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Executive Summary 

The Hanford Site Surface Barrier Development Program was organized in 1985 to test the effec
tiveness of various barrier designs in minimizing the effects of water infiltration; plant, animal and 
human intrusion; and wind and water erosion on buried wastes, plus preventing or minimizing the 
emanation of noxious gases. A team of scientists from the Pacific Northwest Laboratory (PNL) and 
engineers from Westinghouse Hanford Company (WHC) direct the barrier development effort. ICF 
Kaiser Hanford Company, in conjunction with WHC and PNL, developed design drawings and con
struction specifications for a 5-acre prototype barrier. 

The highlight of efforts in FY 1994 was the construction of the prototype barrier. The prototype 
barrier was constructed on the Hanford Site at the 200 BP-1 Operable Unit of the 200 East Area. 
Construction was completed in August 1994 and monitoring instruments are being installed soexperi-
ments on the prototype barrier can begin in FY 1995. The purpose of the prototype barrier is to pro
vide insights and experience with issues regarding barrier design, construction, and performance that 
have not been possible with individual tests and experiments conducted to date. Additional knowledge 
and experience was gained in FY 1994 on erosion control, physical stability, water infiltration con
trol, model testing, Resource Conservation and Recovery Act (RCRA) comparisons, biointrusion con
trol, long-term performance, and technology transfer. 

The barrier is designed to control water by partitioning it into runoff and temporary storage. 
Evapotranspiration will return stored water to the atmosphere. A capillary break created by the inter
face of the fine soil layer and coarser textured materials below will further limit the downward migra
tion of surface water. Low-permeability asphalt layers, placed below the capillary break, will be used 
to divert water away from the waste zone should any water get through the capillary break. Tested 
barrier designs appear to work adequately to prevent drainage under current and postulated wetter cli
mate conditions. The prototype barrier allows this design to be assessed in an integrated test. 

Wind erosion will be minimized with a pea-gravel admix soil and vegetation. Wind erosion 
monitoring was initiated on the prototype barrier in August 1994. Water erosion studies were initi
ated in August 1994 to evaluate the effectiveness of the admix and vegetation in stabilizing the soil 
surface under natural rainfall and snowmelt conditions. 

Physically disruptive forces that could occur during the + 1000-year design life of the Hanford 
Protective Barrier are being assessed. These include tornadoes, high winds, high-intensity precipita
tion, earthquakes, and volcanic ash deposition. 

Water infiltration control tests were done at the Field Lysimeter Test Facility (FLTF). Tests at 
the FLTF continue to show the advantages of using silt loam soil as a surface material. Silt loam soil 
has the largest storage capacity of any material tested. When incorporated in a capillary barrier 
design, this material is capable of storing at least three times the annual average precipitation before 
drainage occurs. For vegetated, silt-loam surfaces, there has never been any drainage since testing 
began, even under the most extreme climate regime tested (i.e., 480 mm/yr precipitation, three times 
the annual average). Tests with bare silt loam surfaces have shown that under the extreme climate. 
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conditions, modest amounts of drainage have occurred over the past 2 years. For ambient treatments, 
there has not been any drainage from silt loam soils under any treatment. When vegetation is present, 
barriers at Hanford with silt-loam surfaces are not expected to drain. 

An asphalt layer is an important component of the barrier. This layer provides a RCRA-
equivalent backup to the overlying earthen layers in the unlikely event these layers cannot prevent 
drainage. Studies were done on RCRA equivalency, physical properties, aging characteristics, and 
ancient asphalt analogs. 

Simulation models of the hydrology of protective barriers were compared to evaluate their per
formance for a minimum of 1000 years. The UNSAT-H code was compared with the EPA's HELP 
code, with the conclusion that the HELP code is inadequate for Hanford conditions. 

RCRA equivalency of the Hanford Protective Barrier is being tested at Hill Air Force Base near 
Ogen, Utah. The use of an existing lysimeter facility simplifies construction and allows comparison 
of the Hanford Protective Barrier with an existing clay cap at the site. The clay cap was designed to 
meet EPA-RCRA guidelines. This site also allows testing in a wetter and colder environment, similar 
to the upper bound of predicted climate change at Hanford in the next +1000 years. 

Plant studies focused on efforts to revegetate the prototype surface. Seeds of native shrubs were 
collected at McGee Ranch in December 1994. Seedlings were grown for transplanting onto the proto
type barrier's surface. 

Climate change studies indicate that the long-term mean annual precipitation in the Columbia 
River Basin is estimated to have ranged between 50% to 75% of modern and 130% of modern levels, 
while temperatures have ranged from 7°C to 10°C below to 2°C above modern levels. There is no 
evidence that the long-term precipitation averages ever reached three times that of present. Such cli
matic records and extreme value analysis suggest that climatic cycles for at least 1000 years into the 
future should also be bounded by the three times normal precipitation limit and limited to a daily pre
cipitation maximum of about 70 mm at the Hanford Site. 

Technology transfer efforts have centered on publishing and distributing research information. 
Documents produced throughout barrier development activities continue to be published and provided 
to interested individuals and organizations both onsite and offsite. Over 90 barrier-related documents 
have been published so far. . 

The completion of FY 1994 marks a transition point for the program; one in which the functional 
principles upon which the design of the long-term surface barrier is based have been shown 
technically sound. With the completion of the prototype barrier, full-scale performance issues can be 
addressed to ensure technical suitability, public confidence, and regulatory acceptance of the barrier 
for the long-term isolation of hazardous and nuclear contaminants. 
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Acronyms 

BDP Barrier Development Program 

BDT Barrier Development Team 

BHI Bechtel Hanford, Inc. 

DOE U.S. Department of Energy 

EM electromagnetic induction 

EPA U.S. Environmental Protection Agency 

FHP falling head permeameter 

FLTF Field Lysimeter Test Facility 

FY fiscal year 

GPR ground-penetrating radar 

HPLC high-pressure liquid chromatography 

IR infrared spectroscopy 

IRDS information resource dictionary system 

Kaiser ICF Kaiser Hanford Company 

LANL Los Alamos National Laboratory 

LMS large molecular size 

MRL Materials Reference Library 

PNL Pacific Northwest Laboratory 

RCRA Resource Conservation and Recovery Act of 1976 

RDBMS relational database management system 
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RMS root mean square 

SDRI sealed double ring infiltrometer 

SEC size exclusion chromatography 

SHRP Strategic Highway Research Program 

TDR time domain reflectometery 

UC ultraviolet 

WHC Westinghouse Hanford Company 

VI 



Acknowledgments 

Funding was provided by the Office of Environmental Restoration of the U.S. Department of 
Energy under Contract DE-AC06-76RLO 1830 (Pacific Northwest Laboratory) and Contract 
DE-AC06-87RL10930 (Westinghouse Hanford Company). 

Pacific Northwest Laboratory is operated by Battelle Memorial Institute for the U.S. Department 
of Energy under Contract DE-AC06-76RLO 1830. 

vii 





Contents 

Executive Summary iii 

Acronyms v 

Acknowledgments vii 

1.0 Introduction 1.1 

1.1 Need for A Long-Term Barrier 1.1 

1.2 Organization of the Surface Barrier Development Program 1.1 

1.3 Functional Performance of Long-Term Surface Barriers 1.3 

1.4 Document Organization 1.4 

2.0 Status of Individual Tasks 2.1 

2.1 Barrier Program 2.1 

2.1.1 Peer Review 2.1 

2.1.2 Design Basis Document 2.1 

2.1.3 Protective Barrier Prototype Database 2.2 

2.2 Prototype Surface Barrier 2.3 

2.2.1 Wind Erosion 2.3 

2.2.2 Water Erosion 2.4 

2.2.3 Biointrusion and Revegetation 2.4 

2.2.4 Water Infiltration 2.5 

2.3 Erosion and Deposition Control 2.7 

2.3.1 Wind Erosion 2.7 

2.3.2 Water Erosion • 2.9 

2.4 Physical Stability: Extreme Events 2.12 

ix 



2.4.1 Assessment of Potentially Disruptive Natural Events 2. 

2.5 Water Infiltration Control 2.15 

2.5.1 Field Lysimeter Test Facility 2.15 

2.5.2 Asphalt Technology 2.19 

2.5.3 Asphalt Analog Studies 2.22 

• 2.6 Model Applications and Testing 2.29 

2.7 Resource Conservation and Recovery Act Comparisons 2.32 

2.7.1 Experimental Plan and Construction Guidance for Hanford Protective 

Barrier Test in A Wetter, Colder Climate at Hill Air Force Base, Utah . . . 2.32 

2.8 Biointrusion Control 2.35 

2.8.1 Establishment of Vegetation on the Prototype Surface 2.35 

2.8.2 Root Characteristics of the FLTF Lysimeters 2.36 

2.9 Long-Term Performance 2.37 

2.9.1 Climate Change 2.37 

2.9.2 Natural Analogs 2.38 

2.10 Technology Transfer . , " 2.39 

2.10.1 Technology Integration and Transfer 2.39 

2.10.2 Barrier Development Program Documentation 2.39 

2.10.3 Videotape Production 2.40 

2.10.4 Consultation on Barrier-Related Topics 2.40 

2.10.5 Technology Transfer 2.41 

3.0 References 3.1 

Appendix A - Supporting Letters From Dr. David Daniel A.l 

Appendix B - Permanent Isolation Surface Barrier Documents B.l 

x 



Figures 

1.1 Typical Isolation Barrier 1.3 

2.1 Layout of Barrier Surface Grid and Monitoring System 2.11 

2.2 Treatment Description of the Field Lysimeter Test Facility, 

September 1994 2.16 

2.3 Drainage from Small Tube Lysimeters Through July 1994 2.17 

2:4 Field Falling Head Permeameter Used for Prototype Measurements 2.20 

2.5 Qualitative IR Spectra of A) Monterey Pine Pitch and 
B) Asphalt Artifact HCRL-10 2.25 

2.6 HPLC-SEC Plots Illustrating the Change in the LMS Region for A) Artifact 
Sample HCRL-14 (4160 BP +/- 100 Years), B) Artifact Sample HCRL-10 
(1510BP +/- 60 Years), and C) Analog Sample Analog-9 2.27 

2.7 Plot of Area Percent of the LMS for Asphalt Artifacts as a Function 
of Age of Internment, as Determined by Radiocarbon Dating 2.28 

2.8 Comparison of Measured Suctions and Suctions Simulated with UNSAT-H 

Using Either Standard Parameters or Hysteresis " 2.30 

2.9 Comparison, of Measured and Simulated Suctions and Drainage 2.31 

2.10 Location of Hill Air Force Base . . .' 2.33 

2.11 Staggered Cross Section of Lysimeter Located at Hill Air Force Base, Utah 2.34 

2.12 Perspective View of the Hanford Barrier Lysimeter and Existing Lysimeters 
at the Hill Air Force Base, Utah 2.34 

xi 



Tables 

2.1 Hydraulic Conductivity of Hot-Mixed Asphalt Concrete Layer of Prototype 
Barrier, cms"1 2.20 

2.2 Summary of Hydraulic Conductivity Data for Prototype Hot-Mixed 
Asphalt Concrete Cores 2.21 

2.3 Hydraulic Conductivity of Polymer-Modified Asphalt Membrane Samples 

from Prototype Barrier 2.21 

2.4 Radiocarbon Dates of Chumash Artifacts 2.24 

2.5 Elemental Analysis of Asphalt Analog and Artifact Samples 2.24 

2.6 Summary Statistics of Model Comparisons 2.30 

2.7 Oven-Dried Root Biomass Density (mg cm"3) in the FLTF Lysimeters 2.37 

xii 



1.0 Introduction - N. Richard Wing (IT Hanford, Inc.) 

Surface barriers are being developed at the U.S. Department of Energy's (DOE) Hanford Site near 
Richland, Washington, to isolate and dispose of buried wastes for extremely long time periods. Exist
ing short-term barrier designs, such as the covers recommended by the U.S. Environmental Protection 
Agency (EPA) for remediating waste sites under the purview of the Resource Conservation and Recov
ery Act of 1976 (RCRA), are not adequate for isolating many of the wastes to be disposed of at the 
Hanford Site because of their short design life and high failure rate (Daniel 1994). 

1 .1 N e e d for A Long-Term • suspect transuranic-contaminated solid 
o ***;** wastes buried before 1970. 

Generally, the design life of RCRA covers 
is relatively short (e.g., the 30-year post-
closure period specified by RCRA). Barrier 
performance during this short period can be 
monitored, and maintenance activities can be 
performed to correct any problems encoun
tered. However, some wastes at Hanford will 
need to be isolated for much longer periods 
(i.e., centuries to millennia). In these cases, 
the relatively short-term (i.e., RCRA) designs 
probably will not be satisfactory. For example, 
many synthetic construction materials that 
might be effective for decades, such as geosyn-
thetics, cannot be relied on to perform satisfac
torily or even exist for more than 1000 years. 
In addition, compacted clay layers have been 
demonstrated to desiccate and crack in arid en
vironments such as at the Hanford Site. Conse
quently, a long-term surface barrier is needed. 

Long-term surface barriers have been iden
tified as integral components in the final dispo
sal schemes for the near-surface disposal of 
these wastes: 

• single-shell tank wastes 

• transuranic-contaminated soil sites 

In addition, other forms of waste may re
quire long-term surface barriers, including de
commissioned facilities, solid waste sites, low-
level waste sites, and hazardous waste sites. 
Also, long-term surface barriers probably will 
be needed for the proposed large-scale remedia
tion approach to cleaning up the Hanford Site. 

1.2 Organization of the Surface 
Barrier Development Program 

The Hanford Site Surface Barrier Develop
ment Program (BDP) was organized in 1985 to 
develop, test, and evaluate the effectiveness of 
various barrier designs. A team of engineers 
and scientists from Westinghouse Hanford 
Company (WHC)(a) and the Pacific Northwest 
Laboratory (PNL) has been directing the bar
rier development effort. ICF Kaiser Hanford 
Company (Kaiser) has provided design support 
for barrier-related projects. Most recently, 
Kaiser, in conjunction with WHC and PNL, 

(a) In July 1994, an Environmental Restoration Contract was 
awarded to a team of contractors led by Bechtel Hanford, Inc., 
(BHI). The barrier development work previously performed by 
WHC employees was transferred to IT Hanford, Inc., one of the 
pre-selected contractors to BHI. 
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developed the definitive design drawings and 
construction specifications for a 5-acre proto
type barrier. Construction of the prototype 
barrier began in late 1993 and was completed 
in August 1994. 

The objective of current designs is to de
velop a long-term surface barrier with the fol
lowing features: 

• functions in a semiarid to subhumid 
climate 

• limits 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 109 cm/s] was the design objec
tive selected, based on preliminary per
formance assessments) 

• is maintenance free 

• minimizes the likelihood of plant, ani
mal, and human intrusion 

• limits the exhalation of noxious gases 

• minimizes erosion-related problems 

• meets or exceeds RCRA cover per
formance requirements 

• isolates wastes for a minimum of 
1000 years 

• is acceptable to regulatory agencies and 
the public. 

Fifteen groups of tasks, listed below, 
have been organized to provide technically 
defensible evidence that final barrier design(s) 
will meet these performance objectives 
(Wing 1994). 

