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EXECUTIVE SUMMARY

-The=Hanfor-d-Site Surface -Barrser-f3evelopment 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

---__-__(BCLT) was established to develop and test various barrier design configurations for
application in the and southeastern Washington climate. Fifteen groups of tasks
wereidentified by the BDI` to resolve the technical concerns and complete 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
Barr ier i.oiaStr iiiaioii inateriais 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-prntotype barrier., - Construction was initiated in
1993 and completed in 1994. The goal of the Design Basis Document is to record
the decisionsmade by the BDT and to 2xplain the reasonina, loyic, and regulatory
-and technicatbasisfiorther-desigri fieatures and c-3laracteristics o'rthe prototype
barrier.
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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.

• "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
(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 regulations 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 natural 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 cm [0.02 in.] of water per year [1.6 x 10-8 cm/s (6.3 in./s)] was
the design objective selected based on preliminary performance
assessments)

• To be maintenance free (no institutional control)

iv
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• To minimize the likelihood of plant, animal, and human intrusion

• To limit the exhalation of noxious gases

• To minimize erosion-related problems

• To meet or exceed RCRA cover performance requirements

• To isolate wastes for a minimum of 1,000 years

_ _ _ - _ _ - 0 -- - To be reoulatorilv 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

-Jikelihood 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 receives. 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 multiple 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
-nrater untit it-carrbe 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 layer. The fine soil

--layer is underlain 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 capillary break and prevents the fine soil from sifting down into
the coarser material under the gravel filter. The layer under the gravel filter is

v
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1:5-m-(4:9-ft)-of, ,inus 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-barries, and-is-designed 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 representati-va 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



IPs i.^ M6M.H45

BHI-00007
Rev. 00

oroara_m has been desipned to "stress" the prototype so that barrier oerformance
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
canduc4edfiiar a-mtnimum 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 long-term cover system
that can be used on the Hanford Site for the inplace isolation and stabilization of
Hanford Site wastes.

vii



BHI-00007
Rev. 00

ACKNOWLEDGEMENTS

Various sections of the Design Basis Document were written by members of the
Barrier Design Team and the Barrier Technical Advisory Board. The authors would

help,Hke ta ackrowledyn and express their appteciation -for the -contributions and hof

the individuals listed below in preparing this document.

Jerry W. Cammann

","eIvin D. Campbell

Sheryl D. Consort

Frank M. Corpuz

David L. Fort

Harley D. Freeman

Glendon W. Gee

Bradly G. Gilmore

Randy R. Kirkham

Michael W. Ligotke

Kenneth L. Petersen

Robert A. Romine

John C. (Jack) Sonnichsen

Wallace H. Walters Jr

N. Richard (Dick) Wing

viii



951333w5.0346
BHI-00007
Rev. 00

CONTENTS

1.0 INTRODUCTION ..................................... 1-1

2.0 HISTORY OF THE PROTOTYPE BARRIER DESIGN EFFORT ......... 2-1

3.0 JUSTIFICATION - REGULATORY DRIVERS . . . . . . . . . . . . . . . . . . . 3-1
3.1 Code of Federal Regulations . . . . . . . . . . . . . . . . . . . . . . . . . . 3-2
3.2 Washington Administrative Code . . . . . . . . . . . . . : . . . . . . . . . 3-3
3.3 Department of Energy Order . . . . . . . . . . . . . . . . . . . . . . . . . . 3-4

4.0 PRELIMINARY PERFORMANCE OBJECTIVES . . . . . . . . . . . . . . . . . . 4-1

5.0 PREDICTIONS OF LONG-TERM CLIMATE CHANGE . . . . . . . . . . . . . . 5-1
5.1 Current Climatic Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . 5-1
5.2 Projected Climatic Conditions . . . . . . . . . . . . . . . . . . . . . . . . . 5-2

6.0 DESIGN LIFE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-1
6.1 Background : .- ................................... 6-1
6.2 Regulatory Drivers Affecting Design Life . . . . . . . . . . . . . . . . . . 6-2
6.3 Value Engineering Workshop . . . . . . . . . . . . . . . . . . . . . . . . . . 6-5

7.0 MULTI-LAYER BARRIER CONCEPT . . . . . . . . . . . . . . . . . . . . . . . . . 7-1
7.1 Functional Performance of Surface Barriers . . . . . . . . . . . . . . . . 7-1
7.2 Barrier Material Availability . . . . . . . .' . . . . . . . . . . . . . . . . . . . 7-7

7.2.1 Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-7
7.2.2 Background ................................ 7-7
7.2.3 Design Basis . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . 7-7
7.2.4 Testing and Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . 7-10

7.3 Fine Soil Layer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-10
7.3.1 Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-10
7.3.2 Background ................................ 7-10
7.3.3 Design Basis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-11

7.4 Graded Filter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-14
7.4.1 Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-14
7.4.2 Background ................................ 7-15
7.4.3 Design Basis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-16

7.5 Basalt Riprap.Layer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-16
7.5.1 Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-16
7.5.2 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-17
7.5.3 Design Basis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-17
7.5.4 Testing and Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . 7-18

ix



BHI-00007
Rev. 00

7.6 Asphalt Layer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-18
7.6.1 Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-18
7.6.2 Background ..... . ..... ................ ..... 7-19
7.6.3 Design Basis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-22
7.6.4 Testing and Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . 7-23

7.7 Side Slopes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-23
7.7.1 Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-23
7.7.2 Background ................................ 7-23
7.7.3 Design Basis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-24
7.7.4 Testing and Monitoring . . . . . . . . . . . . . . . . . . . . . . . . . 7-26

8.0 PROTOTYPE DESIGN FEATURES FOR TESTING AND MONITORING .. 8-1
8.1 Instrumentation and Monitoring . . . . . . . . . . . . . . . . . . . . . . . . 8-1

8.1.1 Water Infiltration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-1
8.1.2 Water Erosion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-5
n 7
0. 1.J

\Ar..J r-....:....
VVIIIU CIUSIUII . . . . . . . . . . . . . . . . . . .-. . . . . . . . . . . . -

8.1.4 Barrier Stability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-8
8.1.5 Water Collection System . . . . . . . . . . . . . . . . . . . . . . . 8-8
8.1.6 Pan Lysimeter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-9
8.1.7 Neutron Probe Access Tubes . . . . . . . . . . . . . . . . . . . . 8-9
8.1.8 Subsidence Posts . . . . . . . . . . . . . . . . . . . . . . . . . . 8-10

8.2 Design ........................................ 8-10

9.0 ISSUES AND CONCERNS ............................... 9-1
9.1 Barrier Construction Materials . . . . . . . . . . . . . . . . . . . . . . . . . 9-1
9.2 Barrier Material Availability . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-1

9.2.1 Basalt .................................... 9-2
9.2.2 Fine-Soils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-3
9.2.3 Sand and Gravel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-3
9.2.4 Impact of Barrier Design Change . . . . . . . . . . . . . . . . . . 9-4

9.3 Verifying and Monitoring Long-Term Barrier Performance .... .. 9-5
9.3.1 Passive Versus Active Systems . . . . . . . . . . . . . . . . . . . 9-5
9.3.2 Long-Term Monitoring Issues . . . . . . . . . . . . . . . . . . . . 9-5

[f A LJ..M^^ .r.....i....
a.•r nunlan nluualull . . . . . . . . . . . . . . . . . . . : . . . . . . . . . . . . . . -69
9.5 Physical Stability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9-8
9.6 Assessment of Potentially Disruptive Natural Events . . . . . . . . . . 9-11

10.0 REFERENCES ....................................... 10-1

x



9 ^^ 1 55'v3y.034^1'
BHI-00007
Rev. 00

ffe111lL^^

7-1 Typical Barrier Cross Section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-2
7-2 Barrier Overhang . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7-5
7-3 Asphalt or Grout Curtain . . . . . . . . . . . . . . . . . . : . . . . . . . . . . . . . . 7-6
8-1 Prototype Barrier Test Plots . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8-2
8-2 General Surface instrumentation Layout . . . . . . . . . . . . . . . .. . . . . . 8-6

APPENDIX A Definitive Design Process Meeting Minutes . . . . . . . . . . . . . A-1
APPENDIX B Construction Drawings . . . . . . . . . . . . . . . . . . . . . . . . . . . B-1
APPENDIX C Filter Calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C-1
APPENDIX D Kaiser Interoffice Memorandum . . . . . . . . . . . . . . . . . . . . . D-1

xi



BHI-00007
Rev. 00

ACRONYMS

ARARs Applicable or Relevant and Appropriate Requirements
ana BartierDevelopment Program
BDT Barrier Development Team
BTAB Barrier Technical Advisory Board
BWIP Basalt Waste Isolation Project
CERCLA Comprehensive Environmental Response, Compensation,

and Liability Act of 1980
CFR Code of Federal Regulations
DOE U.S. Department of Energy
EDE Effective Dose Equivalent
EM Electromagnetic Induction
EPA U.S. Environmental Protection Agency
ET Evapotranspiration
FAA Fluid-Applied Asphalt
FLTF Field Lysimeter Test Facility
FS Feasibility Study
GCL Geosynthetic Clay Liners
GPR Ground Penetrating Radar
ha Hectare
HMAC Hot-Mix Asphalt Concrete
HMS Hanford Meteorological Station
LLW-MW Low Level Waste - Municiple Waste
NAS National Academy of Sciences
NEPA National Environmental Policy Act
NRC Nuclear Regulatory Commission
OU Operable Unit
PCB Polychlorinated biphenyl
PNL Pacific Northwest Laboratory
RCRA Resource Conservation and Recovery Act of 1976
RL Richland Operations Office
RLID RL Implementing Directive
SARA -- - -------Superfuna'Ainendments and Reauthorization Act of 1986
SDRIs Sealed Double-Ring Infiltrometers
SER Site Evaluation Report
SR State Route
STLF Small-Tube Lysimeter Facility
TDR Time Domain Reflectometry
VE Value Engineering
WAC Washington Administrative Code
WHC Westinghouse Hanford Company
WIPP Waste Isolation Pilot Plant
WSDOT Washington State Department of Transportation

xii



95 13MI. 06°48
BHI-00007
Rev. 00

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 implementation 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). In general, the design life of these covers

--- -------- - is for-relatiuely-short peraods•-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 years.
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
effectaveaess nf-variaus-barrieraiesigns: The BDP is supported hf-DnE- 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)'".

"I 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:

1. Project management
2. Biointrusion control
3. Water infiltration control
4. Erosion/deposition control
5. Physical stability testing
6. Human interference control
7. Barrier construction materials procurement
B. Prototype barrier designs and testing
9. 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
15. Final design.

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
add(tionaFworirneeds-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, biointrusion, 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

tFie_prototype barrier has reauired 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 ba,e;in^ by :^:hich 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 1994) has been
published that describes the lessons learned from the construction phase of the
prototypee barrier pro;ect.
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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

-"slea t" aite-located-nearthektanfardMeteoro!ogica!-Statiora (Hh!S). 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 (RU and WHC, discussed
moving the prototype barrier from the original uncontaminated site located near the

H.^.^.S to a location situated on top of a contaminated 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 performance 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-115-92-5)waswritten-to dacumPnt these and-other rhangec to
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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 will be determined through the
ongoing CERCLA FS process. Although numerous in situ and ex situ*treatment
-atternatives-are-being considered, preliminary indications from the FS strongly
suggest4trat some type of protective barrier or cover system will 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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3,0_JIISTIFIRATInN - RFrall ATr)RY DRIVERS

Some type of cover and/or surface barrier probably will be placed over burial
grounds, landfills, 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-cf- tha^law-+.e., spec-ific-practi„^c), 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:

• "Licensing Requirements for the Disposal of Low-Level Radioactive
Waste" (10 CFR 611

• "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
innr n.a,.. ^oo0.2A).\IJVL VIUOI J4)L

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

[10 CFR Part 61 Subpart D - "Technical Requirements for Land Disposal Facilities"]

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.

(5) 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.

-
n n^w nnn n__...e._^$-C€n c^ i .cu^- wi nequirement.

Cover material shall be applied as necessary to minimize fire hazards,
infiltration of precipitation, odors, and blowing litter; control gas venting and

_------- ----vectors;-discQ_ura_ge scavenging^anr^provide a plPasing appearanr.P,

q_1)
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[40 CFR Part 264 - "Standards for Owners and Operators of Hazardous Waste
-Treatment, Storage, and Disposal Faciiities"1

40 CFR 264.310 Closure and post-closure care

(a)-- At finai closure of the landfill or upon closure of any cell, the owner
or operator must cover the landfill or cell with a final cover designed and
constructed to:

(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's integrity is

maintained; and
__(5)_Nave_aperrr,eability 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

(ii) 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 rur;-o#; or-d3ngecous-decomposition products to
--the-grnundv surface wa-ter,- groundwatPr-, -or the-atmosphere

_fiii)__ Returnsthe landtoihe 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 operator must cover the landfill or cell with a final cover designed
and constructed to:
(i) Provide long-term minimization of migration of liquids through

the closed landfill
(ii) 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 5820.2A, "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 Objectives .
(4) Intruder Protection . 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 rr,rem/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 years.
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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:

• 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'" -crrrfsrvvas-the dEsTgFiz7bjective -seiected, based on
preliminary performance assessments)

• To be maintenance free (no institutional control)

• To minimize the likelihood of plant, animal, and human intrusion

• To limit the exhalation of noxious gases

• 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.

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-,orotect 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 control is assumed to be lost.
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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.
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5.0 PREDICTIONS OF LONG-TERM CLIMATE CHANGE

The control of water infiltration and percolation through the barrier is dependent on

the ar.^.ourtt--afwat-er-available.--The amauntaf wateravailable is-rlependpnt 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

Suly :hr3ugh-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 qa:.,ye 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-manth! y tom'n,orafira 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).

5-1



BHI-00007
Rev. 00

---- - ------;a.a- Proje_rted-^'imatic-Cnnrlitinnc

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 at 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 pollen 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 few 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 life 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

c3isposal of radioactive and hazardous waste materials poses new design life

challenges to ensure proper protection of human health 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

millennia. The ability to protect human health and the environment is further

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
Uncartaintiac and lank of nentenhninal experience.

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
physical-siability andJeachresis#ance.-Bubsurface barriers can be deployed 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

10,00J-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 P-lant WIPPa in-Carlsbad,-NewMexico,and-any-other transuranic or high-level

waste repository (except the Yucca Mountain Site) was reissued on December 20,
1993 (58 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

---- --- --- ------ waates, -recent-rulings-by U.-!^_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

10,1200-year-performance-reqLicement will undouhtedly-influence-thP future rule for

low-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

l-Q,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
drsl(ed-snto-tbe 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.
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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 individual 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

irnpoundmerts.--After-the-actual-c)osure of-a-wasta-disposal cell, RC-RA requires a

30-year post-closure care period. The potentially harmful effects of waste disposal

-operationson human health and the environment are mitigated through an

extensive program of final cover maintenance, operation of a leachate collection

and removai system; -anaestabtishment 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 Subtitle 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 CL-:RCLA 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.

Rfter a lengthy discussion of existi9g and emerging regt;iatory 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
chemical wastes: Also, 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

n ............ ...---------- --------- - analyses o-f -surface -barrier pe..Pover lcnn pp^^ndc 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 fortwo 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 percolation 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

or. ,..,,,----- (ay,. o .,!•r•i^^ â a !ar•er of coarser materials (e.g., sands and/or gravels). The
differences in textures between the barrier materials 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 mu'st 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
iayer provid-es-time -ior-theprocesses of evaptiration-arrdtranspiration toTemove it.

The critical component of the capillary barrier is the fine-soil layer. The fine-soil
Jayer-must-be able to retaininfiltrating-precipitation-untll-the pror.esses 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 KTopfer 1990; Ligoike 1993).

The_plasemerttof 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-permeability asphalt layers, placed in the barrier profile below the capillary

----- --------- break, also are used in the surface barriers. The purposes of the low-permeability
asphalt layers 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

__----=tharror:e=laver=alone. ==T-he=t^w PE-=rmea_bilit^;arrdhru- vity ^-Qf-a^ ; h=I ; .̂,Innn with its. `- a
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.
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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-slopedesign uses fractured basalt riprap, 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 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-layer_in-*,he-prototype barrier-into--a 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
moisture tluring-the fall-and winter-a??onthsr -Th'is stored-wat-er-subseqtentiy will be

rternovecffrorrrthe soil by-evap-otransp-iration-aiprocesses during-fi-ie-warrner spring
and summer months, reducing the amount of water available for recharge. This
concept is being tested in the prototype barrier.

