettered with something similar to "unauthorized entry may damage the
validity of environmental testing". The team agreed to this change.

Both members of the design team and the peer review group asked that the overlap
between the geomembrane and the geotextile in the collection basins be reversed.

Details on the utility vault drawings required minor changes.

There was a discussion of placing ball valves in transparent tubes on the siphons
in Tow flow areas. Also, a siphon should be tested.
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The design team met to review comments on the preliminary version of the
specification.

L. Cadwell asked about controliing wind blown sand and dust during barrier
construction.
yet been available for review.

D. Fort responded to the action items from the meeting of September 1lth.

The ASTM for the pipe is 312, not 240.

There will be a problem with aluminum pipe in contact with a carbon steel
encasement.
encasement material changed to PVC.
material to PVC.

otke-asked about moving the loc
the access road to minimize jits effects on the wind erosion studies. Also, t
would provide the contractor with a better location for a trailer during

These details are included in a section of Division ! which had not

The section of pipe in the encasement must be wrapped or the
[t was decided to change the encasement

ation of the parking lot to the north side of

his
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construction. M. Ligotke corrected the sieve sizes for the pea gravel. There was
a discussion of obtaining an electrical power source or running equipment from
batteries or a solar supply. The three towers for measuring the vertical profile
of the wind will be connected to a data logger located beside the tower which is
off the barrier. Cables connecting the data logger to the towers can be buried in
conduit and will be documented on as~built drawings.

D. Wing proposed documenting all testing and monitoring equipment on as-built
drawings.

D. Fort asked the team to designate the hold points needed in the specification
for the contractor. The information in the testing and monitoring plan will
control the hold points and answer many of the questions submitted by the peer
review group. Since the plan is not available yet, estimated hold points will be
added to the specification. ECNs may be used later to accommodate unforseen hold
points.

Limits must be specified for the construction zone. Only five acres or less may
be disturbed during construction to comply with the NEPA documentation. Area
outside of the boundary of influence noted on the drawings may not be d1sturbed

without prior-written permission.

M. Fayer quickly went over his comments with D. Fort,

There were some questions about tolerances of materials. 0. Fort pointed out
where these were stated and some changes were made.
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The BDT/BTAB began the meeting with Tunch. D. Wing thanked everyone for their
work on the barrier project.

J. Cammann talked about the program and the development of barrier technology.
The regulators already have favorable opinions about the technology. They are
supportive of disposal in situ of wastes in the cribs of the 200-BP-1 Operable
Unit. The waste could be grouted to prevent subsidence. There is a letter from
the EPA to WHC about constructing the prototype barrier over 216-B-57 crib as a
treatability study. DOE-RL is in favor of this plan. The size of the barrier
would not have the acreage restriction required by the permit on the original
proposed site. EPA is apparently not concerned with the quantities of water

proposed for testing the prototype. Mobile laboratories could be provided on site
" to deal with the difficulty of removing samples from a zone with potential
contamination. Surfactants could be applied on the tank farm to minimize wind
blown contamination.
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" D. Myers presented siides on the construction of the 216-B-57 crib and a profile

of the radioactive contaminant distribution from the three boreho1es drilled
through this crib.

J. Cammann noted that the barrier over 216-B-57 must be constructed to interface
with the future barrier over all the used cribs of the 200-BP-1 Operable Unit.

The southern half of the 216-8B-57 crib is at grade and the northern haif is a few
feet above grade. The barrier would be built against the steep slope of the tank
farm. Also, there could be radioactive surface contamination from the tank farm.

M. Adams explained the circumstances and reasons for building over 216-B-57 crib.

-DOE wishes to meet some RODs before the deadlines. Approximately the northern

third of 216-B-57 crib is clean because it was not used.

D. Fort asked about the lateral extent of the contamination plume. This
information is needed for design. This cover would have to interface with the
future cover over the rest of the 200-BP-1 contaminated cribs. The design
constraints of this site must be determined before redesign can proceed.

G. Gee explained the testing of the sideslopes planned for the prototype which

“~includes application of water with infiltration expected. An extension of the

barrier would be required to keep this portion of the testing off of the waste
site.

The BDT asked questions about the budget. $2.2 million is the amount of the
present budget. The extenuating circumstances for relocating the barrier from a
clean site to 216-B-57 (including controlled access, training for hazardous sites,
surveys by health physics technicians, increased size of barrier to cover waste
site as well as provide testing area, etc.) will increase the expense of
construction. What budget will provide the support staff? Also, design costs
increase. The design of the prototype for the clean site is complete. Except for
the stratigraphy, most of the design will have to be changed to accommodate the
new location including a new shape, orientation, and access on the steeper site,
altered layout of the drainage and collection systems, and redesign of the
sideslope configuration.

G. Gee noted that NEPA documentation took 1% years to obtain for a clean site.
M. Adams said that being a treatability study will exclude the prototype from NEPA
permits, but these will be required for the closure of the entire 200-BP-1 site.

M. Adams wants to show that we can construct the'barrier on a "hot" site. He said
to contact M.A. Buckmaster for information on the extent and characteristics of
contaminants.
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J. Cammann asked if barriers were truly needed at this site since the ‘
radionuclides are do not appear to be migrating after the years of exposure to
—— 1~ ~infiltration of precipitation and water pored into the cribs. Also, is the ER
program willing to support continuation of testing to demonstrate the probabiiity
that this design will 1ast 1000 years? H. Downey could not guarantee such
support. '
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J. Cammann presented the agenda for the meeting.
1) Site specific considerations (i.e. cover entire crib?)
2) Short-term considerations
3) Long-term considerations
4) Barrier redesign (cost, schedule, design)
5) Other concerns

CDR before definitive design begins.

move to 216-B-57 may cause.

R. Watkins distributed a DSI identifying specific requirements that KEH needs from
WHC and DOE for redesign. Points noted were a five-week engineering study with no

L. Cadwell asked if the redesign was still for a prototype, a hybrid, or what?
J. Cammann said that the design is still for a prototype because the technology
must still be demonstrated. We must minimize the impact on the prototype that the
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The design team discussed the following questions.

Who will perform the treatability study and establish objectives for data
quality, the ER or the BDT/BTAB? The BDT/BTAB. The design aobjectives will
drive the data quality objectives. )

.. ....How do we design the prototype so that it does not impact future plans for the
-— - 200-BP-1? ~Side stope treatment must be decided because it will affect
orientation and the interface with future barriers.

Will part of the barrier for 216-B-57 remain as a final barrier?

Who is responsible for negotiating ARARs with the regulators since specific
requirements and codes are not defined in the regulations? The feasibility
study by Golder Associates should determine regulatory requirements. The

operable units are not under the jurisdiction of the NRC, but under CERCLA.

L. Cadwell asked if we could use tracers (i.e. lithium chloride) to monitor
plant intrusion on the 216-B-57 site because the site is already contaminated.
ER recommended against this.

D. Fort, G. Gee, and 8. Gilmore calculated the approximate quantities of water
that would be applied and collected. Approximately 40,500 gallons of water
would be applied to about 2/3 acre of the prototype to simulate a 1000 year
storm (about 73,000 gal/acre). About % million gal/acre/year would be applied
to that portion of the prototype being tested with three times the average
annual precipitation. The runoff will have to be tested for radionuclide
content. Will containment be required for the runoff? Could the runoff be
trucked to modutanks or sent to the ctean crib, 216-B-61?

Are there other tests and monitoring that should be added to a prototype on a
contaminated site that were not included for the clean site. '

D. Wing asked about schedule requirements. Prototype must be constructed within
FY*93., If constructed with onsite forces, the 90-day bid cycle will be
eliminated.

D. Myers noted that the site near the Meteorological Station would be leveled by
cut and fill work. Borrow materials will be necessary at the crib site.
Vegetation at 216-B-57 that must be cleared may be "hot". Some wells (ground
water monitoring and vadose zone) must be abandoned.
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If a portion of the prototype is to remain as part of the permanent barrier on
200-BP-1, will warning markers be installed? This will limit tilling to reduce
compaction in the silt,

ER confirmed that the prototype (at least the portion over the crib) should be
designed to remain as a piece of the permanent surface barrier. This means
including all components. The prototype should be left over 216-B-57 and not
disturbed when the remaining cribs are covered.

The lateral extent of the waste must be determined before the barrier is
constructed. Otherwise, the side slopes would have to be disturbed later to
investigate.

The portion of the barrier over the crib needs to be designed with the best

choices. The extension that will be tested for validation of design can be built

with the options.

The thickness of the basalt was reduced for the design at the Meteorological
Station because it was unnecessary to test it at full thickness.

Answers are still needed about safety class and QA requirements.

A corner of the extension could be destructively tested.
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J. Cammann presented slides of the 200-BP-1 Operable Unit.

ER has agreed to fund an additional investigation of the lateral extent of the
contaminant plume. Are we to cover the crib or the contaminant plume with the
prototype? If we do not cover the contamination, why build over the crib?

J. Cammann presented slides of the possible extent and orientation of the
prototype.

There might be a meeting scheduled with R.D. Izatt of DOE next week.

The team discussed the possibility of spreading contamination with the testing
planned.

D. Fort presented his design ideas for the extent of the prototype when allowing
- for a 5% and 15" angte of taterat dispersion of contaminants from the 216-B-57
crib.
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G. Gee suggested that collection systems could be placed under all side slopes to
protect against water infiltrating contaminated areas. Asphalt couid be extended
to provide an area to harvest water from the side slopes. Otherwise, the
introduction of water on the side slopes will spread laterally and could interact
with the plume of contaminant. Working on a clean site allows more freedom of
testing and manipuiation. '

The meeting closed with an action item to compile information for a meeting with
R. ITzatt. Prepare sketches with different footprints over the crib.
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H-2'817484 010 216-8-57 DRAWING LIST
H-2-817485 ano 216-8-57 CIVIL - SITE PREP PLAN
H-2-8174116 o110 216-8-57 CIVIL - PROFILE - RAW WATER
H-?-I'8174I!7 SH t & 2 a110 216-B-57 CIVIL - PROFILE & DETAILS - RAW WATER
H-2-8174118 SH 1 Q2110 216-B-57 CIVIL - PLAN, SECTION & DETAIL - WATER COLLECTION, SYSTEM
H-2-817438 SH 2 . [s1R1:] 216-B-57 CIVIL - PLAN, SECTION & DETAIL - WATER VOLUME SYSTEM
H-2-B1740% SH 1 (IR 1+ 216-B-57 CIVIL - PLAN, SECTION & DETAIL - ASPHALTIC LAYER
H-2-B1740% SH 2 a0 216-8-57 CIVIL - PLAN, SECTION & DETAIL - ASPHALT LAYER DRAINAGE
H-2-817490 o110 216-B-57 CIVIL - PLANS - DRAINAGE & BASALT LAYERS
H-2-81744%1 110 216-8-57 CIVIL - PMAN - FILTER & CLEAN FILL LAYERS
H-2-817492 0110 216-8-57 CIVIL - PLAN - LOWER &'UPPER SILT LAYERS
H-?-B'I'HQ_J SH 1 & 2 01190 216-8-57 CIVIL - FINAL PLAN - ROADS, BARRICADES, SICNS
H-2-817494 0110 216-B-57 CIVIL - SECYIONS & DETAILS -BARRIER CROSS SECTIOM
H-2-817495 01190 216-8-57 CIVIL - PLAN & DETAILS - ASPHALT TEST PAD, LYSIMETER
H~2'2817‘$I6 0110 216-8-57 CIVIL - DETALLS - ROAD, SIGNS & ACCESS TUBES
H-2-817497 SH 1 2001 216-8-57 & 2503-E ELECTRICAL - SITE PLAN & DETAILS
H-2-817497 SH 2 8002/8003 216-8-57 & 2303-E ELECTRICAL - DETAILS
H-2<B17497 SH 3 8003 216-8-57 & 2503-E ELECTRICAL - BETAILS

SPECIFFCATIONS

ER34121C1 CONSTRUCTION SPECIFICATION (CPAF)

EE‘.‘:H?-:C? CONSTRUCTION SPECIFICATION

LEGEND

NFORD COORDINATES
IIN FEET)

LAMBERT GRID COORDINATE
{IN METERS}

PERMANENT MONUMENT

EXISTING COMTOUR
(0.5 METER INTERVALS)

FINISH CONTOUR
(0.5 WETER INTERYALS)

SPOT ELEVATION (FNSH)

LEVEL RIDGE OR YALLEY ELEVATION

SLOPE DIRECTION

EXTSTING FEATURE

EXST UNDERGROUND PIPELINE
POST BARRICADE

SECURITY FEMCE

BOUNDARY OF CLEARTNG CR
GRUBBING

COLLECTION ZONE

N48000 {ITALICS)
N137500 (BLOGK)
——
—719.5)

220.5Q

1958

GENERAL NOTES

1. CODES AND STANDARDS ‘

AJ BASED ON THE APPLICABLE OR RELEVAN]' AND APPROPRIATE REQUIREMENTS
OR STANDARDS (ARARS] REQUIREMENT OF SECTION 121 OF THE
COMPREHCNSIVE ENVIRONMENTAL RESPOMSE, COMPENSATION, AMD LIABILITY

T {CERCL A}, T E DESIGN IS BASED OM CONFORMANCE TO THE TECHNICAL
REG.IIRE WMENTS 40 CFR 191 AND 10 CFR &1, THOUGH THESE REGULATIONS
ARE NOT I)]RECT!.Y APPLICABLE.