1. Project management 

2. Biointrusion control 

3. Water infiltration control 

4. Erosion/deposition control 

5. Physical stability testing 

6. Human interference control 

7. Procurement of barrier construction 
materials 

8. 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. RCRA equivalency 

14. Technology integration and transfer 

15. Final design. 

Specific test plans and other detailed docu
ments have been or are being prepared to plan, 
schedule, execute, and report on each of the 
technology development activities within these 
task groups. The results of completed tasks are 
documented and used 1) as input to other tasks 
whose activities are dependent upon the results, 
2) to improve computer simulation models, and 
3) to develop detailed, final barrier designs. 
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1.3 Functional Performance of 
Long-Term Surface Barriers 

The surface barrier design consists of a 
fine-soil layer overlying other layers of coarser 
materials such as sands, gravels, and basalt rip
rap (Figure 1.1). Each of these layers serves a 
distinct purpose. The fine-soil layer acts as a 
medium in which moisture is stored until the 
processes of evaporation and transpiration recy
cle any excess water back to the atmosphere. 
This layer also provides the medium for estab
lishing plants that are necessary for transpi
ration to take place. The coarser materials 
placed directly below the fine-soil layer create 
a capillary break that inhibits the downward 
percolation of water through the barrier. The 
placement of the silt loam directly over the 
underlying coarser materials also creates an en
vironment 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 also will help deter inadver
tent human intruders from digging deeper into 
the barrier profile. Low-permeability asphalt 
layers, placed in the barrier profile below the 

capillary break, also will be used in the protec
tive barriers to 1) divert away from the waste 
zone any percolating water that gets through 
the capillary break, and 2) limit the upward 
movement of noxious gases from the waste 
zone. The coarse materials located above the 
low-permeability asphalt layers also serve as a 
drainage medium to channel any percolating 
water to the edges of the barrier. 

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 grav
els) to create a relatively flat apron around the 
periphery of the barrier. This apron provides a 
more gentle transition from the shoulder of the 
barrier to the surrounding environment than 
does the steep side slope. The steep side-slope 
design uses fractured basalt riprap, which con
sists of relatively large angular rocks. The 
angularity of the riprap provides many inter
locking surfaces between adjacent rocks, which 
allows a relatively steep, yet stable, side slope 
to be created. 

0.15 m Compacted Crushed 
Built Road Base Count 

Fractured Buatt Riprap 
(2H.-1V) 

Completed Soil Foundation 
(Variable Thickness) 

1.0 m Silt Loam/Admix Gravel 
1.0 m Silt toam 

} - 0.45 m Sand/Gravel Filter 
—1.5 m Fractured Basalt Riprap 
=p 0.3 m Drainage Gravel/Cushion 

0.15 m Atphallle Concrete 
Coated with Fluid Applied Asphalt 
0.4 m Top Course 

Figure 1.1. Typical Isolation Barrier 
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The control of water infiltration at the peri
phery of the barrier is a significant design fea
ture that must be considered for both clean-fill 
dike and fractured basalt side slopes. Protective 
barriers are designed with sloped fine-soil sur
faces and low-permeability subsurface compo
nents. Consequently, water will be channeled 
to the side slopes and toe of the barrier. Be
cause of this channeling, a significant amount 
of water is expected to accumulate at the pe
riphery of the barrier. Water accumulation 
poses a major design consideration: How can 
the additional water be prevented from contact
ing buried wastes? 

options being considered include 1) allowing an 
adequate amount of barrier overhang, 2) using 
vertical asphalt or grout curtains, and 3) de
signing the toe of the barrier to remove water 
passively via plant transpiration. 

1.4 Document Organization 

The next chapter summarizes the tech
nical accomplishments of various barrier devel
opment tasks and activities conducted during 
fiscal year (FY) 1994. Chapter 3 lists the ref
erences cited. Appendix A provides copies of 
letters from an independent peer reviewer, and 
Appendix B lists all the publications associated 
with the BDP. There are many approaches for controlling 

potential water infiltration problems at the side 
slope and toe of a surface barrier. Three key 
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2.0 Status of Individual Tasks 

Permanent isolation surface barriers are being considered for use in disposal of certain types of 
waste at die Hanford Site and elsewhere. The BDP has been designed to address various technical 
issues associated with the performance of long-term surface barriers. All of the tasks conducted within 
the BDP have been designed to provide crucial information needed to address these technical issues. 

Highlights from the following tasks and activities are provided in this chapter: barrier program, 
prototype surface barrier, erosion and deposition control, physical stability (extreme events), water 
infiltration control, model applications and testing, RCRA comparisons, biointrusion control, long-term 
performance, and technology transfer. 

2.1 Barrier Program 

2.1.1 Peer Review - N. Richard Wing 
(IT Hanford, Inc.) 

During FY 1994, Dr. David E. Daniel, 
Professor of Civil Engineering at the Univer
sity of Texas at Austin, was contracted as a 
barrier expert to provide technical oversight to 
the entire BDP and to the construction of the 
prototype barrier. Two letters summarizing 
Dr. Daniel's peer review of the BDP are pro
vided in Appendix A. 

2.1.2 Design Basis Document -
Dennis R. Myers (IT Hanford, Inc.) 

The Hanford Site Surface BDP was organ
ized in 1985 to develop the technology needed 
to provide a long-term surface barrier capabil
ity for the Hanford Site and other arid sites. A 
Barrier Development Team (BDT) was estab
lished to develop, test, and evaluate the effec
tiveness of various barrier design configura
tions. The BDT identified 15 groups of tasks 
to resolve the technical concerns and complete 
the development and design of protective 

barriers for the Hanford Site. The major 
barrier development task groups are listed in 
Chapter 1.0. 

The BDP is now ready to design and con
struct a prototype barrier that combines all the 
information and data generated by the task 
groups into a comprehensive, state-of-the-art 
barrier design for testing and monitoring. Al
though the results of development and testing 
efforts conducted previously are not final and 
additional work needs to be performed, enough 
information and data exist to allow the design 
and construction of a prototype barrier. 

A full-scale prototype barrier enables en
gineers and scientists to gain insights and ex
perience with, issues regarding barrier design, 
construction, and performance that have not 
been possible with the individual tests and ex
periments conducted to date in the program. 

The design of a prototype barrier was com
pleted in 1993 and construction of the barrier 
was completed in 1994. Testing and monitor
ing of the prototype barrier is planned for a 
minimum of 3 years, beginning immediately 
after construction. 
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The prototype barrier will be tested and 
monitored to evaluate its performance over a 
range of conditions representative of those ex
pected during the design life of a long-term 
surface barrier. A number of tests and experi
ments will be conducted on the prototype bar
rier to assess its performance under the condi
tions of water infiltration, biointrusion, 
erosion, and degradation of physical stability. 
Because only a finite amount of time exists to 
test a prototype barrier that is intended to func
tion for a minimum of 1000 years, the testing 
program has been designed to "stress" the pro
totype so barrier performance can be deter
mined 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 the long-
term performance of the surface barrier. 

The design basis document produced within 
this task provides the basis for the design of the 
prototype barrier (Myers and Duranceau 1994). 
To produce the design, engineers and scientists 
have momentarily "frozen" evolving barrier 
designs and incorporated the latest findings 
from BDP tasks. The design and construction 
of the prototype barrier has required that all of 
the various components of the barrier be 
integrated, a particularly important step be
cause some of the barrier components have 
been developed independently of other barrier 
components. The design basis document serves 
as the "baseline" for comparing future modifi
cations or other barrier designs. The document 
justifies why various materials were chosen in 
the design, why the various layers of the bar
rier look the way they do, and how the bar
rier's performance will be tested and moni
tored. It also discusses long-term barrier issues 
and concerns. The appendix contains 1) the 

minutes of meetings convened during the 
definitive design process in which critical deci
sions affecting the prototype barrier's design 
were made, 2) characterization data for phys
ical properties of various key barrier construc
tion materials, 3) construction drawings, 
4) construction specifications, and 5) the con
struction quality assurance plan. Another com
plementary document that describes the lessons 
learned from the construction phase of the pro
totype barrier project will be prepared. 

2.1.3 Protective Barrier Prototype 
Database - S.K. Smith (PNL) 

Because the prototype barrier is being de
veloped under a multi-disciplinary project, 
large amounts of data from diverse sources will 
be collected. The goal of the database task is 
to create a data repository for the collected 
data. The repository will include an informa
tion resource dictionary system (IRDS), an 
auxiliary database containing descriptions of 
the data. Auxiliary descriptive data are com
monly called meta-data. These meta-data will 
allow researchers to understand the collected 
data in the detail required for their own inter
pretation. With the data and meta-data, re
searchers can create data sets that combine data 
from other tasks. As scientists interpret the 
data sets, the new interpreted data they create 
will be added to the data repository. 

The data repository will consist of a central 
database and one or more replica databases. 
We have chosen Paradox as the relational data
base management system (RDBMS) for the 
central database. We will create a Paradox 
runtime front-end interface for accessing the 
database using the development tools available 
with Paradox. The central database interface 
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will ease the creation of data sets. Any owner 
of Paradox will have native access to the data
base so they can use Paradox to its fullest 
capability. 

We chose to use a relational system for 
managing this scientific data, even though rela
tional systems are used primarily for business 
applications. A relational system is a good 
choice for this project because of its availabil
ity, flexibility, programming ease, power, and 
cost. Unlike typical business applications, we 
expect few changes to the actual data because 
we are collecting information about primarily 
quantitative physical phenomena at a point in 
time. There probably will be corrections as a 
result of errors in calibration or interpretation 
that are discovered after donation. On the 
other hand, the meta-data that are often qualita
tive will change as is necessary for a clearer 
definition of the data and collection practices. 
When the data and meta-data from the first year 
of monitoring are considered static, we will 
publish the database in CD-ROM form. We 
plan to publish a cumulative database each year 
of the barrier monitoring task. 

2.2 Prototype Surface Barrier -
G. W. Gee, M.D. Campbell, 
M.W. Ligotke, W.H. Walters, 
andS.O. Link (PNL) 

A full-scale prototype surface barrier has 
been constructed on the Hanford Site at the 200 
BP-1 Operable Unit of the 200 East Area. The 
construction was completed in August 1994 and 
testing and monitoring equipment are being in
stalled so detailed experiments of the prototype 
barrier can be conducted in FY 1995. The pur
pose of the prototype barrier is to provide in
sights and experience with issues regarding bar
rier design, construction, and performance that 

have not been possible with individual tests and 
experiments conducted to date. A construct-
ability report (DOE 1994) documenting the 
construction of the prototype barrier has been 
prepared for DOE by BHI. A testing and 
monitoring plan (Gee et al. 1993a) has been 
written and is being updated to describe spe
cific tests that will be conducted in FY 1995. 
The following sections provide a brief sum
mary of the types of tests planned for the proto
type; subsequent sections of this report provide 
additional detailed information. 

2.2.1 Wind Erosion 

Testing and monitoring activities to gener
ate data on the effects of eolian erosion on the 
prototype barrier surface were initiated imme
diately after the surface layer was constructed. 
Test equipment was prepared and tested earlier 
in the year to be sure the post-construction per
iod could be monitored. Wind erosion moni
toring during the post-construction period is 
important because wind erosion represents a 
"worst-case" surface condition. Data generated 
during the period will be compared to data 
from subsequent periods as the surface of the 
barrier ages (periods following surface settle
ment and consolidation, formation of protective 
raindrop-impact crusts, formation of a pea 
gravel armor, and establishment of vegetation). 
Samples were taken to determine the concentra
tion and distribution of pea gravel in the sur
face layer of the barrier before surface consol
idation, rainfall, and soil loss caused by wind. 
Subsequently, three wind storms occurred be
fore the first significant rainfall. The wind 
storms were monitored using two boundary-
layer wind stations and three multi-sensor sand 
saltation and dust trap stations. The stations 
are connected to data loggers (excluding the 
dust traps) and testing and monitoring is 

2.3 



planned to be continuous so data can be gener
ated during all high-intensity wind events. 
Because of the potentially large volume of data 
to be generated, a threshold wind speed of 
7.5 m/s was selected to control the rate of data 
acquisition. Additional information on objec
tives and methods is described in Section 2.3. 

2.2.2 Water Erosion 

The water erosion monitoring plan consists 
of two distinct collection efforts: 1) the meas
urement of runoff and sediment yield from a 
6-m x 15-m flume installed on the soil surface 
(controlled area monitoring), and 2) the ob
servation and documentation of the effects of 
precipitation over the much larger remaining 
soil surface (barrier-surface monitoring). Also, 
rock creep gauges installed in the riprap side 
slope will be monitored to detect any move
ment of the rock mass. 

Time-varying data of overland runoff from 
rainfall and snowmelt events and sediment yield 
will be collected. The data will be used to an
alyze erosion from precipitation falling on the 
barrier surface and the corresponding changes 
in soil erosivity as the surface ages over the 
3-year monitoring period. Surface soil eleva
tion and properties (e.g., density and moisture 
content) will be monitored seasonally or annu
ally. Changes to the surface, such as vegeta
tion cover and animal burrowing, will be docu
mented with surveying methods and 
photography. 

2.2.3 Biointrusion and Revegetation 

The effects of hydrology, water, and wind 
erosion on the prototype barrier will also be 
significantly affected by plants and animals. 
Studies of the biological component of the 

prototype barrier will include work on the ini
tial revegetation of the surface; continued 
monitoring of the developing plant community; 
rooting depth and dispersion in the context of 
biointrusion potential; the role of plants in the 
hydrology of the surface and toe regions of the 
barrier; the role of plants in stabilizing the sur
face against water and wind erosion; and the 
role of burrowing animals in the hydrology, 
plant community dynamics, water, and wind 
erosion of the barrier (Link et al. 1994a). 

The surface of the prototype barrier was re-
vegetated in November 1994 after the fall rains 
began. The surface was hydroseeded with a 
variety of native grasses and forbs. The hydro-
seeding process includes applying fertilizer, 
mulch, and a tacking agent to secure the seeds 
to the surface. This material has been irrigated 
so the nutrients will move into the soil. Fol
lowing the hydroseeding process, 10,000 seed
lings of Artemisia tridentata and Chryso-
thamnus nauseosus were planted. Successful 
revegetation will lead to a perennial deep-
rooted native plant community on the surface. 
The surrounding areas will be hydroseeded 
with the native grass and forb mix. 

The resulting plant community will be 
monitored during the year to document the suc
cess of the revegetation effort, invasion of alien 
species, the size and leaf area of the commun
ity, and transpiration rates. 

Root biointrusion will be monitored with 
minirhizotrons. Twelve clear tubes will be 
drilled into the soil to the bottom of the silt-
loam soil layer to document rooting depth, root 
growth, and rooting density with depth. These 
tubes will be placed near neutron access ports 
so that root characteristics can be associated 
with soil water dynamics. The data collected 
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will be useful in simulation modeling of plant 
transpiration on the surface. 

Animals will colonize the barrier and bur
row into the surface. The occurrence and ef
fect of animal burrows on the prototype will be 
documented over the course of the observation 
period. Data will be collected three times a 
year and will include the date, burrow hole ID 
number, coordinate location, map location, ani
mal species (if identifiable), hole diameter to 
nearest 0.5 cm, photograph with 3 x 5 card 
showing hole ID number, and a description of 
cast soil at the surface (admix composition). 

2.2.4 Water Infiltration 

The prototype barrier is a unique facility 
for studying the water balance of a surface 
cover under both normal and stressed (extreme 
climate) conditions. Water will be applied to 
the north half of the barrier using irrigation and 
snow. Application rates will be similar to 
those used for testing Hanford covers at the 
Field Lysimeter Test Facility (FLTF). Plans 
call for application of water at the rate of 
480 mm yr'1 for the next 3 years on two test 
plots of the prototype barrier. The application 
will include irrigation on a biweekly basis ex
cept during winter. During winter, snow will 
be applied at rates of 3 times the normal snow
fall (130 mm yr_1). Thus, there will be three 
applications during the winter that will deliver 
130 mm each time. The times for delivery will 
be weather dependent, but deliveries will occur 
between November and March each year. In 
late March of each year, irrigation will be de
livered at a rate equivalent to a 1000-year 
storm—i.e., 68 mm of irrigation delivered to 
the north side of the barrier over a 24-hour 
period. 

The water balance of the barrier, under am
bient 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, allowing measure
ment of both rainfall and snow with one instru
ment. Fourteen units will be used to measure 
the spatial distribution of the precipitation over 
the barrier surface. Snow depth will also be 
measured, both electronically and manually, 
with gauging instruments. Irrigation will also 
be measured with the mini-lysimeters. 

A series of instruments will be used to 
measure soil water content and soil water stor
age. These instruments include neutron-
neutron devices, electrical capacitance instru
ments, and instruments for time domain 
reflectometry. 

