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Foreword

This document has been prepared by the Department of Energy’s (DOE) Environmental
Management (EM) Office of Technology Development (OTD) to highlight its research,
development, demonstration, testing, and evaluation (RDDT&E) activities funded through the
Oakland Operations Office. Technologies and processes described have the potential to enhance
DOE’s cleanup and waste management efforts, as well as improve U.S. industry’s competitive-
ness in global environmental markets. The information has been assembled from recently
produced OTD documents which highlight technology development activities within each of the
OTD program elements. These Technology Summaries (as well as other OTD documents) can
be obtained through the EM Central Point-of-Contact at 1-800-845-2096 and include the
following:

VOCs in Non-Arid Soils Integrated Demonstration, February 1994 - DOE/EM-0135P

VOCs in Arid Soils Integrated Demonstration, February 1994 - DOE/EM-0136P

Mixed Waste Landfill Integrated Demonstration, February 1994 - DOE/EM-0128P

Uranium in Soils Integrated Demonstration, February 1994 - DOE/EM-0148P
Characterization, Monitoring, and Sensor Technology Integrated Program, February 1994 - DOE/EM-0156T
In Situ Remediation Integrated Program, February 1994 - DOE/EM-0134P

Buried Waste Integrated Demonstration, February 1994 - DOE/EM-0149P

Underground Storage Tank Integrated Demonstration, February 1994 - DOE/EM-0122P
Efficient Separations and Processing Integrated Program, February 1994 - DOE/EM-0126P
Mixed Waste Integrated Program, February 1994 - DOE/EM-0125P

Rocky Flats Compliance Program, February 1994 - DOE/EM-0123P

Pollution Prevention Program, February 1994 - DOE/EM-0137P

Innovative Investment Area, March 1994 - DOE/EM-0146P

Robotics Technology Development Program, February 1994 - DOE/EM-0127P

This document represents one in a series for each of DOE’s Operations Offices and Energy
Technology Centers. For more information on activities funded through the Oakland Operations
Office or its affiliated laboratories, please contact:

Richard Scott
Technical Program Officer
Oakland Operations Office

(510) 637-1623
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DOE’s Office of Technology Development

DOE’s Office of Technology Development manages an aggressive national program for applied
research, development, demonstration, testing, and evaluation. This program develops high-
payoff technologies to clean up the inventory of DOE nuclear component manufacturing sites
and to manage DOE-generated waste faster, safer, and cheaper than current environmental
cleanup technologies.

OTD programs are designed to make new, innovative, and more effective technologies available
for transfer to users through progressive development. Projects are demonstrated, tested, and
evaluated to produce solutions to current problems. Transition of technologies into more
advanced stages of development is based upon technological, regulatory, economic, and
institutional criteria. New technologies are made available for use in eliminating radioactive,
hazardous, and other wastes in compliance with regulatory mandates. The primary goal is to
protect human health and prevent further contamination.

OTD technologies address three specific problem areas: (1) groundwater and soils cleanup;
(2) waste retrieval and processing; and (3) pollution prevention. These problems are not unique
to DOE, but are associated with other Federal agency and industry sites as well. Thus, technical
solutions developed within OTD programs will benefit DOE, and should have direct applica-
tions in outside markets.

OTD’s approach to technology development is an integrated process that seeks to identify
technologies and development partners, and facilitates the movement of a technology from
applied research to implementation. In an effort to focus resources and address opportunities,
OTD has developed Integrated Programs (IPs) and Integrated Demonstrations (IDs). An
Integrated Program focuses on developing technologies to solve a specific aspect of a waste
management or environmental problem either unique to a site or common to many sites.
Integrated Programs support applied research activities in key application areas required in each
stage of the remediation process (e.g., characterization, treatment, and disposal). AnIntegrated
Demonstration is a cost-effective mechanism that assembles a group of related and synergistic
technologies to evaluate their performance individually or as a complete system, for solving
waste management and environmental problems from cradle to grave. In addition to the IDs and
IPs, OTD supports crosscutting research and development in the area of robotics. The Robotics
Technology Development Program (RTDP) is a “needs-driven” effort. RTDP program activi-
ties are funded through most of the DOE Operation Offices and focus on solving site-specific
as well as complex-wide environmental problems.

OTD’s technology maturation philosophy consists of three components: (1) fechnology infusion
- technology transfer from industry, universities, and other Federal agencies; (2) technology
adoption - shared technology demonstration among DOE laboratories, integrated demonstra-
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tions, and programs, and (3) technology diffusion - technology transfer from demonstration to
industry. To enhance opportunities for technology commercialization, OTD is seeking partner-
ships with private-sector companies during the technology development and demonstration
phases. Industry partners will facilitate implementing these emerging technologies to solve the
nation’s environmental problems.

Oakland’s Contributions

The Oakland Operations Office began as an Atomic Energy Commission regional office which
regulated and coordinated the programs at the Ernest O. Lawrence Radiation Laboratory, now
known as the Lawrence Berkeley Laboratory. As industry and new laboratories with diverse
interests became established in the area, the expanding Oakland Operations Office became
responsible for more contracts and program management. Today, Oakland supports a wide
range of research activities—high-energy particles physics, alternative fuel research, advanced
electronics, and biomedicine.