) THE PROTOTYPE SURFACE BARRIFR CO"IAINS ELEMENTS FOR THE TESTING OF
LONG TERM SURFACE BARRIER CONCEPT PROPOSED FOR THE HANFORD SITE.
SUBSTANTIAT[ON OF SUCH TSSUES AS EQUIVALENCY 1O REGULATORY
?T.Ehdgﬁgé [t\-llEFSE EXPECTANCY, AND HlNIMAI. MAINTENANCE ARE SOME OF
Hi

2, THE BREADTH OF COVERAGE PROVIDED BY YHE PROTOTYPE SURFACE BARRIER AT THE
216-B-57 CRIB WAS ESTABLISHED TO COVIR THE INFILTRATIVE SUN’ACE Ol' THE
CRIB PLUS THE NEAR SURFACE PLUME EXTENSION AT THE SOUTH END Of THE CRIB.
IN SITU CHARACTERIZATION PROBES OF APFROXIMATELY 15 METERS {50 [{l’l In
DEPTH HAYE VERIFIED INCLUSION OF THE NEAR SURFACE PLUME WITHIN THE FuLLy
FUNCTIONING PORTION OF THE BARRIER. {32 M x 69 M

|
3. ELEVATIONS SHOWN ARE METERS ADOVE MLAM SEA LEVEL
CONTOUR INTERVALS = (.5 METER (UNLESS NDTEQ)

4. DIMENSIONAL TOLERANCES ARE AS FOLLOWS {UNLESS NOTED)K
|

EXAMPLE AQ:.U."EAQI
WITHOUT DECINAL - 26 W £ 05 M o
79 mm * 5 Imm
SINGLE DECIMAL PLACE - 50 M £ 01 M
TWO DECIMAL PLACES - 1.00 M 1 005 M
THREE DECIMAL PLACES - 1.020 M t 0.005 W .
5. PIPE SIZES SHOWN ARE NOMINAL. CONVEH::IGN FROM METRIC TQ :
ENGLISH IS AS FOLLOWS: 12mm s § [NCH; 65mm = 2} INCHES

75mm = 3 INCHES; 100mm = 4 TNCHES; If:nmm = & TNGHES; JOOmm = 12 [NCHES.
6. NOMINAL DIMENSIONS FOR WIDTH OF ASPHALT LIFTS:
37 M =12 ft .

41 M = 1151t
57 M = 187 # or 19 1
FOR LENGYHS OF PIPE OFFSETS: 150mm = & INCHES

7. BOLD CONTQUR LINES INDICATE THE EXTENT OF THE MATERIAL

LAYER NOTED IN THE PLAM TITLE. PLANS ARE ORIENTED OM THE DRAWINGS .
IN AN ANTICIPATED CONSTRUCTION SEQUINC .
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ek
&

ooo 6& NI37E51 31

—
o
3
:
:
g
NORTH \\ £
2
5
l_ 410
“.
—1]
R
11 11
-\ m +— —1"] 1
}—4—1 -1
1s; —'_r—tk__d,_ﬂ—’—' ﬁ—{:._q,_
——1—1 | 1
e 4=
/‘*\ | 111 41+
MN137624.40
INVT EL 104.07C
TP aLL PIPLS
§ H137619.60

wEST S]DE\]

2y

~

| R137633.60

S 1M

N137607.60

{

@ ES73464 70

[ . E3TI456 00

P

112) WATER VOLUME
SIPHONS

I

b

SEL EMLARGED PLA)
H-2-817488 SH2

N

LINE
Ay

CONTROL

75mm Pve BRANCH 75mm PYC BRANCH

4 PIPE)
THVT EL TYP ALt PIPES

150mm PVLC TyP

TEE 150mm «
75mm TYP
H FIDETAIL
2 - SCALE: 150
[ TfP 2 PLACES EAST SIOE
N137625.40 €0 TYP T PLACES WEST SIDE OPP HaND
TNVT EL 184060 TYP -
ALL PIPES EAST S1DE w
{3) NEUTRON PROBE z
ACCESS TWEBE LOOPS &
|- 13 caps o
&
N13T631.60 1 b x
| H g P A . =
. b 2| \-2-817496 al§
R b4 K
=~ H
N137596.9 ! TSmen PYC BRANCH TSmm PYC BRANCH
E5735241 N137600.77
§ Oftierer T~ 2 PLASTIC
SIM AS SHOWM HANDHOVE
DN H-2-817405 . H L L PIPE)
— IWT LU TP ALL PIFES
| l'"f?’“—m 13 CAPS i a
37569.27 f v
p1137559 HH 150mm PVE (T ER 3 150mm Pvc TP
- \ P -2-B17436 P he
500 M 150mm « 90° €10 WITH
l“l 150mm 5 7hmm HOCR BSHG TYP
W137379.90
—_ DETAIL
= f L=— SCALL: 1:50
nyu TYP 1 PLACE EAST SIDE
/mnum?
il — 1
N1375062.43

-
8" PVC TVP \~

4y

W,
PIPES |

N137343.41

H1J7356,99

1
Jll

j]? 29.23 CDDIT% L!%
H

Y

E373527 8

[

INVT EL 155100
BOTH SIDES

ATER COLLECTION
YP)

}

! @ DETAIL
SCALE: ):50

. "
™R SI™— yaimm 4 90" ELB
D916 WITH 150mm « ?5mm RIXCR BSHG
(N DETAIL
B SCALL, 1:50

LINE
Hy

CONTROL

A CONTROL Lme{

0.30 M
FOR_CONTINUATION

¢ PIPEI
INVT EL TYP ALl PIPES

o 75mm x 15"
8.3 w | B
T - IS TEE 150mm & Be e 1
boo w omm TV

SECTION
SCALE: 1:5D

DETAIL 5
SCALE: 1:50 z
TYP 7 PLACES £AST S1DE -
TYF 2 PLACES WEST SIDE OPP MAND o
21
w z
z o
:" (=]
4
=1}
5 g
5|0 & H
8lta & ’
L 19540
; TGP OF P
Tomm » 45*
0B P - }

ek (D)SECTION
N

TYP 2 PLACES EAST

SIDE
TYP 2 PLACES WEST S1DE OPP HAMD

20 CONTROL_LINE
4
:

1
TOP Of SLP

|
YT\ SECTION

CONTROL LINE

SCALE: 1:50

=/

¥50mm PVE ! '
Tienen PYVE '
iOWTROL LINE {4 PIPY)
:\

150mm = 90" £18 WITH
1%0mm » 75mm RDCR BSHG

f ) !

DETAIL

H-2-817488 SH

B-7

1
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DASE CYOLE COUNTER

457mm_ DEEP PLASTIC
HANDHOLE W/1 £XTENSION

9515345

PAINY COLLECTOR 20ME 1D NUMBERS
ONTO COVER IN 0.3 WETER HIGH

(HEADERS)

STL POST + SIPHON SITIER 1l BY TOFAL DEPTHI LETIERS - APPLY 2 COATS MIN
HEADER ELBOW e ORENCO SYSTEMS INC (sscaaet?:s" 1730 8y OF GREEN EPOXY BASED PAINT
ATENDS OR APPROVED SUBSTITUTE UTILTTY VAWLT CO 100 mn ta
l 400 mm
Iy
¢ _300mm PVC HEADER N £L 19360 FABRICATE 180" RETURN
) - y \;_: AR i - : TOP OF CONG 150mm x 90° ELB
i . \ < 150mm #vC
L ‘ SCREEN
1.2M 2 1.2M x 2.9M PRECAST ;L T ‘ T— K 5
CONCRETE VAULT #447-LA e :
W/COVER #44-227P BY o mal
UITLITY vAULT €0 OR o : - 5 CXTENSION
APPROVED SUBSTITUTE N\ T5mm PG h} \( ; A a 300mm PVC
i — oM pree | o £ 150mm x 90° ELB .
— - = Y1 b ::lép 192.880 o
L < v ] E oF PIPE 150mm 2 ELB WITH
. ST T XY 1] ; Toe I — . 150mm » 75mm ROCR BSHG 300mm x 150mm 1€
s F o USE FITTINGS AS REQUIRED o EL 19276 H_cr {Arpy,
NORTH Al T| ] 76 ACHIEVE ALTGHMENT . — RIGH WATER 0x)
B 1] 75mm BALL VALVE : T—
v I
i 1 SIGHT GLASS SECTION | o i w
RS AA s e v 0.6EEM
=H = VENT CEM s : , 1 TEE AND VENT ASSY
€ COUPLINGS, HARRINGTON T~— FLOAT BULB > AT AND W enDs oY
’ A : PLRG]ICS 108-030 OR DOSE COUNTER g SEE ENLARGED PLAN -
I ; APP SUBSTITUTE f SIPHON VAULTS
v 113 DELETE [NLET DROP
[ 1] AT SIPHONS 3€, w, : £L 192.15
LI l 11 £ 6, AND 6W s _' LOW WATER f 1 150mm x 90" £18
FaY §o \ vyl ' /_ TYB 0 PLACES
£~ - Az o ™~
o & .
&u 1 - 150mm DOSING SIPHON (PVC) N
R i o e -
VED Sl ; L
380m INSTALL PER MFR REQMTS '/7\ ™~ { P 150mm PVG TYR 300 20" ELE WITH
ny % x
1S WATER TIGHT 30mm x 150mm ROCR BSHG
COAT INSIDE WALLS AND PLNETRATION E AND W ENDS ONLY
FLOOR W/PERMA-GARD [1T 300mm x 150mm TEE
g s ket o PRIEL 58S
. ALL
NFR' T —
[ S RCCOMMEMDATIONS L 300mm PVC HEAGER
AFTER PLACEMENT OF SIPHON,
e D e EL_191.10 INVT EL 191100
gn W/0.3 M OF CONCRETE 651 OF CONG € AND W CNDS
:
— | /&) SECTION |
(15" '\-_-/ SCAII.E: 1:10 o
glio, onsrosn, srstn
~ L MEN |
FANWATER VOLUME SIPHON Xlowe W-2-817483 . 5
\o-/ __SCALEL: NONE " T =
TYPICAL 12 PLACES u
,ail 300mm x 90* E£18

J0Omm DRAIN LINE

VENT
SEE SECT @

VENT :
SEE SECT @ :
|

=U12QT 300mm_PVC HEADER & N1652.74
N1YY 300mm PVC HEADER  {-J2.0F._
i 3 E '
TER VO — -_— —_ — ®— E._-E)_@_&_ N137651.31
WA LUNE
SIPHON SEE 4% W W @ ]
S : -
DRATNAGE -—I
PIPL T1P ‘
333._3@ Mo ISP AT 244 M
" 1
NORTH £ ¢ . . . .
§ £ £ £ E £ £
uY W "3} [l o 'y
~ ~ P [ ~ ~
D :
=/
- d w4
@Nu?su.m It R . ‘ ;111.% 150mm TYP
: i: tsomm YR LR~ PVC PIPE Tve
150mm x $0° ELB

k3
ol [& TYP 7 PLACES
0.30 M: = BOTH SIDES
ENLARGED PLAN - STPHON WVAULTS
SCALE: 1:100 ;
DETAIL INVERT ELEVATIONS
PIPE OB BB B BB ®| B M ®
INVE £L TOR 194.030| 194.010| 193.990{ 195,980 193.960( 193.940] 1921.540] 1 93.560) 193.580| 193.56¢0| 193.6%0] 193.630
INVE £L BOTTOM [193.270( 193.280] 193.280] 193.260| 193.300( t93.300| 193.300] 193.300! t93.200{ 193.280| 193.280| 193270

INVT €L 190810

T0 _D1SPOSAL
BASIN

G’%‘) DRAIN LINE PROFILE !
SCALE: v:50 .

