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Summary

For more than 50 years, contaminants from nuclear weapons production were released to the ground
at Hanford, Washington. During operations, liquid and solid waste was disposed to the ground, where the
contaminants could then move through the unsaturated sediment and into the groundwater. Once in the
groundwater, the contaminants are transported with the groundwater that may be withdrawn at wells or
discharged to the Columbia River. To predict contaminant release to groundwater, it is necessary to
understand the hydraulic properties of the material between the release point and the water table. Meas-
urements of the hydraulic properties of the Hanford unsaturated sediment that buffers the water table are
available for many areas of the site; however, the documentation is not well cataloged nor is it easily
accessible. The purpose of this report is to identify what data is available for characterization of the
unsaturated hydraulic properties at Hanford and where it can be found.

This report is arranged into five sections and four appendices. Chapter 1 contains the purpose of this
report, identifies other data compilations that are relevant to unsaturated flow issues, and identifies key
points of contact at Hanford contractors who are involved with resolution of unsaturated flow issues.
Chapter 2 is a brief overview of the soil physics approach and topics of consideration at Hanford.

Chapter 3 identifies laboratory and field measurement facilities where Hanford unsaturated flow data is
collected. The information in this section includes the hydraulic properties measured and the operational
status of each facility. Chapter 4 describes how the references in Appendix B are organized. Chapter 5
contains the conclusion statement. This last section is a discussion of the preceding sections and the
appendices and identifies where documentation and other information resides. The four appendices
include a list of hydraulic parameters and references to literature sources that are relevant to each category
(Appendix A), a bibliography of Hanford related documents with content summaries (Appendix B), a
table of sites that have measured data and the number of measurements by parameters type (Appendix C),
and a list of the primary references (Appendix D) sorted by year of publication.

il



Contents

SUIMIMIATY ..ottt et e et e e et eeebe e e tbeeesbeeesebeessbeesssaeessaeesseeessaasssaeenssaessseeansssessessnsesensses iii
1.0 INEEOAUCTION ..eniiiiiiiiit ettt ettt ettt et et et b e b e s bt e s at e sate et e e beenbeesbeesaeesateens 1
1.1 Catalogs Related t0 SOIl PRYSICS.....ccueieviiiiiieeiieeiieeciee ettt ettt e 2

1.2 Hanford Soil PhySicsS CONTACES ........ccvirvirrieiieiiesiiesieesiiesteereeereesreesseesseesseesseesssessnessneans 2

2.0 Soil Physics Data at Hanford...........ccccevieiiiiiieiiciiceceeesee e 2
3.0 DAtA SOUICES ...uveeueieiieiiieeie ettt ettt ettt et esbe e shtesat e st s bt e bt e bt e nbeesbeesaeeeateenbeesbeesaaesaneeas 3
3.1 Laboratory FACIIILIES .......cceicvieiieiieiiesiierie ettt e st esteesaeseveeeveeseese e saessaessnessneanneans 5
311 WHC-GEL ettt ettt 5

3.1.2 Pacific Northwest National Laboratory...........ccccceeevveeviiecvieciieieeieenieeseeseesreseneens 5

3.1.3 Unsaturated FIOW APParatus .........ccccccveeevieviierieeniesiesieereereeseesseesseesseessnessnessneens 6

3.2 LYSIMELETS ..uvteivieeiieeieeieesttestesteeteesteeseessaesseessseasseesseessaessaesssesssessseesseesseesssesssesssenssensseans 6
3.2.1 200 East Area Deep LySImMELer.......c.cccuveeiierieriieiie e sie e ereeieeieeseeesenesenessneenneens 6

3.2.2 Biointrusion LYSIMELETS .......ccveevieriierieriirieesieesieeseeseesseeseesseesseesseesssesssessseesseens 7

3.2.3 Field Lysimeter Test FACIIIt ........cccoecviriiieiierierie et eene e 7

3.2.4 Small Tube Lysimeter FACIIity .........ccceerieriieriierieeie it 7

3.2.5 Vadose Zone Field Site 300N .......cccooiiiiiiiiiiiieeeneeeeeee e 7

3.2.6 Special Waste Test FACIIILY .....cccveriiriiiiieiieieesee e seae e sene e 7

3.2.7 Grout Waste Test FACIIILY ......ccoccirciieciieierierie et 8

3.2.8 ALE ReSErve LYSIMELETS .....cceevuiiriiiiiieiieiieieesieeseesiiesvesveenseesseeseessaessnessnesnnenns 8

3.2.9 Sold Waste Landfill Basin LySimeter .........cccceceevirerienenienienenieeneeeceniceeee 8

3.3 Other FIIA SIteS.....oiiiiiiiiiieiiieciis ettt ettt ettt e et e e tbe e s aveeetneesaveeeareean 9
3.3.1 Sisson-Lu INJECON STt ......evviriieieniiriieieniieteiee ettt 9