Neutron probe (neutron-neutron logs) will 
be used to measure the volumetric water con
tent of the soil profile. The measurement will 
be converted to soil water storage data and the 
water storage compared as a function of irriga
tion treatment and time. Water content beneath 
the barrier (below the asphalt layer) and at the 
bottom of the soil layer (just above the soil/ 
sand interface) will also be measured. These 
monitoring points will be used to help deter
mine the depth of water penetration in the bar
rier along selected transects. These data will 
also be useful in quantifying increases and de
creases in storage associated with potential re
charge (drainage) conditions. These instru
ments 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 Hanford Meteorolog
ical Station will be used initially for water 
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content estimates. Cores taken while installing 
the access tubes will be sampled for gravi
metric water content and bulk density. These 
data will then be used to determine the volu
metric water content of the soil. Neutron probe 
counts will be compared to the water contents 
and, subsequently, a calibration for the proto
type 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. For this 
type of measurement, a commercially available 
capacitance probe will be used to log 2-m-deep 
soil profiles by lowering a cylindrical probe 
down small (5-cm-dia.) plastic access tubes. 
The electrical capacitance of a soil is dependent 
on bom the salt and water content of the soil. 
If the salt content remains constant, the changes 
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. Capacitance will be calibrated by meas
uring water content and bulk density of the soil 
during coring and 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 (TDR) (Hook 
et al. 1992) will also be used to measure vol
umetric water content in the soil profile. Time 
domain reflectometry uses an electronic pulse 
transmitted through the soil along a transmis
sion cable and reflected back to a detector at a 
speed dependent on the dielectric properties of 
the soil. The dielectric constant of the soil is 
highly dependent on the soil water content. Be
cause the dielectric constant for water is about 
80 and for mineral soil, about 5, the measured 

time for a reflected pulse can be uniquely 
related to the effective soil dielectric, which in 
turn is a measure of water content. The 
advantage of TDR over conventional neutron 
probe logging is that TDR can be automatically 
logged on virtually a continuous basis and the 
data collected remotely through electronic 
means. Further, there is no radioactivity, nor 
associated concerns regarding radiation safety. 

A series of 15 TDR units will be installed. 
These units are specially constructed transmis
sion rods containing shorting diodes. They 
permit measurements of water content across 
seven segments of a 185-cm-long rod buried 
vertically in the ground. The units will be con
nected, and by means of electronic switching 
all units will be logged at least daily. Thus, 
profiles of water content across the irrigated 
and nonirrigated (ambient) sections of the pro
totype 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 hourly and the soil water suction 
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. How
ever, the use of these systems for profiling 
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water content in the vadose zone has not been 
evaluated. Because these devices offer a non
invasive method for characterization, they 
could be useful for routine monitoring of sur
face barriers at the Hanford Site and throughout 
the DOE complex. Collaboration with New 
Mexico Tech (Dr. Jan Hendrickx) is under way 
to develop an appropriate calibration for EM 
meters to monitor the surface of the prototype 
barrier 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 its well-defined surface features, 
will provide an excellent facility for calibrating 
noninvasive devices for monitoring water con
tent profiles and evaluating water storage in 
surface barriers. 

The prototype barrier will provide a unique 
test facility for measuring water balance param
eters of surface barriers at Hanford. The facil
ity will allow comparison of both intrusive and 
nonintrusive measures of soil water content and 
water storage, important and necessary param
eters in evaluating surface barrier performance. 
Further, the barrier will be unique in that the 
drainage (recharge) that will come from the soil 
and the side slope surfaces under ambient and 
elevated precipitation (extreme event) condi
tions can be quantified. Such tests are neces
sary to evaluate long-term performance of sur
face barriers. Measures of recharge to levels 
of less than 0.05 mm yr'1 are easily achievable 
with the large lysimeter system. In addition to 
water balance measurements, plant intrusion, 
wind erosion, and water erosion features will 
also be quantified during the 3-year test period. 

A major contribution of water balance test
ing will be quality data (e.g., data on precipita
tion, water storage, drainage, runoff, etc.) that 
can be used for testing hydrologic models of 
surface water balance. Such modeling is' criti
cal to DOE in terms of providing estimates of 
long-term performance of surface barriers at 
Hanford. Barrier performance will be judged 
by estimated drainage rates and projections of 
long-term recharge. These projections will re
quire computer models calibrated for Hanford 
Site conditions. The prototype barrier data set 
will be the only available data set for model 
validation in the country. The uniqueness of 
such a data set cannot be overemphasized. As 
the data are collected and carefully analyzed, 
they will be made available for site-wide use. 
It is also likely that the data set could become a 
standard set by which surface water balance 
models for other arid sites are compared and 
tested. 

2 .3 Erosion and Deposition 
Control 

2.3.1 Wind Erosion - M.W. Ligotke 
and G. W. Dennis (PNL) 

Maintaining an intact, erosion-resistant sur
face layer during periods of extended (dry) cli
matic stress is the goal of wind erosion studies 
performed in support of the development of a 
long-term, arid-land surface barrier. Reduced 
vegetative cover, caused by wildfires or by 
water deprivation during droughts, may expose 
the fine soil reservoir of the barrier to the 
scouring effects of wind and sand storms. In 
past years, wind tunnel studies were performed 
to study the formation and performance of nat
ural surface armors under simulated stresses 
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imparted by wind and saltating sand grains. 
These experiments provided design-basis in
formation that contributed to the decision to 
construct a full-scale prototype barrier over the 
B57 waste crib (200 BP-1 Operable Unit, 200 
East Area, Hanford) using a 15 wt% admixture 
of pea gravel in silt loam soil. The admixture 
was used in the top meter of the surface, cover
ing another 1-m-thick layer consisting of only 
soil. -As part of a 3-year plan to test and moni
tor the prototype barrier, procedures were pre
pared, monitoring systems set up and tested, 
and stations installed on the surface of the pro
totype. Station installation was completed and 
data acquisition initiated in late August 1994, 
right after the barrier construction was 
completed. 

Wind tunnel tests were performed previ
ously to develop information on the use of 
coarse sands and gravels admixed with soil to 
form armors and reduce rates of eolian erosion 
during exposures to simulated extreme climatic 
stresses. (While the use of a thick surface 
cover of gravel would protect the soil layer 
from erosion, it would also enhance infiltration 
and potentially cause water to saturate and 
drain from the soil reservoir.) Results of the 
wind tunnel tests indicated that pea-gravel ad
mixtures formed thin protective armors that 
protected soil from both wind and saltating 
sand stresses (Ligotke and Klopfer 1990, 
Ligotke 1993). In contrast, admixtures with 
coarse sand or larger sizes of gravel provided 
less or much less surface protection. Com
pared with rates of erosion from unprotected 
soil surfaces, pea gravel armors reduced soil 
loss by 93% at 15 m s*1 and by at least 96.5% 
to more than 99.4% at wind speeds of 20, 25, 
and 30 m s"1. Importantly, surface protection 
afforded by pea gravel also extended to applied 
stresses caused by saltating sand grains. 

Exposed gravel armors absorbed the impact 
energy of saltating sand grains and resulted in 
deflation rates at least 45 + 6 times less than 
those from unprotected surfaces. 

Recommendations were made to validate 
wind tunnel studies by performing surface, 
wind, and saltating sand studies on the surface 
of a prototype barrier. 

When the prototype barrier was completed 
in August 1994, monitoring of eolian erosion 
was initiated. Testing and monitoring objec
tives include work to 1) monitor the surface 
layer after construction and as it ages while ex
posed to natural conditions; 2) measure actual 
rates of surface deflation or inflation; 3) obtain 
micro-meteorological information about wind-
caused erosive shear stresses that affect the bar
rier, including the influence of the pile height 
and edge design on wind patterns; and 4) obtain 
information about the effect of abrasive sand 
particle scouring (saltation). In addition, two 
other activities have been proposed for the per
iod starting in 1998: 1) create a sand dune and 
monitor its impact on surface erosion, plant 
community viability, and soil reservoir water 
balance; and 2) study erosive impacts after an 
.artificial wildfire removes all surface vegeta
tion. While the final two tasks would be val
uable for identifying the effects of extreme cli
mate and surface conditions, the potential for 
performing such tasks on a barrier covering an 
actual waste form is being evaluated. If neces
sary, the two tasks could be performed on a 
simulated barrier surface at an alternate site. 
Details of the testing and monitoring plan have 
been described by Gee et al. (1993a). 

Work was initiated in FY 1994 to meet the 
first four testing and monitoring objectives. 
Two wind boundary layer stations were 
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installed to monitor the structure of winds over 
the different regions of the prototype barrier 
surface. The resulting shear stresses will be 
determined from the characteristics of the ver
tical profile of wind over the surface. The 
stations include anemometers at elevations of 
0.25, 0.50, 1.0, and 2.0 m, and sensors for 
wind direction, air temperature, and insolation. 
Surface moisture sensors are also being eval
uated and may be added to the wind stations. 
The stations were connected to a single dedi
cated data logger, and software and reporting 
procedures were developed earlier in the year 
using an actual station. Although data acquisi
tion is continuous, based on hourly averages, 
winds exceeding an operator-selectable thres
hold are monitored on a 10-minute cycle with 
the maximum 10-second peak gusts reported at 
all sensor elevations. The calibration of wind 
speed sensors was checked in a wind tunnel, 
and wind direction and sensor outputs were val
idated in the field. 

In addition to the wind stations, 3 multi-
sensor saltation stations were also installed on 
the eastern side of the southeast quadrant of the 
barrier surface. Earlier in the year, automated 
saltation sensors and dust traps were obtained 
and validated in a wind tunnel. The sensors, 
with cylindrical cross-sections to eliminate de
pendence on wind direction, provide a count 
record of sand grain impacts and a time record 
of the total kinetic energy of each.erosion 
event. The dust traps, each with an attached 
wind vane, remain directed into the wind and 
collect physical samples of silt particles and 
sand grains. The three saltation stations pro
vide triplicated data at an elevation of 0.25 m, 
and additional data at 0.125, 0.50, and 1.0 m 
above the surface to provide data on the mass 
flow rate of soil and sand and the vertical 

distribution of wind-driven mass over the sur
face. A dedicated data logger is used to record 
data from the sensors. It is used to initiate data 
acquisition only during wind storms based on 
feedback from a wind speed sensor with a 
threshold setting currently at 7.5 m s"1. Dust 
traps are sampled manually after significant 
wind storm events. 

Based on the results of wind tunnel tests, 
plans have been made to- optimize and validate 
the composition and performance of natural 
material erosion-resistant admixtures for long-
term, arid-land waste site surface barriers. In 
FY 1994, work supported this goal as final 
planning was performed, instruments procured, 
sampling systems assembled, and data acquisi
tion initiated at a completed prototype barrier. 
Baseline information regarding the condition 
and composition of the surface was obtained. 
Data files that included wind boundary layers, 
saltating sand drift potentials, and dust/sand 
surface mass fluxes were generated. Data ac
quisition, analysis, and interpretation is planned 
to continue as the barrier ages over a 3-year 
period. 

2.3.2 Water Erosion - W.H. Walters 
and B.G. Gilmore (PNL) 

Work conducted within the water erosion 
task during FY 1994 included developing and 
implementing a monitoring plan for the bar
rier's exposed soil cover. The soil cover de
sign uses pea-gravel admix and vegetation to 
reduce erosion. The monitoring plan proposes 
to collect data and information about the ero-
sional behavior of the soil under natural rainfall 
and snowmelt conditions to evaluate the effec
tiveness of the admix and vegetation in stabi
lizing the soil surface. 
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The monitoring plan consists of two separ
ate data collection efforts: 1) measurement of 
runoff and sediment yield from a 6-m-wide x 
15-m-long flume installed on the soil surface 
(controlled-area monitoring), and 2) observa
tion and documentation of the effects of preci
pitation over the larger remaining surface area 
(barrier surface monitoring). As part of the 
surface-monitoring work, rock creep gauges 
will be installed in the riprap side slope to 
detect any movement (potential failure) of the 
rock mass. 

The controlled-area monitoring will meas
ure water and sediment runoff from the flume 
with an automated flow measurement and sed
iment sampler that operates as rainfall and 
snowmelt events occur. The automated system 
consists of a sediment collector to accumulate 
the water-sediment mixture. Flow meters will 
measure the inflow and outflow at the collector. 
Soil moisture probes, thermocouple tempera
ture 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 obtained. The data will 
be used to analyze erosion caused by precipita
tion falling on the barrier surface and the cor
responding changes in erosivity as the surface 
ages over the 3-year monitoring period. The 
results will provide information to evaluate the 
barrier soil's capacity to resist water erosion. 

The method for barrier surface monitoring 
uses a 3-m x.3-m grid system established on the 
soil surface to provide a ready field reference 
system for mapping surface changes. The sys
tem was established by setting four corner 

markers composed of steel rebar enclosed in 
3-in. PVC pipe that defines a 36-m x 75-m 
rectangle centered within the perimeter of the 
compacted gravel roadway. Interior grid points 
were located using painted wood surveying 
stakes numbered to identify grid coordinates. 

The rock creep gauges were installed at 11 
locations along the rock slope. At each loca
tion, the gauges were placed at the slope's 
midpoint, except for one location near the 
northeast corner where two gauges were in
stalled at the upper and lower slope elevations. 
Figure 2.1 shows the grid system, flume loca
tion, and layout of the rock creep gauges. 

Profile leveling will be used to determine 
me elevations at each grid point and gauge. 
The gauge plan positions will be surveyed. All 
elevations and positions will be checked either 
seasonally or annually. Specific soil proper
ties, such as density and moisture content, will 
be measured monthly or seasonally. Changes 
to the soil surface, such as cracking and rill de
velopment, will be measured monthly or sea
sonally, monitored through photographs, and 
located with respect to the grid. 

Contour maps of the soil surface elevations 
and post-construction soil properties will be de
veloped. 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 bur
rowing will be developed to relate those 
changes to erosional trends. The mapping will 
document the degree of nonunifonnity of near-
surface moisture (localized accumulations) 
together with the other soil properties and 
changes in those properties over the monitoring 
period. Their relationship to erosion and infil
tration will be investigated in cooperation with 
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other tasks. More details on both the con-
trolled-area and barrier surface monitoring 
plans are presented in the document, The 
Hanford Prototype Surface Barrier Status 
Report (Gee et al. 1994). 

2.4 Physical Stability: Extreme 
Events 

2.4.1 Assessment of Potentially 
Disruptive Natural Events -
K.L. Petersen (PNL), A.M. Tallman 
(WHO, and P.M. Corpuz (BHI) 

Those disruptive events determined to have 
a reasonable probability of occurring during the 
+ 1000-year design life of the Hanford Protec
tive Barrier are being assessed to determine 
their consequences on the performance of the 
barrier. Specifically, the assessment covers 
tornadoes and other high-wind conditions, 
high-intensity precipitation, the deposition of 
volcanic ash, earthquakes, and any other possi
ble disruptive events that could affect the Han
ford Protective Barrier. The following discus
sion summarizes the results found to date; full 
documentation is forthcoming. 

Testing and monitoring of the prototype 
barrier is planned to be conducted for a min
imum of 3 years, beginning immediately after 
the barrier's construction. Data on extremes 
for wind and precipitation collected during this 
assessment will provide bounding ranges to be 
used as part of the testing and monitoring 
activities. 

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 expec
ted to be extremely rare on the Hanford Site. 

During the 48-year period of record at the 
Hanford Meteorological Station (1945 through 
1993), only 2 days have had more than 25 mm 
of precipitation (October 10, 1957 with 40 mm; 
June 17, 1950 with 27.7 mm). The most in
tense storms in the region are warm season 
diunderstorms. Storms of 6 hours are more in
dicative of this type of storm. For prototype 
barrier testing, it can be noted that according to 
calculations examined, the 1000-year storm at 
me Hanford Site would accumulate 55.9 mm of 
precipitation in 6 hours (compared to a maxi
mum record of 42.7 mm) and 68.1 mm of pre
cipitation in 24 hours (compared to a maximum 
record of 48.5 mm [October 10-11, 1957]). 
The 1000-year, 68.1-mm/24-hour amount is 
42% of the entire annual mean precipitation of 
160 mm. The 160 mm is the 30-year normal 
precipitation amount. 