150mm % 90* ELB
WITH 150mm x 75mm
ROCR BSHG

75mm

150mm PvC

75mm & 90° FLB—.

DETAIL B
-~ SCALE: NONE '

TYPICAL 12 PLACES
(6 PLACES OFP HAND)
1 .

- ; H-2-817488

BHI-00007
Rev. 00

SH 2
B-8
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BHI-000(C
/.\spmu TEST PAD - FOR £ BARRIER Rev. 00

LOCATEON SEE H-Z-817493 ¢ 1

14.0 4.0 140 W
34 M AOM 40 M oM | 03wM
37 M 4.1 M 57 & |‘ 0.5 W
“ . HNOTE:
57 M 05 M WIDTH OF PAVER PASS [0 BE
AS SHOWN - AT NO TIME
SHALL PASS SEAMS OF TWO
CONTACTING LAYERS BE LESS
5.7 M | 03w THAN 1.5 METERS APART
0.2
H| l
D (CRusHED CONCRETE CURS 57 M 57 M 5.7 M ;1 D5 M
COURSE
196.75
MIAT6T50 \ 57 W 5.7 M 43 M 0.3 M
o H1I762260
196.64 FLUID APPLIED I
SE—— ASPHALT
' ] END OF T | L M
ASPHALTIC h | 196.48 I
J / CONGRETE _- \ 196:32 COLLECTOR —
- > ’ i) -h /| GUTTER (TYR)
— -TI | a2 o 2 /.f" - ‘} 196.25 I l
[ a + |7 ' Ny | 196.09
H137604.6 (. | Lh k] & ‘ .
— vy
| —

b

965 -
E eaven piss \ [ ASPHALLIC
-COLLECTOR GUTTER (TYP) ' SEE NOTE Ny Sy T

f2laTier s @muu @anm k‘—‘{ e 195.81
\3_ B T -amss sHZ ' ~Q.~ e

2
|
B ‘ |
\o/ ‘ | | ‘ CRUSHED SURFACING
//\ N | — N TOP COURSE
— ' £
w . [ 11 FF reiries
'\ I | NI37T584.%
7 \ KI&O mm HIGH I 7N 9N 0 M
! (REF}

(REF) (REF)

H-2-817489% SH2

N137571.6 NOTE: %&ELEV SHOWN FOR TOP OF ASPHALT:C CONCRETE ARE

. | .
' | T / T0 APPLICATION OF FLUID APPLIED ASPHALT
\; ‘ ‘l : | SECTION BN
N 11 ! o | AT e
|| |
[ 11
]

e 32 W t 32 M
¢

o / RIDGE
! - h FOR_COMTINUATION
T, | # OF COLLECTOR PIPING
& - - _!_ SEE H-2-817488
H-2'5.ﬁ4‘.N T I ___J @\ NORTH END COLLECTOR | — 18 M x 23 W FULL BARRIER
o ‘ TERRACED FOGE - SEE L OLLEC

SECTION | —DO NOT FORM CRICHEY IN <7 . / s
v TH TION OF GUTTE [ x
N137540.1 * / ° ?EC [ e N - ',//_ ZONE COLLECTOR
. 1IN 7]
Ji () () | 14w g 23 v siorsione
1 :

B M

23
Ix
PRECIP

COLLECTOR

10 M BUFFER ZONE, \@

0™

ﬁ-—-l
$

160 mm HIGH =a I C

CONCRETE CURB \ s|Z% & @ ‘ .

+H e | b gg b @

~ L1 1A 510 M | Sl L8

‘ TV 1 " @ / A §

L\ 2 [ S 4 =

\'9& . : —\ ) [ ¥ ;1 \@ "

, ENI OF CRUSHED = S ]

' &
\ p GRUSHED SURFACIN SURFACING TOP COURSE - 3 SOUTH END COLLECTOR 2 f
[3]

@ L{h 227 M

——-I ft— 4.9 M .
WATER COLLECTION SYSTEM ZONES ' ‘

SCALE = 1:600

£5735308 ©
E57353T.3

£373465.3
ToTsesen

ASPHALTIC CONCRETE COMPOSITE LAYER.

SCALE = £:300

H-2-817489 SH
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BHI-00007
Rev. 00

GUTTER SCREEN - SEE E_[) & @
\ 300 mm

(@ FORM 150 inm HIGH CONC
CURH AT BOUNDARIES OF
EOLLECTION ARENS ©S2C H-2-B17489 S SEC

ANGLE 150 mm x 150 mm

(2) FILL AREA AT LEAD EDGE OF ANGLE
WITH CRACK SEALING COMPOUND
WSDOT M41-10 SECT 9-04.14}

TO ELIMINATE PONDING
IBIUID APPl[[D ASPHALT MAY

SUBSTITUTED
FLUID APPLI(
ASPHALT !

GUTTER SCREEM -

SEAL
B

FLEXTBLE PIPE COUPLING
McMASTER-CARR CATNOS
NO. 4511K78 (TYP}

VERTICAL OFFSLT
{BEYOND) SEE DE'IARG % )

=/

//

~ S —

I
s
=&‘__3k

ASPHALTIC

CONCRETE

g =
/l\-(‘ ‘/‘/"L\Lt{.

N

(3 FORM CRICKETS IN GUTTERS
WITH CONCRETE TO DIRECT
WATER DRAINAGE 10

PIPE INLETS - 5::@

(1) SET ANGLE IN BED OF
ASPHALT BASED MASTIC DR
N ROOFING CEMENT SUCH AS
#cMASTER-CARR CAT#28
NO. 7746781 OR 71

OTL:
NUMBERS IN CIRCLES DENOTE
SEQUENCE OF CONSTRUCTION BEGINNING
AFTER APPLICATION OF FLUID APPLIED
ASPHALT ANO 24 HOUR CURE

150 mm
{TYP}

\—cm GRIND QPENING \—HDRIZDNT e

IN ANG{E

MATCH PIP[
BOTTOM Of PIPE Al
BOTTOM OF

DETAIL - WATER COLLECTION SECTION T\

SCcaLk = 1:5

200 mm

150 mm

\H-2-817489 SH)

TRIM & FOLD ENDS AGAINST
GUTYER ANGLE 1EGS TO
CLOSL OPNG (TYP

WELD TO SCREEN

150 mm |

IRER)

/ CONCRETE CRICKET

/—P]PE COUPLING
I

150 mm MIN HIGH CONC CURB - PLACE USING EXTRUDING
AT

WACHINE & FORMS.
REQUERE ANCHORAGE

DO MOT USE DEVICES TH
THAT PENETRATE ASPHALT.

FORM '(RANSITIDN AT GUTTERS AND JOINMTS.

HAND
AFTER MINIMUM OF 5 DAYS OF

CONTINUE TD DPEN

CURE

MIN[MUM AFTER

[ AND 24' HDURS
APPLICATION OF REPAIR GROUT) FILL CRACKS 'IN CURBING
DWE TO DAILY TEMPERATURE ﬂ.UClUA!IONS w[IH
FLUID APPLIED ASPHALT. APPLY FLUID APPLIED ASPHALT 10 CRACKS

75 mm’ PIPL
[ (CACY ETL)

i__ |
| ;) € SPACES AT D CARLY IN THE MORNING 4 ACE GEOTEXTILE OWIR CURBING. APPLY rLum
GUTTER SCREEN TYP APPLIED ASPHALT SATURATING GEOTEWVILE 10 .THE PGIMT WHERL T
ANGLE 150 min SEE GEOTEXTILE ADHERES T0 THE CONCRLTE CURBING
150 mm -i&.’) mm gl _
6 » 6 x §) BUTT E|T
TACK WELD INTO PLACE - COLLECTOR ZONE DLMENSION
WD o SPLICES N MIN 4 WELDS . [SEE H-2-817480 : DUANTITY
| 1 SH 1 A B c D
LW L \| [ \Ji L/ ’J” x AT 3100 u 3B |3 [775 0w H
— - -‘—'——'-‘-_‘—-.
e {1 S - i _— | BUFFLR_ ZOME
i e LECTER 1000 M[230 K [1 500N 2
. .
HORTHWEST END ;s »
10 M i u | FORM CRICKETS [N GUTTERS COLLCTOR 1800 M (300 M | 2 |600 M 1
i mECOSIL AR \ ‘
ATNA COLLECTORS
75 mm PIPE PIPE INLETS - SEE @ ey 2t a w2300 misnsu [2 767w 2
by + NO COLLECTOR REDUIEED AT EAST SIDL OF NORTH
\ CONTROL 1LINE NO WELD MECESSARY AT oL Wt ;
i L Y A ANGLE AT SPLICES USING §" BUTT m:l.n !
¢ PIPE) ABUTTED ENDS OF INDEPINGENT ZOAT HEAT ATECTED AREA WITH 2 Conts Zine
COLLECTOR GUTTERS - EHCASE RICH COMPOUND.
IN CONTINUING CONC CLRBING

OFFSET

19 mm X 19 mwn x 3 WM ANGLE

ATTACH SCREEN BY WELDING
EVERY FOURTH BAR —

FABRICATE GUTTER SCREEW
FROM ALLOY STEEL S-PACC CLOTH

6 mon x 3.4 mm [ L1357}
McMASTER-CARR CA 195

No. 92471183 &

EA EHD)

300 mm

75 mm PIPE

GALY AFTER

FABRICATION
CONTROL_LINE

140 mm

P18 mm

L
o
<
-4
[ 4
X
. ) S
[ ' w
] : o /// SEE -
& ; @
- ! i
- o2
I~ T
B AT o
—Z L -
3 <
&
[5)
= 2
—
1 5
a |
v} . oo
w N
o } t
- 1 = 1
] i l
Q a
Lo ‘31
Y z - ANGLE - SEE @
K ’/
P /
2

ENLARGED PLAN -

PIPE COUPLING

STO WELDED ELROW - 457

COLLECTOR PIPE HORIZONTAL OFFSET

SCALE = 15

SECTION - WATER C(I)LLECTOR ELEVATION /T

SCALE: HORIZ = 1:50
VERT = 1:5

\ H-2-!
N _H-2-81748% 5H 1

! 750

75 mm PIPC
IGALY 5m~\

75 mm PIPE .
L Gmv AFTER

FABRICATION

o - e — il
e %

150 mm

1| B F

R

| g

STD WELDED ELBOW - 451’y

\—‘ PIPE couPur.';c

SCALE = 15

GALY STL | PVC
75 mmy, PIPE [GALV SYL’—\
|
: 150 mn | 150 mm 150 mm
[ 750 mm . |

i 1) K
L

BN u

- I - ‘
., ~

| Y
; 25 mm . '
REMOVE PORTION OF
150 mm_| ASPHALTIC CONCRETE
B | AS REQUIRED i

DETAIL -. COLLECTOR PIPE

HIS

DETAIL - GUTTER SCREEN /&N

MATERIAL TRANSITION

SCALL = 1:%

5

H-2-B17489 SH1

DETAIL - COLLECTOR PIPE VERTICAL OFFSET /3
‘ =/

75 ‘mm PIPE (PVC])

IFOR CONTINUATION
1SEC H-2-B17488

‘H-2-817489 SH 2
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-
id

I}

"'S

\ CUTER SHOULTER OF

DRAINAGE CRAVEL

N137622.60

5734883

R137517.60

1963

i

DRAINAGE

.