3.3.2 MoOCk Tank FaCIlity ......ccueeouieiiieiieiiesiiecie ettt ettt 9

3.3.3 Prototype Surface Barrier FaCility........ccccooueriniiiininiiniciieieececeteeeee 10

3.3.4 300 Area Grass Site......c..cccviieieriiiiiieiiieecieeeeteeereeeeieeesereeeteeestveeereeesseesevesereeenens 10

T (I 5310 107 a2 1SS 10
5.0 CONCIUSIONS .ottt ettt e s bt e e at e et e et e bt e bt e bt e sbtesaeesaeeenteenteesbeesaneentaens 11
6.0 RETETEINCES ....eotiiiiiiiiieiee ettt ettt ettt e bt e bt e s ae e e st e et e eateebeesbeesbeesaeesateens 12



Appendix A — Parameter Characteristics and Related References ..........ccccoooeeieniieiiniienccee Al

Appendix B — Bibliography of Vadose Zone Hydraulic Properties for the Hanford Site.................. B.1

Appendix C — Table of Hanford Sites and Soil Physics Measurements ............ccoceeeeerereeneeneneeenene C.1

Appendix D — Sorted List of Publication Type, Author List, and Publication Year ..........c..ccc.c....... D.1
Figure

1  Location of Lysimeters and Other Field Sites at the Hanford Site..........cccccevevevciinciinieneeninnn, 4
Table

I Data TYPES ANA ATCAS....ccueieiiieeetieeiiiecieeeeteeeeteeesteeestaeesteeessseessseeesseasssesessseessseessesesssesasseeanes 12

vi



1.0 Introduction

Release of contaminants to the ground from nuclear weapons production facilities at Hanford,
Washington, occurred for more than 50 years. Once released to the ground, effluent water and waste
migrate through the unsaturated soil column (vadose zone) before arriving at the saturated, water table.
During transport in the vadose zone, some of the contaminants are adsorbed by the soil matrix and is
subject to prolonged release to the groundwater for an extended period of time. The release rates to
groundwater depend on the total fluid and waste volume, the adsorption of contaminants onto the soil, ion
exchange, current moisture distribution in the sediment, recharge rates, sediment texture and structure,
and depth to the water table. To understand the migration path and time for a contaminant to pass through
the vadose zone, it is necessary to understand the hydraulic, physical, and chemical conditions that exist
in the sediment. This is achieved, in part, by knowledge of the vadose properties and the ability to assign
the correct properties on a site-specific basis.

The Characterization of Systems (CoS) Task under the Groundwater/Vadose Zone Integration Project
is responsible for establishing a consistent set of data, parameters, and conceptual models to support
efforts at the Hanford Site to estimate contaminant migration and impacts (DeLamare 2000). As part of
these efforts, CoS scientists are assembling a series of catalogs to identify the depth and breadth of
existing data and to facilitate access to those data. The preparation of these catalogs is to facilitate the
development of comprehensive, useable, and scientifically defensible database(s). However, it is also
envisioned that these catalogs will be “living documents” that will continue to evolve, as other existing
data is found and new data collected.

Hanford data are used by scientists studying the vadose zone onsite to provide input for unsaturated
flow and transport models. These models are then used to assess the past, present, and future impact that
waste operations have on regional health and the environment. Throughout this document, the terms “soil
physics” and “vadose zone hydrology” are used interchangeably.