The maximum annual precipitation received 
at Hanford through 1993 is 290 mm (181 % of 
normal), which occurred in 1950 (the next high 
is 281 mm [176% of normal], which occurred 
in 1983). Thus, it would seem that for proto
type testing, 200% of normal is probably not 
adequate on scales of 1000 years. However, 
for the following reasons, it is believed that 
300% of normal is conservative. Probability 
calculations indicate the probability that the an
nual precipitation amount will exceed 310 mm 
yr"1 (193% of normal) is only 1 in 100 years, 
that it will exceed 410 mm yr"1 (256% of nor
mal) is only 1 in 1000 years, and that it will ex
ceed 510 mm yr"1 (319% of normal) is only 1 
in 10,000 years. The current upper bound for 
testing the prototype is 300% of normal (i.e., 
480 mm yr 1) (see Section 2.2). 
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Although buried evidence of past Columbia 
River floods provides some stratigraphic evi
dence for the occurrence of extreme precipita
tion events during the past 2000 years, there 
are more paleoclimatic data on long-term pre
cipitation averages. A + 75,000-year pollen 
record from Carp Lake near Goldendale, 
Washington, provides evidence for estimates 
that mean annual precipitation in the Columbia 
River Basin ranged between 50% to 75% of 
modern and 130% of modern levels (see Sec
tion 2.9.1). For the majority of the period 
recorded in the pollen record (almost 65,000 
years out of 75,000 years), the climate in the 
Columbia Basin was drier than it is now (i.e, 
averaged less than 160 mm yr'1 precipitation in 
the Hanford Site region). Based on the Carp 
Lake data and other data, it can be concluded 
there is no evidence that the long-term precipi
tation average ever reached 300% of modern 
levels of precipitation, the average established 
as the upper bounding annual amount for test
ing the prototype barrier. 

To evaluate the effect of a higher long-term 
precipitation mean at Hanford (such as 200 mm 
of annual precipitation, as implied by the upper 
bounding long-term average at Carp Lake), 
data from surrounding weather stations were 
examined. Major storm systems typically 
move across the area originating out of the 
southwest or south. This trend produces a 
stronger correlation between weather stations 
aligned along the southwest-northeast direction. 
To obtain a representative analysis, data from 
three weather stations were examined: the 
Yakima station (200 mm mean annual precipi
tation), at the most southwesterly location; the 
Lind station (243 mm,) located in the middle; 
and the Spokane station (425 mm), located at 
the northeast end of the transect. 

As noted, calculations for the Hanford Site 
indicate that for any 24-hour period, the proba
bility of precipitation exceeding 68.1 mm is 
only 1 in a 1000. This is called the "1000-year 
return period." Hourly precipitation values are 
not recorded at the Lind station, so annual daily 
maximum values were selected for comparison 
from the transect stations. The skewed plot 
shape for the annual daily maxima distribution 
of precipitation is usually best described by a 
Pearson's Type HI distribution, an asymptotic 
distribution constrained by zero on one side and 
having a long tail on the other. Tables contain
ing percentage point values for Pearson Type 
HI extreme analysis distributions were obtained 
from the Western Regional Climate Center, 
Desert Research Institute, Reno, Nevada, and 
the skewness selected for use were those that 
most typify weather stations in the region (i.e., 
about 1.7 for Yakima and Lind and 1.4 for 
Spokane). 

Calculations of the annual daily maxima 
precipitation with a return period of 1000 years 
provided the following results: Yakima 
(64.5 mm), Lind (54.9 mm), and Spokane 
(53.6 mm). These amounts are surprisingly 
close to one another, despite the fact that 
Spokane receives over 209% of the precipita
tion of Yakima. It is also interesting that the 
means of the annual daily maxima precipitation 
for the three transect sites are also very close in 
amount (i.e., Yakima, 21.9 mm; Lind, 
18.7 mm; and Spokane, 23.6 mm). This seems 
to suggest that Spokane has more days of preci
pitation instead of bigger daily storms, than, 
for example, Lind, which is located in the mid
dle of the Columbia Basin, away from any of 
the surrounding highlands. Based on this anal
ysis, it is believed that the 1000-year, 68.1-
mm/24-hour precipitation amount calculated for 



the Hanford Site, if applied to the prototype 
barrier in 1 day, would represent a conserva
tive stress test even if the mean annual 
precipitation were higher at the Hanford Site. 

The nearest Cascade volcano is more than 
100 km from the Hanford Site. Tephra from 
the Cascade volcanoes has been found in the 
sediments in and around the Hanford Site. Dur
ing the 1980 eruption of Mount St. Helens, 
about 1 cm of ash fell on the northern part of 
the Hanford Site. The hazard from volcanoes 
is dependent on the probability and type of re
newed eruptive activity in the Cascades and the 
meteorological conditions that control the di
rection and distance of air transport. The cur
rent design load for volcanic ash at the Hanford 
Site is a ground loading of 117 kg m"2 (24 lb 
ft"2) for Safety Class 1 structures. The potential 
impact of such an occurrence on the barrier has 
not yet been examined in the BDP. 

The Columbia River Plateau region, includ
ing the Pasco Basin, is an area of low magni
tude seismicity compared to the rest of the 
western United States. The closest regions of 
historic moderate-to-large earthquake genera
tion 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, earth
quake, with a magnitude of 5.75. The largest 
Modified Mercalli Intensity was felt at Walla 
Walla, Washington, and was VI. The earth
quake was approximately 105 km from the 
Hanford Site. 

A static slope stability analysis and asso
ciated earthquake deformation analyses were 
performed by Adam Saleh and David Daniels 
of the University of Texas. They conducted 
their analyses for the prototype barrier. For a 

1000-year design life of the prototype barrier, 
the average site seismic response spectra with 
structure damping curves of 5%, 10%, and 
12% is a ground acceleration of 0.14 g for 
1000 years and 0.38 g for 10,000 years. The 
corresponding, equivalent Richter scale meas
urement for both is 6.0 at a distance of 15 km. 

The significant findings from the static 
slope stability and seismic deformation analyses 
are summarized here: 

• 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. 

• For a 1000-year recurrence interval 
(63 % probability of exceedance over 
1000 years) of seismic loading condi
tions, the permanent seismic deforma
tions are estimated to be on the order of 
0 to 0.08 cm. The displacement plane 
for the most critical surface is within 
the wedge of the basalt side slope, 
starting from the top of the slope and 
extending vertically downward to the 
asphalt layer, then extending horizon
tally, essentially along the asphalt layer 
to just below the toe of the basalt side 
slope. The estimated resulting mode, 
magnitude, and location of deformation 
is not anticipated to significantly affect 
the functional performance of the 
barrier. 

• For a 10,000-year recurrence interval 
(10% probability of exceedence over 
1000 years) of seismic loading condi
tions, the permanent seismic deforma
tions are estimated to be on the order of 
0 to 2.05 cm. The displacement plane 
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for the most critical surface is within 
the wedge of the basalt side slope, 
starting from the top of the slope and 
extending vertically downward to the 
asphalt layer, then extending horizon
tally, essentially along the asphalt layer 
to just below the toe of the basalt side 
slope. The estimated resulting mode, 
magnitude, and location of deformation 
is not anticipated to significantly affect 
the functional performance of the 
barrier. 

2 .5 Water Infiltration Control 

2.5.1 Field Lysimeter Test Facility -
G. W. Gee (PNL) 

Facilities 

The FLTF was renovated during FY 1994. 
Six lysimeters were excavated and subsequently 
refilled with materials taken from the prototype 
barrier (see Section 2.1). The number of in
dividual test treatments was increased from 11 
to 17. The additional treatments are designed 
to test water balance characteristics of proto
type materials under conditions of ambient and 
elevated precipitation. Figure 2.2 shows a 
schematic view of the renovated lysimeter facil
ity and illustrates each of the 17 treatments. 

The FLTF continues to be used for moni
toring water balance of covers that incorporate 
a capillary barrier to prevent drainage until a 
water storage threshold is reached. Over the 
past 7 years, the initial 11 treatments, designed 
to evaluate a wide range of surface barrier con
ditions for the Hanford Site, have provided key 
information on surface barrier performance. 

This information has led to the design and test
ing of a large prototype barrier in the 200 East 
area (see Section 2.1). 

Results 

Tests at the FLTF from the initial 11 treat
ments (Gee et al. 1993b), which cover a wide 
range of soil, vegetation, and climate condi
tions, continue to show the advantages of using 
silt loam soil as a surface material. Silt loam 
soil has the largest storage capacity of any ma
terial tested and when incorporated in a capil
lary barrier design (e.g., with silt loam over
lying coarse sand), this material can store up to 
three times the annual average precipitation 
before drainage occurs. 

For vegetated silt-loam surfaces, there has 
never been any drainage since testing began 
(over 6 years ago), even under the most ex
treme climate regime tested (i.e., 480-mm yr'1 

precipitation, three times the annual average). 
However, we have now documented storage 
limits for Hanford Site silt-loam soil (e.g., 
Warden silt loam) and have found it to slightly 
exceed 500 mm in a 1.5-m-deep profile. Tests 
with bare silt loam surfaces have shown that 
under the extreme climate conditions, modest 
amounts of drainage have occurred over the 
past 2 years. In early 1993, we observed as 
much as 30 mm of drainage from bare, silt-
loam lysimeters, while during the past year 
(1994) we observed less than 10 mm of drain
age from the same lysimeters. For ambient 
(nonirrigated) treatments, there has not been 
any drainage from silt loam soils under any 
treatment (bare surface, vegetated, or vegetated 
with gravel admixed into the surface). We 
conclude from this that when vegetation is 

2.15 



Clear-Tube 
Lysimeters 

Drainage 
Lysimeters 

Weighing 
Lysimeters 

W01-1 W02-2 

H H mm 

W03-3 W04-4 
K S ^ WM 

C04-10 cd£ii C06-3 
Legend: 

Precipitation 
H Ambient (No Irrigation) 
J^^J 3X Annual Average 

Lysimeter Identification 
and Treatment Number 

Surface 
t-V-:-V>|Bare 
^ ^ Mixed Vegetation 
Ksftfl Cheatgrass 

Cheatgraas/Gravel Mix R~~B Gravel 
Gravel, Bare | I R o c k 

_ _ _ Soil Thickness 
Q Silt Loam g g ^ 
ljl\\ Sand [ 12223 ISm 

ESS 2 - 0 n ' 
3.0 m 

Tnmtment 
t 

Precipitation Surface son Thickness 

1 Lyslmeter # Tnmtment 
t 

A<»> 
X 

2 A « 3 A W B

( d )BareVeg-m(« 

X 
Veg-cW Admix Gravel TextuieCh) 1.0 m 

SIL 
1.5 m 

X 
2.0 m 3.0 n 1 Lyslmeter # Tnmtment 

t 
A<»> 

X 
2 A « 3 A W B

( d )BareVeg-m(« 

X 
Veg-cW Admix Gravel TextuieCh) 1.0 m 

SIL 
1.5 m 

X 
2.0 m 

W01-1, D04-1, D07-1, C03-1(g) 
2 X X SIL X W02-2, D01-2, D0&-2 
3 X X SiL X W03-3, 013-3, D14-3, C06-3 
4 X X SIL X W04-4,010-4,012-4 
5 X X X SiL X DO2-5,D05-5(g) 
6 X X SIL X D03-6,006-6 
7 X X SiL X D09-7, D11-7(Through 11x93) 
8 X X X S X C01-S 
9 X S X CM-Ufa) 

10 X X X S X C04-10 
11 X X S X C05-11 
12 X X R/R X D02-12(Start 11/94) 
13 X X R/R X D09-13 (Start 11/34) 
14 X X G X D07-14 (Start 11/94) 
15 X X G X D011-15 (Start 11/94) 
16 X X X SiL X D07-16 (Start 11/94) 
17 X X X SiL X D14-17 (Start 11/94) 

^Ambient precipitation 
l hx. 3X annual average 
' c ' 3X annual average 

^Breakthrough +2X.3X annual average ^'Initially Mixed, now cheatgrass SfSsnd) 
•'Mixed Vegetation G(Coarse gravel) 

W Cheatgrass R/R(basaJt rock) 

SM0O64.2 

Figure 2.2. Treatment Description of the Field .Lysimeter Test Facility, September 1994 
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present, barriers with silt-loam surfaces will 
not drain, neither under present nor expected 
future climate conditions at Hanford. 

lysimeter has drained nearly half (356 mm of 
811 mm) the incident precipitation over the 
same time period. 

Figure 2.3 shows cumulative drainage from 
the clear-tube lysimeters at the FLTF. These 
data clearly illustrate differences in drainage re
sponses with time for three different soil sur
faces (gravel, sand, and silt loam). 

Gravel surfaces (irrigated and nonirrigated) 
continue to drain a large percentage of the ap
plied water. More than two-thirds (1417 mm 
of 2115 mm) of all applied water has drained 
from the irrigated, gravel-covered lysimeter 
since 1990. The ambient, gravel-covered 

Vegetated sand surfaces have also drained 
significant quantities of water. Irrigated, vege
tated sand had 250 mm of drainage since 1990, 
while nonirrigated, vegetated sand had 53 mm 
of drainage for the same time period. The 
amount of drainage is dependent upon seasonal 
distribution of precipitation as well as vegeta
tion type (e.g., grass-covered surfaces drained 
more readily than shrub-covered surfaces). We 
conclude from these tests that gravel or sand-
covered waste sites at Hanford are highly sus
ceptible to drainage under both present and 
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expected future-climate conditions. The ob
servations support barrier designs at Hanford 
that incorporate fine soils (e.g., silt loams) into 
the surface. The observations also suggest that 
coarse side-slope materials incorporated into 
barrier designs will be susceptible to drainage. 
For above-grade barriers, which require coarse 
side-slope materials, drainage from the side-
slopes will need to be addressed to protect 
underlying wastes from surface recharge. 

Future Work 

Activities for the next 3 years at the FLTF 
will include monitoring all lysimeters for water 
balance parameters under irrigated and ambient 
conditions. In early November 1994, all reno
vated lysimeters were seeded with cheatgrass. 
Testing of the renovated lysimeters began at 
that time and data subsequently collected to aid 
in the design and testing of prototype materials. 
All current treatments will be maintained, and 
the facility will continue to be used to obtain 
key water balance data needed for Hanford 
surface-barrier development and predictive 
modeling. 

Neutron probe measurements and irrigation 
applications will be made on a biweekly basis. 
Irrigation water will be applied in amounts such 
that monthly rates mimic three times the long-
term montihly average. Thus, late fall, winter, 
and early spring applications rates will dom
inate, because these periods typically have the 
most precipitation at the Hanford Site. Snow 
applications will be made in winter months and 
will correspond as closely as possible to times 
when snow will be applied to the prototype bar
rier during its testing phase. It has proven dif
ficult to apply irrigation water in the winter 
Gate November through early March) because 

of freezing conditions, so snow applications 
will be preferred. 

Weekly, seasonal, and annual water storage 
data will be used to report evapotranspiration 
(computed as the difference between water stor
age and the sum of precipitation and drainage) 
for all vegetated treatments. Differences in 
evapotranspiration will be related to climate 
and plant variables and documented for all ap
plicable treatments. Data from all weighing 
lysimeters will continue to be automated and 
stored in the PNL data base. The large 
(10-MT capacity) platform scales used as part 
of the weighing lysimeters will continue to be 
calibrated annually. Tensions (soil water suc
tions) will be measured in the bottoms of all 
renovated lysimeters. Equipment will be modi
fied to allow continuous measurement of the 
suctions in the wettest lysimeters. 

Drainage from the prototype side-slope 
materials is expected to be significant, so 
tipping bucket raingages have been installed to 
monitor the high flow rates expected in early 
spring. The surfaces of the lysimeters will be 
kept free of summer annuals (tumble weed, 
tumble mustard, etc.) and bare soil surfaces 
will be kept free of vegetation throughout the 
testing. 