7.2 Barrier Material Availability

7.2.1 Description

The prototype barrier design calls 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 and environment found at the
Hanford Site. Subsequently, the task groups identified the need to use a variety of
materials to perform functions required for successful barrier performance
(Wing 1994). These materials include fine silt, pea gravel, sand, drainage gravel,

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

If sJltable m3terials are not located near the barrier Construction site, they m ight 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 cuituTai-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- (4.9-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.
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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 aranted to obtain a small quantity of basalt from the Vernita

^` r...,.........,.,QVaPry-for use-irPconstftlction-of the fOtotyp 8 ^arrier.--Ap nrnvlmatalv 10,700 m3

(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 deRosits-of 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 m3 (4.5 million yd') of fine soils (Last at 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.

In additPon-to the advantages of-this-pit supplying pea gravel, sand, and drainage

gravels, the prototype and many potential barrier construction sites are nearby in

the 200 West and 200 East Areas.
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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 silt 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 los8es-of incaming-preeipltatlor,. 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 and site for any given period can be
written as:

P =ET+S+D+RO

where:

P is precipitation
ET is evapotranspiration
S is soil water storage change
D is drainage
RO is runoff.

(1)

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 at 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 infiltratinn pvpnts 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 cooi 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 at 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 without 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

--drrougistr.---in 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 at 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; Gilmore 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 and climates
are variable and depend significantly on the available precipitation.

FoT-our combin^tior^,?f-soils-and-plants-(silt-ItTam--soil and sa^yebrush 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

-ap-proximatety 500 rnni (19.7 in:).- r'or a 2.0m (6.6 ft) deep soii profiie, nearly
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 at al. 1993). A storage limit of 600 mm (23.6 in.) is expected
to provide sufficient water storage capacity to fuiiy 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 invegstated and_irrigated conditions. Tha 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 will be
penetrated by sagebrush roots, and water will be extracted from the entire profile.
$uch a-system, which removes water effectively from the entire profile, severely
{+mits 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 1sstil! some uncertainty about the lengthof-the cover-design life ren^ ^irpri 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
riacinn nhiwr.tive at 0 5 mm/vr.... .a. ...,,,,..... _ _. _ ._ ..... , ,..

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 1990; Ligotke 1988; Cadwell at 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 yield, 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

-ior-Road,-Bridge, and-Municipai Construction (M41-10,9-03.-91M). -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

-transpor;vffirtaparticies frerr tha-ov€rfy€rrg-sand-fiiter-unt#er-satt:rated-filov„
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 locations.
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 layer.

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 basait 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 sida siope-structure so compaction is no longer critica l .

The design of a surface barrier (final cover) ac-.ording 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
_also inciudes a biointrusion impedimerltiayer_af-fractured basa]tto 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 siit 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-soil compared with the coarse sediments. In addition to water loss by
evaporation from the soil, the plant 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 Design 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-Iraction-of-the-grave!-f+l*,er, 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 also 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 local 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 0 to 5% smaller than 1.5 cm ( 0.6 in.).

7-16



?
BHI-00007
Rev. 00

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
-fayer of-eafly-barrier-designswas 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-filtec and -the fine soiL-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,

--evapQration, and transpiration. A low-permeability clay layer was considered for
use in the barrier because the fine soil could become saturated under severe
conditions and a break-thro4gh 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 nbtaining infora,ation 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.

'9 G O f1--'-- °--'-
/.J.J Od515

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
exptained 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 ( 1-6-ft)-tbickness-of the-ent+re-barrier.- Aesistance to biointrusion is based
not only 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
asphalt laver and tadeter biointrusion into-the buried wastes. The riprap layer
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
burrowingano reasonable-in-si-xe-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 r+prap 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

--rumber-o€-passgs-required-to-compact-the-asphaitic 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-' cm/second
(10-8 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 10`0-10-" cm/second (10-11-10-12 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 layer 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 barrferdesign reviews_of published literature and the information from users of
clay layers in covers revealed that the clay could desiccate and crack in an and

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 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 originally developed for
use as a diffusion barrier around the grout vaults at Hanford. The formulation had

to-have-a high mechanical stfength to prevent slumping under its own mass.
Changes in the specifications included substituting a smaller gravel and removing
the requirement for lime couing 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, and 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 and sites following construction.

Geosynthetic 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-permeabiiiiyiayer.- 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
are 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 to 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
percolat':ig 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 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 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 gffectiveness of-inhib'rtirry 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 at 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
to the prototype barrier. This test pad is designed such that the performance of
the asphait iayers-can be tested-using sealed doubie-ring infiltrometers (SDRIs) (or
equivalent) and lysimeters. The SDRIs will be embedded into the surface of the
asphalt 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
asohaltic 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
__ fQature thatmust-be-considered.-Protective barriers are designed with sloped fine-

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

---- ----- -±oes of-sur€ace-barriers are ger}eraliy designed and constructed-with rnater ial in
such a manner that long-term stability can be achieved and water accumulation
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.

7.72 Rar4grnunri

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 slope, 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. If 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:1 V 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
---- barr+er-woriF-performed-*.odate. T#:ey-recommended that the prototype barrier be

used to test different edge effects (Wing 1992). The term "edge effects," refers
to-theinfiuence 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,

---Fc3rem(3st-amCing the pai,ci'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 should 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 1992).

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 plentiful 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-cor+.cept- may -begreater-tktan 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 subtle blending of the
barrier with the surrounding topography may also pose some challenging human
IntrusiorT-d€sigrY-consltferatit)i,s and i:ofiipromises (vving 1993).

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 basalt

--- ----- -- riprap a*.-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
- ---- - -- - ------eatcourage the-invasion-astd--establishment-ofbeep=rooted perenniai piants

(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

Pocks Consaquentiy, $lirfSCe watei ttYSt cEmeS in cv^nta^vt 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
fsature that must ba considered fEr-both clean-f"' ^';^e 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 erosion7 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 ideal 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 at al. 1993).
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The second issue iside slope infiltration) is one for which the prototype will 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

(Gee at at. 1993).

Two pt•riigsophies-exist about-barrier-appearance and irradvertert 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 flat 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:1 V side slope ratio was chosen for the fractured basalt after

clarification of the criteria for resistance to human intrusion. The steep side-slope

desigrt uses fractured basalt riprap, which consists of relatively large angular rocks.

The angularity of the riprap provides many interlocking surfaces between adjacent
rocks, which creates a relatively steep, yet stable, side slope. Barrier markers and

warnings stvill -deterfnadvertPnthuman intruders ( Fort 1993; Wing 1993;
Wing 1994).

The ctearvfi;i d)ke-concept uses readily available borrow materials ( such as pitrun
gravels) to create a relatively flat apron around the periphery of the barrier. With a
slope of 10H:1 V, 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. 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 to 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 at 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

-6i futuPe barriers-wiH be defersed to federal and state regulators.
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8.0 PROTOTYPE DESIGN FEATURES FOR TESTING AND MONITORING

8.1 Instrumentation and Monitoring

Eech-of_the-testing and monitocing-feature.s-discussed-iathe following sections are
needed to understand barrier performance and to 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

---- --------- -- -- ---evaiuatiTrg-SUr race i;3ariier-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< I?lans-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

__willmclidearrigatinn on a biweekly basis except in winter. In winter, snow
applications will be made at rates that will be 3 times the normal 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
equivalent to a 1,000 year storm. Over a 24-hour period we will deliver 68 mm
f2.7 in.i of irrigation to the north side of the barrier.

8-1



BHI-00007
Rev. 00

N

O

a

C
d
E
^

^
^

Figure 8-1. Prototype Barrier Test Plots.

N

L L
1 ^

aE
aE
^ O
Cc co

d

W^r

(`')

d
^ O

ECOQ v

- - - - - - - - - - - - - - - - - - - - - - - - -

Rock Side-Slope[f. ::--- - --- r------"-----^

cq

^ ^ ^^l\I\iI ^

------------------
E

CO)
U

. ^.
-------------------------'_-- --

Earthen Fill Side-Slope - - -

105 M ^

^
cc
o.C
UN
0)
C>-= m

0 com
Oct

Q>

8-2



9713a'u.%.0374
BHI-00007
Rev. 00

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 rainfall 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 firve=soii 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 charges 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 at 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 soil, 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 istTDR-overconventionet neutron prarbe logging is that TDR can be

automatically 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.

Thermal 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
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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.

- - - - - s.1.2 'ilYat@r crosion

T#se-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.

8-5



gHI-00007
Rev. 00

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

aceurr:!at6ons) together with the other soil properties and changes in those

properties over the monitoring timeframe. Their relationship to erosion and

infiltration will be investiaated 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; L!gotke 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 at al. (1993), and include the following: ( 1) monitor

the influence of eolian stresses on the composition of the surface layer as it ages;
(2) measure actual rates of surface deflation 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

creating-a-sarzr#-dune (erosion, p!ant 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, a 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 plots 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 composite asphalt layer was constructed in terraces to facilitate water
collection from each of the collection 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 -thatjt 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
asphal,most lekely-to-be- str€ssed -byinfiltratirtg-water to test the performance of
the composite layer of asphaltic concrete. This area is located beneath the basalt
side slope atthetest plot receiving three times the average annual precipitation
-from arLoverhead-sprinkler syste_m. 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 asphalt 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 Design

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 by a 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.--O.^.e-plot-r-.aay be tested to failure-(i.e.,-water breawng 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.
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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

--- - -i.n.to potentially contam:na±sd 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-lyrot-otype-has-beeft-ptaced-over-existin g 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 length would 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
tQ- }se_other_ rlovyrp^,-^ivi^h-a^ n^ypcUm_hinnlrs, to 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.
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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

6?ERA) designs .,ight 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
maintenanoe;-naturai construction -materiais ( e.g.,- fine soil, 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 location 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-rathef than a barrier requiring only one or two different materials.

Costs associated with transporting the material from its source to the barrier
eortstructian-site can be s)gnif)car; if the material must be hauled over great
diiances.- Forbarrier ctrnstruction projects requiring-targe-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 quantities of acceptable material as
near as possible to the construction site is desirable.
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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 to 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-formaLzonsultation,-ihrough the DOE, with the
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
-ar-.oma!y- that-vili-be- o:.^t-of-chararter ^,ivith the surroundinf} land,cope.

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 will
remain, although it will be translocated farther into the basalt 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 will 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 II characterization activities conducted in 1993 at McGee Ranch
(Lindberg 1994) identified 32.7 million m3 (42.8 million yd3) 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 samples 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 components 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 potentiatoonfiicts with a sand and gravel operation. Careful
coordination through Site Planning is necessary to resolve these potential conflicts
ahead of time. An additional 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

activ ities-- -- ..pec{ 4c +n orrttatian-Fesuitina from design and-devela^p,T,2n: a.,.^ 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 volume 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 unarmored 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. If 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 admix be placed in the top 1.0 m (3.3 ft) of soil, a depth to which most
animal burrowing 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, or 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 iong-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,
while requiring the close 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-deter-mining-the-iong iercn 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

(21--tJsevadidatedcomputer simulation modeis to predict 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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(5) 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 at 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. However, recognition of this limitation is consistent with the
history of rulemaking for the disposal 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 thi.; 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.
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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 challenged 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:1 V) clean-fiil-dike of pitrun gravels and a relatively
steep (2H:1 V) 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 appealing 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
;iprap side slope desgrs ^^ake 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
ir ividuals may-think that valuables 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 worse 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)
-an&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 independent!y of each other which human-
intrusion deterrent designs/concepts would be used. This scenario could result in
many-diiferentdesignslconcepts 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 -po!ic-y-decdsion has been made,-al! BDP activities designed 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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c-oncern arethe magnitudeaf_subsidenceevents orcurring below the barrier (size
and rate of subsidence); and the volumes, concentrations, and types of noxious
gases that could be generated by the waste.

The 21 S-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
-because they are ttie last linr of defense against infiitrating water. These tasks
-will-detesmine-the-ability of-as{fhalt-to defarnt and-rettrain-furrctlonai following a
subsidence event. The stress/strain relationships associated with three-
dimensional deformation of the asphalt layers will be studied. In addition, methods
to enhance 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 available, they will be incorporated into future barrier designs.

Tasks also may be performed to assess the barrier's ability to mitigate potential
--- problems associated with th2-emanatictn-of froxious-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 mill-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 developedand 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 at 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 results
also suggested that asphaltic layers constructed in the field with conventional
equipment can perform as designed for an extended period of time
(Gee At al, 1 ARA),

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
re(ease 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
thebarrier's ability to withstand subsidence eventsQf various maanitudes.
(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
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low-permeability components. Field and laboratory tests also will be performed to
enhance understanding and corroborate the results of the computer simulation

fnodeis-(if used). T!i^c 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 Potentially 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 tfl-deterrnine-theFr consequences on the performance of the Haiford
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 2-da'ystiave-had-more-than 2.5-cni ( fi inI-pre-cipitation (flctober 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 accordingto 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 cm ( 2.68 in.) of precipitation in 24 hours (compared to a
-maximum-record-of-4.$5 cm-[a.9;n.}during Dctober 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 1993 is 29 cm
(11.4 in.), 181 % or normal, which occurred in 1950 (the next high is 28 cm
[11.0_in.], 1760/6 of normal, 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 cm/yr (20.1 in./yr),
319% of normal, is 1 in 10,000 years. The current upper bound for testing the
prototype-is-300°a-of normal {'r.2,48-cm/yr {i8.-9 ifiiyri)-(see .°.^eiiioii 2.2j.

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 pollen 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
1 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

9-12



9515533.0385
BHI-00007
Rev. 00

loading of 165 kPa (24 Ib/ft2) 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-surnmafTefsig,n,ificant findings from the static slope stability and seismic
deformation analyses are presented below:

• 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.

•- Fof-& 7,000yea{ retUm period Seismis loading conditions, estimated,
permanent seismic deformations are estimated to be on the order of 0 to
0.08 cm (0 to 0.031 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 side slope. The estimated resulting mode, magnitude, and
location of deformation is not anticipated to significantly impact the
functional performance of the barrier.

• For a 10,000-year return period for seismic loading conditions, permanent
seismic deformations are estimated to be on the order of 0 to 2.05 cm
(0 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 resulting 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 No. and Title Distribution

ER0736 Prototype Barrier for the Hanford Site Attendees
JW Cammann

aeraren^eg 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 protocol outline with
list of task group leaders.

2.) Discussed field trip of June 20, 1990, 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 525.?n;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.
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Barrier Design Team 1 June 25, 1990
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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
is estimated to.cost $1.26 Million without any test equipment. Discussed using
monitoring/access vaults which would lessen amount of basalt needed. Discussed

------ access -vavl^L-antt 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.
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Type Meeting No. Date

Barrier Design Team 2 July 16, 1990

Project or Work Order No. and Titte Distribution

-ERD-736 _-Prot0type Barrier for the Hanford Site Attendees
SD rnncnrt

References DR Meyers
SJ Phillips
En Doc Controlg

Attendees

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.) Discussed the cost diffe rences between establishing a borrow pit or hauling
from pit insouth Kennewick. KEH estimating maintains cost.differential is
slight.

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

4-.) NEPA djeca!tnentaticn-#:as been -submi tted to DOE. Beginning FY 1991 all NEPA
documentation will be approved by Admiral Watkins.Staff. 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.

6.) Discussed BDT/BTAB Protocol. NR Wing stressed the importance of attendance
in meetings of BDT team members or their representatives.

7.) JW Camman handed out a "Summary of Design Considerations from Barrier
WeT-ks-hW". Discussion of the items given within followed.

GW Gee mentioned additional items to those listed under the Water
T n F i ltr

Ia
F:.... r.._ tro i

Group
^
n. LIV1i ^^^^ uoup eaaing in the above handout:I

o Place pressure sensors in the basalt side slopes to determine wind
effects in the open pore basalt.

F ..^___ ier._--,9--- Pl^3Le= tc^Ty3es-3tiit^ p^t3^S^-thr0uynvuL ua^ r

o Installation of devices should occur during construction of the
barrier so that installation does not disturb the barrier.

o Install a viewing trench across the barrier to actually see the
features of the barrier. PNL is planning a barrier concept test at
the-lys?met?r-s±a±;o+. A sm,all scale exampie of the barrier may
suffice for the viewing trench.

o Something to measure side slope charging of the barrier is needed.
o Section lysimeters or free draining lysimeters should be installed at

the interface between the fine soil and the sand/gravel filters..
Couid be instai-ied post barrier construction as it disturbs only the
fine soils.