—_._____-_-//

O
-

GRAVEL LAYER

SCALE =

1:300

1455

=

g

]

‘ EE-Z’-&T 7494

<:]=
\
___,‘a\

PN

\H-7-817494

_/\

Y

x
Fong

=

NIJEM-‘-G

1.0 iyesnnd

1848

19

;

FRACTURED BASAL

=J[IE

OF FRACTURLD
BASALT LAYER

ES73482.3

]
musus |

Sl

S }

e I

marsony

————

20 e mna)

137808 1

I

[13221F]

A

™

E373514.3

s ]

SCALE = 1:300

T_PLACEMENT

St
= =

& &
W

[

i

4

HGIE
FIMISH FRACTURED BASALY TO THE fLEVATIONS
NCES SHOWN

Al SPHEADING SHOULDER
ALLAST OVER ALL BASALT SIMFACES EXCEAT QUTSIDE
£ FACE, LN:CITAE:_C[S FOR YOF OF

&\\

\%‘—*‘—ﬁ

191

/

1

(-
PROTECT PEPING WHILE
B PLACTNG FRAGTURED BasALT.
SEL M-2-817488 FOR
LOCATIONS. APPLY DUNNAGL CA
SSART

BRIDCING §F HECE:

UPIPLR NEUT

100mm ENC FOR ROW PROBE
ACCESS TUBES (TYP 4] SEE H-2-8174%4

/._f

g E§'1-5| T4t SHY

BHI-00007
Rev. 00

H-2-817490
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/\l'sﬁ

& BARRIEA
A["]

"93

M137622.6

: ”__'J
o _——-l
2
K13T606.6
n

5734863
L2

\.. OUTER SHOUI

OF GRAVEL |
FILTER LAYE

£573478.1

i

NI37613.9

382 (TyP}

R137567.6

GRAVEL FILTER

“TE73510.6

LCER
1 14085
R CREST
|
- s}
s b
2 2
3 ]
N137333.5
NI37529.3

N137526.3

R LI £
IHEBAE
23 g

LAYER

SCALE = 1:300

1

Ljéi

193

/ :
.

Eg-?-ﬂt 794

LAST INNER TOP '
£DGE OF CRAVEL FILTER

S BE ST
SILT LAYER IMIERFACE
Ge. 61OV 199,

4

23308
s pathl

~_  NORTH A ST S e
2 &
\"‘H—"“'uz ™ ‘ - 5 . (
7 1
e S v [I
I
H—RR
\'--.._‘___‘\ it i
Toy o
—
| fOR ROAD SEE, NI37610.87
\/—\ H-2-B17423 —| o .
TN m.s
‘\\'“ g wazssnil
=
HiIvsasN
\" =
- 110 8.8
W\/ | 8 |
"Xy . NEYPEES L
e
M137358.3]
e |
L~ ) E;_:
L mom:g& FOR UPPER MEUTRON //‘M & § L ~2-817494
i ~ S R ——"] A. (4 bl
-\,.‘ \_,,- I gli|lnarsase Ii'y 7
e T~ o S &
. e _marsea | I i Il N
SR Jl
' =
X v =
; .7 LI ,
; =
-’

/-EXST FENCE

EL_I196.0 (WIN)

A

fjﬁlﬂMWFgﬂmij
GABICM |

— f—.3 W

—"'! 9 M

e SECTION :
H--817485 SHY  SCALE < 1186

“— FEWPORARY CONST ACCESS
FOR IHSTALLATION DF SAMO
FILTER (CONTRACTOR OFT 10N}

CLEAN FI{L SIDE SLOPE

SCALE =~ 1:600

H-2-817491

BHI-00007
Rev. 00
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e

196
197

TNSTALL NEUTRON PROBE ACCESS TUBES AFTER
PLACEMENT OF LOWER SILT LAYER BY_ TRENCHING
INTO SIL T _QVER EXCAVATE INTO
NORTH ——— GEQFEXT] PORARY CAPS
ENCASEMENTS ARD INSTALL TUBES IN .
—— CONFIGURATION SHOWN SLOPING TUBES {-]2% IN
DIRECTIONS NORMAL TO THE BARRIER CENTERLIM
(FLAT 0% A 0T1oW 0
TUBE SHALL BE MINTMUM 150 rwe ABOVE GEOTEXTI
BACKFILL TRENCHES AND TILL SILT TO LOOSEN AREAS
COMPACTLD BY ACTIVITIES.
2 WETERS OF SIDESLOPE ———

D3 NOT TILL WITHIN

)

—

198
1496
194

185
183

\‘

E

191

192

bl
T o ;
2 g : | i
z o $
[.3
@ § |
; L -
! — £
(Ot o |
S | Sem—
et | o
< >
&3 -1
I o
& ) [~
[=] 4 (N
0| [l o ud S
4 o
2 ¢
: : :
L]
W
I L
-t o
L — —

\

==

(=t

1

\

E573518.0

\ £573478.6
ri

RUBBER TIRED YEHICLES
OVER SILT LAYERS

LOWER STILT

EAST EDCE OF
LOWER SILT LAYER

EAST INNER
LEAD EDGE OF
SAND FILTER

191

197
196
195
194
183
192

-]
197
198
189

200

ES573478.6

200,60
0%

ES73498.3

E5725:8.0

UPPER SILT (ADMIX) LAYER

H-—2—817£[1392

BHI-000(
Rev. 00
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MNi37679
7 L4

- S wd o g e d
& o e ¢ EXST ROAD NOTES: BHIMOT
STA 0401 g Eusnuo 20' PAVED ROAD {12\ STREET) - Rev. 00
) _\ . FOR GENERAL NOTES AND | [GEND SEE ORAWING H-2-817484,
J 2. POST BARRICADE: COMMERCIAL GALY STL FENCE POSTS
T-SECTION 35mm x 35mm « dmm M LONG (13" f"n’i"x
_ S MIN. SPAGED APPROX & 'WETERS W/ STErL SINCLER Jacr ToHal
—— — —_ ——— (TRADE ND. 10 GALV.) ATTACHED TQ POSTS WWIRE CLIPS OR HOG RINGS.
DRIVE POSTS 0.6t & INTO GROUND.
7 3. PROVIOE HOOK AND EYE FOR RCPLATED CHAIN REMOVAL AT
! POSTS HAVING TYPE "3" SIG
GRAVEL 4. INSTALL PERMANENT SURVEY MONUMENT PER WSDOT M21-031 STANDARD
EXISTING TYPE *A" SIGN - SIE WATER PLAN H-6 EXCEPT USE STANDARD BLANK BRASS CAP. CAP 1O HAWE
_— SHOULDER DWG M-2-817496 DISPOSAL BASIN DEEPLY EYCHED OR STAMPED IN Smmi% INCH) HIGH LETTERENG THE
‘ (TP 91 142 A FOLLOWING (THE X'S SHALL BE THE NUMBERS APPLICABLE TO AS BUILT
NORTH \ MONUMENT LOCATION, [N METERS
\- LAMBERT GRID wA STATE 83 SOUTH
, , , , N NXXKXXK. XXX
7 - 7 —7 WXXIOK XXX
"3 Y \ N137728 ELEVATION
7 XX XAX MSL
| a4 5. PLACE 4 GUARD POSTS AT 1.2 WETER SPACING ARQUND EACH PERMANENT
55 WM WIDE GRAVELED ‘ ONIMENT EDRANT N f‘sr ALVE, BE 100 mm (47)
ROAD - SEE PROFILE & SCHED 40 STL PIPE, 8 uErERs 6 1N LENGTH EWBEDOED 0.6 METERS.
ON H-2-B17496 POST BARRICADE MINIMUM INTO CROUND. PAINT ABOVE GROUNMD PORTION SAFETY YELLOW.
\ " ~~" (SEE NOTE 2)
INV_= 189.2 10 CALVANIZED STL
———— . g o A H137697 Eno SECTION FOR |
°_2 8 £573430 CORRUGATED STL PIPE : Fd
| 7 - =]
oo 1 5 INSTALL
‘ B8 3 g ] é} S WONUMENT
a e o 5 [ SFE NOTE 4
. , 4 ; p: N137705.0%X & a @ [ ‘ [ {8y OTHERS)
7 7 7 7 i - Ei "m" ;’fl ﬂ E
\ [ "~ i
N1 Y PIPE INVERT b4 N137700.0xX
—~—— 37700.0¥X h EL 189.200
b " ] N137697 '
1 & T INSTALL 1 12 —LJ i :
’ MONUMENT = v v AN
} SEE NOTE 4 7 === 7 i )
' {6 OTHERS] ‘ :
N137689.0XX 4 m 4 L 1 ‘ i
¥ 7 7 7 | 117658 . - —— - - - — - - " I s ! :
STA 0+62.50 A A
% ‘ PARKIHG
-
3
L] "
1
Aad

TYPE "B" SIGN
e omt w5 b17496 ( T CL -

- P1 - STA "i404.19
! NE37646.31
I £573399.00

~ 199 ]

ra

. WATER DRAIM LINE
SEE H-2-B17488

B>

- ROST BARRICADE AROUND

i BARRIER {SEE NOTE 2)
CURVE DATA 7 '
R 20 M
A < B5T

L s 2269 B —_ A\
T 12,74 M ' 5

Y,

)i

] >_§'_',7§_

‘ N137644 | '? .
J
TYPE “A" SICN - SEE ! !
OWG H-2-817495 TNV« 130.6 i
(TYP 20} —— 1 :
3
h S JSJ\\; i
I
§137626.7
£573430.0
ThVT 195.0 !
L,
| L——— towen ngutrom PROBE
\ 1 ACCESS TUBES - PLAC
A ] GUARD POSTS ST 10
NOTE
< AN
T | | — erovioe post marricaot
l ‘ A
| ¥ ' A £ Uil
) SUBSIDENCE VISUAL WARNING OF STEEP
* ") POST - SEE SLOPE, - CWBED POSTS 0.3 M INTO
TEMP 100mm RAW - - H-2-817495 - BASALT AND ANCHOR USING BASALT
WATER TABANDONED) 1 | l  rock |
mr— — — - — - - — —
FOR CONTINUATION SEE H-2-B17493 SH2 \_ETS PLE ‘
N AD:
K137610.87

E573475,00

FINAL TREATME’NTS

SCALE = NTS

- © H-2-817493 SH |
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FOR CONTINUATTON DWG H-2-B174%3 SHI

BHI-000C
Rev. 00

ES73400.0%XX

- - - -- - - - - -apm - - - --— - - - -
. T
i\
] | NEUFRON_ PROBE
2 ACCESS TUBES - PLACE
'{ - CUARD PCSTS Sim TO
| IRRIGATION RISE | NOTE 5 OR SH 1 (TYP)
o Isin & VALVES - SEE
— H-2-817487 SH 2 [ |
— \ >
- | — a
] - ~ o« ~
NORTH 8 5| 5 3 ]| $
. [
[
: '
5 L1
% | |
: s e
% b b Y N
vy - y BARRIER
TYPE “A" SEON - SEE L & 15cm THICK ]
OWG H-2-B17456 g COMPACTED | ]
PROVIDE POST BARRIGADE
o SURFACING | ABOUT EASTERN HALF OF TOP
: G dio | N, o i B S
> .
* et METER SEE | s JlopEt WARNING oF STEE
L X H-2-B17484 | | TP, Y
2 L 1
-3-817494 ﬁ § |
g 2 g
o™
3 A
. \ _ g 7/
196 \\_// t &M RAGIUS (TYP)
™ 1
- .
o
2]
44
[t
h-l .
i 137505 0%

f9> N137500.0XX

— INSTALL

MONUMENY

— (BY OTHERS)

' ! CONTINUED FROM
, H-2-B17485 A

—
——
TEMP 100 mm RAW WATER (ABANDONED) R 100 mm (PVC) — s =

‘ : t SEL H-2-B17485 T ~

\\

FINAL TREATMENTS

SCALE = 1:300

[

;\—- INSTALL

AN

MONUMENT
(BY QTHERS)

H-2-817493 SH 2
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BHI-0000

Rev. 00
150mmwn_ ENCASEMENT
} 233 M 23.5 W { / SEE DETAIL BELOW
//,,,,_aj;:4:;\ . /,,;}_5‘5\\\
i . 1
A\ 16 M ™~ 16 M 16 M 16 M - 150mm ENCASEMENT 7\\