The FLTF data base will continue to be 
checked and verified on a weekly basis. Past 
and present data will be archived in a retriev
able data base that can be made readily avail
able for use in model verification activities. 
The FLTF data base will continue to be used 
by PNL and others to test performance of sim
plified and detailed water balance models for 
the Hanford Site. In FY 1995, data quality ob
jectives will be established for the key 
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parameters needed for model verification and 
the data checked against those objectives. 

2.5.2 Asphalt Technology 
H.D. Freeman (PNL) 

The asphalt layer within the Hanford Pro
tective Barrier is an important component of 
the overall design. This layer provides a 
RCRA-equivalent backup to the overlying ear
then layers in the unlikely event these layers 
cannot reduce the infiltration rate to less than 
0.05 cm yr"J. Only a limited amount of in
formation exists regarding the use of asphalt 
for a moisture infiltration barrier over the long 
times required by the Hanford Protective Bar
rier. Therefore, a number of activities are 
under way to obtain data on the performance of 
asphalt as a moisture barrier in a buried envi
ronment over a 1000-year period. These acti
vities include 1) determining RCRA equi
valency, 2) measuring physical properties, 
3) measuring aging characteristics, and 
4) determining relationships to ancient asphalt 
analogs. During FY 1994, progress was made 
on all of these activities. Studies were con
ducted both in the laboratory and on the proto
type barrier constructed in the 200 East Area 
on the Hanford Site. 

Field hydraulic conductivity measurements 
were made using a new in-place FHP. The 
permeameter shown in Figure 2.4 measures an 
area of —0.05 m2 and is constructed of a stain
less steel confining ring with an acrylic top and 
stand tube. The permeameter is sealed into a 
groove cut 5 to 10 cm deep and sealed with 
pure bentonite or bentonite grout. The water 
head used in the measurement is controlled by 
the amount of water placed in the stand tube. 
The water head used in these measurements 
was approximately 2 m, a volume that accel
erated the test by a factor of 3 to 6 over a 
normal sealed double ring infiltrometer (SDRI) 
test. Another advantage over SDRI techniques 
is that these permeameters can be easily trans
ported and set up by one person. 

Results of me FHP measurements made at 
the north end of the prototype barrier are 
shown in Table 2.1. These data show that 
measurements at all locations except location 2 
are below the RCRA criteria of 1 x 10"7 cm s'1. 
The measurement at location 2 is much higher 
because it was made directly on a surface seam. 
Because the confining rings did not completely 
penetrate through the top lift of asphalt, a path 
for water movement under the confining ring 
was present, resulting in higher hydraulic con
ductivity. This measurement is most likely in
valid because it does not measure the hydraulic 
conductivity through both layers of hot-mixed 
asphalt concrete, highlighting the need to en
sure that the test grooves and confining ring of 
the permeameter must be deep enough to com
pletely penetrate the top layer of asphalt 
concrete. 

Hydraulic conductivity measurements of 
the hot-mixed asphalt concrete layer of the pro
totype barrier were made using both laboratory 
permeameters with core samples and in-place 
field falling head permeameters (FHP). These 
techniques provided complementary data that 
showed the asphalt concrete layer exceeded the 
RCRA hydraulic conductivity performance cri
teria of 1 x 10"7 cm s"1. 
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Figure 2.4. Field Falling Head Permeameter Used for Prototype Measurements 

Table 2.1. Hydraulic Conductivity of Hot-Mixed Asphalt Concrete Layer of Prototype Barrier, cm s"1 

Location 27-Apr 28-Apr 29-Apr 30-Apr 1-May 

1 — — 3.09 x 10"8 3.88 x lO"8 1.91 x 10"9 

2 — — 3.92 x 10"7 2.16x 10"7 1.08 x 10"7 

3 1.05 x 10-7 3.06 x 10"8 2.09 x 10"8 5.66 x 10'9 1.47 x 10'8 

4 — 9.27 x 10"8 9.69 x 10"8 — 4.33 x 10-8 

5 — 5.44 x 10"8 2.80 x 10-8 1.43 x 10"8 1.51 x lO"8 
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Laboratory Hydraulic Conductivity 
Measurements on Prototype Core 
Samples 

Table 2.2. Summary of Hydraulic Conduc
tivity Data for Prototype Hot-Mixed 
Asphalt Concrete Cores 

Twelve core samples were taken at six 
locations (two per location) at the north end of 
the prototype barrier for use in field hydraulic 
conductivity measurements. Five of these 
cores were selected for testing while the re
mainder were reserved for later tests. Meas
urements were made using standard laboratory 
falling head measurement techniques using 
2.5-m water of hydraulic gradient. Daily 
measurements were made by noting the height 
of water in a 5-ml pipette attached to the top of 
each test setup. Tests were carried out for over 
3 weeks and hydraulic conductivity was calcu
lated based on the change in water column • 
height over the 3-week period (Table 2.2). 
Overall, the cores averaged 4.69 x 10'10 cm s"1, 
which is much lower than that measured by 
field techniques. This was expected because 
the field technique has several conservative 
assumptions that result in calculating a higher-
than-actual hydraulic conductivity. 

Sample 
Thickness, 

cm 

Hydraulic 
Conductivity, 

cm s"1 

1A 15.3 1.32 xlO"9 

2A 14.8 3.45 x lO'10 

3A 16.7 2.42 x 10-10 

. 4A 17.1 1.24 xlO-1 0 

5A 14.1 3.16 x 10 1 0 

Average 15.6 4.69 x 10 1 0 

Laboratory Hydraulic Conductivity 
Measurements on Fluid-Applied 
Asphalt Membrane Samples 

Hydraulic conductivity measurements on 
samples taken from the prototype barrier dur-

"ing installation of the fluid-applied asphalt were 
made using the same techniques as described 
for the prototype core samples. Table 2.3 
shows results from the measurements. 

Table 2.3. Hydraulic Conductivity of Polymer-Modified Asphalt 
Membrane Samples from Prototype Barrier 

Sample Thickness, cm 
Hydraulic 

Conductivity, cm s"1 Description 

1 0.160 1.36x10" Fluid-applied asphalt applied to geo-
fabric (test strip) 

2 0.265 1.18 x 10" Sample taken on 5/15/94 

3 0.275 2.49 x 10-" Sample taken from strip Z 

4 0.500 2.51 x 10" Sample taken from strip AA 
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Measurements made on the fluid-applied 
asphalt membrane (polymer-modified asphalt) 
show an extremely low permeability of less 
than 1 x 10"n cm s"\ This confirms that the 
combination of hot-mixed asphalt concrete and 
fluid-applied asphalt will likely exceed the 
RCRA criteria by several orders of magnitude 
and also exceed the goal for the protective bar
rier of 1.6 x 10'9 cm s"1 by nearly 2 orders of 
magnitude. The use of the fluid-applied asphalt 
as a surface coating on the hot-mixed asphalt 
concrete should alleviate any concerns that sur
face seams in the hot-mixed asphalt concrete 
might compromise the overall performance of 
the asphalt barrier. 

Asphalt Test Pad Monitoring 

Tests using SDRI techniques are currently 
under way on the asphalt test pad north of the 
prototype barrier to determine the hydraulic 
conductivity of a seamed and unseamed area of 
the test pad. The SDRI tests will give data on 
hydraulic conductivity of larger areas of hot-
mixed asphalt concrete without the bias of 
lateral flow of water from the test area. Tests 
were originated in September 1994 and should 
be completed by November 1994. Two FHP 
tests will be run near the SDRI tests to permit 
direct comparison of the techniques. 

Accelerated Aging Studies 

Numerous activities were conducted in 
FY 1994 to prepare for accelerated aging stud
ies to be conducted in FY 1995. Most of these 
activities were conducted to obtain baseline 
data on asphalt binder properties for compari
son to aged materials. In many cases these data 
were compared to data obtained from studies 
conducted as part of the Strategic Highway Re
search Program (SHRP). Most of these tests 

are standard highway quality control tests for 
asphalt binders that measure the viscoelastic 
properties of the pure asphalt binder. The 
physical properties of several asphalt/aggregate 
mixes were also tested using Marshall stability 
and indirect tensile tests. 

The accelerated aging protocol was tested 
in small (200-ml) pressure cells by aging sam
ples of several asphalt binders for-20 hours at 
100°C. Residues from these tests were ana
lyzed using high-pressure liquid chromato
graphy (HPLC) techniques and compared to 
Chumash artifacts. Results show that signifi
cantly longer exposure times are needed to ob
tain similar increases in molecular weight of 
the asphalt binder as that observed in the 1000-
to 2000-year-old artifacts. Larger aging cells 
are currently being fabricated to allow greater 
quantities of asphalt to be aged in each test. 
Residues from these aging studies will be ana
lyzed with a new technique, dynamic rheome-
tery, to determine viscioelastic properties of the 
aged binders at expected barrier temperatures. 

2.5.3 Asphalt Analog Studies -
R.A. Romine, A.H. Zacher, and 
H.D. Freeman (PNL) 

The primary objective of this task is to use 
archaeological samples of asphalt to establish 
the long-term durability of modern, manufac
tured asphalt materials used in constructing the 
Hanford Protective Barrier. People have used 
natural asphalt, or bitumen, for a documented 
5000 years, and prehistoric peoples may have 
used it for a considerably longer period. Most 
natural asphalt sources share common features 
that made them attractive for use by early cul
tures: a high degree of water repellency, lack 
of volatility, pronounced adhesiveness, im
permeability, and longevity. These are the 
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same properties that stimulated interest in in
corporating asphalt into nuclear waste contain
ment systems. 

Archaeological samples of asphalts that 
were buried are analogous with the proposed 
impermeable asphalt component of the Hanford 
Protective Barrier. Both were heated and in
tentionally formed within a short time before 
being sealed from light and most oxygen. The 
archaeological specimens remained buried until 
their discovery, often many centuries later. 
Archaeological samples of asphalts are there
fore expected to provide valuable information, 
not available from any other source, about the 
long-term aging behavior of buried asphalt and 
its effect on barrier performance. 

The strategy to assess the long-term 
performance of asphalt was to acquire a dated 
series of archaeological asphalt, ranging in age 
from 500 to 4000 years, along with naturally 
occurring asphalt from the same vicinity. The 
asphalt artifacts and natural seep material were 
analyzed chemically to develop a better under
standing of chemical reactions of asphalt during 
extremely long-term aging in a reduced oxygen 
environment and in the absence of UV radia
tion. The result will be a set of data that will 
be used to "calibrate" an accelerated aging 
process by which experimental samples (mod
ern asphaltic materials used in constructing the 
Hanford Protective Barrier) will be conditioned 
to simulate long-term aging. The data gathered 
in these studies will be useful for evaluating the 
long-term stability and effectiveness of com
mercial asphalts proposed for use as barriers at 
Hanford. 

The technical approach used for identifying 
and characterizing archaeological samples of 
asphalt follows. 

• Select a series of asphalt samples from 
archaeological sites in proximity to 
natural asphalt seeps. 

• Obtain samples of unaltered or asphalt 
analog samples from nearby natural 
seeps. 

• Determine the length of burial for the 
selected asphalt artifacts. 

• Establish that asphalt artifacts and 
natural asphalt are derived from the 
same petroleum deposit (sourcing). 

• Chemically analyze archaeological 
asphalt to determine the effects of long-
term aging in a buried environment. 

The following sections detail the results and 
conclusions obtained from characterizing a 
series of archaeological artifacts identified from 
the Santa Barbara, California, region, an area 
historically occupied by the Chumash Indians. 

Radiocarbon Dating 

Radiocarbon dating was used to analyze a 
series of artifacts. These artifacts were re
ported in the archaeological literature to range 
in age from 400 BP to 5000 BP. With all of 
the radiocarbon-dated artifacts, asphalt either 
adhered to the artifact or an asphalt artifact was 
found in close association with the artifact in 
the archaeological excavations. These data 
directly link the asphalt artifacts to the time 
when they were interned in a burial site. 
Table 2.4 details the radiocarbon-dating results. 
The reported dates have been adjusted by 
carbon-13. 



Table 2.4. Radiocarbon Dates of Chumash 
Artifacts 

Carbon-13 
Sample Adjusted Age (I 

HCRL-1 1810 +/- 60 
HCRL-2 1880 +/- 70 

: HCRL-3 400 +/- 50 

HCRL-4 2030 +/- 70 

HCRL-9 1160 +/-50 

HCRL-10 1510 +/- 60 
HCRL-lOa 1400 +/- 60 
HCRL-11 1970 +/- 70 
HCRL-14 4160 +/- 100 

The results of these analyses show that we 
were able to obtain asphalt artifacts that had 
been interned for a relatively short period 
(400 years) and several samples that had been 
interned from two to four times the design cri
teria identified for the asphaltic components of 
the Hanford Protective Barrier. The radio
carbon-dating data allows us to evaluate subse
quent chemical analyses [infrared spectroscopy 
(JR) and HPLC] data and base the results of 
these analyses on a timeline associated with the 
duration of internment of the artifacts. This 
approach effectively provides a timeline 
stretching back more than 4000 years and for
ward to the present. 

Elemental Analysis 

The concentrations of nickel and vanadium 
were determined for seven asphalt artifacts and 
five asphalt analog samples. Our primary con
cern was to effectively establish that the asphalt 

analog samples were the starting materials used 
in the manufacture of the asphalt artifacts. 
Table 2.5 outlines the results of the nickel and 
vanadium analyses. 

The most significant feature of these data is 
the ratio of nickel to vanadium. This ratio has 
been used extensively to identify the source of 
crude oils and petroleum products. The ratio 
of Ni/V remains constant through processing 
and is independent of the concentration of in
soluble materials (a feature common to natural 
asphalts and subsequently the artifacts) and the 
duration of internment at an archaeological site. 
The Ni/V ratio for the asphalt artifacts is very 
similar to that for the asphalt analog samples— 
analog-8, analog-9, and analog-26. These 
three analog samples are from active seeps in 

Table 2.5. Elemental Analysis of Asphalt 
Analog and Artifact Samples 

Nickel Vanadium 
Sample (ppm) (ppm) Ni/V 

HCRL-1 110 370 0.29 

HCRL-2 97 300 0.32 

HCRL-3 100 360 0.28 

HCRL4 74 230 0.32 

HCRL-6 86 210 0.41 

HCRL-9 110 330 0.33 
HCRL-1 42 110 0.38 

Analog-5 2.7 5.2 0.52 

Analog-8 110 270 0.40 
Analog-9 110 350 0.31 
Analog-16 8.2 13 0.63 

Analog-26 85 230 0.37 
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the area. The consistency of this material is 
very similar to a hard, roofing grade asphalt 
material. Ethnographic information suggests 
that this is the type of material most commonly 
used for manufacturing various asphaltic arti
facts. Samples analog-5 and analog-16 are 
much more like crude oil in consistency and 
have a much higher Ni/V ratio. These results 
verify that in future work to develop an accel
erated aging procedure, seep materials found 
on the cliffs near Santa Barbara should be used, 
not the liquid materials that float up onto the 
beach. 

Qualitative IR Analysis 

It was necessary to determine whether the 
Chumash used pine pitch to modify the asphalt. 

Functionalities present in pine pitch would in
terfere with the quantitative analysis of the 
asphalt artifacts. An IR spectra was obtained 
for a sample of pine pitch collected at Coal Oil 
Point, one. of the sites where asphalt analog 
samples were collected in the field. This spec
tra was compared to several of the artifact 
spectra. Figure 2.5 shows the spectra of an ar
tifact overlaid with that of the pine pitch. 
There is a strong absorbance at 1275 cm"1 in 
the pine pitch sample that is not present in the 
artifact. None of the artifacts analyzed showed 
any evidence of modification with pine pitch. 
An asphalt analog sample, Coal Oil Point (fresh 
float), was modified in the laboratory with one 
percent (wt/wt) pine pitch. The reference ab
sorbance for the pine pitch, 1275 cm"1, was 
clearly detectable at this low level. 