Discussed the Erosion Control Group input.
o 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.
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o' Recommended consideration of barrier being square instead of
rectangular as-that wouid minimize edge effects on the barrier.

o The recommended pea-gravel surface layer would represent a weathered
-- - sl rface.

o 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.
o 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.

o Plant growth improves evapotranspiration of the sail 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-.-)-Disr.usSed-placing monuments an 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
Title Title

DMA1L 1nniMo
A-O



KA/SER ENG/NEERS
,.'^ e.. iN. u ^ R M.

Bxc-00007'. MINUTES OF MEETING .
HANFORD - Rev. 00

Type Meeting No. Date

Barrier Design Team 3 July 24, 1990

Project or Work Order No. and Title Distribution

ER0736 Prototype Barrier for the Hanford Site Attendees
Eng Doc Control

References M.T. Janskey
- S.J. Phillips

J J Verderber
Attendees

. .

L.L. Cadwell
J.W. Cammann
S.D. Consort
D.L. Fort
G.W. Gee
D.R. Myers
K.L. Petersen
N.R. Wing

Read minutes of July 16, 1990 meeting.

1.) KEH given action item to perform ROM-estimate on a viewing port inside
the barrier, (trench, vault, etc.).

2.) Larry Cadwell discussed horizontal viewing and neutron sensing tubes.
The Bio-intrusion Group requests that some vertical tubes be installed for
plant root inspection. These tubes can be installed in a manner to minimize
impacts to the system.

3.) Larry Cadwell discussed the addition of a tracer chemical placed at
different interfaces to allow testing of surface plants to check zone
penetration by roots.

4Discussed Barrier Concept <z construction sequence and materials, reasons
for such, etc. Sketches passed out. Discussed 2.OM thickness of silt (0.5M

Prepared By Approved By
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Title Title
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compacted,--10"-of--sur-f-aee-;;a-Ong-pea gravel--blend;-ba}am.e-itr iuose piaced
silt). Discussed 8 feet wide sand filter at side slope interface with silt
layers. Consensus that BDT agreed.on concept.

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 asphalt 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.

Plepared By Approved By
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ERn735 Prototype Barrier for the Hanford Site Attendees
Enq Doc Control

_._- 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
BDT 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
asphalt emulsion on side slopes to collect infiltration from rip-rap and side
filters.

-3.)__ Glenden Gee presented methodology in applying extreme rainfall to barrier
and side slopes. He also passed on co.ncerns by the water infiltration group in
the abilities of the drainage material in transporting excess water over the

Prepared By Approved By
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surface of the asphalt layer. Raised concerns about the barrier recharging
ad3o4ning barrier sites w-ith th€-€dg@-tr4atment 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 slope 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 moreimportant 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 511 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
layer 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. BOT
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.
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12.) KEH also to proceed with ROM cost estimate on latest concept, (2A).
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Attendees
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L.L. Cadwell H.D. Freeman
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D.L. Fort
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K.A. Hoover
D.R. Myers
K.L. Petersen
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Read minutes of meeting for July 31, 1990.

1) Discussed construction sQSluence of b-arrier. Distributed sketch ES_736-E1
version 4.

,

2) Discussed seismicity of Hanford Site and potential for separation of certain
layers within the barrier. Testing may be performed using a shake table to
determine effects on layers . Discussed finding assistance or examples of effects
of seismic events on earthwork (dams). Mentioned WHC support group (Tom Conrads
and Ann Tallman).

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

4) Added geotextile at the interface between the silt and the sand filter as an
aid in construction.

Prepared By • Approved By
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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 cm 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 Mill Tailings
Qemediol A^ti0n) i,uver.

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

Prepared By Approved By
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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
lysimeters at saturation.

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. The passive functions of this ice
formation could reduce water condensation on waste forms by lowering the vapor
pressure in the surrounding soil. Several similar conditions exist at sites in
the NIIrthwest- ?he engineering and construction of this feature would be
difficult primarily because this phenomenon is not clearly understood.
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4) Jerry Cammann attended a meeting last Friday on 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 singleshell_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 BOT 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 ,.a'vg op. £are miist be taken in estab}rshrng t;le mi iestones and having
strong_evidence and technicalsupport in_t.he prngram arti,;itieJ,

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.

II • . J.. • J•Lf-.__..^. 1------ i^e. ^AA^^.W. 1^^gi,^Re^-s 1^u^y using uirrerenc aamix concentrations which provides
documentation for prevention of wind erosion.)

7) Design considerations for the various features of the Prototype Barrier were
advanced:

o 5 meter thickness requirement - in what document is this specified?
-c --C}imate----3x-arnual preci^pitation - probabie 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
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o 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 specifi cations by the
end of the fiscal year. Construction should be performed early in 1991 to
minimize moisture loss in handling silts.

Prepared By Approved By
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Attendees
J.J. Verderber

L.L. Cadwell
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1) Dick Wing presented elements learned from a seminar on RCRA/CERCLA closures.
The arrangement of various low_permeability layers 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.

„nother issue of concern raised at the semin ar was the preferential pathways
created at the interface between lifts of so il (the concern is for lifts in a
liner). Hoosier dumping may create preferen tial vertical pathways. Glendon Gee
expressed concern that we not place the silt using the standard practice of
-compaction of the primary lirer 3-af1-. -Plani- root penetration is necessary for
the long term functioning of the barrier. H igher density placement would greatly
inhibit plant growth. The interface created by the Hoosier dumping may enhance
root penetration.
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Also, in the RCRA -seminar, questiCns-were raised abi,ut the use of asphalt in
barrier designs. Names were obtained to collect additional information. Dick
Wing will follow up on this issue.

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
slides 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. Three times the current average
annual precipitation would exceed the maximum annual precipitation that has
occurred in the past 8,000 to 10,000 years. Use of the Thompson Valley
precipitation record may provide a good analog for modelling three times the
average annual precipitation for Hanford.

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

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
conditions) on frozen ground. 44% of the annual precipitation occurs in these
three months.

Six inches of water was applied over 48 hours in tests at the McGee Ranch. The
intensity was controlled to minimize ponding. The wetting boundary moved to
120 cm in depth. 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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Minutes were not read in an effort to conserve time.

1.) Water 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
issued 9/30/90.
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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 BOT has decided against the
installation of this armor.

b.) The complexity of the current barrier 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.K. 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 barrier.

6.) KEH was given an action item to study methods and-special equipment to
install a 2cm veneer. KEH is to report back at next weeks BDT meeting with
findings.

7.) J. Chatters presented the design basis weather conditions to be used in
the barrier design. (Handout given). There is potential for up to 6" 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
r Q< i n r cn v w G+6 Df\T ..t1 L - L ..c^n
c
eptua ....g,. do„um..,,ts b

y
t4e „^nembe,-s a th e oul w11 l De Uy 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 method 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 root
penetration better than the layered methods of pl acement.

Subsurface marker placement would be easier using the layered method in
placement. J. Cammaan suggested that subsurface marker configuration can be
modified.
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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 spreadina
-in horizontal lifts as thick as possible, was suggested by D. Myers and the BDT

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 limit 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 2f lvater_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
7rrigationsystemwas proposEd. A pPrmit from the Stat= of WRA 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 lift of silt.

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 BDT 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 construction. It will
reqaire-the-driving of a loaded 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 life. 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.
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Read minutes of 9/11/90.

Discussed overview: received written comments - very little discussion.

Issued drawings to Barrier Design Team (B DT). 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. This feature should be revi ewed by M. Ligotke for modeling problems.

Discussed toe lysimeter. Will asphalt he al small penetrations caused by crushed
gravel. Feeling is that it would. Colle ction 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 tompaction. Section A was missing a dimension from the toe of
the slope to the center of the lysimeter.
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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. Dennis 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.__ Davesaid that this area was to
minimize edge effects.

Silt/Sand Layers - Section F shows the maximum single lift 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 O.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 lower access tubes.
Ramps_willbe needed to roach_the arrasc ,a^t^d osince the tubes in__..__ ..
the silts will extend out from the side of the barrier 13 feet above grade.
Something like a vacuum will be needed to pull a line (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
slopes 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 slope.

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 stability of the barrier. D. Myers'
concern is that the goal of the barrier is to keep humans, burrowing 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. If 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

-erlolrgh -armor-; but that pornt 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
off?

Finished Site Plan - Dave described building 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.

.
.

Prepared By Approved By

D.L. FORT

Titte Title
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SUMMARY OF DESIGN CONSIDERATIONS FROM BARRIER WORKSHOP
•'S11°//en.e«4a,1

"- e^ be PoJt eunsff'c.efs an
• • Si.cfien ^r^ina.Ja Ir3ime{tr,r' ^If ^^%^J^ y<5^

Water infiltration l.Ont-rOliroUO
or 7r<e-

^ f^P'e+'a-{^r<- .-^..af rrcSSre 3 en S. rs 6'n 1 iVe 5/.,4es )

• Reduce basalt base layer to 0.5 rneters
"- ute e/eer P/a.a o4'c -A46<• aec><t'enS

• Use horizontal access tubes for neutron hydroprobes (3 through fine soil, 1 through basalt base lager)

• Install water collection media under riprap side slope-s to evaluate rechar7e
HDPE or other polymeric mernbrane to a collection trough)

• 7^jJ^T.wJ

Erosion Control Group

• Put long axis of barrier on wirni rose (e.g., SW-NE orientation)

• Consider making ban-ier square instead of rectangular

• Keep 5 meter Overall height; reduce ba<:alt ba^,e lauer and replace with native scdls

• Eliminate the berm along the top of the barrier

• Reduce the thickness: of the basalt side sbipes by 1/4 tn 1/3 (it the total riprap

• Extend riprap at top of side slope roughl y 3 feet onto the surface of the McGee Ranch silt loam; use srrcall
layer ("'3 inches thick) of 3 inch minus gra+:el to protect against runoff erosion

• Surface slopes of 2-3m desirable ( 2-57. acceptable)

• Grou p voi d against the use of supplemental precipitation treatments (a.f ,r«d^d ^- w-e:,'.,, ^<sYs
ba.t e 9ro u^o wsS n.foler.Sed fa 3..^o^o%i..a.^.a^+^-/^orte^^^Ya.f.'en

• Recornmend the use of pea-gravel adrnix; 30 crn depth (minirourn), 15-20% by mass t s^'^/o^s

oddrass^
• Recommend surface layer of pea-gravei ( 10-15 kg/sq. meter)

vls^..r^^ n.f
• Install erosion pins to monitor surface deflation (large nails anchored in concrete base)

P
• Install 3 anemometer towers; 1-2 on Garrier, 1 off barrier; 10-30 meter heioht

• Install runoff catchment and measurernent system

• Add supplernental precipitation on side slopes and evaluate runoff ero::ion (iN^v^u be'I'0ce,. rre se; (

Biointrusion Control
°"d 6'^`"-/f riPre., srde
S/0^pe7 )

• Transplant surface rather than seeding (e.g., nstive grasses, shrubs, etc.)

• Use irrigation to establish plants; no :upGdernental precipit'ation treatn-^ents n«-ded

• Reduce basalt base layer thic:knes:; no impact to biointrwion over the test period

• Layer F(compacted layer of McGee Ranch silt loarn) will not necessarily be effective against
bioi ntruaion; ra:ornrneni additional 1.5 feet of McGee Ranch tilt loam compacted to 80% proctor

2 ir! ^° ^• ( ^tr/ ., vr
A-27 _.e
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• Provide permanent access to the top of the prototype barrier for manpower and small equipment

• Perform tompaction treatments on various sectors of the barrier surface; use rhizatrons to look at
impact of percent compaction on plant rooting depths and distributions

• Establish permanent walkways across the barrier surface to minimize surface disturbances and
resultant impacts on vegetation

• 59n3 / o-d fe.+c•s/ loadi. y^
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SUMMARY OF DESIGN CONSIDERATIONS FOR PROTOTYPE BARRIER
(July 23, 1990 update)

Water Infiltration Control Group

• Reduce basalt base layer to 0.5 meters

• Use horizontal access tubes to measure soil moisture with neutron hydroprobes
lexan, lucite, or aluminum

^^"n^`^rv^ - 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 ireatments (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) - - s&J,vaLS..'^, o•
PNYSicAC. /lloDEt-^

Erosion Control Grouo

• Put long axis of barrier on wind rose (e.g., SW-NE orientation)

= Consider making barrier 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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cur!ace cin^oc of are desirable (2-5% are acceptable)

• No need for supplemental precipitation treatments to evaluate erosion; 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)

' !nstalt-erosio.n-pinsto-monitor-surface defiatio,n (large naitsanchored i n concrete
base; could become part of anemometer tower base)

• Install 3 anemometer towers
- 1-2 on barrier
- 1 off barrier

--- 1-030 meters in height (each)

• Install runoff 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)

Biointrusion Control

• 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)

prtr^l •--_•.__ ^ ^o^,,,,.e permanent aecess to the icp of the prOtcrtype-bamerfor nianprowe, and small
equipment; provide locking, swinging gate across access to inhibit unauthorized
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

. Ve,[ n c.rc. 7

I

1- p,¢.. es Rc^Ees rvs ss
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Type Meeting No. Date

Project Kickoff ER2502-1 12/17/9:

Project or Work Order No. and Title Districution

ER 2502, Prototype Surface Barrier Design

Reterences Attendees

K Burgard - E6-41
Attendees JW Cammann - H4-14

KEH AJ Eirich - E6-41
KL Reis - E6-04

SD Consort - E6-40 Eng Doc Cntrl - E6-24
DL Fort - E6-50
JD Payne - E2-10
RI Watkins - E6-41

WHC

NR Wing - H4-14
J.
J.

PNL

GW Gee - K6-7

The purpose of the meeting was get the project•team together for an initial
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 to 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

R. I. Watkins ^
4

Titte ro,)ectManager Titie
MPM_613.KEM 9/1/90

A-32



KAlSER ENR&4ik4i0I4
HANFORO

MINUTES OF T'IEETING - CO\'UNUED

BHI-00007
Rev. 00

Type Meeting No. Date

Project Kickoff ER2502-1 12/17/91
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ER 2502, Prototype Surface Barrier Design Page 2 of 2

Minutes continued

Phase II 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

An integral part of Phase II 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 31st.
An estimate for the Phase I design will be provided to WHC first week in January.

RIW/tlp

Attachment

Prepared By Approved By

R. I. Watkins

Title Project Manager Title
HPM_676.KEH 9/1/90
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PfiDTOTYPE SURFACE BARRIER

WORK BREAKDOWN STRUCTURE

1.0 Engineering

1.1 Design

1.1.01.01 Planning

1.1.10.00 Phase I Design (CDR Equivalent)

10.01 Design Basis Document
10.02 Project Estimate
10.03 Engr./Project Schedule

1.1.20.00 Phase II Design (DD Equivalent)

20.01 Construction Plan
20.02 Construction Estimate
20.03 Construction Schedule
20.04 Construction Specifications
20.05 Construction Drawings
20.06 Constructibility Review
20.07 Outside Consultants

1.1.77.00 Project Support

1.2 Engineering/Inspection

1.2.01.01 Planning

1.2.10.00 Engineering/Inspection During Construction

10.01 Earth Fill Inspection
10.02 Toe Drain
10.03 12" Basalt
10.04 Crushed Basalt
10.05 Asphalt Concrete
10.06 Sand Filters
10.07 Silt Layers
10.08 Marker Installation

2.0 Procurement

2.1.10.00 Bid Package Preparation

2.1.20.00 Contract Bid and Award
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3.0 - Construction

3.2 Construction Management

3.2.01.01 Planning

3.2.10.00 Construction Management

3.2.20.00 Subcontract

•20.01
20.02
20.03
20.04
20.05
20.06
20."ui
20.08
20.09
20,1n
20.11
20.12
20.13

3.2.21.00

Clearing/Grubbing/Site Prep
Supply & Placement of Earth Fill
Supply & Placement of Spray - Applied Asphalt
Furnishment of Crushed Basalt
Furnishment of 12" Pitrun Basalt
Placement of Basalt
Supply & Placement of Asphaltic Concrete
Supply & Placement of Sand Filter Material
Supply & Placement of Geotextile
FL'rfl}ShfO@ntof Silt Materials
Placement of Silt Materials
Supply & Placement of Protective Markers
Supply & Installation of Instrumentation Tubing/Conduits

20.20 Site Roads & Parking
20.21 Site Utilities
20.22 Construction Offices/Facilities
20.23 Revegetation - BorroW Areas

S/C Overhead

3.2.77.00 Project Support
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Scope: Develop preliminary project WBS. Prepare Design Basis Document for Prototype
Surface Protective Barrier. Prepare cost estimate for engineering design -
Phase II, and update previous construction estimate. Prepare schedule for
engineering design and preliminary schedule for construction.