208 . /32 M- 150mr|: ENCASEMERT ! A Z \
_ 36 W 16 M N
202 : B . \

\ -2 2. / UPPER NEUTROM PROBE
| ] : RT3 817455 FOR LOCATIONS
159 — N — 2 -
10 I /

i _—/L’/’}'r ‘ y
—_—— — ——— —— \ Pp—————
183 ExST GRADE—/ \ / ~ / \ >

==

A

150mm ENCASEMENT

EXST 216-8-57
CRIB

(AN SECTION

\ H-2-B17493 SH2 SCALE = 1;150

100mm  100mm

DETAIL - UPPER NEUTRON

A PROBE ACCESS TUBE

PERTMETER EROSION BARRIER 16 M VERY CURVE - 150mm ENGASEMENT ENCASEMENT
t50men COMPACTED CRUSHED SURFACING .
BASE COURSE CONTINUOUS AROUND SCALE: NONE

o ‘
PERIMETER - PLACE COMPACT
FLAT [10mm IN 1 M) 164
10w aoutx | 10 w
F A3PE R
T e CRAVED NEUTRON PROBE ACCESS ]
‘ t

& B TUBE (65mm CND) —
150mm ENCASEMENT FOR
NEUTRON PROBE ACCESS TUBE

ELEY 198950
[START ENC)
ELEY 197.380
ELEV 196.930
(END ENC)

0P OF

A TS Yo wesT | 150mm ENC e 1
=12 Al T i
INVT 195,950 LOWER SILY ‘

N ‘

o,
10 - XTI T X TV 7T R ]
R S RS, SAND FILTER |
! S S 4
AR AL RPN
B ro g a5l vt st n fente
,.,”.,.,{al—v,,‘,':;,‘,;.‘fs,.. el et e Y GRAVEL FILN’.R_ 00men grtmmcsoc‘ PVCEA oo

3

13

RIBORR, .

A R

G A
TELNTAPLTAL C"’(“""(“‘l‘l‘a A" 5

G e RIS

S R M R A AL MR

R R R K ARGy

R S R SRR IR P,

e g e A D AT A TYYL]

G
A L)
$‘ !‘;;t\
a

STACK COMCRETE BLOCKS
{8 x 8 x 16 CMU) TO PROVIDE
SUPPORT {TYP)

NONWOVEN GEOTEXTILE

BASALT

N

/ 0 A A s Sl i Kk b e SIS
R R AR R R LR R R R R R QRATNAGE GRAVEL ) e WY
'7%%%§§$§§§§§§§§§§§§§§§§§%§§§§§%§$%§§ o —— A ‘-'%ﬁ??%%ﬁ?i@?
X R R R A R R R R AR LR N R R COMPOSITE ASPHALT —— ] . \/\&/\/Q‘/\‘.
A N N N N N, (ASPUALIIC CONCRETE 3 _ SRR
R RN I N R ARSI USTAL1IC Co N e
U LA I T Y S
M e Ar s S .‘-sﬁ§%§§£§y
N R A AR R RN " X NI
‘?)\\f/g)/:\ \@Q\ﬁt\wgﬁt’%}{”@ w\\?g? SANDY SOIL {STRUCTURAL} FILL N : %"}3{/\\@“(}’
‘ W‘WW@@ \«‘ Ag%%g“;STALLAHONPEF N - sdu. \/{\\;,\ RN _ «%&» ;
AN NN G R R A cucn Y e
R RGN LR /‘4)/ % PLUG OF GROUT (TYP ALL ENCASEMENTS) & R -fé's
I T s AT S e
NN RN Y s
VERRENROIGRRNR N
AR | :
A7 t/-d'\'\\{(\ LR
= - i
DETAIL |
SCALE = 1:75 1

. S H-2-817494
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FLUTD APPLIED ASPHALT

APPLILO WEST 3 M ONLY EA

BHI-000C

Rev. 00

6.5 WM SQUARE M

WITHIN § CM/METER DURING ALL

CONSTRUCTION ACTIVIFIES COMPACTED SANDY SOIL

SUBSIDENCE POST /7N

SCALE: NONE L

DETAIL 2N
SCALE: NONE \TJ

l' il i —
TP
i0mm SST TUBING
10mm SST TUBING
/ SUCTIoN VENT \ \ / /
- _— FOLD LINES
\ 7] . "\ \ /' \ /
PROVIDE STD TEE "
¥ END OF TUBING i
WRAP TN GEOTEXTILE \ / | : \ \ / / RS v
-
| . BN 2 \
. ] \ / E
3 | N I | ™ - | 5 ™~ <
: \ / § FOLD ALONG \ /
@ FOLD LINES
b ‘ / \ o TG CONFORM =
-_— — — —— — Y — — | —1 < TO DEPRESS]ON —
/ AN £ // \\ Py \ .
a o™
: / \ N
[é [ N " / \
- / / \ \ : / I TRIM OFF
A\ | / - N EXCESS
] | |~ \ \ ‘
10.25 N Z
3 M—= - + 2 —— — —
¢ LYSIMETER =
18 M 4- E‘ 3] '
313
PLAN - GEOMEMBRANE PAN LYSIMETER (UNFOLDED) PLAN - GEOMEMBRANE PAN LYSIMETER (FOLDED)
. SCALE: 150 SCALE: 1:50
ENLARGED PLAN - ASPHALT TEST PAD £
SCALE: 1:50 \ H-2-B17483 sH1 150mm ASPHALT : PLASTIC HANOHOLE
ft——— 143 M ——mf CONCRETE PAVEMENT SERIES 1730 BY UFILITY
. {(NO FLUID APPLIED Wk B
0.6 W ASPHALT)
2 2 M LM 65 M 7 M,
b PROVIDE UPWARD TURNED 457 €LEOW,
g W TERRACED €0GE T TRUCT LEVEIL AT EL 190.85 THREADED FITTING AND
£ = CONSTRUGT LEVE 9
El E (NO SLOPE) 1 M ey THREADED CAP AT END OF
£l @ —JI(_ r n ™\ TUBING. TAG OR ETCH TUBING
gl o 1 TO IDENTIFY SUCTION & VENT
o — FINISHED GRADE " /I_
= / SUBSIDENCE . [ ]| h .
—— I - @ AR POST - SEE ~F el ——
CAST IRON MONUMENT CASE y - : ]
NG. S6BC BY QLYMPIC FQUNDARY CO. L X
S : ‘
- ! GRAVEL ‘
LAP ™ 25mm » STL GALY ROD (1" DIA) e a6 M- i FILL ARGUND. TUBING
[mul (mul ' SPHALT1 ASPH
r HOSE CLAMP (SSTI . 7 () 77 8] ég';;gg"cm, . EQNCRE[EC SEALANT
hti/;Aczorcme N137604.6 y. N— ML AROUND SORPAG NG '
/ SANDY SOIL
SAND FILTER iy {TOP COURSE} : - k
S GRAVEL FILTER @ : !
: FORM DEPRESSION
159mm CuRB : : IN GEOMEMBRANES
= 100mm GALV STL PIPE ! : »
5 | /rm. W/CRAVEL FILTER WATERIAL
< / ]( — / mem (1) x 1.65mm TYPE 304 L
qr COMPACTED 55T TUBING LYSIMETER SUCTION AND VENT
¢ s e R
= Jll“ FRAGTURED BASALT COLLECTOR GUTTER : CONCRETE
3 i :
- ENLARGED PLAN - SUBSIDENCE POSTS /Y
| SCALE: WONE \ H-2-817189 SH SScEsCTIogy - LYSIMETER /AN
ALE:  HORIZ 1:50 oy
1 VERT 1125 =/
ASPHALTIC
| DRAINAGE GRAVEL coneRere
——_— DRAINAGE GRAVEL GEOMEMBRANE 100
GEQTEXTILE GEQSYNTHETIC COMPACTED GEOWEMBRANE
L ! . CUSHION CLAY LINER (S:EIL-?E.:'E?NG
A ASPHALTIC CONCRETE (TOP COURSEI SOl IHBING Nt ;
\ DRAINAGE :
”E, Pmm y BOGmm SO GRAVEL GEOSYMTHETIC GLAY LINER
{ x 2'-0" 5Q) GEQTEXTILE COMPACTED CRUSHED SURFACING
300mm CUSHIGN (10P COURSE}
COVPRESSABLE WASHERS - £AB
- CAOMPACTED SANDY SOIL
FROM STYRQFOAM BOARD arore . OR CONMPACTED CRUSHED SURFACING
QTEXTILE
NOTE: MAINTAIN POST PLUMB CUSHION GEOMEMBRANE DETAIL /3\

)‘ SCALE: NONE ‘\—_J

! . H-2-817495
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 BHI-0000"
Rev. 00
NOTES:

1. FABRICATE SIGN PER WSOGT M<1-10 SECTION 9-28.2

5 mm # 40 mm NIN {1YF] 2. LETTERS IN ACCORDANCE WITH USDOT STANDARD HIGHWAY SIGNS
HOLE (TYP) MANUAL, STANOARD ALPHABET, ALL CAPS,
65mm CND NEUTRON PROBE 25 mm 40 mm R 3. ATTACH TO FENCE POSTS WITH NO. 8-32 ZINC-PLATED
ACCESS TUBE (TYP} r STEEL FTHREAD CUTTING SCREWS (OR BOLTS) AND WASHER.
4. PLACE ONE TYPE A SIGN ON EVERY STH FENCE POST ABOUT
EL 19540 40mm_HIGH BARRICADE.

LETTERING
S N AUTHORIZED
PERSONNEL T
O N LY 50 mm WIN (1YP} —=y :gﬂ?ngﬂ
O

A HOLE ”YF] \ E25 mm 40 mm R
| 460_mm

! T ENVIRONMENTAL
- : | TEST SITE
oo o st SATRICAOE UNAUTHORIZED

POSTS - SEE NOTE 4

1M 1 WX 10 €M L S ENTRY MAY b ——520 mm

£573531.70

0.50 M

CONCRETE COLLAR [TYP) :
(BN SECTION
\H2°817488 SH1 SCALE: HORTZ 1:300 DEY TYPE A SIGH I M P A I R T H E
VvERT 1:J0 SCALE = 1:4
Nore: : VALIDITY Of
' BACKBROUND - Wi Te IR
T TESTS
. 3
~
g
g \. 9 /
2
g
¥
mans o H
¢ E B z £18 mm
&
£ :
gl & 3 I MOUNT ON POST BARRICADE
g E - > o POSTS OR INDIVIDUAL FiNCE' — 0.65 M
z o ¢l = 2 2 =3 3 z‘é POST WHERE SHOWN - SEE MIN
718 g3 3R 213 Bl 2% 32 23 dr g%z OWG H-2-B17493 SH1
32 3|8 dg 3z Sz S8 g g S| cpag 1
o - « - -« < - - < hed {2
Gle S Bla hla Sla &z Sld Bz &ld Glag 209 DET TYPE B SIGN (4 PLS ONLY) GRADE
] SCALE = 4:4
50 CRUSHED NOTE:
T{+0.332 CSRAYEL SURFACING LETTERS - BLACK {NON-RTFL]
A (FOP COURSE] BACKGROUND -~ WHITE (REFL)
p 200 SEE CHART - A
T - BELOW | }
/ e g}
§_= B i
p o 168 ”_L e
50 mm LEVELING
COURSE {TOP
NOTE:
LEVELING COURSE AND CRUSHED

SURFACING WAY BE APPLIED AS

20 M = COURSE)
& VERTICAL =z
o CuRvE 196 5 o

A SINGLE 100 mm LIFT OF
CRUSHED SURFACING TOP COURSE

/ GRAVEL SURFACED SINGLE LANE
194 PATROL OR SERVICE ROAD
/ SCALE: NONE

T+03 BLGIN ROAD - MATCH [xS5T SHOULDER

—_—

| HEIGHT HEIGHT
/ ‘ . 1 of cur SLOPE oF CuT

lovorsnf4:r[omam
/ ! J:1(3mTOB M

2 190" ODVER 1.5 M| 2 : 1 OVER 6 N
/ L
il .