T — I — i — i — r -
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Figure 2.5. Qualitative IR Spectra of A) Monterey Pine Pitch and B) Asphalt Artifact HCRL-10 
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Quantitative IR Analysis 

Quantitative IR functional group analyses 
were performed on four asphalts from the 
SHRP Materials Reference Library 
(SHRP-MRL), asphalt artifacts, and asphalt 
analog samples. Asphalts from the SHRP-
MRL were analyzed to provide reference data 
for the analysis. Functional group analysis was 
performed on the asphalt samples to specific
ally characterize the following products of oxi
dative aging: phenolic, pyrrolic, sulfoxide, 
carbonyl, ketone, carboxylic acid, and an
hydride functionalities. This analysis is lengthy 
and difficult to perform. The procedure is 
based on performing a number of different 
derivitization reactions that selectively consume 
a specific functionality in the asphalt. The IR 
spectra are taken before and after the 
derivitization reactions; the difference in the 
spectra provides a quantitative measurement of 
the concentration of the functionality. The 
derivitization reactions have been performed 
and IR spectra have been obtained for all of the 
SHRP-MRL asphalts, asphalt artifact, and 
asphalt analog samples. 

The remaining effort in this task is primar
ily focused on analyzing the data generated in 
the analysis. Many model compounds must be 
analyzed to accurately calibrate the IR bench. 
The model compounds have been analyzed and 
the response factors calculated. The results of 
these data will be analyzed relative to the ages 
established by radiocarbon dating to establish 
changes in chemistry over extremely long per
iods of time. 

HPLC-SEC Analysis 

As asphalt ages, poly-condensation reac
tions cause increases in average molecular size. 

Poly-condensation reactions are largely the re
sult of oxidative coupling reactions, which 
combine smaller molecular weight materials 
into larger molecules. This increase in molec
ular size is one of the primary factors in age 
hardening (or brittling) of asphaltic materials. 
This behavior is especially important in the 
context of long-term durability, because the 
aged materials would be more susceptible to 
cracking. 

Increases in the molecular size of the mate
rials result in changes in the chromatogram 
produced using HPLC-size exclusion chromato
graphy (SEC). These changes can be easily 
quantified. Large molecular size (LMS) mate
rials are the first to elute in SEC separations, so 
as an asphalt ages it is predicted that the area 
percent of the LMS region of a chromatogram 
should increase. HPLC-SEC separation was 
developed and performed on four SHRP-MRL 
asphalts, asphalt artifacts, and asphalt analog 
samples. A UV-Vis detector was used in the 
analysis. Three different wavelengths in the 
UV (230 nm, 254 nm and 280 nm) were eval
uated. The chromatograms were bi-modal with 
various shoulders present. Figure 2.6 shows a 
typical HPLC-SEC chromatogram for an 
asphalt artifact. 

Jandel Scientific-Peak Fit software was 
used to quantify the HPLC-SEC chromato
grams generated from the analysis of the 
asphalt samples. This software has excellent 
subroutines for the deconvolution of complex 
chromatograms (see Figure 2.5). Peaks in the 
chromatograms exhibited good symmetry, so 
we decided to keep the peak fit model as simple 
as possible. Therefore, an area Gaussian 
model was used in the analysis. 
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Figure 2.6. HPLC-SEC Plots Illustrating the Change in the LMS Region for A) Artifact Sample 
HCRL-14 (4160 BP +/- 100 Years), B) Artifact Sample HCRL-10 
(1510 BP +/- 60 Years), and C) Analog Sample Analog-9 

For the HPLC-SEC analysis of the asphalt 
artifacts and asphalt analogs, the area percent 
of the first peak (which represents the LMS) 
was quantified and plotted versus the duration 
of internment (based on radiocarbon dating) of 
the artifact. This analysis provides the first 
direct representation of how the chemical com
position of buried asphalt artifacts change as a 
function of time (from present time to 
4160 years BP). Figure 2.7 details the results 
of this analysis. This result is of great impor
tance, because it provides the first insights into 
a physical properties model for the long-term 

aging of asphalt and how the asphalt will func
tion as a part of the Hanford Protective Barrier. 
Based on this analysis, a clear relationship be
tween the increase in the LMS as a function of 
duration of internment of the asphalt artifacts 
was established. 

This data, along with the data from the 
quantitative IR analyses, will be used to "cal
ibrate" the accelerated aging procedure being 
developed as part of the Asphalt Technology 
Task. 

2.27 



0 1000 2000 3000 4000 

Duration of Internment (years) 
5000 

Figure 2.7. Plot of Area Percent of the LMS for Asphalt Artifacts as a Function of 
Age of Internment, as Determined by Radiocarbon Dating 

Conclusions 

• We obtained a collection of asphalt arti
facts and determined the artifacts' age 
of internment through radiocarbon 
dating of wood, shell, or bone artifacts 
that directly contacted the asphalt arti
facts, or that were found to be in close 
association (within the excavation) with 
the asphalt artifacts, thereby linking 
them to a date of internment. 

• Radiocarbon dating shows that the arti
facts range in age from 400 BP to 
4160 BP (more than four times longer 
than the current design life of the Han-
ford Protective Barrier). 

• Elemental analysis performed on a col
lection of asphalt artifact and asphalt 
analog samples shows strong evidence 
that the artifacts were manufactured 
from the asphalt analog samples col
lected in the field. This provides a 
clear link for comparing the chemical 
analysis of the asphalt artifacts to those 
of asphalt analog samples that will be 
used to develop an accelerated aging 
procedure. 

• Qualitative IR analysis shows that the 
asphalt artifacts used in this study were 
not modified with pine pitch, a compo
nent that would have caused problems 
in performing quantitative IR analysis. 
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• Several SHRP-MRL asphalts were ana
lyzed using quantitative functional 
group analysis by IR. The results of 
these analyses agree well with data 
reported in SHRP literature. 

• All of the appropriate derivitization 
reactions, for quantitative functional 
group analysis by IR, were performed 
on the asphalt artifacts and asphalt 
analog samples. Analysis of the data to 
quantify the various functional groups 
is ongoing. 

• HPLC-SEC analysis of the asphalt arti
facts and asphalt analogs, using radio
carbon-dating data, clearly establishes a 
relationship between the increase in the 
LMS as a function of duration of 
internment of the asphalt artifacts. 

2.6 Model Applications and 
Testing - M.J. Payer (PNL) 

The objective of the Model Application and 
Testing task is to produce defensible simulation 
models of the hydrology of protective barriers 
that can be used to evaluate barrier perform
ance for a minimum of 1000 years. 

The record of monitoring at the FLTF ex
ceeds 6 years. This time period presented a 
unique opportunity to test the ability of water 
balance models to predict water movement in 
barriers. Weighing lysimeter W4 was simu
lated using two water balance models, 
UNSAT-H and HELP. The UNSAT-H model 
was developed by this project to simulate water 
movement in protective barriers. The HELP 
model was developed by the EPA to evaluate 
landfills. The UNSAT-H model is more 

physically based, while the HELP model sim
plifies processes to enable quick and easy 
solutions on personal computers. 

Lysimeter W4 is nonvegetated and received 
irrigation so that the total water added (irriga
tion + precipitation) equalled 2 times the 
monthly average precipitation during the first 
3 years, and 3 times the monthly average dur
ing the second 3 years. The lysimeter was 
simulated four times with UNSAT-H using 
1) standard parameters, 2) calibrated param
eters, 3) heat flow, and 4) hysteresis. 

The storage results in Table 2.6 show little 
difference among the four UNSAT-H simula
tions; the maximum root mean square (RMS) 
error was 23.7 mm. In contrast, the HELP 
model predicted storage to be drastically differ
ent from the measurements; the RMS error was 
97.6 mm. With respect to soil water suction, 
the best match was obtained with the 
UNSAT-H simulation that included hysteresis. 
Because it was able to match suctions, this sim
ulation was able to predict 15.3 mm of drain-
.age, which was 52% of the measured drainage 
of 29.6 mm (Table 2.6). The other three 
UNSAT-H simulations predicted no drainage. 
HELP predicted drainage in every one of the 
6 years, with a total of 1800% of the measured 
value. These results clearly indicate that hy
steresis is a significant process in the behavior 
of water in a cover. They also indicate that the 
conceptual bases for the HELP model are in
adequate for accurately simulating drainage 
through the protective barriers being designed 
by this program. 

A closer look at the monitoring data from 
several lysimeters revealed a definite hysteretic 
behavior (independent of the simulation results 
above; Figures 2.8 and 2.9). For the first 
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Table 2.6. Summary Statistics of Model Comparisons. Daily differences were calculated 
by subtracting predicted storage from measured storage. Measured drainage 
was 29.6 mm. 

Storage 

Model RMS Maximum Mean Median Cumulative 

Description Error Difference Difference Difference Drainage 

UNSAT-H 

Standard 23.6 75.8 -0.9 -6.0 0.0 

Calibrated 23.6 59.3 19.6 16.5 0.0 

Heat 23.4 80.2 1.6 -3.4 0.0 

Hysteresis 23.7 74.8 3.0 -2.0 15.3 

Help 97.6 264.4 84.9 73.1 537.0 

1000 

1-Nov-87 31-Oct-89 31-Oct-91 30-Oct-93 

Figure 2.8. Comparison of Measured Suctions and Suctions Simulated with UNSAT-H 
Using Either Standard Parameters or Hysteresis 
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Figure 2.9. Comparison of Measured and Simulated Suctions and Drainage 

5 years, the in situ retention data appeared to 
behave in a well-defined manner. In February 
1993, an unusually large snowfall melted and 
caused the lysimeter to wet more than ever be
fore. Once infiltration ceased and drying be
gan, the in situ retention data ceased to behave 
as before. Rather, it behaved as if on a hy
steretic drying curve. Furthermore, the in situ 
retention data were dissimilar to the laboratory 
data. The field and laboratory discrepancies 
could be largely explained by using a hysteretic 
retention model, suggesting that accurate as
sessments of barrier performance should 
consider hysteresis. 

Additional work in FY 1994 included 
maintaining the UNSAT-H code, using the 
MSTS code on the original barrier edge prob
lem (see discussion below), and modifying the 
MSTS code. The current version of UNSAT-H 

is Version 2.02. The original code was 
changed to correct identified errors, improve 
operation, and enable operation on Unix work
stations and personal computers. UNSAT-H 
Version 2.02 was made available on the 
Internet using the PNL anonymous ftp server. 

The MSTS computer code was identified 
for solving problems involving contaminant 
transport, air phase movement, thermal trans
fer, and problems in multi dimensions. It was 
used to solve the barrier edge problem reported 
in several previous barrier modeling doc
uments. The results were very similar to pre
vious solutions with the PORFLO-3 and 
TOUGH computer codes, demonstrating that 
MSTS could be used. Like UNSAT-H, the 
MSTS code is maintained on the Internet using 
the PNL anonymous ftp server. 
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Efforts continued to add capability to the 
MSTS code, including the ability to simulate 
evaporation and snow accumulation and melt. 
Several subroutines were completed; the entire 
enhanced code is expected to be operational in 
FY 1995. 

Lastly, plans for this task were outlined. 
They include completion of the evaporation and 
snow accumulation and melt routines; imple
mentation of appropriate plant transpiration 
routines; and testing with data from vegetated 
lysimeters at the FLTF, the lysimeter at Hill 
Air Force. Base, and the prototype barrier. The 
goal is to have the modeling tools needed to 
assess barrier performance completed, docu
mented, and available to the public by 
FY 1997. 

2.7 Resource Conservation and 
Recovery Act Comparisons 

2.7.1 Experimental Plan and Con
struction Guidance for Hanford Protec
tive Barrier Test in A Wetter, Colder 
Climate at Hill Air Force Base, Utah -
R.R. Kirkham and G.W. Gee (PNL) 

Permanent isolation surface barriers are 
needed to fully isolate buried waste materials 
from the general environment for long periods 
of time. Multi-layer surface barriers that use 
natural earthen materials overlying layers of 
rock and/or asphalt are expected to reduce in
filtration or deep percolation to less than 
0.5 mm (0.02 in.) of water. The layering also 
reduces root penetration, preventing uptake and 
translocation of hazardous materials to the 
surface vegetation. 

The development of these surface barriers 
is outlined in the document, Permanent 

Isolation Surface Barrier Development Plan 
(Wing 1994). It is necessary to document the 
effectiveness of the barriers in the Hanford Site 
environment as it is now, and as it would be 
under a wetter environment that stresses the 
barrier (a possibility from historical climate 
analysis and projected by some global climate 
change scenarios). 

The opportunity exists to test the design of 
the Hanford Protective Barrier in a wetter, 
colder climate at an existing lysimeter facility 
located at Hill Air Force Base near Salt Lake, 
Utah. The use of an existing lysimeter facility 
simplifies the construction effort and allows 
comparison of the Hanford Protective Barrier 
with an existing clay cap already being tested at 
the lysimeter site. The clay cap was designed 
to meet EPA RCRA guidelines. 

Hill Air Force Base is located in northeast 
Utah (Figure 2.10) in the southwest part of the 
Weber Delta District, with portions of the base 
in both Weber County and Davis County. The 
base is situated on a broad plateau between the 
Great Salt Lake and the Weber River Valley. 
The plateau is part of the Weber Delta, formed 
as the Weber River flowed into Lake 
Bonneville [ancient Pleistocene lake with stable 
elevations of 1585 and 1463 m (5200 and 
4800 feet)]. Surface soils are generally loamy 
fine sand or fine loamy sand. The soils are 
deep and well drained. 

Summer weather is hot and dry (maximum 
temperature 40°Q, and winters are cold with a 
generally stagnant air mass (minimum tempera-
lure -81°C). Annual average rainfall is 
48.8 cm (three times the Hanford average) and 
annual average snowfall is 182.4 cm. 
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Figure 2.10. Location of Hill Air Force Base 

The lysimeter is constructed from L-shaped 
fiberglass sections bolted together in the field. 
This is essentially the same design used by 
Los Alamos National Laboratory (LANL) re
searchers at Hill Air Force Base (Hakonson 
et al. 1993) (Figure 2.11). There are two dif
ferences in the lysimeter design: 1) the new 
vendor-supplied fiberglass panels will create a 
2.4-m-deep (8-ft-deep) lysimeter without the ad
dition of extension panels, and 2) subsurface 
soil layers within the lysimeter do not have the 
4% slope that was used in the LANL treat
ments. The bottom of the lysimeter will have 
two drainage collection areas created from 
0.1-cm.(0.04-in.) reinforced geomembrane 
sheets laying on the lysimeter floor. The edges 
of the geomembrane sheet are raised on the 
ends and down the center of the long axis by 
draping the sheet material over 15-cm 

(5.91-in.) PVC pipe. The geomembrane sheet 
was installed for two reasons: 1) because the 
side walls may act as preferential drainage 
pathways, flow down the side walls will be col
lected separately from the area over the geo
membrane sheet, and 2) if the water table out
side the lysimeter rises above the floor of the 
lysimeter, and if the seams fail (an unlikely 
occurrence), water entering the lysimeter 
would be collected as sidewall drainage and 
would not affect the primary drainage estimate 
obtained from the lysimeter area above the 
geomembrane sheet. 

The lysimeter was completed in September 
1994. The surface has been revegetated as 
shown in Figure 2.12. The measurement pro
gram is intended to continue for 3 years. Dur
ing this time, data will be collected from both 
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Figure 2.11. Staggered Cross Section of Lysimeter Located at Hill Air Force Base, Utah 

Figure 2.12. Perspective View of the Hanford Barrier Lysimeter 
and Existing Lysimeters at the Hill Air Force Base, Utah 
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automated and manually read instrumentation. 
Descriptive plant measurements will be taken at 
least quarterly and used as input for vegetation 
parameters in model simulations. Soil prop
erties were measured during construction; 
measurements will again be taken at yearly in
tervals. Similar to the vegetation data, these 
values are needed for initiation of soil param
eters in the model validation effort, which is a 
separate task. 