Work Package Description: Responsible to:

1.1.01.01 Planning Watkins

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

1.1.10.01 Design Basis Document Fort

* Prepare Outline Fort
* Research Prior Work Fort/Consort
* Draft by Sections Fort/Consort
* Compile & Review Document Fort/Consort

1 1 1/1 !17 D..n:....+ C..}....4..
1.1.1V.4L r IV^JCI.L G^L11116LC

* Preliminary WBS Watkins
* Engineering SOW Descriptions by WBS Fort/Consort
* Prepare Basis/Assumptions Watkins
* Planning Sheets Preparation - Phase II Design All
* Prepare Engineering Estimate
* Update Construction Estimate
* Estimate Review
* Final Estimate

1.1.10.03 Engineering/Project Schedule Payne

* Engineering Logic Diagram Payne/Fort
* Engineering Duration Estimates Payne/Fort
* Procurement Logic/Schedule Payne
* Construction Logic Diagram Payne/Watkins
* Const. Duration Estimates Payne/Watkins
* Schedule Review
* Final Schedule

1.1.77.00 Project Support Watkins

* Project Mananement Watkins
* Project Control Payne
* Document Control -Watkins
* Clerical/Word Processing Watkins
* Quality Assurance Watkins
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Type Meeting No. Date

BARRIER DESIGN TEAM 12 7 April 7, 1992

Project or Work Order No. and Title Distribution

ER2502 Prototype Barrier for the Hanford Site
Attendees

References Eng.Doc. Control
J.C. Chatters
S.O. 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

cE e =K rzci r. cc.

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 problem 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. Wina contacted Don Wood about auidance on human intrusion and reaulations.

Task Groups were not all able to meet about objectives for testing and monitoring.
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

Approved By

S.D. CONSORT
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ER2502 Prototype Barrier for the Hanford Site Page 2 of

Minutes Continued

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. Ligotke would prefer the barrier to be
oriented SW-NE instead of NW-SE as it is in the present design. Also, he favors
a cinnio clirfarc truatmnnt. ., .,. - . ...... ,.. ......--...

W. Walters would like more surface treatments. He is concerned about cracking
due to settlement. He would want to measure soil properties, etc. of the
prototype immediately after construction. He is going to contact D. Hoitink for

--daily weather data.- W; -Walttrs-would--like-to--des7gin--sr,me sed-iment traps to
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 Muin PcE
showing where the masts for test equipment MAsTS 7R£ATMENT5

would be placed.

D. Fort drew a structure that could maintain
compression during subsidence and be used
for a gas collection test. The structure
might also require less building material.

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
drawing. He recommended testing extreme events
on one quadrant and leaving the other quadrants ^
to ambient conditions.

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

D. Myers asked whether the treatments would be
N SLOPE OF LAND

more functional if the barrier surface sloped T
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. ^ HIGNER lNTENSIrr WtND DUP6C77ON

M. Ligotke suggested arranging treatment areas on D. Fort's version so that
there would be no interference between treatments.

S.D. CONSORT

e Title
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W. Walters prefers to test extreme events on test plots. E. 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.

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 objectives.

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 of data from the test plots
according to W. Walters. Also, J. Cammann said that quality control of
construction must be shown. D. 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) evaluate 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 BOT must decide on the configuration of the barrier
-comnn..̂p..on 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
--- fre-eds -Lo rir. He will compile the information so that it can be presented at the

next meeting.

Prepared By Approved By

S.D. CONSORT
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H. Freeman noted that the four objectives from 1990 are not current. D. Wing, G.
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 regulators.

The alternative stratigraphy options for the prototype were tabled.

G. Gee contacted Mary Peterson. 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. D. Wing will contact Jim Anderson
about waste forms on site.

Prepared By Approved By

S.D. CONSORT

Title Title

i1PM-614.KEH 9/1/90
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.L. Cadwell

.W. Cammann

.D. Consort

.J. Fayer

.L. Fort

.W. Gee

.W. Ligotke

.R. Myers

.L. Petersen

.C. Sonnichsen

.H. Walters

.I. Watkins

.R. Wing

on

Eng.Doc. Control
J.C. Chatters
H.D. Freeman
S.O. Link
Attenders

0. Wing briefly reviewed the pinch theory.

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

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 complying with the Tri-
Party Agreement. DOE's plans 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. D. 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.

Prepared By

S.D. CONSORT

Title Title
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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. Plexiglass 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 like 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

S.D. CONSORT
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layers of the barrier. H e suggested moving the crest to one side, but then one
sideslope 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 involved 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 BOT spend an entire
day toget9 er until we decides on a design. Everyone agreed to meet Thursday,
April 16
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N.R. Wing

0. Wing reminded the Barrier Design Team and the -Barri-er -Technical Advisory Board
thethe Prototype does not have to be the final design. There is no right or

wrong prototype.

J. Cammann presented a rewritten ve rsion 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 t hat had been added to the list.

L. Cadwell reviewed the issues subm itted 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 b e a separate issue for the future in.the
program.
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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--ne€ds--protecti-on-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-ef-low permeabi-l-i-ty-?ayers-was di-scussed. 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 majnr 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._-_Sf-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-ma-jor discussi-orr-of 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 lower 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 fill 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 producti.on 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
_-' -'--^-aiw NianLZ^.

The discussion of HDPE versus asphalt as the primary low permeability layer
began again. The HOPE 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 silt
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:

1) 2 meters of silt; the top 1 meter admixed with pea gravel
2) 0.25 meter of fine to medium sand
3) 0.25 meter of crushed rock
4) 0.5 meter basalt
5) foundation
6) asphalt
7) drainage gravel
8) geotextile
9) HOPE geomembrane

10) sand foundation

Meeting adjourned for lunch and reconvened in another conference room.

According to the EPA document on cover design, only one low 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
identification 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. But drainage layers are not required for arid
climates. A 2% slope.will flatten over time. If 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
followi designs were propose R,P ,rAPN

(UPqqP SIDE SbPES

r•wIMG IOR/L

PnoeCJ^^
TtBES

KE1 T7 RI9EF Pr TNI1 MELLCLERN CyEyy FILL LNKES ^oE
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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 retaining 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
handie 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).

1 P' 1

2oNE

CLEAN

%

WIN6 WA119
FbR N6(6TRON PROBF

Recces

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
cQns_truct_ion, The followina discussion brought some alterations so that drainage
through the side slopes would not intercept the asphalt layer. -
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S. Consort reviewed the minutes from the last meeting.

D. Wing reviewed the agenda and the status of old action items. A statement is
^_:__ d_.._l___d _b_..a h..___oelny ueVeIVNeU dUUU6 IlibfUJlull.

D. Myers presented the lettg that requests an estimate of the costs to build the
pr- e^yfle barrier by May 15 . There was a discussion of a post mortem study of
desiccation of the clay liner at the LERF site when it is reclaimed in three to
five years.

0. 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

fiii dike side-should be constructed like the rip rap sideslope with the clean

fill just to conceal the structure, or use the clean fill 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
fill 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 lysimeters, 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
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 lessen the
concentration of gravel. The preseot design proposal was for 20 percent gravel in
the admixture.
G. Gee explained his barrier design variation that was mentioned at the last
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:

L. Cadwell explained the impact of monitoring biointrusion on the barrier
desigri. Most of the information on animal intrusion will be acquired from a
post mortem of the barrier, so will not impact design. Reference locations will
be required (EDM) for animal intrusion data and subsidence studies. Plant
intrusion studies will require sampling ports. Lexan pipe (2.5 inch) was
suggested as the material to be used for the access pipe. Destructive sampling
may be performed on the prototype at the end of the design life. Different
tracers could be used above and below the asphalt. Plants for the prototype
could be collected from disturbed sites. The team had a discussion about
vegetated versus bare surface.

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

S.D. CONSORT

fitle

Approved By

Title

A-50



971 ^liil..01i H
KA/SER ENG/NEERS
NANFORO

BDT/BTAB WEEKLY MEETING

: or Work Order No. and Title

ER2502 Prototype Barrier for the Hanford Site

MINUTES OF MEETING

ng No. I Date

16

Distribution

H.D. Freeman
Attenders
Eng.Doc. Control

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

BHI-00007

May 5, 1992

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 10 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.

S. Consort reviewed the minutes from the last meeting. A correction was required
to the 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. The statement is based on defining the limits of DOE's responsibility to
control the site.
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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

- state reguiators. The exchange is tentatively scheduled for late summer.

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 sampled with
horizontal access tubes. Would tracers be viable or would there be contamination
problems? 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.

G. Gee explained the objectives and techniques-to t est the control of water
infiltration. These include the following:

1) water content of soil - horizontal access tubes for neutron probes
-.2 )-draina^yefle33uremenLS - C'.O11eCtivn SySteT for svil .
3) drainage measurements - collection system for side slopes
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

0. 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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clean fill dike side of the barrier. L. Cadwell noted that vegetation could grow
through a this thin armor of rock.

M. Ligotke described the objectives and techniques to test and monitor wind
erosion. These included the following:

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 local environment - electronic surveying techniques may be
preferred)
3) installing three masts ( two on and one near the barrier) to measure the
vertical profile of the wind
4) measuring saltation using two momentum profiling devices and /or four to six
saltating sand traps

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 located 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
tested with a strip ten feet in width?

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
postponed.

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.

D. Wing reviewed the action items to be performed. G. Gee, M. Ligotke, and W.
Walters will meet to decide on the admixture of gravel and silt that will be used.
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S. Consort reviewed the minutes from the last meeting.

D. Wing noted that Paul Crane would arrive later to present preliminary data from
testing the construction materials for the prototype. The odd results from the
earlier tests were from problems with the equipment fittings. The problems have
been corrected.

K. Petersen presented a revised version of the statement on preventing human
intrusion. After minor revisions, the design team voted to accept the statement.

0. Wing reviewed the status of old action items.

J. Chatters suggested objectives for testing analogues. Settling and surface
erosion should be tracked. The layers of the prototype will be documented as they
are built. D. Fort stated that the site will be surveyed and benchmarks will be
installed before the barrier is built.

The amount of gravel to be admixed was decided at 15% in the top 1 meter of silt
and none in the deeper 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

____undgr i.heNDPE___H.Freeman suggested spraying on rubberized asphalt coating
instead of HDPE. This material is already used in reservoirs. HOPE would not be
required to protect the asphalt from the gravel because the asphalt 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 des?gn team. voted in favor of using the asphalt
coating. The scuppers would still be fabricated from HOPE. 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
l!LaiiTCS_ which s hou ldia negate any need for the coating.

The BDT/BTAB voted to accept the stratigraphic design for the prototype. It was
--noted-that-permeameter-tests shouYd be perforrrted 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 warkshop 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 oft_heprototyoe 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 last 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. ndThe mem^prs 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 t least one week in advance
of t#^e-workshop--(proposed date -of -mailfng - -June -10t^). A conference call will be
held with the peer review group a couple of days after they receive the
infcrmI a ti on.

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 fcr 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. I
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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 k" 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 received, 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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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 commeptds 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
asphalt.

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)-Howwi]1-wP prove tl+.e asphal t is equivalent i n 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 the 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-deS4gning tie asphait layer as

two sections that met with an overhang at
the ridge down the center. H. Freeman
noted that this design could have subsidence T^t ^+\
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,-frees- tral7e tie-en iiitroaUcea. Shouia
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. line0.

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
deterring deep root penetration. D. Myers
suaaested that one Sp.Ction_nf riprap be RtpFtap

'tested-by-a-dd rng--sand -- test on-p-rOtotype
or separate plot?

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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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
exists a plume of carbon tetrachloride
beneath 200 West and a plume of cyanide
beneath 200 East, building a slurry wall CovER ^,^E

around the perimeter of both areas could

1[. ii.J
A,,,,^Y ,^Ls

seal off the contamination (assuming that
the slurry wall could be sealed against ,^eR T,H^
the basalt). The seal required to contain
the contaminants may not be feasible and
costs may be prohibitive. t^sR^T

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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D. Wing welcomed everyone and began introductions since more members of the task
groups were present.

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
off.

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
.

..,^^^ ^M^ therecommen d e d b y the pe2r rev
.
^ ew group. He^xpl a ir

^
^u
a
where ^^^materi al s for

construction would be obtained. He is working on the design for the vapor
barrier. The desig;, team was asked to decide whether to keep %,m as the thickness
of the basalt riprap. This thickness was based on economy. The decision was to
retain km as the design thickness. 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 layout 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
interfacing. The RCRA covers have been failing
month across the nation. The regulators are in
Appointing a special topics group was suggested
beside a RCRA barrier at Hill Air Force Base foi
performance was suggested again.

end use and regulatory
at a rate of approximately one per
favor of the barrier project.

Also, building a Hanford barrier
a direct comparison of

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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D. Wing opened the meeting with information on the following items:
__ He answered miacrinns about the projected budget after October 1st.y.. ..

The document from the peer review workshop has been submitted for clearance and
editing.

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. R. Gilchrist has said that
DOE 4700 does not apply. F. Lee was part of a meeting last week between the DOE
and the project management of Westinghouse. The project plan for the barrier is
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 program.

D. Wing suggested updating the design basis document to create a better document
trail for this project.

D. Fort reported on the status of the specification and drawings for the barrier
design. He explained the problem with tying into the water supply. The system
has been due for upgrade for years.
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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 great deal 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 k hour to 1 hour. The runoff contained very little sediment,
insufficient for hydrometer analysis.

C. Gee snoke about fundino 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 location 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 equivalency must be proven before a ROD
can be obtained.

D. Fot-t- sa-id that a-RD£-wou'd-„ot be-r-equired--if-the-;,rototype 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.
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J. Cammann said that the wind erosion tests would be affected by the change in
barrier orientation required to place the prototype over 216-8-61. Also, visitors

--to- -t-he-pr-o-*..etype might need protective clothing if they will be downwind of waste
sites. The interface between future barriers over the adjacent waste sites could
be a prob i ^ciTi. -

R. Watkins noted that the monitoringweiYsrearthe -crits-wouht irave to be
abandoned and replaced.

W. Walters asked about samples being contaminated and the difficulty of releasing
them from the site. All samples would require surveying for radioactivity.

D. Wing noted that building over 216-8-61 (a clean site) would require redesign of
the barrier without gaining anything. Potential contamination on the surface at
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 216-8-61 would have unnecessary costs and
delays unless this area was removed from within the boundary of the operable unit.

The BOT 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-B-57

PRO's CON's

potentially completes site closure proximity to tank farms (potential
surface contamination )

shows progress in Hanford plan for extent of contamination unknown
clean-u p

could save money on operable unit if difficulty obtaining release of
prototype design does not require samples from 200 Area (contaminated
modification sam les

assume treatability study interface with future covers over
waste sites both within and outside
of ooerable unit

technolo-yy tr ansfer from OTD to ER functions and requirements of thisII
site unknown
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impact to cost and schedule (design
alterations and construction dela s

revision of testing and monitoring
plan no.3X preci p itation, etc.

restricted access (OSHA and
radiation training required)

216-B-61

PRO's CON's

clean site orientation to wind will be
different

same size barrier as present design proximity to other contamination
for prototype ( no major redesign
re uired

compromise between 216-B-57 and not existing wells must be abandoned and
moving p rototyp e re p laced

located in an operable unit and over impact to cost and schedule
a waste dis posal structure

delay in removing samples from 200
Area

monitorin g more ex p ensive

restricted access ( OSHA and
radiation training may be re uired

no long term benefit (no risk-based
re uirements

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
_cQnstrurtod C,f..acnhalt) 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 contaminated crib would require higher QA and
maybe a different safety ciassification. SAR required or would a PA be
sufficient?

The choice of sideslope treatment is being tested by the prototype. Which would
be used over 216-8-57? 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--sunli-ght oy-drai-nage 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 PROPOSAL

PRO's CON's

no cost and schedule impacts to
rotot e

satisfies both technical and
political needs

BDT believes Hanford cover design
better than RCRA version
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systems approach to barrier design
at 200-BP-1 ( could eliminate barrier
interface problems )

meets requirements of EPA's draft
accelerated ROD remediation

allows _systematic comoletion of

barrier develo ment lan

eliminates restrictions on access,
testing and monitorin g

likely no cost and schedule impact
to final closure of inactive crib
sites

R. Watkins will write the proposal.
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The design team met to review comme nts on the preliminary version of the
specification.