-] Rt SLOPE_CHART
CuRvE CURVL 188
g
0400 by 0450 1400 1+50 2+00
o : '
2eld

GRAVEL SINGLE LANE ROAD PROFILE

SCALE = 1:600 HORIZONTAL
1:60 VERTICAL

(STATIONING AND ELEVATIONS IN METERS)

H-2-817496
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L=
8 g g
- — ~
g 8 8
]
[ | _ __ __ __ _ - d_ __ . _ _ /
121H SIRFET 11
'I —_ - - - . _ - - . _ f
N137743 | \ / !
t‘ 'a] O Q \‘ - =
EXST 138KV LINE G&L7
W2
EXST POLE vl _
t 1
f=)
o)
£
o |
- | !&W
L
I e |
At = e i = i — — it
137700 :
245-B-61 - ..
! 1
it o A m e e — — iy ] |
’ N137682
SH 2 il
NEW POLE ~
~
! @)
L ¥
i
/—® trve)
b / %
-— __|< Nt37620
. o
— VALVE PIT
NEw PO @ il J o N127ETD — IRRIGATION
RISER, SEE
e l ;-‘2-'817487.
FIRE HYDRANT-
N137600 crron G
3 5H 3 B

SITE PLAN
SCALE: 1500 (METRIC)

RULING. SPAN_LENGIH = 203 FEET

AMEIIENT TEMPERATURE °F
[ 0* | 15*] 30°] 45*] 60°[ 75°1 90" [ 1057 120%
SAGIFT] 3.0 |34 ]36]39}41}¢3145(4815.0
YENSION (Bl f133]123| 115 108[ 10196 |92 |88 |84

[

LENGTH S REQ'D ;

FASTEN #/1/4" SCREW MIN
{4 PLACFS]

PANELBOARD "B"

N

VALVE ACTUATOR

VALYE ACTUATOR

FLEMENTARY DIAGRAM

IRRIGATION CONTROL

[4 1, 1-172°C 5 {-2 4, I74°C
% WINI-
SOWER —&)
@ o CENTER ]
..LED /
A
—1
T —T J w6, 1 ®10 GND
FASTEN WITH L v s
(Jr@; BOLT in - I:— 7 #12, 1 412 GND
cd T L1 12 :
7 4 2 euaces) )
q -
w
(% PLACES)
™ @/
2 9121 112 o,
. 1/
. 302,35 017 |
iy 2 LEGS 1 48 GND P 5 8)3, 1 117 GND,
™ 172°C
A ” M v o
401, 112 /—GRADE
NS AT i
2 112, 1 12
2 v
CONCRETE
olz I A BASE (TVP) | —= - —_—
5 T N =
elZ 92
T e F
10 VALVE PIT ;
MIN 10 RCPT JB JB SEC DETALL & )
SEE OETALL 8 &g
WIN ' t
FINDETATL
\:J NTS
(LOOKING WEST]
T
GFel |

NQIEt-

SEE SHEET 3 FOR PARTS LIST,
SEE CONSTRUCTION SPECIFICATION W-263-C2 FOR

MATERTAL DESCRIPTION AND INSTALLATION INSTRUCTIONS.

ABBREVIATIONS ARE PER ASME Yt.1-11189.

THE LISTING OF MATERIALS ON THIS DRAWING DOES
HO? RELIEVE THE CONTRACTOR FROM PROVIDEING ALL
MATERIALS NECESSARY FOR A COMPLEVE AND ACCEPTABLE
TNSTALLATION.

7497 SH 1

BHI-00007
Rev. 00
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REPLACE EXST &'-7"
CROSSARM WITH AN
8'-0" CROSSARM

SPAN cu'ric/' |
DETAIL 3

17-07 MAX
2-0" DIA
MEN

{4)(Tve 2 PLACES

G203 (TYP 3 PLACES]

(ANELEVATION
o/

4"x§" WASHER

SI2 78] __[

EXST CB-L7 (138 KV}

SBHTYP 3 PLACES)
39 {TYP 3 PLACES)

I9 {TYP 3 PLACES)

S mp 2 PLACES]

o _Jg°-8"
ABOVC EXST GRADE

1°-0" MIN
21426

Canis
/—®

45 DEGREL ANGLE

—

SEE DET 3

\wr 2

I

—

2

Fe———EXST 45' WOOD POLE
1

FAiNDETATL

H

e

CONCRETE CONE ANCHOR,

(NDETATIL
Ly

oY)

—SEE ELEVATION “A"
FOR _LOCATION ON

) TYP 3 PLACES)

I'IYP’
e

FNDETATL
wyo

SEE ELEVATION B, SH 3
FOR LOCATION ON

R“*—-——@ c:oumen: CONE ANCHOR,
— 4"nd4" WASHER i

LAY DETA].L
54

/@ TP 2
i il DB PLACES)
"’ ni'—*/@

A DISTRIBLITION SECQNDARY

180Y/277v, 3PH, aw

BHI-00(X
Rev. 00

1-1/4" DIA NIC
i
~
-
_t
AYDETATL
CONCRETE ANCHOR MINIMUM
COMPRESSION STRENGTH:
3000 PSI AT 28 DAYS,
AGCREGATE: 2/4" MAXIMuUM
b L
LA ’
o o
|23 XFMR
75KVA {3-75 KVA
ST | " 138 Ky-4BAY/2TIV, IPH
|
NELBOARD &' _ -
L & 10048
480Y/277V, 3PH, AW l T g
IJP Iap I?P TJP
)'IOOAF )moar 100A1
T00AT 20AT suAT aac.qx:n SPACES,
\
)ca _!
L XA 1 ,~mm POWER
B0 AR ~] N
W MACH N
RICAIN 4BCV- uoxzmv 1PH
) MAIK T _PANELBOARD "B
120,740V, 1PH, 3W
)
2P 2P lF IP I [
154 |
GFel
sPacts
50» R 20A REeT
DuPLExoc?NEerN]ENc{ IR%IAGL-;EION
L
uTLEES CONTROL
ONE | IJNE_DIAGRAM |

NOTE: SEE SHEET 3 FOR PARTS LIST

H-2-817497 SH 2
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HE TSy

; (eX2B¢

TYP 6 PLACES) I /B
i ro

(TYP 3 PLACESI(4
(YR 3 PLACESI(2

&X211

2

(rve 3 PLACESK]

GE—

(TYPH4T

AN

DOWN GUY, STE P
DETALL 4, SH 2 _L"
!
5 .
-
GHEFne 3 Paces)
—— !
. i
o
- .
ki
] yTe
Ay
il T— MR TANK
GROUND LUG
(TvP)
A7) (TYR) !

————

(BNELEVATION
o/

S (33 (TYP)

|—(33 HIGH VOLTAGE GND

(38 LOW VOLTAGE GNOD

r éw J‘I'-O" MIN TrP)
Fowe e m ) B
tnw@—«-—
|
| g0 min
L[]
6'-0" WIN 20'-0" WIN 5'-0" MIN
(ENELEVATION !

42} {TYF 3 PLAGES]
VUTYP 3 PLACES)

19

)

4

{TYF 3 PLACES)

{TYF 3 PLACES)

{TYF 3 PLACES)

s &
EDER Jd»ﬁﬂRﬁALh“'J

PY QESCRIPTION
1 TRANSFCRMER, 25 KVA, 158KV - 277y
4 CROSSAEM,  WOOD{SOL ID! l -0" x 4-5/8" x 3-5/8" W/4-N1/167 PIN
HOLES, REA M9, TYPE 0.
3 wOOD POLE, CLASS 2, 40 FT LENGTH
I

BRACE, L.RO‘SSARM FLAT, GALVANIZCD STEEL 307 k1747 x 141047
WrTE" R}

& 916 MOUNTING HOLES (

(TYP 3 PLACES)
LENGTH_AS REQ'D
CONDUIT
/_BODT
ﬁ’
|
- — 1A
¥ .
3812, 1 112 GHD, - :
vt
3 82, 1 88 GNO, L1
1-172"¢C !
™R €§—< —
® L)
- & s ;
3 01, P
148 cno—/'
FRN77 ZANY N -7
Wz olz
N|E =

49"

10 WINI
PWR CTR

[ 10" o1a !
WIN
i

/ENDETAIL

\.H_’ NTS

5 TRIFLE 4ANGER _BRACKET, 12°_AND m" sPAt:mc
3 BOLT, CARRIAGE, )8 - 1EUNC-2A x 5" W/NUT
7 WASHER, ROUND, 1" O.D. x 14 GA x 7/16" DTA HOLE
8 NUT, NF LOCK, SOUARE 378 - |GUNC-28
3 CONDUIT _GROUND CLAMP
10 RIGID STEEL CONDULT, 1-1/2
i1 WEATHERHEAD FOR 1-3,2 CONDUIT
12 BOLT, DOUBLE-ARMING, 5/8° DIA, Wr4 NUTS, LENGTH TO sSutl
13| WASHER, SQUARE, 2-1/4° = 3/16° _THK x 11716 OlA HOLE
i INSULATOR, PIN TYPE 'F' NECK, 15 KV PORCELAIN, 1" THRLAD PER
ANST 55-5° w/RADIO NOISE FREE GLAZE
15 | PIN FOR INSULATOR, FORGED STEEL, 1" LEAD THREAD WITH 5/B"
SHANK : 12-1/2" LG
16| STANDARD EYE NUT, 5/8"
17 INSULATOR, DEADEND TYPE, 15KV, EPOXY STEEL COMPOSITE, LEAWAGE
DISTANCE 16 IN., 15,000 L. TENSILE STRENGTH
18 | STRAIN CLAMP, FORGED SHEEL, GALVANIZED
19 CONDUCTOR, BARE 7 STRAND 86 AWG NEDIUM HARD DRAWN COPPER
20 | STRAIGHT THIMBLE EYE BOLT, 578" » LENGIH AS REQUIRED W/NUT
21 CURVED WASHER 3 x 3 x 174, 11716 DIA HOLE
27 | PREFORMED GUY GRIF OR 3 [NCH, 3 BOLT GUY CLAWP
23 THSULA™! GUY STRAIN, PORCELAIN, 20,000 LB. TENSILE STRENGTH
PER ANSI 54-4
74| GUY CADLE, 7 STRAND 7/16  SEIMENS-WMARTIN
25 | AMGLE (HIMBLE EYE BOLT, 5/8° = LENGTH AS REQUIRED
26 THIMELE_EYE NUl, 578"
27 LOAD PLATE, CURYED, 2-1/2" ¢ 7" x J/16" W/ 9/16° & 11716
HOLES
28 LAG SCIEW" 12" 2 5" LONC
29 | PLASTIC GUY GUARD, YELLOW. 8 x 1-1/2° FULL ROUND
30 ANCHOR ROD, DOUBLE THIMBLE EYE, 3/4" v 9-0° LONG
31| GUY ANCHOR, CONCRETE CONE, SEE DETAIL 5
32 | GUYING STUB POLE, 35 FOOT, CLASS 3
33 PIPE_STRAP, ONE HOLE MALLEABLE IRON WITH BACK SPACER
34 GROUND RGD, COPPERCLAD STEEL, 578 DIA x B-0° LONG
35 POLE TUP PIN, PRESSED STEEL, 17 DIA LEAD, 20° LENGTH
36 MACHINE BOLT, 5/& LENGTH AS REQD (WITH NGT)
kY] srmoorr PIN, LAG SCREW TYPE, _FORGED STEEL, 10T OIP
GALVANIZED, S/a DIA SHANK, 1" DIA LEA
£ HOTL m: BAIL_CLAWP, FOR 270 ACSR
39 HOTLINE_CLANP, BRONZE, FOR 86 AWG COPPER
40 GROUHD ROD 10 GABLE CLAMP, COPPER, COMPRESSIOM TYPE or
EXOTHERMIC WELD
[T} SPLIT DOLT CONNECTOR FOR COPPER GROUND WIRES
42 HOTLINT BAIL C.LAIPI FOR 86 AWG COPPER
43 | DISTRIGUTION POWLR FUSEHOLDER 14.4 KVA
44 LIGHTN /NG ARRESTOR, 15 KV
45 CUTOUT 7 ARRESTOR BRACKE T
46 FUSE, LN1T_CURRENT RATING SE, 14.4 KV
47 POWER_CONDUCTOR, 600 VIDLT, 81 AWG COPPER, TYPE THWN INSUL
48 | _GROUNG WIRE, 14 AWG INGULATED COPPER CONDUCTOR
49 | METER INCLOSURE, 600 VOL1, OUTDGOR
§0_ | _Kw HOLR WETER
51 PANELBOARD, 480,277 vOLLT, 100 AMP, 18 CIRCULIT, WITH 100 A MAIN
CIRGUI™ BREAKER, NEMA IR
57 | WINI-POWER cenn:a. OUTHOOR PACKAGED POWER SUPPLY, 15 KYA.
120,240 VOLTS
53| FRAMING mmnﬂ.. 1-5/8" % 1-5/B" GALVANIZED STEEL
E4_ | DOUBLE FRAMING CHANMEL, 3-1/% x 1-5/8" GALVANIZED STEEL
55 | wOOD FOLE, CLASS 3, 40 FT. LENGTH
56 PVC CCATED RIGID STEEL CONDUIT, 1-1/2°
57 TRAFFEC GUARD POST, (MATCH EXISTING POSTS AT FIRE HYDRANT)
58 DUPLEX RECEPTACLE, SPECIFICATEON GRADE, 20 AwP, 125v, 2 POLE,
3 WIRE GROUNDING, NEMA| CONFIG 5-20R, GFC
59 RAINTITE OUTLET ENCLOSURE, INDUSTRIAL cmns. TAYMAC CORP
CAT NG, 20310 OR EQUAL:
60 | SINGLE GANG TYPE FS QUTLET BOX
61 SINGLE RECEFTACLE, 20 AMP, 1257250V, 3 POLE, + WIRL GROUNDING,
HEMA CONFIG 1
62 RAINTIIE out_t mc:.osuﬂs. INDUSTRIAL GRADE, TATMAC CORP
CAT_NO. so on couAL-
[3] smm S0 AMP, 1257250V, 3 POLE, 4+ WIRE GROUNDING,
NEMA (.‘ONHG 14- SOR WITH WEATHERPROOF BOX AND LIFT LID COVER
64 TWO G/NG TYPE FS OUTLET BOX
65 | RECEPTACLE, WATERTIGHT, 20 AMP, 480V, 3 POLE, 4 WIRE WITH 15°
ANCLE JACK BOX. WUBHBELL CAT RO, 420R7W OR EQUAL. FURNISH
WITH MATING PLUG, KELLENS SIRAIN REL]EF chP AND 300 FEET OF
4 CORDUCTOR §12 AWG, 600V, TYPE so CORD.
66 a:ccm NELE, 100 AWP, E0TV, 3 WIAL. POLE WLIH HACK DON, ANGLL
egas:m AND SPRING nodn WP, CRouae o oh e An 15E oa
67 | SINGLE RECEPTACLE, 20 AMP, 125v, 2 POLE, 3 WIRE GROUNDING, NEMA
CONFIE 15-20R. FURNISH With uAfmc PLUG
[3:] PYC QGATED RIGID SYEEL CONGUTY, 3/4°
69 JUNCTION 80X 12* % 12" 6" GALVANIZED SYEEL W/SCREW GASKETED