2.8 Biointrusion Control 

The biointrusion control task encompasses 
efforts to understand and control the role of 
plants and animals on barrier surfaces (Link 
et al. 1994a). This section summarizes tasks 
related to establishing vegetation on the proto
type surface and evaluating root characteristics 
of the FLTF lysimeter. 

2.8.1 Establishment of Vegetation on 
the Prototype Surface - S.O. Link 
(PNL) 

Plants will play a central role in the proto
type barrier. Plants will extract, by transpira
tion, at least 2 times as much water from fine 
silt-loam soils as will be lost by soil evapora
tion alone. Plants will also minimize wind and 
water erosion (Link et al. 1994a). It is critical 
that a sustainable plant community be estab
lished on barrier surfaces. During the con
struction of the prototype barrier, revegetation 
efforts centered around preparations to plant 
shrub seedlings. This was done during the fall 
of 1994 after rains began. 

Seeds of the shrubs Artemisia tridentata 
and Chrysothamnus nauseosus were collected 
from McGee Ranch on the Hanford Site on 

December 23, 1993. The entire inflorescence 
of A. tridentata and the fruits of C. nauseosus 
were harvested and stored in plastic bags in the 
field. The material was transported to the Arid 
Lands Ecology laboratory facility, taken out of 
the plastic bags, and placed on table tops to 
dry. The material was stored this way in the 
dark and at room temperature until it was 
shipped to a nursery. The uncleaned, dry 
material was shipped to Plants of the Wild, 
Tekoa, Washington on March 11. The seed 
was cleaned by April 12 for germination. All 
the seed was sown on May 4. Germination was 
complete by about June 10, with successful 
germination rates of 40% for C. nauseosus and 
60% for A. tridentata. There are approx
imately 2500 seedlings of C. nauseosus and 
7500 seedlings of A. tridentata. Seedlings 
(tublings) were grown in 164 cm3 (10 in.3) 
tubes. 

The seedlings were shipped for planting in 
November 1994 on the prototype barrier 
surface. The surface of the prototype barrier 
was modified by hydroseeding a mix of grass 
seed, nitrogen, and organics. 

The developing plant community will be 
assessed to determine the success of shrub es
tablishment, grass establishment from seed, and 
the incursion of alien species such as Salsola 
kali during fiscal year 1995. Revegetation in 
the surrounding areas near the prototype barrier 
was completed in November 1994 by hydro-
seeding. The occurrence, growth, and ability 
of plants to extract water will be monitored on 
the prototype barrier surface and along the toe 
of the barrier. 
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2.8.2 Root Characteristics of the 
FLTF Lysimeters - S. O. Link, C.A. 
McAllister, J.C. Fitter, and G.VJ. Gee 
(PNL) 

Plants strongly control soil water storage 
and will play a central role in the surface hy
drology of the prototype barrier. The primary 
purpose of a barrier is to prevent water from 
draining into the waste. The FLTF lysimeters 
have been used to document the effect of vari
ous soil, vegetation, and precipitation regimes 
on soil water storage (Gee et al. 1993b). Vege
tation will remove, by transpiration, at least 
two times the amount of water from the soil 
column than is lost by soil evaporation alone. 
It is important to develop simulation models of 
transpiration that can be used to predict how 
much water plants can remove from surface 
soils under extreme effects. The simulation of 
this process will aid in developing confidence 
in the capability of the barrier to prevent drain
age over long time periods. A weakness in 
current simulation models is the lack of ade
quate information on the rooting characteristics 
of plants likely to inhabit barrier surfaces. In 
earlier reports on the simulation of plant trans
piration from the FLTF lysimeters, we had to 
rely on published rooting characteristics of 
A. tridentata from locations and soils that were 
far removed and different from the conditions 
of the FLTF lysimeters (Link et al. 1993). The 
purpose of this study was to identify root char
acteristics from a subset of the FLTF lysim
eters that can be used to more accurately simu
late the dynamics of soil water storage. 
Lysimeters were carefully dismantled in prep
aration for new studies. During this process, 
root cores were taken from the lysimeters to 
provide information on root biomass density 
and root length density with depth. We report 

root biomass data on one replicate from each of 
four lysimeters at six depths. 

Methods 

In spring 1994, root samples were taken 
from the FLTF lysimeters. Five sampling 
areas in each lysimeter were chosen, two near 
A. tridentata, two near grass stands, and a ran
domly chosen fifth area. Sampling was done in 
circular patterns approximately 0.5 m in diam
eter. The sampling areas were labeled A, B, 
C, D, and E, with A being northernmost and 
B, C, D, and E going clockwise from north. A 
7.6-cm-high, 7.6-cm-dia. aluminum pipe was 
driven into the ground in each sample area. 
The core volume of the pipe is 347 cm3. Soil 
was removed around each pipe and the pipe 
was sheared at the bottom. The sample was 
then placed in double plastic bags. After the 
remaining soil was excavated to the next level, 
the pipes were again driven into the same sam
ple areas. Samples were taken randomly 
within each area at each depth. 

Samples were stored in double plastic bags 
and kept in a freezer. Soil samples were mixed 
thoroughly and subsampled for root separation. 
The sampled soil volume was 100 ml. Roots 
were separated from soil samples with a 
Gillison's hydropneumatic root washer. One 
100-ml sample was placed into a tube on the 
root washer. The transfer pipes were placed on 
top of the tube, each with a 530 primary sieve 
attached. Each timer was set for 10 minutes. 
When the timers shut off, the 530 primary 
sieves were removed and inverted over a 
410 sieve (a finer sieve). Roots and organic 
material were then washed from the primary 
sieve onto the bottom of the 410 sieve. Using 
tweezers, organic material and roots were 
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separated from one another. Roots were placed 
in a plastic Petri dish filled halfway with water. 
When all roots had been removed, the lid of the 
Petri dish was labeled with the soil sample in
formation and the dish was placed in the 
freezer. 

Root samples were, placed in tared glass 
vials that were loosely capped and dried for at 
least 48 hours at 48°C in a convection oven. 
The vials were then capped and weighed using 
a Mettler balance. This procedure was fol
lowed to prevent water vapor from rehydrating 
the root samples. Data are presented as the 
oven-dried root biomass density, computed by 
dividing root mass by the soil volume (100 ml). 

Results and Discussion 

Root biomass density data are of the same 
magnitude with depth as reported for similar 
soils and plants at McGee Ranch (Link et al. 
1994b). The relatively high density values 
(> 1 mg cm'3) observed at three locations are • 
most likely the result of long and thick roots in 
the sample (Table 2.7). Most roots were of a 
consistent size and less than 0.5 mm in 
diameter. 

Table 2.7. Oven-Dried Root Biomass Density 
(mg cm*3) in the FLTF Lysimeters. Data are 
for the "A" location on the lysimeter surfaces. 

Lysimeter 
Depth 
(cm) D-02 D-04 D-07 D-14 

4 0.036 0.049 0.153 0.237 
24 1.834 0.668 0.116 0.215 
55 0.634 0.080 0.148 0.160 
85 0.110 1.705 0.146 0.294 

116 0.346 0.089 0.196 1.258 
141 0.258 0.562 0.078 0.427 

Remaining work is required to process 
roots from the other four sample locations on 
each lysimeter. Such data will provide statist
ical estimates of root biomass with depth in 
each lysimeter. Work is also under way to 
measure root length density. Because these 
data are difficult to obtain, root biomass den
sity will be related to root length density over a 
range of biomass values for a subsample of 
roots, thus permitting predictions of root length 
density from root biomass density for all sam
ples. Root length density data are commonly 
used in simulation models of transpiration. 

2.9 Long-Term Performance 

2.9.1 Climate Change - K.L. Petersen 
(PNL) 

The goal of the BDP is to provide defensi
ble evidence that final barrier design(s) will 
adequately control water infiltration, plant and 
animal intrusion, and wind and water erosion 
for a minimum of 1000 years, and will isolate 
wastes from the accessible environment and, 
through the use of markers, warn inadvertent 
human intruders. In addition to the work 
described in previous sections, analyzing the 
performance and stability of natural barrier 
analogs that have existed for several thousand 
years and reconstructing climate changes 
occurring over the past 10,000 years and 
longer will provide insight into bounding con
ditions of possible future changes. 

Petersen, Chatters, and Waugh (1993) de
tail a research approach for obtaining de
fensible projections of climate parameters based 
on studies of current climate, past climate, and 
projected future climate. The overall objective 
of the Long-Term Climate Change task is to 
accomplish the following: 
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• Obtain defensible probabilistic proj
ections of the long-term climate vari
ability in the Hanford Site and the 
Pasco Basin region 

• Develop several test-case climate 
scenarios that bracket the range of 
potential future climate 

• Use the climate scenarios to test and 
model barrier performance. 

Climate affects all aspects of barrier 
performance. Soil water movement will be af
fected by changes in precipitation, temperature, 
and vegetation. Climatically induced changes 
in plant and animal communities will affect the 
potential for biointrusion, and surface stability 
will be affected by changes in wind patterns. 

The first key finding of the FY 1994 work 
conducted under this task comes from a 
+75,000-year pollen record obtained near 
Goldendale, Washington, located southwest of 
the Hanford Site. Based on the record, the 
long-term mean annual precipitation in the Col
umbia River Basin is estimated to have ranged 
between 50% to 75% of modern and 130% of 
modern levels, while temperatures have ranged 
from 7°C to 10°C below to 2°C above modern 
levels. There is no evidence that the long-term 
precipitation averages ever reach 3 times that 
of present day (the amount taken as an upward 
natural bounding range for testing and model
ing the prototype barrier design). Such cli
matic records give confidence that climatic 
cycles for 1000 or more years into the future in 
the Columbia Basin should also be bounded by 
the 3 times normal precipitation. 

A second key finding is that although the 
range of precipitation in the Columbia Basin is 

tightly bracketed, changes in seasonality of 
precipitation have occurred in the past. These 
changes have resulted in fluctuations between 
Artemisia shrub-steppe and bunchgrass steppe 
in the Hanford Site region. In the future, such 
changes in seasonality could impact the vegeta
tion and animal communities, that might occupy 
protective barrier surfaces. 

Funding for this task was terminated in 
FY 1994 in response to the recommendations 
made by participants at the Value Engineering 
workshop convened in February 1993. How
ever, based on the same recommendation, other 
programs requiring climate information to sup
port the remediation and management of wastes 
at the Hanford Site will be approached to fund 
the remaining tasks identified in the climate 
change study plan. 

2.9.2 Natural Analogs - S. O. Link 
{PNU, W.J. Waugh (RUST), and 
K.L. Petersen (PNL) 

Natural analogs are ecosystems or soil 
structures that exhibit characteristics similar to 
that expected for the barrier over a long time 
period. Such natural systems allow us to ad
dress hypotheses about potential barrier func
tion in well-established conditions. It is impor
tant to draw inferences based on natural 
analogs to aid in barrier design and increase 
confidence in barrier function. Simulation 
modeling based on newly constructed test bar
riers is not likely to simulate barrier function 
after pedogenisis and plant community devel
opment. These processes evolve over hundreds 
to thousands of years. Studies of natural ana
logs have been conducted since the inception of 
the barrier program and have provided insight 
into long-term functional characteristics of the 
barrier. A review of natural analog studies at 
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Hanford was published during FY 1994 
(Waugh et al. 1994). 

Layered exposures of glacial-
flood-deposited gravels mantled with silt or 
sand, that resemble contemporary barrier de
signs were examined (Waugh et al. 1994). 
Bergmounds, another anomaly left by cataclys
mic glacial floods, were also examined as 
analogs of surface gravel. The following de
sign considerations emerged from a moderate 
characterization of these deposits: 1) a 
capillary moisture barrier design consisting of a 
fine-textured topsoil overlying a mixed layer of 
gravel and coarse sand (pitrun gravel) may be 
more stable than designs featuring graded, 
well-sorted soil, sand, and gravel layers; 2) soil 
development processes that can alter soil hy
draulic properties, such as particle aggregation 
and illuviation of soluble salts and colloids, will 
likely take place on waste covers; 3) the depth 
and dispersion of carbonate accumulation may 
provide an indication of past soil water move
ment in layered soils; 4) disturbances causing 
deep-rooted perennial vegetation to be replaced 
by shallow-rooted, short-lived species, could re
duce plant water extraction and trigger drain
age; and 5) spatial patterns in surface water 
infiltration, water retention, and evapotrans-
piration may evolve on waste covers in re
sponse to soil formation processes and clumped 
plant distribution patterns (Waugh et al. 1994). 

A study of the effects of spatial variation in 
soils and plants on soil water storage dynamics 
at McGee Ranch was published in FY 1994 
(Link et al. 1994b). McGee Ranch is the 
source of the fine silt-loam soils used to create 
the uppermost layer on the prototype barrier. 
This site is dominated by shrubs. Grayia 
spinosa grows atop coppice dunes that are 30 to 
50 cm tall. A. tridentata, perennial grasses, 

and forbs grow predominantly in the inter-
hummock swales. Numerous interhummock 
swales were sparsely vegetated without shrubs. 
It is possible that barrier surfaces could develop 
similar variations that may influence soil water 
patterns on the surface. The relationship 
between topography, vegetation, and soil water 
storage dynamics was determined at McGee 
Ranch. Variation in soil water storage was 
more closely related to variation in vegetation 
than to topographic conditions. The implica
tion for the hydrologic modeling of barriers is 
that accurate representations of soil water 
dynamics on the surface will need to account 
for vegetational patterns (Link et al. 1994c). 

2.10 Technology Transfer 

2.10.1 Technology Integration and 
Transfer 

During FY 1994, a number of activities 
were conducted to integrate with and transfer 
surface barrier technology to end users as well 
as to other interested individuals and organiza
tions. These activities are discussed below. 

2.10.2 Barrier Development Program 
Documentation 

Progress leading to a final barrier de
sign continues to be documented. The docu
mentation includes the results of all barrier 
development, research, demonstration, and 
testing activities conducted throughout the life 
of the BDP. This information serves as the 
foundation on which technically defensible final 
designs are based. 

The design and construction of the proto
type barrier during fiscal years 1993 and 1994 
has enabled the results of research-oriented 
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activities to be used to prepare various 
engineering-related documents. These docu
ments include 1) definitive design drawings, 
2) construction specifications, 3) a construction 
quality assurance plan, 4) a design basis docu
ment, and 5) a constructability report. These 
engineering-related documents will serve as a 
useful model for the design and construction of 
future barriers. 

Documents produced as a result of barrier 
development activities continue to be cleared 
for public release, published, and disseminated 
to interested individuals and organizations both 
onsite and offsite. Currently, over 90 barrier-
related documents have been published. Appen
dix B contains a list of barrier documents pub- • 
lished to date. 

2.10.3 Videotape Production 

In addition to the written documents, a 
videotape of the BDP was produced this fiscal 
year. The videotape documents the approach 
being taken to develop long-term surface bar
riers for the Hanford Site. A summary of some 
of the barrier development tasks and activities 
that have been conducted over the years is pro
vided. Graphic animations are used to demon
strate how the barrier functions. Additionally, 
the videotape documents the design, construc
tion, and testing/monitoring of the prototype 
barrier that was completed in August 1994. 

This videotape will be a valuable resource 
to potential customers of barrier technology 
and to other interested parties by demonstrating 
how barriers function and how they are 
constructed. 

2.10.4 Consultation on Barrier-
Related Topics 

During FY 1994, members of the BDP 
have provided information and consultation on 
barrier design and construction issues to a num
ber of interested individuals and organizations. 
For example, designers at DOE's Rocky Flats 
Site have been in contact with Hanford's BDP 
throughout this fiscal year to acquire informa
tion and jain insights to assist them in design
ing a barrier for one of their waste sites. In 
addition, scientists and engineers supporting the 
design and performance monitoring of the 
Rocky Flats barrier have solicited information 
on the Hanford approach to barrier perform
ance monitoring. Other individuals and organi
zations from across the country and the world 
also have requested information pertaining to 
various aspects of the Hanford Site's barrier 
development effort. 