W. Walters had some questions wheth er there was sufficient information about
obtaining the desired gradation for the basalt (to see if average size is
4 inches). How should samples be t aken? Visually inspect or run sample over a
"grizzly"? There was a suggestion to dictate particle size of fine materials to
control blasting. 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. The design team decided to
have no more than 5% passing a 5/8 inch sieve to control the fine materials.

J. Cammann suggested that the WHC mobile laboratory would be present at the borrow
sites to test the gradation of mate rials. We will add the statement to the
specification that the operator wil l verify screening of materials. Also,
J. Cammann suggested changing references to KEH to onsite architect/engineer.

Trepared By Approved 8y

S.D. CONSORT

Title Title

HPM_613.KEH 9/1/90
A-72



KA/SER
HANFORO BHI-00007

MIlVUTES OF MEETING - CONTINUED Rev. 00

Type Meeting No. Date

Clf1T/tTTAD i.irrviv Mrrrrnir_ 24 Sept. 11, 1992

Projeot or Work Order No. and Title Page No.

ER2502 Prototype Barrier for the Hanford Site Page 2 of

inued

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 eomment was ac^2pt^d.

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 low flow areas. Also, a siphon should be tested.

- -- S,(}._ CQNSl1RT
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The design team met to review comments on the preliminary version of the
specification.

L. Cadwell asked about controlling wind blown sand and dust during barrier
construction. These details are included in a section of Division 1 which had not
yet been available for review. ;

0. Fort responded to the action items from the meeting of September 11th.
The ASTM for the pipe is 312, not 240.
There will be a problem with aluminum pipe in contact with a carbon steel

encasement. The section of pipe in the encasement must be wrapped or the
encasement material changed to PVC. It was decided to change the encasement
material to PVC.

n: Ligctke ^sked obc:t ,noviig the ]ocatiossof the parking lot to the north side of
the access road to minimize its effects on the wind erosion studies. Also, this
would provide the contractor with a better loc ation for a trailer during
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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
for the contractor. The information in the testing
control the hold points and answer many of the ques
review group. Since the plan is not available yet,
added to the specification. ECNs may be used later
points.

needed in the specification
and monitoring plan will
tions submitted by the peer
estimated hold points will be
to accommodate unforseen hold

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 disturbed
wittioui priar written permission.

M. Fayer quickly went over his comments with D. Fort.

There were some questions about tolerances of materials. D. Fort pointed out
where these were stated and some changes were made.
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The BDT/BTAB began the meeting with lunch. 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 su bsidence. 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 slides on the construction of the 216=B-57 crib and a profile
of the radioactive contaminant distribution from the three boreholes 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 216-8-57 crib is at grade and the northern half 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.
-DE3€-wi-shes--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---appiication 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 1k 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 mi grating after the years of exposure to

- infiitration-of-precipitation and water pored into the cribs. Also, is the ER
program willing to support continuation of testing to demonstrate the probability
that this design will last'1000 years? H. Downey could not guarantee such
support.
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J.C. Sonnichsen
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Eng.Doc. Control

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

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
CDR before definitive design begins.

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
move to 216-B-57 may cause.
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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 objectives will
drive the data quality objectives.

--How do we design the prototype so that it does not impact future plans for the
• ^ ÛC i t

. .

- 30fl-BP=',? S •̂ de siope treatme,^t rnl,s^ be ec •̂ ^̂e ^̂ t 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 216-6-57 site because the site is already contaminated.
ER recommended against this.

D. Fort, G. Gee, and B. Gilmore calculated the approximate quantities of water
that would be applied and collected. Approzimately 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 clean crib, 216-8-61?

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_pratotype_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
orototvoe? 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
-- fIIr k 5°--aTid- irs' 35tg-lE--uf- iaterai--dTSperSi0iTt7`ZQnt3TYYndRtS from the 216-B-G7/

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 could 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 manipulation.

The meeting closed with an action item t o compile information for a meeting with
R. Izatt. Prepare sketches with differe nt footprints over the crib.
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200
ERLLICAT1011 R19ER h VALVES
SEE ENLARGED PLAN THIS OWC

199 CRADE

199

19B 100 mm RW (PVCI
198
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m
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n, m
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'
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A
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2
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^6.
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A

O,P
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a

^tN

u ^ 196
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p

sC

195 x

i i
0
o

-n ozry 195
° i °m +

^

,.^ W<°Û ar s
n YI . it l + p p0

,

N ^(jK E

m <
N

m < ©
N

^^•s
+

i194 d
F
N ^L.^.d >a_ F

n

191

m
193 $

19]

192
192

191
191

5•00 ^' .5T5b . 6•00 °

190

RAW WATER PROFILE
9CALE . 1:Xq HORIZONTAL

' 1:30 VERTICAL OISPOSAL

. . ' (STATIONING AND ELEVATIONS IN MElERSI
BA!iIN 199

6.50

FILL WITH
LOOSE INS11LAlION

EIeERCUSSLIO 300 flfl

MIN

III-^-

^ COMBINAIIj AIR VALVE

35mm CORPORATION [TOP

E
E w

610 mm PVC RISER

`IW mm ryAW WATER L:INE

ATTACH VIA 100
m

25 mm
I SERVICE SAOOLE OR TEE

DETAIL - AIR RELIEF VALVES
SCALE: NONE

)+00 V4 7+50

H-2-817487
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JBmm 115I lmm S1L PIPE
SOLENOID VALVE GVARU POSTS
NORMALLY OPENED SEE NOTES

Po
H-T-BVl9J SH 1

T JBmm%50mm
REO ICALVI ^

N137593.7 V

100mm PVC WYE ABOVE GROUND
ROLL 45' OUICN COUPLINC

^A
q

POFNIINC EAS1

ELECTRICAL 4p N137593.1
JUNCTION BOX
SEC H-4-8I7E97 SH I 900mm MIN DIA

CONCRETE COLUR
30omm MIN 1HICN

♦5• ELBOW IE137592.1

IOOmm PVC DRAIN J9mm
N137592.1

100%50mm PVC NION
IHV=198.2

RED RUSHING 5omm IT 50mm % JBm.m TEE (GALV)
50mm UNION ICALVI
500mm Q"1 PISTON OPERAIED
VALVE - NORMALLY CLDSED

50mm % 50mm X 25mm TEE (CALV)^

O
PRESSURE REDUCING VALVE

1' OATE SET TO 500YPe (75PSIIt i

VALVE AND BOX SDmm UNION (GALV)

IOOmm%SOmm (/"%21
PVC REO BLISIIING - SPICdPT

0
5 SURGE
RELIEF VALVE

76Umm PVC RISER 11VP1
81D590.1

STA 5aN.9
INV•198.1 V '

100mm n t00mm R 2`.
TEE IGALVI

E mm9M1ASS MJXIU L1'lT CnA1N
Al1AU2D 10 GP .Np W1Cn

4.IIC[ COIiLInG b mm II{'I
C

COLR*.IxO Ev[RIItE
90 YNE
EVER-IIIE ri3/.90BR

rl}Of$L Y/.1TIC^6R pl
APPROVEO AIRStlllll[

dl AVPRDVEU SUBS111VIE

]00E]U nm

NBER4ASS LID 50 mm RMIUS

nR[Rals u0^ nL1 YN1H
InSwllOn

FILL wEte ^^ o> u utn ^

CI'AOC INSIIlAl1O11 L'^ mm '- WO mm YIF 01•
CCMXEIL C014R
wo mm Inla

Je mm
pRGE RE VRELIEr VALVE RD

yp
SICYP M

500 mm MAX
. '+0 mm SUIED .0

100 MM RW 50 cuV Plrt uLVAnIlED

IPVC)
. 51[El

100 m . IDO mm . 36 mm
TEE (GAIV)

y0mmv5Omm
75 mm TEE ICeLV ^

PISIb1OPEMIEO VALVE I

wc 1[E. mGwXmcXXroi 50 mm PRESSURE SECTION
RED. VALVE NTS100 mm R 50 mm PVC

RED BUSHING $PIG % FPT

50mm UNION (TWl

lEH HOSEAOUTLET-
iT-PROOF
RSTER-CARR
80(2J (CAT 98)

.._ BLQCN
3Umm . 30mm .

n DETAIL
16""n THI`X

SCALE: NONE .
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^u^r.
t . ^^

)]nwn PVC

54mm PVL

n PVC

n PVC
Sr.un .

41LB 1W

SECTION
$CALE: ^:SD

^
OI

q! A^^ ^1
0,l^.:.

lsmm PVC BF PVC ELB M- ^

SECTION! xALE:I..lD
150mn PVC PVC

mxx s
^]onm . .amn^ mxx uvC M

n DETAIL DETAIL
- SCALE: 1:6D SC/.LC. ]O

GSI SIfEiw 1 P1KE M ] PuCES G51 $IDE
lW 1 PLKE SI S1CC DPP MAND M 2 PL.LCES NE SI SIC( CPP MAND

W

I 2 7- 1W

SECTION
V X/3E: 1:50

IGOmm M iN

i[[ S0.m^ l5mmI
^LECIIOII 7• pyC 9RMCB M! PV.CC! G51 10[! ^ .

^ SID[ CPP IuNDM! PGCCS R[Sl I^ ryC

^
IMVI EL M AL PIPLS

!mn PK

'.pIiROL LINE ^e PIPi l

1sm,.L, . aD• ne unN
M 090 u ' ISP^ .]Nm RDCR pJC

n DETAIL DETAIL ^
ECALL ^:yp

H-2-8117488 SH 1
B-7
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a DETAIL
SuLO I:w
E GCES GSl SIDE

M} PVLES MLSI SIDE OPP NAND

^DETAIL
- SCALE: I:SU

M y PLACES GSl SIDC
ITP 2 PGCES M51 SICE OPP NANU

- ^i \ I
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.F ¢

•l.^^.,. ^
iTi.^^^4.

OOSE 6YttE COUNTER
457mm DEEP PLASTIC PAINT OOLLEClOR ZONE ID NUMBERS

STL POSi • SIPHON SITIER II BY
NANOIIOtE W/1 EXTENSION O11I0 COVER IN 0.3 METER NILN

HEADER ELBOW qiENCO SYSTEMS INC
(6B6mm TOTAL OEPTHI

OETORCEN EP(WYBASEroDAPA1MTNAl ENDS SERIES 1)JO BY
OR APPROV[0 SUBSTIIVTE UTILITY VAULT CO

a

{ 300rnm PVC HEADCR
EL 19160 FABRICATE IBO• RETURN

TOP Of CONC
WITH EIBOW$

1915^ ISOmm . 90 ELB

1.2M 1.2M . 2.1M PRECAST $ _
SCREEN 150mm PVC

CONCREIE VAUL/ HN-LA
W/COVER 944-224P BY
U1ILIlY VAUIT CO OR
APPROVEO SUBSiIIUIE

75mm PVC 15Cmm EXTENSION 150mm PVC

DRAIN PIPE RINGS ]OOmm FVC
150mm . 90• FL9

EL 192.660

V//Tjln\V
'^E TOP Of PIPE 150.nm v 90• fLB WITH

i TV 150mmit RDCR BSNG

TO ACHIEVE ALIO61uEMIREO _ EL 19].]6
MSN gR IA^O (Ny T ]OOmm . t50mm TEE

NORTN
]Smm eALL VALVE E HIGH WATER x EL

E z
123.9

40SIGHT IX.655 SECTION
)Smm CLEAR PVC a JOOmm LONG
SOLVENT CEMENT TO STD •; 0.6 R M

> 150mm

TEE AND VENT ASSYC COUPtINGS. HARRINGTON FLOAT BULB AT E,WD W ENDS ONLY ! EL ^ DETA I L
PL ICS 106-0]0 ON

^ APP SUBSTITUTE p
DOSE COUNTER z SEE ENLARGED PLAN - (AV - SGLE: NONE

o I
SIPHON VAULTS

OELETE INLET DROP
Ai SIPNONS X. ]W. EL 192.15
M. AND 6W LOW WATER

f^ 1Wm PL10 ACESLBE_

Nm 150mm DOSING SIPHON (PVC)
40DEL 624 BY ORENCO SYSTEMS INC
OR APPROVED SUBSTITUTE

150mm PVC TVdBcm INSTALL PER MiR REOMTS

115"1
WATER TICHT JO^mm ^50mm ROCR RSHGCOAT INSIDE WALLS AND PENETRATION E AND W ENDS ONLYFLOOR W/PERMA-GAHD [it JOOmm . 150mm TEEBY NEOCARD OR APPROVED COLLAR l1PICAL 10 PLACESSUBSTITUTE. INSTALL PER
^BCRApEI MFR'S RECOMMENDATIONS '

2100mm PVC HEADER

s:•:,
AFTER PLACEMENT OE SIPHON, 4, ' . k • } r y- '
IEYPORANILY BPACE PIPINO • / ••Y 1Y: i:.M : Jd.e.:; ,
AND FILL BOLIOM OF VAl4T EL . 191.IU INV] EL 191.100
w/0.3 u Of CONCRETE 601 Of CdIC E ANO W[NDS

JBrm SEC7IO
0
N

tl5'1 ^-SCALE: 1:1

TO DISPOSAL BASIN ' . , . „
SEE FINAL iREA1MENi5t-l"NWATER VOLUME SIPHON = DWG N-2-B17493

SCALC: NOIVE SUBORADE
TYPICAL 12 YIACESQ IEL 19].5)

^^ JOOmm rz 90• ELB
. _ MEAOERSp

VENT

VENT 300mm DRAIN LINE SEE SEC!®

SEE SECi^
INVT EL1=0.810

JOOmm PUC LYP JOOmm . 45' +--
-41 L1]r01^ SOOmm PVC NEAOEfl

N1])65].]1
ELB LYP

02.02

t NI3]65] 53
300mm PVC HEADER UZ.OS. TODN^^--^

'lC E JE 4 E E

WATER VOLUME - - - - - - - - - - N13J§51^3I ]OOmm TEE

9
T
YpHON SEEe DR^^ IN LINE PRO FILE

SCALE: 1:50

A URA[NAGE
v/II(JII\v PIPI TV 150mm 90• ELD

150mm PVC WITH 15fMnm ]Smm
i I ROCP BSfIC

NORTN
f E E „„^ E p E E E E E P^m^

o Y

-'^ - HAND
75mm 90' ELe^

1] a 4 p. ^ TA^ TDP .

NI376244a TVIsamm IYP $ BQT

T0 11

^(5 Tiy(

ISUnm TV (- II OS PVC PIPE TV T T^jALE S DxG

150mm.90•EL9 °o, (r•EE$ rn
TYP ] PLACES

0.30 W BOTH SIDES DETAIL

ENLARGED PLAN SIPH ON }/AULTS SCALE: NONE
SCALE: 1:100 -' ' TYPICAL 1] PLACCS

(6 PLA6E5 OPP HAND)

DETAIL INVERT ELEVATIONS ' ,

PIPE ® © ^ © ® © ^ © ^^ ^^ ©
6E

1INVi EL TOP

INVi EL BOTTOM

191.0X1

193.2)0

19410

19].280

19]990

19].280

19].980

193.290

19].960

193.300

193.910

19].J00

19].5409

19J.300

193.56011

9J.]00

193.SB0

193..]90

19].,590

193.280

19].610

19],Z80

19]6]O

19].]]0
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A »,", ,L„ aAO .