COVER NEMA 3
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- —_ 1.(CSBC, 1% inch minus) or Crushed Surfacing Top Course (CSTC, */, inch
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. HANFORO Rev. 00 Revision €
vVISION
DESIGN ANALYSIS e cre. No. ERIEIA-08
crient Lo/ (. WOrob No. FERAN) S /W-24.3
Subject Prormrype SURFACSE BARRIER. Date 4-/21,/673 8 S . ConsorT

DETERMINING. (SRADATION RANGES Fnr Fuzeg Mema Checked  4-23-93 By BG Wolle Lo N

‘ Location Q{é— B— :5 Z CRIB, 0L Revised By

~—— OBJECTIVE: o .

___Determine the allowable gradation ranges for a filter media between the McGee —
silts and the drainage gravel in the Prototype Surface Barrier. The filier il

T ~média must be sufficiently fine grained to 1imit the downward movement of .

—-—- gverlying McGee silts, but coarse enough not to migrate into the underlying

. --drainage gravel. The drainage gravel will also serve as a filter between the

...-overlying filter media and the underlying basalt.

~ T DESIGN INPUTS:

-~ -~ -Criteria and Source:

.. _.A prototype design of a cover (surface barrier) will be constructed over
___ithe 216-B-57 crib in the 200-BP-1 Operable Unit on the Hanford Site as

: part -of a demonstration of in situ disposal of contaminated soils. The ———
T T 7design of the surface barrier requires a fine grained soil to support R
————-—i-yegetation as the surface layer with an underlying drainage layer. o
— 1 Beneath the.drainage layer, the prototype will contain a layer of basalt
:__i_to_inhibit deep animal burrowing and root penetration. McGee silts will

| be used as the fine grained soil. A filter media is needed between the —— B

.+, | silts and the drainage layer (a gravel) to limit the movement (piping) -~——
T of"silt into the coarser grained materials. The filter media must not ...
—-——---cjiog the pore space of the gravel. The drainage gravel wiil be R
—mm-.i-commercially available road base, either Crushed Surfacing Bage Course

' 1 minus). Criteria for the filter media is given in the book by

. H.R. Cedergren (page 156) as follows:

1) The 15% size (D,s) of a filter material must be not more than four .
e or five times the 85% size (Dg) of the protected soil. This
oo criteria limits piping.

. 72)  The 15% size of a filter material should be at least four or five - --—
. 777 times the 15% size of a protected soil. This criteria qguarantees - -
T e sufficient permeability, which is not a factor in this design. -

SR ) The 50% (D;,) size of a filter material must be not more than 25
times that of a protected soil. This criteria is applied to
filter media with gradation curves approximately parallel to the
protected soil. Filtration tests are unnecessary when this
T criteria is applied. :

DOL Mgr gn wa
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DESIGN ANALYSIS ' LMo, ERIFIZ-O3
client A/HC WOnob No. SR 349 /h/— 43
Subject e Date o) /91/23 8y S D, ConsorT
DemrmninG GrapaTion Rances sor FLTER MEDA  Checked §-13-97 By K (Hollembe )
Location Q/{a -R-57 rpin , D Revised By

f— . Given or Known Data: T

~ The gradation curves for the finest grained silts and the coarsest
T T 7" Tgravel road base were used in the calculations to obtain a range of
———- --—- conservative values for the filter media. The silts are from Test Pit 6
——————-{TP-6) at the McGee Ranch site and are described in a geotechnical
... —... report by Chen-Northern, Inc. The road base is defined in the
_ _Washington State Department of Transportation Standard Specifications,
9-03.9(1-3). This data has been plotted on Graph 1.

=== - Methods to be Used:

 ——___The criteria given above will be used to calculate by hand the range of

_____values for the filter media with respect to the overlying silts and the
. underlying drainage gravel. Filter design methods from "Seepage,

.~ Drainage, and Flownets" by H.R.” Cedergren will be used. o

S References: : e e _— o B

| Cedergren, H.R., Seepage, Drainage, and ?1dh’Ngt';'Jéhﬁiﬂiléylﬁisdﬁg,___'_m

T e, 3rd Edition, 1985 T

: O : ‘ :
——-—1Chen-Northern, Inc., "Report of Geotechnical Investigation“, W-105, . - R
- 242-A, Evaporation and PUREX Interim Retention Basins, Hanford Federal e
———_._Reservation, Project No. 90-1901, August 1990. N

—_CALCULATIONS: ‘
'*?“‘ThE'HcGee silts are defined as lLayer 1, the filter media is Layer 2, and the
—--~ drainage gravel is defined as Layer 3. When calculating the potential for .
~f—:=-piping-of. the-filter media-inte -the gravel, layer 3 is considered a filter
._f-r;thatfprqtectS"taYE? 2. . L

777Dy = grain diameter (size) at 15% finer by weight of the Filter media -

5
T 'D;5r== size at 85% finer by weight of the Filter media

—-2c? and 'f’ indicate coarse and fine rangeé allowed by-Cedergfen (e.q. DBFC).

size at 15% finer by weight of the McGee silts

- e T S 29n 11 h :
[hs: = size at 85% finer by weight of the McGee silts
"Dﬁ; = size at 15% finer by weight of the drainage gravel
- Dgsg = size at 85% finer by weight of the drainage gravel

C-5
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DESIGN ANALYSIS ' Cacle, ERB4I2-03

jlient WHC WO/ Job NO-ER_S 4 : 2 f_‘i, !-— Qé =2

subiect PR TYPE. SLRFACE BARRIER. oate 14/2,/93 By ST ConsorT
Checked §-25-973 By RG Hillo.becle

Revised By

— _DBSs o 035 mm (Graph 1, TP-6 curve) | _ ' _ _- _

—_—— Dm - 2.2 mm (Graph 1, CSBC-CRS curve)

Defming the 1imit of the coarser range of Layer 2: SRR

— o Dyl ¢ 5 mplies that D,s,c - 1)1,,5s o

e ‘_Dwrc = 0.43 mm S S

———""This point is used to develop curve ’A’-on Graph 1 - Curve A’ p-amr;HAelsi .
~——_—---—-——- the TP-6 curve. e S e

. De-%ﬁ;ng the limit of the finer range of Layer 2:
D/ D <5 implies that Dggpy = D159/5 T T T T T e e
_J._;__.H_j_.n_,“,_ 088 mm - R D D

_r_Th1s value was used to deve'lop curve 'B’ on Graph 1. Curve B’
i _paraliels the CSBC CRS curve. —

l

Checkmg Layers 1 and 2 with respect to- the third cr1ter1a S

il Dyge/Dy, ¢ 25 implies that . . ... . I S
ff“"'i:'_‘_ﬁs;F} 0.205 mm  (Graph 1, curve *B’} — " o
T Dy, = 0,052 mm (Graph 1, TP-6) oo :
el L

[ A S o << 25 0K e
___._7,,.__‘7_._0505”. . B T T T p— e e e e e 4 b e e e e
T Dagpe = 3.3 mm (Graph I curve A’ ) e e

B RN B > 25 too high ]
e e DSOS .- __..' P - _V

" Since the D ore 15 too coarse for the silt, the thn'd criteria was used to
T ca]cuiate the coarsest grain size allowed for the filter.

N DSOFct = coarsest grain size of filter at 50% finer by weight

C-6

DGE Mamiana wa
| 54 4330-037 KEMW-37 (7/82)



KAISER ENGINEERS i’jﬁ”jiﬁmﬂﬁgﬂm_” PageNo. & of &

HANFORD R Revision _(()
evig)
DESIGN ANALYSIS 00 o s dZ a3
crient WHC, wosob No. ER 3414 /1,)-96:3
Subjed! DerrmrveE Sumsans BARRIER Date 4/ Mﬂﬁu&a&z‘_
Location - 53— DL Revised By |
__;_T#-.——:DSOFct = Dsos - 25 e - - - . _ . . . —- - - - ._—

. Dsgree = 1.3 mm “
—--This value of the coarsest grain size was used to modify curve ’A’.

—_ Checkmg Layers 2 and 3 with respect to the third cmtema

0a/Dso € 25 implies that

i 509 - S -

S - DSDg = 16 mm (Graph 1, CSBC-CRS)

e’ D o

U M- a500 <25 0K

_.;;*_____E_Dsorc e e . _ - —-W

—l—-"%—; Deger = 0. 205 mm - —-(Graph 1, curve ’B ) Ll P

Dy . . e
et -78.1. ‘_22,3,?_1590_'110_“_4 - | '

— T DSQEL_“ ——— e , .___.____—: --"-—-' o

S Ds‘o?f'i' = finest gram size of fﬂter at 50% fmer by we1ght L

B . o -

:-*—— —‘SOFft 25 —_ - - - —— e

 Dsopee = 0.64 mm ) | ] -

-*thhe above va]ue was used to deve]op the dashed curve para11e1 ‘to curve 'B’ on
—_ Graph 1, which defines the finest grain sizes for the filter. The range
between curve A’ and the dashed” curve “restricts the ' filter material to a-
range of values difficult to find. " Choosing a finer grained drainage grave]
—will extend the 1imits of the filter to finer grain sizes. . The gravel chosen
-—-—js-the coarsest range of Crushed Surfacing Top Course (CSTC) The coarse
range.of_the filter was based on the TP-6 gradation curve and is not affected

by the change in drainage media.