This document is separated into five main sections. Chapter 1 is this introduction, other closely
related bibliographic sources, and a list of the Hanford soil physics contacts. Chapter 2 is a brief over-
view of some aspects of Hanford soil physics. Chapter 3 is a description of the field and laboratory
facilities from which measurements are derived. Chapter 4 is a brief perspective of what went into
putting together the reference list. Chapter 5 is the conclusion. Appendix A is a table listing parameters
characteristics followed by a list of publication reference indexes from Appendix B. Appendix B is an
annotated bibliography of documents that reference work that involved data collection activities or
analysis of Hanford derived vadose data. This appendix is organized alphabetically by lead author. Each
citation also is numbered. This numbering system identifies the reference in Appendix C, where the
documents are sorted by year of publication. Appendix D is a spreadsheet of the sites and types of data
used by the soil physics community at Hanford. Appendix C is a table with document numbers, authors
list, and year of publication. This table is sorted by year of publication.



1.1 Catalogs Related to Soil Physics

Three separate catalogs are being prepared in parallel to document the existing vadose zone data.
These include the geologic data, vadose-zone hydraulic-property data, and geochemical data. These
catalogs join an already existing catalog on surface and borehole geophysical data (Last and Horton 2000)
and a catalog on release mechanisms (in preparation). A bibliography was published by Gee and Heller
(1985) to focus on the physical properties of Hanford soil as they relate to recharge. The references in
Gee and Heller are included in Appendix B so that all relevant references could be maintained in one
place. The contents of this report are intended to add to the previous bibliographic work and identify
additional sources of information that are pertinent to properties of soil physics data at Hanford.

1.2 Hanford Soil Physics Contacts

The soil physics contacts are key personnel at site contractors who are actively involved in projects
where soil physics data is collected or used. Personnel include a wide range of expertise including
modeling, laboratory and field measurements, and project management. This is not necessarily an
exhaustive list of experts in the field, but rather contacts at the primary contractors at Hanford who can
direct inquiries to the appropriate expert. Contact personnel among the Hanford contractors include

Glendon Gee Pacific Northwest National Laboratory (509) 372-6096
Raz Khaleel Fluor Federal Services (509) 376-6903
John Relyea Fluor Hanford (509) 376-4977
Paula Heller UFA ventures (509) 375-3258

2.0 Soil Physics Data at Hanford

The purpose of this document is to collect pertinent references about soil physical properties
measured at Hanford. Two general categories of data are identified as (1) laboratory measurements and
(2) field measurements. The types of laboratory measurements typically collected are water content,
pressure head, saturated and unsaturated hydraulic conductivity, particle-size distribution, particle density,
and bulk density. Field measurements include drainage, soil water storage, soil moisture profiles, and air
permeability measurements. The physical and hydraulic properties input for the unsaturated data fields in
numerical models are predominantly derived from the laboratory measurements.

An advantage of using data from laboratory measurements is that the water characteristic curves for
water retention and hydraulic conductivity of the sediment are derived for a large range of tensions, from
wet to very dry, in a controlled environment. The same is not true of field measurements. A disadvan-
tage is that the data used for modeling are typically derived from laboratory measurements of semi-
disturbed or repacked samples. The laboratory samples, though providing a full range of water content,
pressure head, and/or unsaturated hydraulic conductivity values, are only representative of a small volume



of the actual heterogeneous sedimentary column. Consequently, using a single sediment sample to define
a formation scale feature does not adequately capture the complexity in the formation.

The field data typically supply information pertinent to drainage fluxes (recharge), material location
in the profile, and initial hydraulic conditions (water content and pressure head). Environmental factors
accounted for in field campaigns include consideration of vegetation cover or lack thereof, sedimentary
texture and layering, and climate conditions (temperature, precipitation, wind). Field studies are con-
ducted at well-defined facilities such as lysimeters, where the sediment physical properties are well
known in the control volume, or in less well-characterized settings where observation wells are used to
monitor soil water conditions in the naturally deposited sediment. Measured hydraulic properties data are
often entered into the models as data tables measured for a parameter range (as a function of pressure
head or water content) or as calculated parameter input to equations

The data sources referenced here are of three types:

o raw data collected in the laboratory or the field
o publications that contain raw data and calculated values derived from the data
e publications where the raw data has been translated to function parameters.

The best data to work with is the raw data because the information can then be manipulated by what-
ever methods an investigator may like. With processed data, the investigator is forced to use the modified
parameters based on assumptions and modification by the previous user. If an error was introduced into
the calculations or an improved method is available to derive parameters, there may not be enough infor-
mation about the derived parameters to back out the original values. Also, during processing, the data is
approximated, so unless the exact procedure is known, the data cannot be exactly recovered.