NORTM ^

BARRIER

i1.0 M

4 N . 1011 i 40N 1 LOM

CURB

14.0 4

NOTE:
M 0.5 N WIDTH OE PAVER PASS IO BE

AS SHOWN - Al NO TIYE

SHALL PASS SEAMS OF TWO
CONIACIING LAYERS BE LESS

M̂ ^.{ 0.] M THAN 1.5 METERS APART

5.)u 1I^S.J M SJu

II I5.) 4 5.7 Y 1.3 M

PAVER PASS
SEAM (1YP)
SEE NOTE -

L-CRUSHED SUREACENG
TOP CWRSE

FOR SUBCRAUE PREP
:FE H-2-eI74&5

9 N t0Y

IREfI (REEI

NOTE; SPDT ELEV SHOWN FOR TOP OF ASPHALT;C CONCRETE ARE
PRIOR 70 APPIICATION OF FLUID APPLIED ASPHALT

SECTION r1
SCALE: HORIZ 1100 V7

VERI 1:10

U . 23 u FULL 9ARNIER
O LECTON

4 . 23 M TRANSITION
NE COLLECTOR

M 33 M SIDESLOPE
O LECTOF

M

M

VATER COLLECTION SYSTEM ZONES
CALE - I:600

1---32 4i32 4 -{

4 RIDGE

SW NORIH END COLLECTOR 1 4
C

ZO

^g IW 6W 6E Ef 14

10 4 BUEEEfl ZONEi SE

C

W^ o tW ]W O tE

2

SOUTH ENO LOLLECiOft© n

d

1
O 2].)

►

ry

s

1.1

SH2

BHI-WOC
Rev. 00

H-2-81 7489 SH 1
B-9

ASPHALT I C CONCRETE COMPOSITE LAYER
SCALE • 1:300 '^ --'
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FORM ^50 mm HIGH CQNC
CURB I BOIIMDARIES Of GUTTER SCREEN -
COLLECTION AREAS - SEE H2-61)AB9 SNI SEE e

ANGLE ISU mm150 MY,

O FILL AREA AT LCAD EDfiE Of ANGIE
WITH CRACN SCALING COYPOIIND

\ IW5001 WL10 $CCl 9-O1101
TO ELIYIHAIE P.B.T.
FIUID APPLI[D ASPHALT NAY
BE SUB9ttlmCD I

SEAL

VERTICAL OFFSET
IBCYONUI SEE DETAIL

a^j

]5 P
IGALV G11

9 C sPACES AT 0 ©^^F

GUTIER SCREEN iTP APf
ANGL[ 150 mm. I SEEe 6EE
150mm.9.5mm E^
I16 r 6.{^1 BUTT o n
MlD Al SPLICES TACK WELD INTO PLAC[ -

^ SEE NOIE rn I IN 4 WELDS

tj
L,---

I.D Y JJJ a I FOHY CRICKETS IN CUiTERS
CONCRETEONCREIE 10 DIRECT

WATER DIIAINAGE TOWARDS
75 mm PIPE PIPE IMLE15 - SCEe

COLLCCTOR ZONE DbNENSION
ISEE H-2-8I7489 OUANTITY
SN O A B C D

SWIH END
eaLEtlaN 31W Y 3,075 Y 3 111 Y ]

BLYftR ZONE
COLLECTOR IO.W u 2.50 u 1 500 u 2

NORTImEST END
COLLECTOR IB.00 Y ].IMI Y 2 6.00 Y 1•

COLLECCRS
1 iHRU 6 D: k WI 23.0O Y J.D3 Y ] ]6] IS 12

IF I LLIIVN I2WIIC.V Al LA]1 ]IUL Ut NONIN

CONTflOL LINE
NOTE:

CLILLECTOR ZONE

1 PIPE) TM
NO WELD NECESSARY AT WELD ANGLE Al SPLICES USING {" BUTT WELD.It ABOTICD CNOS OF INOEPENDCNT COAT HEAT AFFECTED AREA WITN 2 COATS ZINC

.
IN CONTINUING CCNC C111191NG

RICH COMPOUNDCOLLECTOR GUTTERS - ENCASE

SECTION - WATER COLLECTOR ELEVATION -c'\
SCALE: IqR12 - 150 -^'`2-.91)TB9 SN 1

VENT • 1:5

Q FORM CR:ICKEIi 1N GUTTERS Iw
WITN CCNVCRETE TO DIRECT (LYPI HORIZONTAL OFTSET

SEE 9ELOx

BOTTOM Of ANGLE
450 ^r^ ',

D OF

IN.

O SET ANGLE IN BE j
ASPHALT BASED uA511G OH

AIiA H SCRE N BY
WI YY^

ROOfIKG CC11ENi SUCN AS 16ALV STLI 75
•rv •••••• •rv ••-•• •^ ••^•• •^ ••••• LAIV Af1ERERR 9 i

NOTE

YLYASIER-CA CAL 6
E ]5

PIPC

NO, )]^6181 OR ]t fABRIU110N
C Emm ELDI

CVERY YOURTX 9Aft-

NUUNEq$ IN CIRCLES Cll xOTI:
SCOUCNCE OF CONSIRUC^fION

M
[IEGINNING ' E

AFTER APPIICATIpI BE FLUID APPLtED
ANGLE - SECASPHALT AND 24 HWft CURE . lABRICATE WTTCR SCRCEN e rR

FROM ALLDI 51EEL S_FACC ROTN ' \ __ _
6 JA I 0.135"1

DE TAIL WATER COLLECTION SECTION^ Y YASIER-CARR U^ :96 ^
SCALI: - 1 5 N-2-817489 SHI

No 9N)T163

STD WELCED [LB'JW - AS'1 PIPE COLIPLIHG

TRIY .R fOLD EMDS AOAINST
GUTTEH ANGLE LCGS TO
CLOSE OPNG IT9 EA ENDI
OR YAKE CLOSIME FROMlA GA sHEEI AND aW o IDFTAI L COLLECTOR PIPE VERTICAL OFFSET

GUTTER SCREEN - SEE CIl k e WELD TD SCREEN SCALE - 15

20CIJmm J00 ISO mm 150 mm ]00 m ISO mm ^^ \

61Ef1 IREfI
150 m n

PIPf COUPLING PIPE IPVCI

'
0

tETECKET

e We '

/u E

FORfl 1ION

- 0 I 75 mm PIPE
H-28I7488

GALV AfIEN
FA9RICATION

CDH1R(X
LASSEREOUIRED

n WTLDED ELDOK -(sa
DETAIL GUTTER SCREEN ^51PIPE COUPLING DETAIL -. COLLECTOR PIPE
H15 - ^ MATERI AL TRANSITION

ANGLE - SEE O
' SCALE - L5 N-2 I617189 SHE

ENLARGED PLAN - COLLECTOR PIPE HORIZONTAL OFFSET
SCALE - 15

F-I-2-817489 SH 2
B-
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RNAIIO, .^CL°S°9U.11 1YKEYiNGLV.rSq1ONO[q
9AL431 01SR All YSALT 11NfALLS Lltp! W15L°L
LASILW i>LMYICLS (M T°I C!

LVlfq MIILE
xcru¢^n usut.

M0.V pMNAGL M
If MfLSLRT

/ 14

ME

A

xoRn^

H-2®817490
B-,,

FRACTURED BASALT PLACEMENT
SCALE = 1:300

DR AINA GE GRAVEL LAYER
SCALE - 1:300
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t^),
i-0-8t]194

GRAVEL FILTER LAYER
SCALE = 1 300

xOrC: AT Cp1TMCloq oMM RI.QY[M Cf nLw FILL
9ioc adY W.r 6C s1IKO BY F110VIUM I. BFMU1 AT rK
fl: f¢irtX^11^WA2 rR(Y MIfN to PV.a 'xE SIl^.

e SEC1fI0N
einas sH, scuc 'sn

CLEAN FILL SIDE SLOPE
SCALE - 1:600

H-2-81 7491
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ST EOGE OE
iN'ER SILT LAYER

INNER
COOC OE
FILTER

I
NORTH

r^
^00.6

p m 8 I P01l

( I

N I I

EUOC Of UPPER
SILT LAYER^

_ 1U:1 I ,

I
S cREST

^J

^7

UPP ER SILT (ADMIX) LAYE R
SCALE

_
- 1:300

1J00

....r.

^
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N137689.0XX

0

192

STA D1DD
nELD VERTfY t EX51 ROAD

STA 0^0]
0

EXISTINC 20' PAVED ROAD I141H SIRECiI
BEC111 ROAD ^

-189 EXISTINC GRAVEL
SH01lLCEfl

TYPE "A" SIGN - SCE WATER
OWC N-2-817496 OISPOSAL

- ^ (LW 91^ 1V3 ACRE

nf^-81]196

1 ,

__

3

i

1!9

IIiIii
INV • 189.2 510 GALVANIZED
N137697 END SECTION W
E5I 34J0 CORRUGATED STL

ICN

J

♦

PIPE INVERT
EL 189.200 ^

i5 Y RAD !9

k 1WIL

PARNILIO

1 190.28

©

[M Al

p • 659

L = 22.69 M
= 12.74 M

TYPE "A" SIGM -
OWG H-2-8174116
(IYP ]0)--

©

^ - - TEMP
WATER

FOR CONIINUAiION SEE H-2-81 '7,193 SH2

I I I I `\^

FINAL TREATM_E NTS
SCALE = NTS

E5]305.00

LOWER NEUTRON PROPE

STA 1+85.26
END OF ROAD
N13J6109)

ACCESS TUBES - PlA(:E
611AR0 POSTS SIM 101
.HE 5

TOP

M INTO
BASALI

$HI-0000T
Rev. 00

H -9 -R 1 74q.^ '::^ W 1

-7?^ x i M

N OTES:

I. FOR GENERAL NOTES AND LEC[ND SEE DRAWING H-2-81Y484.

2. PUSI BARRICAOE: COMMERCIAL GALV STL FENCE PO LS
FSECTIdI JSmm ]'vm G It 1^" y] B 4 Om mm ^ L L N
6'1 4IN. SPACED APPROX 6 METERS W/4CEL SINGL JACK CHAIA

^

(IRAUE NO. 10 OALV.1 ATTACHED TO POSTS W/WIRE CLIPS OR HOG RINGS.
DRIVE POSTS 0.6i u;N10 GROUND.

3. PR.OVIOE H00X AND EYE FOR REPEATED CHAIN REMOVAL AT
POSTS HAVING TYPE 3" SIGN.

4. INSTALL PERMANENI SURVEY MONUMENL PER WSDOT u21-01 SLANOARO
PLAN H-6 EFCEPI USE STANDARD BLANA BRASS CAP. CAP TO HAVE
DEEPLY EICHED OR SIAMPEO IN 5mm(A INCHI HIGH LETTERING THE
FOLLOWINC (THE XS SHALL BE THE NUMBERS APPLICABLE TO AS BUILT
MONUMENT LOCAiION. IN MEIERSI:

LAMBERT GRID WA STATE 83 SOUTH
NXXX%XX.XI(X
WXXXXXX.XXX

NI])T]e ELEVATION
XXX.XXX MSL

Ef
SPACING

^100mEm111'15. MONUYENiUHY^ORAN^? ANO AIN RELI,
SCHED I0.STL PIPE. 1 . 8 METERS (6 I IN LENGTH EMBEDOED 0.6 METERS

BARR ICADE-^
T C

MINIMUM INTO GROUND. PAINT ABOVE GROUNU PORTION SAFETV YELLOW.
NOTr 2)(SEE

0

^'

NSTALL
MONIMENI
SEE NOTE A

n IBY OLHER51

NI.IT]OO.OXX

N13)69T

i L `C•2

WATER DRAIN LINE
SEE H-2-8111B8

\

POST 9ARRICADE ARWNO
BARFNER ISEE NOTE 2)



YNV1G L431
AITO'NO61NR,ll 3.^^d-Sl.RL



BHI-000c
Rev. 00

FOR COXTINUATION DWG H-]-61)193 SHI------------ -------- - -- : - ,^ --- r----^
♦ MW MAI[R

G
I

ORAIN J

IRRIGATION RISEN I

fl & VALVES - SEEC P11 Y HIY
IYI H ] filB) H-2 -8I7I67 $H 2)I

NORTH I
I ^

^ I IPERIME TER

196 BARRIER ^
T1PE "A" SIGM - SEE - ° 15cm fNICK
OWG n-9-817196

E GRUSNEOED
I

E
A REACIND
19ASE EqIME5E1 O1.(1
ABOUT PERI-
METER

\ ^\

A L
]-81)191

196

19)

6Y RADIUS (TYPI

CONIINUCO FROM
n-4-61)I85

mm RAW WATER (ABAHIRINED) IOU mm IPVCI
\ SEE M-2-BI7I65

FINAL TREATMENTS
SCALE • 1:300

NEUTRON PROBE
ACCESS TUBES - PLACE
GUARD POSTS SIN TO
NOIE 5 ON SH 1 IITPI

- PROVIDE POST BARRICADE
AROUI EASTERN HALF OF lOP
BARRIER SURFACE FOR
VISUAL WARNING OF STEEP
SLOPE

{`

nL^1

H-2-817493 SH 2
B-115

n^
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A
150mm ENCASE4ENT
SEE DElA1L RELOW

205

](1]

199

196

193

IU
--^

EXST GRAD

nSE^
H2-B1NW SHT SCALE • 1:150

216-B-51

A

A
FCRIMEtCR EROSION BAPoiIER
150mm COMPACTED CRL1511E0 SUftF.LCINC
BASE COURSE CONTINUOUS AROUND
PERIYEIER - PLACE AND COMPACi

6Y
, ^ 'F.^

'FLAT ( lOmm IN 1 4)
UPPER

7^

CLEAN FILL SIOESLOPE SILT W/AOMIX 1.0 M

I

NEUTRON PROBF ACCE55(PIl RUN GRAVEL)
iUBE IfiSm CNDI -

^

^

150mm ENCASEYEN/ IOR
5 TUBE

BARRIER
BARIE

T 1
I
I

0

o

0 00

!^:

0 00

.:^ . .,.•: DRAINAGE GRAVEL
}00mm (4IN)

COMPOSITF A9PHAL1
PSPIULIIC CONCRCIE
COATED W/FLUID
APPLIED ASPIPIT)
150mm 14I111

TOP COlIRSE
1011mm (MIN)

SANDY SOIL (STRUCTURAL) FILL

AFTER INSTALLATION Of
ACCESS TUBE HAND PACK EACH IN SITU SOIL
END OF ENC W/41N 150 mm
PLUG OF GROUT ITYP ALL ENCASEMENTS)

IM1N1

>0-D-,VPI 198.79

UPPER NEUTRON PRODE
ACCE55

TUBES
- SEE
LOCAtIWS7 N-1-B1T} FOR

150mm ENCASE4EMi

0 U,pV0
Op0 Oc)

0
0Q FRACTUREU

O O O O O O O BAS.Li

^°°° ° a° °<<°°
0

^$- °° ^e^e°O°

°

O

OnO000 ° <°
--Bi-^ ° ° ° ° O v Y^TH^AL (BASALT

1000` 0.2 M
IOOlS1DEY0PE ONLY)

n .

DETAIL - UPPER NEUTRON
PROBE ACCESS TUBE:

ENCASEMENT
\EE

PIPE CAP ITVP EA END)

STALN CONCRETE BLOCBS
11 % 8 a 16 CYU) TO PROVIDE
SUPPURT (IVPI

DETAIL DE TAIL
SCALE ^ I:75 SCALE ^ 1:75

H -2-81749 4
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FLUID APPLIED ASPHALT
APPLIED WES1 3 M ONLY

P

3 r

tDmm SST TUBING
sucilOrv

10^^'^ 55T IUBING
vfni

PROVIDE Si0 TEE
AT END Of TURING
WRAP IN LEOIE%LILE

^ - ^

/ \ $
- - -

^

n

I I

^

_ 10.45 N

^F

o

I ^ LYSINETER

I8 M a u

se

ENLARGED PLAN - ASPHALT TEST PAE)
SCALE: 1:50

CEOTE%TILE
eDOT - 6" MIN
LAP -

FINISHED CRADE

- CAST IROH MUNUMENT CASE
NO. 5680 BY OLYYPIC FOUNDARY CO.

25mm 0 STL GALV ROD II" DIAI

- HOSE CLAMP 155TI

Z-
GEOTE%1ILE

SAND FILTER

GRAVEL FILTER

- 00mm CALV STL PIPE
I'ILL W/CRAVEL FILTER MATERIAL

FRACTURED BASALT

DRAINAGE GRAVEL

I I \ \ ASPHALTIC CONCRETE

1 lmm ^ 6OOmm 50
^ 2'-0" 501

%Omm

1]] 25mm r 200 SO
COMPRESSABLE wA5nCR5 - fAB
FROM STYROFOAM BOARD

NOTE: MAINTAIN POST PLUMB
WITHIN I CM/METER IXIRING ALL
CONSTRUCTION ACTIVITIES

SUBSIDENCE POST i
SCALE: NONE

SCALC: NONE

C

COMPACTED -NNOY SOIL

DETAIL rf-^
^

J ^ CRIISHED F-LV
SURFAING \/
SHOULOER 100mm
(TOP CWRSEI COMPACTED
ALL AROUND CRUSHED

SANDY 601L SURFACING
F1^^ (TOP COURSE)

BARRIER -" Lj

COLLECTOR GUTTER

ENLARGED PLAN - SUBSIDENCE POSTS s
SCALE: NONE H-bBIJ109 SH1

ASPHALTIC

DRAINAGE GRAVEL-1 ^ CONCREIE

CEOiEXTIL
CUSNION L- G.