Dysq = 0.84 mm ~ (Graph 2, CSTC-CRS)
D159
- DBSFf B - Dﬂst = 0.17 mm
C-7
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v_mm.The D ca]culated from the coarse fraction of the drainage grave1 can be
used to produce a range Timit curve parallel with the CSTC CRS (dashed curve

d—-‘ on Graph 2). |
Check1ng Layers 1 and 2 with respect to the th1rd criteria:
Dy = 5.2mm ~ (Graph 2, CSTC-CRS) T
__ ) DSOQC V ] o A
o _'___1?5'_5';“ = -“2'5’ Doese = 0.208 mm T

T 1he ﬁo on the curve produced-from-the catculated Dy, was too fine grained
_ . _tosa 1sfy the third criteria. The D was used to deve]op the final Timits
‘ for “the range of finest grain sizes ai%owab]e for the filter media. The curve

~"7 j§ drawn parallel to the CSTC CRS curve and-is. defined as curve 'Cl-on— - —. .. __
—_ - Graph 2 ....... . - . el . e e e e e e
-_EheEh;hd_the fine fractlon “of Layer 3 and the basa]t w1th respect to the first '
criter1a B e
__MLHNT_FL:D“B 25 mm - (Graph 1-or-2; Basa1t)--——w-~—~— : n-__-__m,ﬁ::
cemcme o Dgggr = 9.2 mm (Graph 2, CSTC-FINE) N
N e_pﬁa . o o ‘ T T
o mmme— =20 mm < 5 for CSTC-FINE = OK . e
Desgf o T ; C S mem e

—— - Checking the coarse fraction of Layer 3 and the basalt with reeeect:td”ther
_-third.criteria:

““—":;i:;i_pmm = 101.6 mm (Graph I or 2 Basa]t) T s T
-____. R DsoB . . . . - - — - —
e e 19.2 mm < 25. for CSTC-CRS OK _
- -—--—-—w; Dsogc - S - I e

Checking the fine fract1on of Layer 3 and the basalt with respect to the third

'cr1teria

Dsogf = 2.4 mm

-t =423 mm > 25 too high

C-8
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Location Qié_a_ 57 cen JONE Revised By

- ..The fine fraction of Layer 3 does not fit the third criteria. Also, if the
_ __finer fraction of the basalt moves to the lower portion of the basalt layer
___during construction, the Dy, of the basalt in contact with Layer 3 may be too
i”" ""'coarse for even the coarse fraction of the drainage gravel. Another filter
1=~ layer between the drainage gravel and the basalt is required.

FINDINGS & CONCLUSIONS:

Using Crushed Surfacing Base Course as a drainage media was found to be too
7 “pestricting to the gradation range of a filter. Crushed Surfacing Top Course
- was substituted as the drainage gravel which allowed a broader, more
|-~ obtainable range.  This-range is bound by -curves A’ and ’C’ on Graph 2 and
- . the yields the following range of values:

Dgs = 2.4 to 0.41

== Dg = 1.3 to 0.205

- Dy = 0.42.t0.0.03 . o B
_____The Dg and D, values resulted from applying the first'criteria. The Dy

- values areé a result from applying the third criteria.— A-filter media--—— - - -—— -
—conforming to these criteria will limit the piping of McGee silts inte the = _
—-—filter, and 1imit the filter from piping into the drainage gravel. A filter

.— —_whose gradation is closer to the coarse side of the allowable range is

preferred because it would provide a better capillary break at the interface

_.between the silts and the filter.

—— The fine fraction of the Crushed Surfacing Top Course did not meet the third
-——-c¢riteria when evaluated with respect to the basalt layer. Another filter
-~-.-.media.is required between the basalt and the overlying drainage gravel of Top
—_Course._ lLeveling the surface of the basalt with shoulder ballast is required.

54 43°7C.C17 KEM-A7 (T/k2)
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INTERO¥FICE MEMORANDUM
— 10 D. L. Fort patz  March 17, 1893
mow  Ed Becker*®
-KE Ogklan
COPIES TO . /”’
- o8 no. ER3412

sussect  PROTOTYPE SURFACE BARRIER AT 200-BP-1 OPERABLE UNIT: SOILS
SPECIALIST LETTER REPORT PER STATEMENT .OF WORK-PROJECT W-236

1. Evaluation of range of settlements to be anticipated at the surface of the

asphaltic concrete liner and effect on drainage potential.

The barrier as presently conceived will have an asphaltic concrete liner
which will be covered by a number of soil and rock layers as shown on Drawing
Number ES-3412-E3, Rev. 0; Civil Section and Details. The area of the full
depth barrier will be approximately 46.6M x 87.6M (153.8 x 287.3 feet). The
total depth of soil/rock layers to be placed on top of the asphaltic concrete
liner s 4_.50M (14.76 ft.). The evaiuation of the anticipated settlements
was made on the basis of elastic theory for a loaded area on a semi-infinite
media. This is considered to be valid in as much as the site of the proposed
barrier is underlain by granular materials consisting mostly of sands ﬁnd
gravel. Settlements due to loads applied to these materials will take place
essentially immediately upon application of the load and are not time
dependant as is, for instance, the consolidation process for saturated clays.
The results of the analysis indicate that a slight 'dishiﬁg' effect of the
asphaltic concrete layer can be anticipated dua to settlements rezulting from
the weight of the overlying soit/rock layers. The maximum amount of this

- *dishing” effect is approximately 1 inch (2.54 cm) of differential settlement

from the mid-point along the Jong edge of the asphaltic concrete area to the

HPM_E1T.LER 971790 D-2



61/06/894 09:38 w508 378 7377 Ked LCPC JKD FLR

PHERRRRICLY

BHI-00007
> Rev. 00
INTEROFFICE MEMORANDUM
D. L. Fort . -2 - March 17, 1993

middle of the asphaltic concrete area. This will be a reverse slope

superimposed on the 18 inch {46.6 cm) slope provided during construction for

-~ drainage. - It s thus avident that settiements will have an essentially

negligible effect on the proper drainage functioning of the propesed barrier.

2. Evaluation of subgrade materials.

The site for the proposed prototype surface barrier in underlain to a
considerable depth (300 to 400 ft.) by granular materials consisting of sands
and gravel. Basalt rock several thousand feet thick underlies the soil/rock
material. Groundwater is reportedly at a depth of approximately 230 ft. The
sands and gravels are made up of rounded particies and the farmations tend to
be in a medium dense to dense state in the natural deposits. These materials
are an excellent construction material on which to place the barrier. The
4.5M barrier will load the area to approximately Bt/M2 (0.8 kg/em2; 1.6ksf).
This 1s a very moderate loading condition for the site subsoils. Similarly,
the proposed use of a Tocally available sandy soil for fil1 to bring the site
to a uniform grade will result in a fill of similar properties as the

underlying materials. After clearing and grubbing it is recommended that the

~ existing site surface be compacted Qitp a vibrating roller and the sandy soil

fi11 place in layers 30 cm or less in thickness and each layer be similarly .

compacted.

EARVIVEN]
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3, Stability of side slopes for filter media.

Slopes in granular material such as crushed basalt or sands and gravel fail
by surface sioughing or ravelling when the slopes exceed the angle of repose
of the materials. It is estimated that the angle of repose for the crushed
basalt is of the order aof 45° which is equivalent to a 1:1 slope. The basalt
pilaced at a slope ﬁf 2:1 (which is equivalent to 26.6°) is therefore in a

very stable configuration.

- Similarly, the filter material (30cm of gravel overlain by 1Scm of sand) will
be stable at a 2:1 slope. It is estimated that the angle of repase for these
materials will be on the order of 35° (equivalent to a 1.42:1 slope) and
should exhibit no stability problems when placed at a slope of 2:1. The
material will not be compacted when placed on the 2:1 slope. The 45cm
thickness measured normal to the slope is 50.3 cm deep when measured
vertically. It is estimated that placing the silty soils against the filter
soil will result in a densification of no more that 5% or 2.5¢m when measured

vertically.

4. It would seem to be prudent to measure the subsidence that takes place
from the placement of the barrier material above the asphaltic concrete liner
and the possible small long term movements that may take place over time.

Such a measuring system should be in place before placement of materials onto

D-4
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the asphaltic concrete liner commences so as to measurs ths total subsidence

"that occurs during placement. An effective and simple system would be a rod

3/4 inches in diameter and 4.5 meters long attached to a ! meter square plate
placed on the completed asphaltic concrete liner. This rod should be sleeved
of f where it passed through the fractured basalt. Using bench marks located
at least 30 to 40 meters away from the barrier, the initial elevation of the
top end of the in p]acé rod should be established. Readings could then be
continued on a scheduled basis during and after the construction of the
barrier. It is suggested at Teast 2 settlemsnt markers be used; one located
somewhere in tha central portion of the barrier area and a second near the
edge of the barrjer in aorder to establish the order of magnitude of both the
total and differential settlements that take place. The data obtained should

be plotted on a regular basis.

5. In some areas, where the surface barrier may ultimately be used, the waste

material was disposed of within wood cribbing structure, in drums with voids

- remaining between the drums etc. It is anticipated that over the Jong term

the wood, drums etc. will decompose, rust out etc. which will cause in-
filling of the voids resulting in Tong term gradual settlements of the
surface barrier. Performing a field testing program to simulate these type

of settlements and barrier deflection is desirable. A suggested scheme for
accompiishing such a program is described below, making use of device similar

to a flat-jack used for testing in-situ rock formations for dam foundations.

D-5
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The idea is to place Tens like cells below the barrier and then collapse
these cells resulting in barrier settlement to simulate actual future field
performance. It is anticipated these cells could be made from sheet metal
and are herein given the name of plate-cells. It is suggested the plate-
cells be circular shaped of the order of 10 ft. in diameter. Plate-cell
would consist of a top and bottom 10ft diameter circular plate welded to a 10
ft. diameter circular half-round edge element. The diameter of the half-
round edge element would be the thickness (or depth in a vgrtical sensa) of
the plate cell. Plate-cells could be built having thicknes; say in the range
of 3 to 12 inches. During placement of these plate-cells, below the barrier
prioer to barrier construction, they would be filled with water and have a
piping or tubing arrangement such that the water could be bled off to allow
plate-cell collapse after barrier construction was completed. If a typical
15 ft. barrier is used with 110#/ft3 materia) the pressure in the plate-cell
would be 1650 psf or 11.5 psi. If these plate-cells were placed totally
encapsulated in clean sand the plate-cell top and bottom would have the same
pressure and no daf]e¢t1on would take place 3s long as the water was not bled
off. The circular half-round plata-cell edges should be designed for the
bursting pressures with an adequate factor of safety. These pressures would
be modest. For instance, assuming an internal design pressure of 40 psi
(including factor of safety) the bursting pressures would range from 120 to
480#/1in of circumference of the plate cell. Designing’ for such pressures for

sheet metal plate construction would be a simple matter. By placing a number

D-6

-



OJI/OB/Q‘:I Ogv':lo ’o‘:‘*cg 376 TJT? Aoz L. ..TJ“-.- AF S I i, ERR]

. | 35 410 60

A BHI-00007
Rev. 00

INTEROFFICE MEMORANDUM
T Dp. L. Fort ' -6 -~  March 17, 1993

of these plate-cells one above the other with say 6 inches of sand between
them, any desired amount of induced settlement/deflection could be achieved
by simply placing an appropriate number of plate-cells one above the other.
The rate of settlement could also be controlled by the rate at which water

was allowed to bleed off.

,,,,,,,,, =Edaar Becksr
38 Civil Engineering; UC Serkeley, CA, 1952
PhD; UC Berkeiey, €A, 1972
— Licensed: Civil Engincer, Californis
Geotechnicol Engineer, California

Br. Beckar has worked in geotechnical engineering for 30 years on projects including heavy industry,

commercisl, dama, tunels, trensportation and earth structures in many recgions of the USA, Canads,
ard rumerous foreign countries,
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