3.0 Data Sources

Sediment samples are collected from field sites and sent to laboratories for analysis or measurements
are taken in the field at instrument ports or at access tubes. Laboratory analyses of the hydraulic prop-
erties of samples collected at Hanford have been performed at three soils laboratories:

1. Westinghouse Hanford Company Geotechnical Engineering Lab (WHC-GEL)
2. Pacific Northwest National Laboratory (PNNL)
3. UFA Ventures.

Most of the measurement techniques employed in the laboratory and in the field are explained in
detail in Klute (1986). Field sites are chiefly lysimeters and cased boreholes installed in the Hanford
sediment. Figure 1 shows the locations of the lysimeters and other field sites at Hanford. The following
subsections are a brief description of the laboratories and various field experimental sites.
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3.1 Laboratory Facilities

Three laboratories have operated on the Hanford Site with the express purpose to support unsaturated
hydraulic properties characterization. Prior to the establishment of the earliest soils laboratory at
Hanford, a limited number of samples were sent to laboratories of site. Data from those early laboratory
measurements are very limited and procedures are not well documented. Because the bulk of the infor-
mation being used at Hanford is derived from data provided by onsite laboratories, only the Hanford
facilities are discussed here.

3.1.1 WHC-GEL

The WHC-GEL data was generated from 1990 through 1995, after which WHC-GEL ceased opera-
tions. The procedures that were used to maintain quality control and consistency of laboratory results
were contained in the Geotechnical Engineering Procedures Manual (WHC 1986). The types of data
collected at the WHC-GEL include water retention curves, sieve analyses, particle and bulk densities,
saturated and unsaturated hydraulic conductivities. Water retention data were collected using Tempe
cells, pressure plates, and/or psychrometers. Pressure ranges for the Tempe Cell were 0 to 1,000 centi-
meters, for the pressure plate 500 to 15,000 centimeters, and for the psychrometer 15,000 to >1 million
centimeters. Most sieve data is from mechanical sieving; however, there are some hydrometer data also
available. The unsaturated hydraulic conductivity was derived by the steady-state head control method.
A procedural flaw exists with the water retention data prior to 1993. Before this time, saturated water
content measured for the drainage curve was achieved by vacuum saturation of the sample. This does not
accurately reflect natural wetting conditions, where some entrapped air would be expected in the field.
Consequently, the water retention data prior to 1993 is representative of the primary drying curve rather
than the main drying curve. Khaleel and Freeman (1995) revised the pre-1993 water retention curves for
the samples listed in their catalog by setting saturated water content equal to the saturated water content
measured for the imbibition curves measured for the sediment samples. The raw data from the WHC-
GEL is available as EXCEL spreadsheets files or in paper form from Eugene Freeman (PNNL), Raz
Khaleel (FFS), John Relyea (FH), or Paula Heller (UFA Ventures).

3.1.2 Pacific Northwest National Laboratory

The PNNL soil testing laboratory collected hydraulic data from 1977 through the present. Prior to
1977, samples were routinely sent to laboratories offsite to measure hydraulic parameters. The raw data
from some of the samples are available in PNNL and site contractor reports only. Detailed records of
laboratory analysis by PNNL are not readily available. The apparatus and operational parameters used to
collect the PNNL data are similar to those of the WHC-GEL. However, the PNNL soil laboratory did not
have a capability to measure unsaturated hydraulic conductivity data until after 1995. The majority of the
analyses done at the PNNL prior to 1995 involved particle size analysis, bulk density, and some measure-
ment of water retention. The procedures that are followed to maintain data quality and consistency are
found in the Procedures for Ground-Water Investigations (PNL-6894). Current measurements taken at
the soil laboratory include water retention, saturated hydraulic conductivity, unsaturated hydraulic con-
ductivity, particle size distribution, bulk density, particle density, and porosity. Information about the
current capabilities at PNNL is available at http://hydrology.pnl.gov/laboratories.asp.