^\- - - faD uncs^

\ \\ \•

^\ \ / »\

^^/ \\I

^'-------^

PLAN - GEOMEMBRANE PAN LYSIMETER (UNFOLDED)
SCALE: 1:50

100mm
COMPACTED
CRUSHED
SURFACING
ITOP COURSEI_

DRAINAGE
GRAVEL -

^

CLAY LINER

ED SURYACINC

i SURFACING

PLAN - GEOMEMBRANE PAN LYSIMETER (FOLDED)
SCALE: 1:50

'HAL.T
AVE:MENT

PLASTIC HANOHOLE

APPLIED SERIES 17YI BY UTILITY
VAULT CO.

.5 M
PROVIDE UPWARD TURNED 45? ELBOw,

LEVEL AT EL t90.85 THREADED FITTING AND
1 N IHREADED CAP AT END Of/

TUBING. TAG OR ETCH TUBINC

5

TO IDENTIFY SUCTION & VENT

I \ fILL AROUND TUBING,
ASPHALiIC W/ASPHALT CRACK
CONCREIE SEALANT

fORN DEPRESSION
IN OEOMEMBRANCS

tflmm (+") v 1.65mm TYPE YJ4 l
COMPACTED SST TUBING LYSIMETER SUCTION AND VENT
SAND OR
ASPHALTIC
CONCRETE

SECTION - LYSIMETER
SCALE: HORII 150

^
VERT 1:25

BHI-OOOC
Rev. 00
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B-17
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65mm CND nEUTRON PROBf
ACCESS lUBC RYP) SUBGRAOE

EL 19510

RECHARGE WATER
(-b COLLECTION PIPES

PVC P1PE
CAP (TYP)

EL 19J]3

ro 0.50 M

SECTION
H-]-BtNBB SH1 SCALB NORII 1:300

VERi 1:30

^

Yt]nx.e APwax
f LRr vwvE6 NOIfl

NOTES:

1. FABRICATE SIGN PER WS0O1 Y^1-10 SECIION 9-48.2.

5 mm I 40 mm MIN (IYP) F. LETIERS IN ACCORDANCE WITH USDOT STANDARD HIGHWAY SIGNS
HOLE ( TYVI MANUAL. STANOARD ALPHABET. ALL CAPS.

25 mm 10 mm R J. ATTACH TO FENCE POSTS WITH NO. 8-32 ZINC-PLATEO
STEEL THREAO CUIIING SCREWS (OR DOLTS) AND WASHER.

4. ONE TYPE A SIGN ON EVERY 51H FENCE POST ABOUT

,Omm HIGH BARRICADE .LEITERIN° AUTHORIZE=D
mm

PERSONNE.L =60
,Omm N,GH

0 N LY

LE11ER[NG
50 mm MIN (IYF))

5mm>
O

^

HOLE (TYP) 25 mm 40 mm R

I 60 mm _^

ENVIRONMENTAL
TEST SITED„M

MIN UNAUTHORIZED
MOUNT ON POST BARflIC\OE

POSTS - SEE NOTE 4
GRADE E N T R Y M A Y

CM
(TYP)

I M P A I R T H EDET TYPE A SIG y

SCALE 1 : 4 VALIDITY OFNOTE:
LETTERS - BLACK INON-Rfll
9ACNGROUND - WHITE IRLR) TE^TS

" ass s^ A ^s Ps" - c"o ^ aa

» d d.'^ dtl
202 202

Nltl3f

200 ]00

Xg _

198 N 198

MY
^ .d' Vwrt c.u

1 9 6 5 ^^ 196

0
<

19 4

^
19, _

l

ot91 ^

0
192

190 r.4y t ^ 190 _

i d

]Y Y ]0 Y

1B8 CRt^[r ^RRNY( 189_

4

0100 m 0150 1100 1150

GRAVEL SINGLE LANE ROAD PROFILE
SCALE - I600 HORIZONTAL

1:60 VERTCAL

ISIATIONING AND ELEVATIONS IN METERS)

2100

z

SEE CHART
BELOW

lr'

^ 610 m

MOUNT ON POST BARRICADE
POSTS OR INDIVIDUAL EiNCE'
POST WHERE SHOWN - SEE
DNG H-3-812493 SH1

DET TYPE B SIGN ( I PLS ONLY)
SCALE • 1:,

50 CRUSHED
GRAVEL SURfACING

NOTE:
LETTERS - BLACM (NON-RCYLI

(TOP COURSEI BACKGROUND - WHIIE IREELI
TYP 2 EACH

.05 (e 1 . OS 1, 1 -

'

]
11

S0 mm LEVELINO
COURSE (TOP
COURSEI NOTE:

LEVELING COUNSE AND CRIISHED
SURPACINO MAY BE APPLIED AS
A SINOLE 100 mm LIFT OF
CRUSHEO SUREACINC TOP COURSE

GRAVEL SURFA CED SINGLE LANE
PAT ROL OR SERVICE ROAD
SCALE: NONE

HEIGHT HEIGHT
OP CUT SLOK OE CUT

0 TO 1.5 Y ,: t 0 TO ] M3

1 JM T06M

OVER 1.5 M 2 : 1 OVER 6 Y

SLOPE CHART

0.65 Al
MIN

H-E?-8174•G6
B-, 8
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$ g ^

NORTH H2 W

NEW POLE

N13))65

12TH cTREIT

_

M13))U
O- O

r
-O - -$

\ -EYST 13.9RV LIME CBV\

n 22
E%ST POLE I

&
' _

W

1< I I
^ I

I U I

NlJ))DO

216_9=61

N131682

SH 2
NEW POLE

NEW POLE^
1
J s

^/////̀̀̀'''^^^

FIRE NIVRANT-J I •

SITE PLAN
SCM.E: I•500 IMETRICI

STRINI^ING $P G & TENSION CN A$T
RULINCLz,SPAN LENGTH = 2G3 FEET

AMEIIENT TEMPERATURE

0' IS` 10' 11 60' 7 5' 90' 105 120

SAC(fil J.6 3.9 4.1 4.3 4.5 4.8 5.0

TENSIOH ILFII 133 123 115 1 0606 101 96 92 8! 84

ITWI

VALVE PIT

- N137610 ^TNRIGAlIOHRISER, SEE
NQ-81)48),
$H I

SH ]
CTION

BO%

BHI-00007
Rev. 00

^^^---^^^TTT--- FASTEN A'/1/1'• SCREW MIN
/ / 11 PLACE51

/NGTn AS REO'0 /

51

.1, 1-IR"C T .1. ]/{C

MINI-
POWER

PNLBD
CENTER

A..

3 .6. 1 110 GND
J/1'C

7 .12, 1 12 CND.
vzC

n (2 PLACESI

TYP ^

].2, 3.
2 LEGS { t .e CND

4 .1, 1-1/2"C

PANEL60AR0 "B"

I GFCI

PRESSURE SWITCH

^ VALVE ACTUATOR

2 .12. 1 .12
OND ^^u

I

CONCRC
+ l I4.:I I I s I

© TYP1
el

ir

♦
.I

I 1I ♦ ,I I

. ..lti^•-.

`

`^ - - 1':^-.

o' Du
MIN IO VALVE PIT

TO RCPT JD JD SEE DETAIL 8
SEE DETAIL 8

^j^ETAIL -
^J NTS

ILOp(ING WESi)

-2 011, 1 612 GND,
I /2C

- 5 .^2. 1 112 CNO.
1 'C

-3
i

^Z2G^, 1 812 CNO.

^GRADE

T
iT

I MIN '

NOTES

1. SEE SHEET 3 FOR PARTS LIST.

2. SEE CONSTRUCTION SPECIFICATION W-263-C2 FOR
MATERIAL DESCRIPTION AND INSTALLATION INSTRUCTIONS.

J. ADFWEVIATIDNS ARE PER ASYE Y1.1-11169.

4. THE LISTING OF MATERIALS ON THIS DNAWING DOES
NOT RELIEVE THE COILTRACTOR FROM PROVIDING ALL
MATERIALS NCCESSARY FOR A COMPLETE AND ACCEPIA6LE
INSTALLATION.

I ` VALVE ACTUATOR

ELEMENTARY DIAGRAM
IRRIGATION CONTROL

H-2-817497 H 1
B-19
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REPLACE EXST 5'7"
CROSSARM WITH AN
8-0 CROSSARM

AY - ^ EXST CB-V I13.8 KVI

3 PLACCSI

3 PLACES)

3 PLACESI

IITYP 2 PLACE51

SPAN CUY, SEE 4 ITYP 2 PLACES)

DETAIL ]
1

I

1213 ITYP 3 PLACESI

I

A ELEVATION

1.-0"

2-0.
MIN

-a ^
I n" nwl

^ I EXST 15' WO00 POLE

APPRO:( 30'-8"
ABOVE EXST GRADE

DETAIL

r31 DE:IAlL

ON"

t'-0"

YIN

d
3

DETAIL
CSH T

(TYP 2
ftACE5)

1-1/4' DIA

YhCE5)

dDETAIL

CONCRETE ANCHOR MINIMUM
COMPRESSION STRENCTH:
3000 PSI AT 28
DAYSAOGRECATE:3/4" MAXIMUM

q

DISTRI6U1]ON SECONDARY
Y/2k ))V, JPN, 4W

A B N c 'uETEB

) -r►

fK J OU1PU1 V11
SYSiEM

^^- - N To SERVICE
DISCONNECT

^

-13.8 KV LINE CB-V

--z

rLA

^
D ^I((H

)515VA (]-15 KVAI
^ O.8 KV-4BOY/DN..]PH

wltu

PANELBOARO "A" \ -^
480Y/]))V, 3PH, 4W I^^

1100nT - - _ ^

2P ]P ]P

L
3P ]P

r- -t -

1 1A L BREAKER SPACES J

fr

^

8
%EMR ^YIN!-POYIER

IDOA RCP1 20A RCPT ISKVA CENTER
SNOW YACH IRRICAE]ON 4BOV-1]0/240V, 1PH /-

SYSTEM
YAIN

PANELBOARD "B'CI) 120/240V, IPH, 3W

1P 1P2P 2P

L

) SOA ) ISA ]O ^) A
C

R
JG(I

C(CI

SPACEB ©

SOA(¶WDRCPI 20ARCPT LL L .
}{TI

]P, 4W JP, IW DUPLEX CONVENIENCE IRRICAIIOM
OUTLETS VALVE

CONTROL

ONE ;fdE_DIAGRAM

NOTE: BEE SHEET 3(OR PARfS LIST

BHI-ODO(
Rev. 00

H-2-817497 SH 2
B-2o

F DET AIL
`^

SEIE ELEVATION B. SH 3
EOR,LOCATION ON
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^`^

(TVP

(TYP

Or

ELEVATION

DOWN GUY,
DEIAIL 4,

ELEVATION

PLACESI

(TY

{ DOWN GW

PLA -NL

LENGTH AS REO'D

^^^ `yL^NWIT

'
A

11 DETptIL
EH ^ HIS

I I

ITTP 3 PLACES)

2 PLACES)

CONCRETE
BASE (TYP)

PT L DESCRIPTION
I TRANSFGRMER 25 KVA. 13.9KV - 271V
2 CR0S5AHM, WOODISq.iO)i) 39-O" ^ 4-5/8 x 35/8 W/4 11/16" PIN

HOLES. REA M19. IYPC
3 WOOD PoLE CLASS 2. 40 Ft. LENGTH
4 BRACE, JtOS5AW1, FLAT, GALVANIZED STEEL 36 . 1/4" t 1-1/4

W/7/16' R 9/16 MOUNTiNG HOLES (PAIRI
5 TRIPLE vANGER BRACKET , 12' AND 24" SPACINC

6 BOLT CARRIAGE 3/8"-16UNC-2A x 5 W/NUT

7 WASHER, ROUND, 1" O.D. . 14 GA . 7/16" DIA HOLE

8 NUr, MF LOCK SOIIARE 3/8--16UNC-28

9 CONDUIT GROUND CLAMP

10 RIGID STEEL CONDUIT , 1-1/T°
11 WEATHERHEAD FOR 1-1/2" CONDUIT

12 BOLT, DOUBLE-ARMING, 5/8' DIA. W/1 NUTS. LENGTH TO SUIT
13 WASHER, SOUARE 2-1/1 x]/16" THK x 11/16' DIA HOLE

14 INSULAPIX rWE'f' NECK t5 KV PORCELAIN. I iHRCAD PER
ANSI 5`r5 W/IUDIO NOISE fREE CLAZE

15 PIN FOR INSULATOR. FORGED STEEL. 1' LEAD THREAD WITH 5/8"
SHANK c 12-1/2' LG

16 STANDARD EYE NUT , 5/8'
17 INSULATOR, DEADEND TYPE, 15KV. EPOXY STEEL COMPOSIrE, LEAKAGE

DISTANtI 16 IN. 15 , 000 LB. TENSILE STRENGTH

18 STRAIN CLAMP FORCED STEEL. GALVANIZED
19 CONEXICTOR BARE 7 STRAND 16 AWG MEDIUM HARD DRAWN COPPR

20 STRAIGHT THIMBLE EYE BOLT 5/8 A LENGTH AS REOUIRED W/NUT
21 CURVED WASHER Y. 3" . 1/4", 11/16" DIA HOLE

22 PREFOREIED GUY GRIP OR 3 INCK. 3 BOLT GUY CLAMP
23 1NSULA°OR^GW STRAIN, PIXiCFLA1N, 2q000 LB. TENSILE STRENGTH

PR AXSI 4-4

24 GUY CAdLE 7 STRAND 7/16 SEIMENS-MARTIN
25 ANGLE T NIMBLE EYE BOLT, 5/8" K LENGTH AS REQUIRED

26 THIMBLE EYE NUT , 5/E"
27 LOAD PLATE, Q)RVED, 2-1/2" + 7" v 3/t6" W/ 9/16- 3 11/16'

HOLES
29 LAG SCREW, 1/2" 9 5" LONG
29 PLAS7IC GU1' GUARD YELLOIY, 8 . 1-1/2" FULL ROUNO
30 ANCHOR ROD , DO(IBLE THIMBLE EYE 3/4" r 9 0" LONG
31 GUY ANCHM CONCRETE CONE SEE DETAIL 5

32 GUYINC STUB POLE 35 FOOT CLASS 3
33 PIPE STRAP ONF HOLE MALLEABLE IRON WITH BACK SPACER
34 GRM)ND ROD COPPERCLAD SrEEL 5/B" DIA . B-0" LONG

]5 POLE TUP PI PRE59ED STEE 1 DIA LEAD 20 LENGTH
36 MACHINE BOLT 5/8" LENGTH AS REGD IWITH NUT)
37 STANDOFf PIN LAG SCREW 1YPC, FORGED SIEEL. HOT DIP

GALVAN(ZED S/8" DIA SHA 1" DIA LEAD

39 HOTLINE BAIL CLAMP , FOR 2/0 ACBR
39 HOTLINE CLAMP BRONZE FOR 96 AWC COPPER

40 GROLMD ROD TO CABLE CLAMP. COPPER, COMPRESSION rYPE w
EXOTHERMIC WELD

41 SPLIT BOLT CONNECTOR FOR COPPEfl CROUNO WIRES
42 HOTLIN: BAIL CLAYP FOR E6 AWG COPPER

43 DISTRIRUTION POMR FLSEHOIDER 14.4 KVA
44 LIGHM NG ARREBTOR 15 KV

45 CUTOUI /ARRESTOR BRACKE :T
46 fOSE LNIT CURRENT RATING SE 14.4 KV
47 POWER CONDUCTOR , 600 VOLT 61 AMG COPPER, TYPE rHWN INSUL
48 CROUND WIRE. 11 AWC IN AlED COPPER CONDUCi01t
49 METER LNCLOSUEIE 600 VOLT , OUTDOOR
50 KW HOUR METER
51 PANELB2ARD 480/277 VOLT, 100 AMP. 19 CIRCUIT, WITH 100 A MAIN

CIRCUI ' BRCAKER NEMA

52 MINI-POWER CENTER, OUTBOOR PACKAGED POWER SUPPLY, 15 KVA.
120/240 VOLTS AC

53 iRAMINf. CIINMEI t-5/8 • 1-5/8 GALVANIZED STEEL
54 DOUBLE FRAMING CHANNEL. 39/4" A 1-5/8" GALVANIZED STEEL

55 WOOD FOLE CLASS 3 . 40 FT. LENGTH
56 PVC CCATED RIGID STEEL CONDUIT 1-1/2"
57 TRAFFIC GUARD POST (MATCH EXISTING POSTS AT FIRE HYDRANI)
58 DUPLEX RECEPTACLE, SPECIFICATION MAX. 20 AMP, 125V, 2 POLE.