Members of the BDP also have been in
volved in the planning for the acquisition of the 
various materials that will be used to construct 
barriers at the Hanford Site. The BDP en
gineers are helping to address some funda
mental questions, such as the following: 

• Do barrier construction materials of 
suitable quality exist in adequate quan
tities to support the Hanford Site's en
vironmental restoration plans? 

• Are additional characterization activi
ties needed to finalize the quantity esti
mates of barrier construction materials 
or to identify new sources of materials? 
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• Has the appropriate documentation 
been completed to support excavation 
of barrier construction materials? 

• How will potential impacts associated 
with cultural resource and threatened 
and endangered species concerns be 
mitigated or resolved? 

• How will the barrier construction mate
rials be transported from the borrow 
pits or quarries to the waste sites where 
barriers are being constructed? 

• Will the current transportation infra
structure need to be improved or en
gineered to handle the loads and vol
ume of traffic required to support the 
construction of protective barriers? 

• If needed, can modifications to the 
infrastructure be planned, procured, 
and installed in a timely manner to sup
port environmental restoration 
activities? 

The answers to these questions are critical 
to support the timely construction of surface 
barriers at the Hanford Site. 

2.10.5 Technology Transfer 

As mentioned previously, surface barrier 
technology is of interest to other DOE sites, 
particularly those located in arid climates. 
Collaborative efforts already have been fostered 
with engineers and scientists from other field 
offices who are either working on or have an 
interest in barrier-related issues. Workshops 
have been convened, special topics meetings 
organized, and papers presented at DOE-
sponsored symposia and workshops such as the 

Sixth National Technology Information Ex
change convened in Kennewick, Washington, 
in May 1994. In addition, members of the 
BDP have served on Technical Support Groups 
sponsored by DOE-Headquarters' Office of 
Technology Development. 

Efforts to transfer barrier technology to in
dividuals and organizations outside the DOE 
complex also have been made during the past 
year. For example, a number of papers have 
been presented at several national and inter
national technical conferences and symposia. 
In addition, papers have been submitted, pub
lished, or scheduled to be published in various 
technical journals. 

In addition to the activities noted above, ef
forts were made during FY 1994 to prepare for 
an international symposium to be held in Pasco, 
Washington, in November 1994. The objective 
of this symposium was to bring together indi
viduals from around the world who are work
ing on surface barriers and other in situ remedi
ation technologies. The conference included 
several days of presentations and a tour of 
Hanford's barrier field test sites, including the 
prototype barrier. A proceedings document of 
the presented papers has been published and 
was distributed to symposium attendees. A 
number of individuals on the BDP participated 
in this symposium. G. W. Gee and N. R. 
Wing chaired the symposium and served as 
editors of the symposium proceedings.00 

(a) G. W. Gee and N. R. Wing, editors. 1994. InSitu 
Remediation: Scientific Basis for Current and Future. 
Technologies, Parts 1-2. Thirty-Third Hanford Symposium on 
Health and the Environment, November 7-11, 1994, Pasco, 

. Washington. Battelle Press, Columbus, Ohio. 
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DAVID E. DANIEL 
CIVIL ENGINEER 

7608 YAUPON DRIVE • AUSTIN, TEXAS 78759 
Telephone and Telefax: (512) 219-0698 

August 30,1994 

N. R. Wing 
IT Corporation 
345 Hills Street 
Richland, WA 99352 

Purchase Order: MJF-SCV-298796 

Dear Mr. Wing: 

This brief report will serve to summarize my comments concerning the prototype barrier 
program at Hanford. Under the above-referenced purchase order, I have reviewed various reports 
that have been sent to me concerning the prototype barrier, visited the site in April and August of 
this year, visited the test facility at Hill AFB, conducted strength tests on the fluid applied asphalt, 
and analyzed the static and seismic stability of the prototype barrier. I have also written to you 
concerning the long-range needs of the barrier program (letter of August 19, 1994). Results of 
testing on the fluid applied asphalt, and of stability analyses for the prototype, were summarized in 
a report dated August 29,1994. 

I'll make my comments brief and just focus on two issues: (1) where your are, and (2) 
where you're going with the program. The prototype barrier is, to my knowledge, the largest and 
most sophisticated surface barrier ever constructed in an arid environment. The design is very well 
thought-out, and construction seemed to go smoothly. The thorough work done by the project 
team over the last few years has come together very nicely to produce a sophisticated, multiple-
component, redundant barrier system. If there is a better thought-out surface barrier anywhere in 
the world, I am not familiar with it. 

I am rather surprised at the total cost of the facility now that I see it fully in place; it is much 
less expensive than I would have originally envisioned. The cost is on a par with that of municipal 
waste landfill covers in places like Long Island, New York. I believe that surface barriers like the 
prototype that has been constructed can be extremely effective, very economical (especially 
considering the alternatives), and very beneficial in terms of providing effective environmental 
protection in a timely, cost-effective manner. 

The only concern that I have about the prototype barrier is with creep of the fluid applied 
asphalt. I strongly recommend that you monitor slope movements,.per our discussions, to 
determine whether there is any potential problem with creep-induced movements. If the data 
suggest that movements are occurring, I recommend further investigations be initiated to better 
document the creep characteristics of the fluid applied asphalt and of the deformations within the 
prototype. The fluid applied asphalt serves a very useful hydraulic purpose; it is an important 
component of the prototype barrier and should rem'ain a strong candidate material for future 
barriers, provided that creep is not, or can be made not to be, a problem. In the future, creep can 
be controlled by using a wider "overhang" of basalt or soil beyond the limits of the fluid applied 
asphalt to buttress and thereby to contain the fluid applied asphalt and overlying materials. 
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A question can be asked about why the potential problem with creep of the fluid applied 
asphalt was not identified earlier. I do not feel that it is anyone's fault. I, among others, did not 
recognize that creep could be a problem until I saw the actual material. The asphaltic liners that I 
have seen before are much stiffer and less vulnerable to creep than the material used at Hanford. In 
defense of the material used at Hanford, the tremendous ductility and resiliency of the material 
makes it ideal as a self-sealing hydraulic barrier. The manufacturer of the fluid applied asphalt has 
had the material tested for interfacial shear with sand, and the strength properties reported by the 
testing laboratory were quite high. There was no indication prior to construction that low strength 
or creep might be a problem. I think that we can attribute the possible problem to use of a rather 
new material in a new application. In my view, the purpose for constructing the prototype was, in 
large part, to identify any unforeseen problems. The prototype was successful in identifying a 
previously unforeseen problem that warrants further evaluation in the future. 

I do not have any comments on the instrumentation plan for the prototype, other than to 
note that the instrumentation scheme is comprehensive but does not constitute overkill. The 
instruments are very sophisticated, but in my judgment the number of field instruments and degree 
of sophistication of the field instrumentation are about right If the potential for creep is monitored 
on slopes, I believe that the instrumentation program will provide a clear picture of how the barrier 
is performing and will document why it is working. It is very important to monitor the prototype 
for at least several years so that long-term effects are taken into account as best as possible. 

The work at Hill AFB is extremely valuable in validating the water balance concepts for the 
prototype barrier under changed-climate scenarios. I highly recommend that this work continue. It 
is very cost effective. 

In terms of future work, I have some suggestions to offer. The need for graded barriers at 
Hanford is very high, and I think that identification of suitable designs, and appropriate verification 
of those designs, is the highest priority for future work. I believe that very cost effective barrier 
materials, such as geomembranes and geosynthetic clay liners, should be given stronger 
consideration for graded barriers, where the need for an extremely long service life may not be as 
acute as it was for the prototype barrier. Field tests, particularly on geosynthetic clay liners, are 
appropriate. I also think that you should give high priority to determination of the effects of 
differential subsidence upon surface barriers — it will be very important to quantify how much 
distortion the barriers can safely withstand so that judgments can be made concerning the need for 
physical stabilization of the waste prior to construction of a surface barrier. Field-scale tests to 
study the effects of subsidence are recommended. 

Finally, I hope that you will do all that you ran in the months and years ahead to make 
others aware of the data from the prototype barrier. It is' a very valuable resource that has broad 
applicability within the DOE community and outside of it, as well. I encourage you to give a high 
priority to regular transfer of results to potential users. 

I have enjoyed working with you and the other members of the barrier team this year. 
Please feel free to call if you have any questions. 

Sincerely, 

David E. Daniel 
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COLLEGE OF ENGINEERING 

THE UNIVERSITY OF TEXAS AT AUSTIN 

Department of Civil Engineering • Austin, Texas 78712-1076 
Geotechnical Engineering '(512) 471-4929 • FAX (512) 471-6548 

August 19,1994 
Mr. N. Richard Wing 
IT Corporation 
345 Hill Street 
Richland, WA 99352 

Dear Mr. Wing: 

SURFACE BARRIERS AT HANFORD: COSTS, RISKS, AND FUTURE DIRECTIONS 

I am writing to follow up on my recent peer review of the surface barrier program and to 
express concerns about the future of the surface barrier program at Hanford. My external 
reviews of Hanford's programs have led me to conclude that enormous sums of money will be 
spent at Hanford on surface barriers. The opportunity exists now to plan and verify surface 
barrier strategy that would save hundreds of millions of dollars. The window of opportunity that 
presently exists will only last for a few years; it is imponant to plan and to act now. I would like 
to recommend an approach that I believe could yield substantial savings in budget and schedule 
for Hanford. 

As you probably know, I have been heavily involved in waste containment issues 
nationally and internationally for the past 15 years. I have been the EPA's principal researcher 
for natural materials used for. liners and caps in waste containment facilities and am currently a 
co-principal investigator on a S900K EPA project, "Field Performance and Waste Containment 
Facilities." I edited the 1993 book Geotechnical Practice for Waste Disposal, which presents the 
knowledge base for surface barriers and other waste containment components. I have taught 
more than 100 training courses (about half under EPA sponsorship) in the U.S. and Europe on 
liners and surface barriers. These seminars have been attended by more than 10,000 scientists 
and engineers. Iserve on review teams for DOE's In Situ Remediation Integrated Program and 
Burial Waste Integrated Demonstration. I have been asked to serve on the newly formed Board 
on Energy and Environmental Systems, National Academy of Sciences. I feel fortunate to have 
had the opportunity to be involved in so many diverse groups and believe that I have a good 
understanding of the "big picture" in terms of surface barriers used for all types of waste 
remediation, including the contaminated areas at Hanford. 

SURFACE BARRIERS: SOME SUCCESSES, MANY FAILURES 

Surface barriers which are also called "caps" or "covers," have been used for many years 
for closing landfills. Non-radioactive waste landfills are regulated by the U.S. EPA under the 
Resource Conservation and Recovery Act (RCRA). The caps are often called "RCRA caps." 
The EPA has published detailed guidelines on how a cap should be designed. 

The first RCRA caps were multi-component caps built starting in about 1982 over 
hazardous waste landfills. The caps contain plastic membrane liners and wet, compacted clay. 
The RCRA cap is not unreasonable for humid sites (the industry joke is that the RCRA cap was 
conceived by EPA in Washington, D.C., and only applies inside the beltway). A RCRA cap is 
not appropriate for Hanford because: (1) the wet clay would dry and crack, and (2) the service 
life of the plastic liner is too short. 
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Non-hazardous waste is also regulated by EPA under RCRA and is often termed 
"municipal solid waste" (MSW). Rules for MSW caps were established in 1993. The MSW cap 
consists of 6 inches of soil for erosion protection underlain by a plastic membrane, which in turn 
is under lain by 18 inches of soil. Many experts in the industry believe that this cap is 
technically inadequate (grossly inadequate, not just slightly inadequate) and represents a 
compromise in environmental protection for the sake of short-term savings in dollars. The 
criticism is so strong that many states are enforcing far more stringent requirements for MSW 
landfills. 

Clean-up of old waste sites is regulated by EPA under Superfund. RCRA rules may be 
applicable or relevant and appropriate (the so-called ARARs principle). Even though RCRA 
may not apply to buried waste or to the cleanup, RCRA rules must still be considered and, if 
relevant and appropriate, are very pertinent. I do not feel that Hanford can or should escape the 
EPA regulatory umbrella. 

While some RCRA caps have worked well, many have not. The key points are: 

• A standard RCRA cap intended for hazardous waste is not going to work in an arid 
climate over a long time period (hundreds to thousands of years) 

• A standard RCRA cap intended for non-hazardous waste (MSW) may not work 
anywhere and certainly is not appropriate for long-term waste containment in Hanford 

• RCRA requirements should be considered and may be enforceable under the ARARs 
principle 

• If one were to simply pull a standard RCRA cap design off the sh'elf and use it at 
Hanford, there is a high probability that the cap would not work and that one would 
have to cap the cap (i.e., remediate the remediation). 

SURFACE BARRIERS: THEIR ROLE AT HANFORD 

1. There are basically two ways to deal with radionuclides in the subsurface: (a) remove 
them, or (b) leave them in place but limit their migration potential via engineered 
containment. 

2. The cost of exhuming radioactively contaminated soil is extremely high. Exhumation 
involves substantial risk to workers. As we learn more about the removal option, it 
seems-likely that the costs will get higher (not lower), and concerns over exposure to 
workers greater (nor less). The containment option, which is cheaper and safer, is 
likely to become much more attractive as remediation progresses. 

3. A surface barrier will be crucial to waste containment at Hanford. The technical 
community, regulators, public, and (I hope) DOE will insist on limiting surface water 
infiltration and biointrusion at containment sites with a surface barrier. Studies at 
Hanford have shown that without a surface barrier, approximately half of the 6 inches 
of annual precipitation percolates into the sandy soils. This infiltration works out to 
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be about 80,00 gallons of water per acre per year. If this liquid contacts soluble 
contaminates, leachate with migration potential results. A good surface barrier will 
greatly minimize this potential. 

4. Although good estimates of the number of acres of surface barriers required at 
Hanford are not available, a ball-park figure is 1,000 to 10,000 acres. Typical RCRA 
caps cost about $50K to 5300K per acre. The prototype barrier constructed at 
Hanford is on the order of $300K per acre. The total cost range is $50M to $30B. A 
realistic figure is a minimum of several billion dollars. 

5. As operable units are closed, Hanford will face an immediate need for surface barriers. 
If DOE wants to begin closing out operable units within the next few years; it must 
have surface barrier technology ready to go. You are not, at this point, close to being 
ready to implement surface barriers on a massive scale. 

6. For the sake of discussion, let's just assume that Hanford will spend $5B over the next 
20 years on surface barriers. The cost could easily go up or down 1,2, or even S3B, 
depending on the final designs, components, thicknesses, etc. Once the surface 
barriers (graded to reflect the nature of underlying wastes) are selected, the same 
design will probably be repeated over and over. Hanford has an opportunity to spend 
several million dollars over the next several years to think through the surface barrier 
design, select and test the most cost-effective options, and then implement those 
options. This type of R&D could lead to a 10 to 10,000 fold return on investment. 

PARALLELS TO EPA 

I have worked closely with EPA over the past 15 years and somewhat closely with DOE 
over the same period (especially the last 2 years). DOE is in danger of repeating EPA's mistakes 
in terms of surface barriers. The main points are: 

Mistakes that EPA made Mistakes that DOE could make 

1. Underestimated the value of containment. 
The initial goal of full restoration of sites to 
pristine conditions turned out to be 
technically and economically impossible. 
EPA is now relying more on "containment" 
and "risk management," but these 
approaches are not well developed or 
verified. 

2. Let their in-house containment capability 
slip. The result is that the expertise that 
EPA needs is largely gone, except for one 
or two key people. The quality of 
regulations and oversight has suffered. 

1. DOE has not put enough resources into 
containment technology and is likely to be 
in the position of needing technologies that 
are not yet proven or, in some cases, not 
available. The result is that, unless the 
situation is rectified, surface barriers will 
be selected that in many cases will not 
work. The cost to fix the problems could 
be enormous. 

2. The Hanford group has people who have 
worked for several years or more on 
surface barriers. The DOE will need this 
expertise. A continuing commitment is 
needed to maintain a core group. 
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