3.1.3 Unsaturated Flow Apparatus

The unsaturated flow apparatus (UFA) is a centrifuge device used to measure the unsaturated hydrau-
lic conductivity of a sediment sample. The advantage that the centrifuge device has over other techniques
is that steady-state flow is achieved in a matter of hours rather than days or weeks. One disadvantage of
the centrifuge method is that the samples are small sub-cores (about 2 centimeters) that may miss identi-
fying the textural variability in the larger sample. Unsaturated hydraulic conductivity is measured as a
function of water content by this method. The centrifuge method does not provide information necessary
to generate the moisture retention curve. The centrifuge method has been used at the Hanford Site since
1992. The procedures that are followed to maintain data quality and consistency are found in ASTM
D4525 and ASTM D6527-1. A comparison of unsaturated hydraulic conductivity values derived from
the centrifuge and from the steady-state head control method is reported by Khaleel et al. (1995). This
study notes that the unsaturated hydraulic conductivity at high negative pressures agrees well between the
centrifuge method and the steady-state head control method. However, the centrifuge data show an
anomalous behavior in the lower negative pressures. The centrifuge method is operated by UFA
Ventures, a private testing laboratory located in Richland, Washington. The UFA Ventures’ laboratory
maintains a website at http://www.ufaventures.com.

As of fiscal year 2001, the WHC-GEL lab is closed; the centrifuge method is not widely used, and the
PNNL soil laboratory is used only to a limited extent.

3.2 Lysimeters

The definition of a lysimeter from the glossary of soil science terms listed on the Soil Science Society
of America (SSSA) website is: lysimeter — (i) A device for measuring percolation and leaching losses
from a column of soil under controlled conditions. (ii) A device for measuring gains (irrigation, precipi-
tation, and condensation) and losses (evapotranspiration) by a column of soil. Lysimeters at Hanford
serve many purposes from water balance studies, drainage and recharge, and waste form performance.
Lysimeters are weighing or non-weighing types and their instruments include access tubes, to measure
water distribution and movement; tensiometers; and thermocouple psychrometers.

3.2.1 200 East Area Deep Lysimeter

This facility is located 4.8 kilometers south of the 200 East Area, about 91.5 meters west of well
699-32-49D. The two lysimeters at the site are 3 meters in diameter and 18 meters deep. One lysimeter
is open at the bottom, while the other is closed off with a concrete slab. The lysimeters have instruments
with thermocouple psychometers, pressure sensors, and a neutron probe access tube at the center of each
lysimeter. The lysimeters, built in 1971, were intended to measure deep percolation through the Hanford
Site sediment. The open bottom lysimeter is now destroyed, and the closed bottom lysimeter is currently
inactive. These documents provide more information about this site: Brownell et al. (1971), Finlayson
(1978), Gee and Heller (1985), Gee and Jones (1985), Hsieh et al. (1973), Isaacson (1982), Last et al.
(1976), and Rockhold et al. (1990).



3.2.2 Biointrusion Lysimeters

This facility is located south of the 200 West Area, near the 216-S-10 ditch. There are 28 lysimeters
at the site that are 1.2 meters in diameter and 2.4 meters deep. A neutron probe access tube runs through
the center of each caisson. The facility, built in 1975, was designed to assess surface barrier design on
preventing animal and plant intrusion. This facility has been decommissioned and is no longer available.
Further information can be found in Gee and Heller (1985).

3.2.3 Field Lysimeter Test Facility

The field lysimeter test facility is located between the 200 East and 200 West Areas, just south of the
Hanford Meteorological Station. The facility consists of 14 drainage lysimeters, 2 meters in diameter by
3 meters deep and four weighing lysimeters that are boxes 1.5 meters on a side and 1.6 meters deep.
Instrumentation used at the field lysimeter test facility includes neutron probe, gamma probe, tensiometer,
and thermocouple. The facility, built in 1987, was designed to evaluate protective barrier designs for
buried low-level waste disposal facilities. This facility is active and is managed by the Pacific Northwest
National Laboratory. More information about this site is provided in Campbell et al. (1990), Fayer et al.
(1999), Gee et al. (1989), Kirkham et al. (1984), Link et al. (1993), and Gee at al. (1992).

3.2.4 Small Tube Lysimeter Facility

The small tube lysimeter facility is adjacent to the field lysimeter test facility. There are 105 small
tube lysimeters (0.3 meter diameter by 1.6 meters deep) that are used to provide replication of the field
lysimeter test facility lysimeters and provide alternative treatments. These lysimeters provide water
balance measurements for various material and vegetation conditions. This facility is not currently active.
Information about this site is located in Gee et al. (1992).