3 WIRE GROUNDING, NEMA CDNFIG 5Q0R, GFCI

59 RAINTITE OUTLET ENCLOSIIRE, INDUSTRIAL CRADE, TAYIIAC CORP
CAT W. 20310 OR EQUAL

60 SINGLE CANG TYPE FS OU LET BOX
61 SINGLE RECEPTACLE, TO Ai P, 125/250V, 3 POLE, 4 WIRE GROUNDING.

NEMA CONfIG 14-2DR

62 RAINTIIE OUTLET ENCLOSVIRE, INDUSTRIAL CRADE, TAYNAC CORP
CAT NO. 30310 OR [OUAL

63 1 GROUNDING
D

NENGLECRi
15UR WITH E THEflPREiOF BOXE.WD

4
LLIfT
LID
COVER.

64 TWO G7N0 TVPE FS OUTLET BOX

65 RECEPTACLE. WATERTIGHT,: 20 AMP, 460V 3 POLE, 4 WIRE WIIH 15'
AIIGLE 3ACK BOX- H11B9ELL CAT NO. 42ERTA OR EOUAL. FURNISH
WITH MATING PLUG, KELLEMS SIRAIN RELIEF CRIP, AND 300 FEET OF
4 CONDUCTOR 112 AWG 600V TYPE SO POWER CORD.

66 RECEPIVGlE, 100 AMP, 600V, 3 WIRE, 4 POLE WIIH 9AC11 DOK, ANGLE
ADAPTER ANO SPRING DOLSR, W. CItDUSE-HINDS CA1 NO. AREA 10425 OR
EQUAL.

67 SINGLE RECEPTACLE 20 AIIIP 125V 2 POLE. 3 WIRE GROUNDING, NEMA
CONfIG L5-20R FUIfNISH NI}H MA^ING PLUG

68 PVC COATED RIGID STEEL CONDU IT. 3/4'

69 JUNCTION BOX 12" X 12",6" GALVANIZED STEEL W/SCREW GASKETED
COVER, NEMA 3

,

BHI-OOOi
Rev. 00
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KA/SER ENGINEERS CALCULATION IDENTIFICATION AND INDEX
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HANFORO Deta

This sheet shows the stetus and description of the attached Design Analysia sheets.

Discipline ENV/ROA1MEAhAL ENr'. woNob No. ER.41,2 3 Calculation No. ER344 I ,Q -

Project No.6 Name W-.-,)'", :3 pRnTt7TYPE S/1QFAL'E 23/9RR/FR

CalculationItem DETERMINING /:RADATInA/ RaA/GES FnR F/LTER METJ/A

These calculations apply to:

Dw°. No. Rev. No.

Dwg. No. Rev. No.

Other ( Study, CDR) •SPFnIF/!•A77r'N Wf;P: R -

Rev. No. ^

The stetus of these calculations is:

q Preliminary Calculations

xFinal Calculations

q Check Calculations (On Calculation Dated

• q Void Calculation ( Reeson Voided

Incorporated in Final Drawin°a7 q Yes q No

This calculation verified by independent'check' calculations7 q Yes q No

Original and Revised Calculation Approvals:

Rev. 0 Rev. 1 Rev. 2
Signature/Date Si°nature/Date Si°naturelDeta

Originator
n7o%'o
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4ILI q

Approved by

Checked Against
Approved Vendor Data

INRGY _
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Page No. Description
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3-7 Cl+t^n^a

_ '7 F/ND///.r,< r+ 7/1 ! ;l_° l^/•/4

8 (-.IF5P,1 / -

4FAPH .^

GZ KEH 0378.00 (061921



BHI-00W7
Rev. 00

CALCULATION CROSS INDEX (Typical)
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Subject
alculation
Revision

Superceded
by

Calculation

These interfacing calculation/docurnents
provideinputtothesubjectcalculation,
and if revised may require revision of

the subject calculation.

Resultsandconclusionsofthesubject
calculation are used in these interfacing

calculations andior documents.

Does the output
interface calculatwM
documents require
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documents been
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No. No.

Calculation/Document No.
Revision

No.
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No.
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Page No. of 9

Rev. 00 Revision ^
DESIGN ANALYSIS CAic. No. ER,9412-03

Client Wy[,' WO/Job No. ER^41 a^W-^ ^

Subject pROTUTYPE 53[JRFACE RARR/ R Date 4-/o^/q^j ByS^ /Qi1cnnT

DETERMININR ^RRDATION RAMGES FnR FurFR dEDlA
CheckedralBy

R( Ul _L ^L

Location 'a /4-B- 57 CJV Rj ^CY^E Revised By

OBJECTIVE:

Determine the allowable gradation ranges for a filter media between the McGee
siltsand the drainage gravel in the Prototype Surface Barrier. The filter
media-iimust be sufficiently fine grained to limit the downward movement of
overlying 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.

DESIGN INPUTS:

- ----Criteria and Source:

_....A prototype design of a cover ( surface barrier) will be constructed over
the 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

---- ;design of the surface barrier requires a fine grained soil to support
-- -- ', vegetation as the surface layer with an underlying drainage layer.

• Beneath the-drainage layer, the prototype will contain a layer of basalt
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
silts end the drainage layer ( a gravel) to-limit the movement ( piping) ----^
of-silt into the coarser grained materials. The filter media must not

_-=ciog the pore space of the gravei. The drainage gravel will be
---------commercially available road base, either Crushed Surfacing Base Course

:^,-(CSBC. 1s inch minus) or Crushed Surfacing Top Course (CSTC, 5/o inch
Criteria for the filter media is given in the book by

H.R. Cedergren ( page 156) as follows: --

-1) The 15% size (D 5) of a filter material must be not more than four
or five times t^e 85% size (D85) of the protected soil. This
criteria limits piping.

2) The 15% size of a filter material should be at least four or five
times the 15% sizeof a protected soil. This criteria guarantees
sufficient permeability, which is not a factor in this design.

3) The 50% (D50) 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
criteria is applied.
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_--_-- _-I-__. Riven or Known Data:

The gradation curves for the finest grained silts and the coarsest
--- gravel 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

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
va lues 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. --

---- References:, --- - _
^ _ - - - - _ ---'-_;-Cedergren, H.R., Seeoaoe. Drainaoe, and Flow Nets , John Wiley & Sons, - - -

In c., 3rd Edition, 1989.
i - _ _ . .- - -- _- - ---:
- Chen-Northern, Inc., "Report of Geotechnical Investigation", W-105, -- -- --

---'- 242-A, Evaporation and PUREX Interim Retention Basins, Hanford Federal
_ Reservation, Project No. 90-1901, August 1990.

CALCULATIONS:

- The McGee silts are defined as Layer 1, the filter media is Layer 2, and the --
drainage gravel is defined as Layer 3. When calculating the potential for-

_-;piping_of.the-silter med;a-into the gravel, Layer 3 is considered a filter
__ttiat;Pru.teets Layer 2.

--` D^SF = grain diameter (size) at-15% finer by weight of the Filter media

D85F = size at 85% finer by weight of the Filter media

'c'.. and 'f' indicate coarse and fine ranges allowed by Cedergren (e.g. D15F.).
_.----

D15s = size at 15% finer by weight of the McGee silts
D85s = size at 85% finer by weight of the McGee silts
D,s„ = size at 15% finer by weight of the drainage gravel
D85g size at 85% finer by weight of the drainage gravel

C-5
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r

--- D85s = 0.086 mm (Graph 1, TP-6 curve)

-=-- -- - _
-_2 _.2_ mm (Graph 1, CSBC-CRS . curve)..

Defining the limit of the coarser range of Layer 2:

D15F/D85s S 5 implies that D15FC = Dass 5
- -------- -

-- --
D15FO ` 0.43 mm

-----

--This point is used to develop curve 'A'-on Graph 1. -Curve 'A'--parallels

= the TP-6 curve.
_- -- ------

-.Defining the limit of the finer range of Layer 2:_

D/D 5 implies that DaSFf ' 15g
---.._-__-i5g _BSF

-- ------- -- -- - --

- --! 0_--= 044 mm - -- - '
"aSFf^ • ^ :

•

..._.--
. . ^

. -_^_-_.._._. _ _-._ ___. _. _-- - _ .. -. _- _ -___ . -

-:' _LThis-value wasused todevelop curve 'B' on Graph 1_
^ _

Curve 'B'
; parallels the CSBC-CRS curve.

---
--

-- - -; ; :

-"Checking-Layers 1 and 2 with respect to-the third criteria:-
,

-----
__ ---, - ---

,-D50F/Dsos s 25 implies that
- -- -----

- ---- -- ---
_SOFf = 0:205 mm (Graph i, curve 'B )D_- .

-

D50s ° 0.052 mm (Graph 1, TP-6)

DSOF f -----
-- :_----- = 3.9 « 25_ oK _.---
-----D50s_ .

- D-- = 3.3 mm (Graph 1, curve 'A')
SOPa

:

. - --D50Ft . "---^-
_----- = 63.5 > 25 too high

.

D50s

Since the D oFC is too coarse for the silt, the third criter ia was used to
calculate t^e coarsest grain size allowed for the filter.

--DsoFct = coarsest grain size of filter at 50% finer by weight

C-6
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- --.DsoFOt = Dso: ' 25

------ --- - - -
DSOFCt = 1.3 mm

---This value of the coarsest grain size was used to modify curve W.

_-__Checking Layers 2 and 3 with respect to the third criteria:

---
D50g/D50F s 25 implies that - - - - - -

D509 = 16 mm (Graph 1, CSBC-CRS)

- ------- D50g
_5.0 « 25 OK

-- _-
DSOFo

. , . . . .. _.__.. . . .j . ._.. . _-_-. -

- - --, DsoFf = 0.205 mm - --- -- (Graph 1 , curve ' B' ) -
--- - ---- --- -- --- --- - -- -

- - -; Dsog -<_ - -- - ----=-78.1 >> 25 too ht-g-h
------------- - ------- -

,._ ( DSOFf____ __
. . ., . , i

- ----- -._^

----DSOFft = finest grain size offilterat-50% finer by weight

---
"-- ^--- -- -- D50g .__ . ', - . .... . . . ._ . . .__ . -- ---
- - DsoFft 25

- - - =
,

. .. . - . . -DSOFft 0.64 mm - -
-__ __...___

The above value was used to_develop the_dashed curve, parallel to curve 'B' on
_.-_Graph.-1,_which defines the finest grain sizes for the filter. The range

between curve 'A' and the dasfied-curve restricts the filter-material to a
-range of values difficult to find. Choosing a finer grained drainage gravel

will extend the limits of the filter to finer grain sizes. The gravel-chosen
----is-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.

D759 = 0.84 mm (Graph 2, CSTC-CRS)

Disg
De5Ff = --5 DaSFf ° 0.17 mm
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.----The D SFf calculated from the coarse fraction of the drainage gravel can be

used_^o produce a range limit curve parallel with the CSTC-CRS-(dashed curve -
- _-------.__ _:

on Graph 2).

Checking Layers 1 and 2 with respect to the third criteria: -

DSOgc = 5.2 mm (Graph 2, CSTC-CRS)

Dso9o
0.208 mm

- DSOFft ` -- 25 SOFf[
=

--.-. it^e D off -on the curve produced from the -cal^.s;lated DeSF was too fine grained

to sa^tisfy the third criteria. The D ft was used to c^evelop the final limits
for the range of finest grain sizes a1yowable for the filter media. The curve
is-drawn- parallel to the CSTC-CRS curve and-is: defined as curve-'C'-on--. -- -- -----
Graph-2^-

--'-----'_ - -- -- - -
Checking_the fine fraction ofLayer 3 and the basalt with respect to the first --
criteria:

I Di5e = 25 mm - (Graph 1 or-2,--Basalt -- --- --- -
_

-DeSflf = 9.2 mm (Graph 2, CSTC-FINE)

- ---- - -- - '

--- - - -D158 . .

-
----- = 2.7 mm

_
< 5 for CSTC-FINE OK

;- Dassf

Checking the coarse fraction of Layer 3 and the basalt with respect to the
third-criteria:

-------- =- - - -- - - - -DSOe = 101.6 mm (Graph 1 or 2; Basalt)

^ DSOe
----- = 19.2 mm < 25_ for CSTC-CRS OK_

- Dsogc

Checking the fine fraction of Layer 3 and the basalt with respect to the third
criteria: -

DSOgf = 2.4 mm

D50s
----- = 42.3 mm > 25 too high

--' - D50Df

. . . ,._ _. . . . .. .
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The fine fraction of Layer 3 does not fit the third criteria. Also, if the
--finer._fraction of -thebasalt moves to the lower portion of the basalt layer

- during construction, the Dso of the basalt in contact with Layer 3 may be too
eoarse for even the coarse fraction of the drainage gravel. Another filter
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
-restricting to the gradation range of a filter. Crushed Surfacing Top Course
was substituted as the drainage gravel which allowed a broader, more
olsi:aina'oie -range.- Tt is--range- fs--bound -by -curves 'A' -ar.W--'V -0n- Graph 2 and

_ the yields the following range of values:

-- -
Das_°_2.4 to 0.41

Dso = 1.3 to 0.205
- - -.---^-- --- _.___..

_ Dis = 0.42-to 0.03

Th e Das and D?s values resulted from applying the first-criteria. The Dso
values area result from-applying the-third criteria.- A-filter media----

- conforming to these criteria will-limit the piping of McGee silts into the
-- filter, and-limit the filter from piping into the drainage gravel._ A filter
__-whose.gradation is closer to the coarseside 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
criteria when evaluated with respect to the basalt layer. Another filter
media.is required between the basalt and the overlying drainage gravel of Top
Course.Leveling the surface ofthe basalt with shoulder ballast is required.
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weJECt 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 is 4.50M (14.76 ft.). The evaluation 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 and

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 'dishing' effect of the

asphaltic concrete layer can be anticipated due to settlements re:ulting from

the weight of the overlying soiTJrock layers. The maximum amount of this

"4dishang"-e#fec#-isapproximately 1-inch ( 2.54 cm) of differential settlement

from the mid-point along the long edge of the asphaltic concrete area to the

D-2
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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 Is-*.hLs evident that settlements will have an essentially

negligible effect on the proper drainage functioning of the proposed 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 particles and the formations 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 8t/MZ (0.8 kg/cm2; 1.6ksf).

This is a very moderate loading condition for the site subsoils. Similarly,

the proposed use of a locally available sandy soil for fill 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 with a vibrating roller and the sandy soil

fill place in layers 30 cm or less in thickness and each layer be similarly

compacted.

$'VVJ
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3. Stability of side slopes for filter media.

March 17. 1993

Slopes in granular material such as crushed basalt or sands and gravel fail

by surface sloughing 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 of 45' which is equivalent to a 1:1 slope. The basalt

placed at a slope of 2:1 (which is equivalent to 26.6') is therefore in a

very stable configuration.

Similarly,-the-#ilter-material-(30cm-ef-graval overlain by-15cm of cann) Will

be stable at a 2:1 slope. It is estimated that the angle of repose 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 Z:I. 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 2.5cm 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

It . . ,
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the asphaltic concrete liner commences so as to measure the 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 1 meter square plate

placed on the completed asphaltic concrete liner. This rod should be sleeved

off 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 place 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 least 2 settlement markers be used; one located

somewhere in the central portion of the barrier area and a second near the

edge of the barrier in order 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 long term

the wood, drums etc. will decompose, rust out etc. which will cause in-

filling of the voids resulting in long 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

accomplishing 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.

'g 005
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The idea is to place lens like cells below the barrier and than 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 loft 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 vertical sense) of

the plate cell. Plate-cells could be built having thickness say in the range

of 3 to 12 inches. During placement of these plate-cells, below the barrier

prior 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 material 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 deflection would take place as long as the water was not bled

off. The circular half-round plate-cell edges should be designed for the

burst'ng 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

480f/in 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
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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 eeeker

IS Civil Engineerinp; ue aerkeley, Cl, 1952
!!O Eerkeley, CA, 1972

kieensed: CiviL Engineer, Calitornis
Geoteehnicel Enpineer,

Dr. Becker has uorked in geotechnicat enpineerinp for 30 years on projects ineludiM heavy irdustry,
eommeroiel, daeu, tvnels, trencportation and earth struttures in srny rcpions of the USA, Cenade,
and nnereaa }oresyn Countries.
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