3.2.5 Vadose Zone Field Site 300N

This site, also known as the buried waste test facility, is located north of the 300 Area. The facility
consists of six non-weighing (7.6 meters deep, two are 2.7 meters in diameter, the other four are 0.6 meter
in diameter), and two weighing lysimeters, each a box 1.5 meter on a side and 1.5 meters deep. The
bottom ends of the non-weighing lysimeters are capped with a concrete slab and equipped with drainage
diversion systems (suction candles). A neutron probe access tube is located at the center of each lysim-
eter. The facility, built in 1978, was designed to monitor soil storage and drainage in the layered sedi-
ment and to monitor radionuclide transport from introduced tracers. This facility is currently active and is
managed by the Pacific Northwest National Laboratory. Information about this site is provided in Cass
et al. (1981), Gee and Simmons (1979), Gee and Heller (1985), Jones et al. (1984), Jones and Gee (1984),
Rockhold et al. (1988), and Gee et al. (1992).

3.2.6 Special Waste Test Facility

This facility is located adjacent to the vadose zone field site 300N. The facility consists of
10 lysimeters, each 1.8 meters in diameter by 3 meters deep. The lysimeters are sealed at the bottom with



a drainage collection system and porous cup vacuum system. Each caisson has an access tube placed
along the outside edge. A 208-liter drum with solidified low-level waste was placed in each caisson. The
facility, built in 1983, was designed to monitor leachate rates from buried low-level waste packages. This
facility has also been referred to as the commercial waste test facility. This facility is currently inactive
and is managed by Bechtel Hanford, Inc. Refer to the following documents for more information: Gee
and Heller (1985), Jones et al. (1988), and Jones and Serne (1994).

3.2.7 Grout Waste Test Facility

This facility is located adjacent to the vadose zone field site 300N. The facility consists of four
lysimeters, each 2 meters in diameter and 8.2 meters deep. The lysimeters are sealed at the bottom and
equipped with a porous Teflon vacuum sampler. Each caisson also is equipped with a central, neutron
access tube. Fill material is layered, fine and coarse material from the AP tank farm. The facility, built in
1985, is designed to measure leachate from grout treated waste. This facility has been decommissioned
and is no longer available. Additional information is located in Gee and Heller (1985).

3.2.8 ALE Reserve Lysimeters

This facility is located along the south-central boundary of the Hanford Site, at the northern end of
Rattlesnake Mountain. The facility consists of four weighing lysimeters, each a box 1.5 meters on a side
and 1.7 meters deep. The lysimeters are packed with a silt loam soil. The facility, built in 1986, was
designed to evaluated soil water storage, drainage, and vegetation cover effects. Additional small
weighing lysimeters were used at the ALE reserve to measure evapotranspiration rates, root growth, and
contaminant uptake. The small ALE lysimeters are tubes 13 centimeters in diameter by 100 centimeters
long with a Lucite plate at the bottom and inserted into the ground. Water content measurements were
made after pulling the sampler out of the ground and weighing it. This facility is currently inactive and is
managed by PNNL. Information about the ALE lysimeters is in Gee and Heller (1985) and Gee et al.
(1992).

3.2.9 Solid Waste Landfill Basin Lysimeter

This lysimeter was installed in 1991 to monitor environmental impact at the sanitary waste landfill at
Hanford. The lysimeter consists of collection basins and collection sumps and riser, which are used to
collect leachate. The landfill is for the disposal of nonradioactive, nonhazardous solid waste. The site is
currently active and subject to monitoring. Further information about the facility is available in DynCorp
(2000) and Allen et al. (1991).

Additional information about select lysimeters sites in the list above is available at
http://hydrology.pnl.gov/facilities.asp.



3.3 Other Field Sites

Other field sites are those sites that are undisturbed, naturally layered sediment or large scale
engineered structures that have been instrumented for the purpose of measuring water or contaminant
movement in the sediments for a controlled experiment.

3.3.1 Sisson-Lu Injection Site

This facility is located near the southwest corner of the Plutonium-Uranium Extraction (PUREX)
plant in the 200 East Area and next to trench 216-A-38. This site consists of 32 wells arranged in eight,
1-meter concentric rings, radiating from a central injection well. The 32 monitoring wells are 18 meters
deep, while the injection well was 5 meters deep. The monitoring wells are cased with 15.2-centimeter-
diameter carbon steel and were used as neutron probe access points. In 1980, eleven water injection
events occurred at 1-week intervals. Each injection event lasted about 12 hours and injected about
3,780 liters of water. The moisture distribution was monitored from the 32 observation wells. During the
later injections, radionuclide tracers were added. The purpose of the injection experiment was to observe
unsaturated flow in Hanford soils and to provide a data set against which to calibrate unsaturated flow
models. A description of the original field site layout and analysis of the 1980 injection test is reported
by Sisson and Lu (1984). Fayer et al. (1995) performed a second neutron probe survey at the site and,
used this new information to re-evaluate the results from the 1980 injection data.

Additional work at the Sisson-Lu site was initiated in fiscal year 2000 and 2001 with the goal of using
the existing well field in addition to new data collection techniques at the site to characterize a simulated
leak event. Since the work in 1980, the types of tools available for vadose zone characterization of a leak
have become more advanced and measure addition indirect properties that relate to soil water content.
During fiscal year 2000, nine electrical resistivity tomography arrays were installed, each with 15
electrodes spaced 1 meter apart between 5 to 19 meters deep, four polyvinyl chloride (PVC) access wells
were installed, six tensiometer nests were installed by cone penetrometer and three tensiometer nests were
installed by auger. In FY 2000Sixpulse injection events were performed, with an initial 4,000 liters per
week for 5 events in June followed by one additional event in September. The resulting moisture plume
was monitored using neutron probe, advance tensiometry, cross borehole radar, crosshole seismic
tomography, crosshole electromagnetic induction, high resolution resistivity tomography, and time
domain reflectometry. Investigator summary reports are available at http://etd.pnl.gov:2080/vadose.

3.3.2 Mock Tank Facility

The mock tank facility is a one-quarter scale model of a high-level waste tank located in the central
200 East Area separations site. The purpose of the site is to simulate a leak and permit monitoring of the
leak event under the same physical setting that is expected for an actual waste tank. A series of electrical
resistivity tomography (ERT) vertical electrode arrays (VEA) were placed around the mock tank using a
cone penetrometer (CPT). Once the array was installed, a leak at the mock tank was initiated and the
plume progress was monitored by the ERT system. A description of the 1992 leak test is available in
Narbutovskih et al. (1996, p. 55) and Ramirez et al. (1996. p. 108).



3.3.3 Prototype Surface Barrier Facility

The prototype surface barrier prototype facility is a field scale surface barrier designed to limit
recharge and biointrusion at buried waste sites. The facility covers an area 2.4 hectares in the 200 East
Area near the 200-BP-1 site and is instrumented with neutron probe access ports, time-domain
reflectometry, and tensiometers. The facility was built in 1994 and has been subjected to numerous
infiltration tests since that time. Additional information about the prototype surface barrier is available in
Ward and Gee (1997) and Link et al. (1995).

3.3.4 300 Area Grass Site

The grass site is located on flat terrain southeast of the Fast-Flux Test Facility (FFTF). Vegetation
cover over the site consists of Sandberg’s Bluegrass and cheatgrass. Twenty-five neutron probe access
tubes were installed in a 5 by 5 grid with a 6-meter separation between tubes. Each tube was completed
to a depth of 3.5 meters. The purpose of the site is to quantify year-to-year natural recharge beneath a
grass covered sand typical of the Hanford Site. The grass site was established in 1983. Additional
information about the grass site can be found in Fayer and Walters (1995), Rockhold et al. (1990), and
Rockhold et al. (1988).

4.0 Bibliography

The bibliography found in Appendix B represents a partial list of documents that contain information
about the soil physics properties of the sediment at the Hanford Site. There are other publications that are
more focused on the geochemistry and geology included in the companion documents (PNNL-13653) to
this report on soil physics data. Many of the reports from the companion documents are not included
here, but are left to the authors of the other reports for inclusion. This list is not intended to incorporate
all publications in each category that are available. There is also some redundancy with previous and
companion bibliographic catalogs. The list of publications is intended to highlight many of the important
reports that are most relevant to the soil physics objectives. Many more publications that are not in the
refer