Oakland employs more than 375 full-time Federal staff across a main site in Oakland,
California, and oversees four laboratory sites: Lawrence Livermore National Laboratory
(LLNL), Lawrence Berkeley Laboratory (LBL), the Stanford Linear Accelerator Center (SLAC),
and the Energy Technology Engineering Center (ETEC). Together, the contractor-managed
laboratories employ more than 10,000 people.

While remaining committed to programs of national defense, the National Laboratories will
continue to diversify by leading research in global warming, space science, and biotechnology
and will emphasize environmental safety and health. The future will include more technology
transfer and resource sharing among universities, private industries, and the National Labora-
tories. Oakland’s technology transfer program encourages industries to use laboratory research
facilities and provides patent assistance so that the technology developed at the laboratory can
be transferred to the private sector. This cooperative relationship between the National
Laboratories and industry enhances scientific research and improves competitiveness.

Dynamic Underground Stripping

Athundreds of industrial and government sites across the United States, permanent containment
systems are being built for underground contaminants such as hydrocarbon fuels, cleaning
solvents, and industrial chemicals. In quantities of thousands of liters or more, these chemicals
threaten to contaminate drinking water supplies for hundreds of years. Typical containment
systems (such as deep wells of cement or clay, or hydraulic pumping to control groundwater
movement) can keep chemicals from further contaminating groundwater if they are properly
maintained, but they do not remove the contaminants.

As an example of this problem, between 1952 and 1979, tens of thousands of liters of gasoline
leaked from an underground storage tank at a former LLNL filling station. In the 1970’s,
agriculture pumping in the vicinity ceased. The water table rose, trapping gasoline below it and
“smearing” the gasoline through clay-rich soils of low permeability. Hydrocarbons trapped
below the water table are especially difficult to clean up by traditional methods. The pump-and-
treat method, now in use at many Superfund sites, requires pumping huge amounts of
groundwater up through an extraction well, followed by removal of any captured contaminant
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that comes up with the water. Attempts were made to use this method on the LLNL spill, but little
contamination was removed. Another, more innovative method was needed.

A team of researchers from LLNL and the University of California at Berkeley demonstrated a
new combination of technologies, collectively called dynamic underground stripping, to rapidly
remove gasoline from beneath the LLNL site. In dynamic underground stripping, a targeted
volume of earth is heated to vaporize the trapped contaminants. Two methods of heating, steam
injection and electrical heating, are used to heat all layers of the soil. Once vaporized, the
contaminants are removed by vacuum extraction. All processes, from the heating of the soil to
the removal of the contaminated vapor, are monitored and guided by underground imaging.

By late 1993, dynamic underground stripping had removed about 29,000 liters of gasoline from
the treatment site. At the surface, about one-third of the fuel was condensed for recycling. Now,
after the bulk of contamination has been removed, other methods of soil and groundwater
cleanup can be used to remove the remaining contamination.

In Situ Microbial Filters

Groundwater contaminated with volatile organic compounds, such as trichloroethylene (TCE),
is costly and time consuming to remediate with the current pump-and-treat technology. In situ
bioremediation of TCE-contaminated groundwater is seen as a possible alternative to pump-
and-treat. But this approach, which involves injecting nutrients to stimulate indigenous
contaminant-degrading organisms, has been difficult. An interdisciplinary research team at
Lawrence Livermore Laboratory has completed laboratory development of in situ microbial
filters that shows potential as a more reliable and cost effective field technology.

The technology consists of a sand filter containing TCE-degrading microbes. When this type of
filter is placed within a TCE plume, the microbes degrade the TCE and decontaminate the water
as the groundwater moves through the filter. Groundwater moves naturally through the in situ
microbial filter. Thus, no pumping of water is required. Contaminants are treated below the
surface.

A joint DOE/NASA treatability study has been performed for this technology at NASA’s
Wilson Corners site, part of the Kennedy Space Center in Cape Canaveral, Florida. Groundwater
contamination beneath Wilson Corners originated from TCE degreasing operations. In a
treatability test, the microbial filter technology was shown to degrade contaminants in situ.

About 3 kg of cells is necessary for any pilot-scale study. This mass far exceeds the current
biomass production of any DOE facility. The Oakland Operations Office and LLNL are
constructing an Environmental Microbial Biotechnology Facility to grow the required biomass
for this and other field applications. This unique DOE facility is scheduled to be operational in
the near future.

Containment of Contamination by Means of Viscous Liquid Subsurface Barriers

The strong adsorption of many contaminants to soil particles makes physical extraction slow or
ineffective. Excavation of contaminated soils and disposal in protected facilities is very
expensive. Containment on-site and control of groundwater transport can limit the off-site
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threat. A barrier containment system that does not require excavation may be a useful
groundwater contamination control technique.

Formation of a barrier with surface-injected components that change their viscosity under
aquifer temperature and pressure conditions would allow barrier emplacement without excava-
tion. Lawrence Berkeley Laboratory is investigating containment of contamination with viscous
liquid subsurface barriers. This project will identify and characterize promising barrier mate-
rials and will evaluate their potential by laboratory pilot-scale experiments with field testing and
demonstrations. In some areas, aquifer mineralogy or regulatory restrictions may limit the use
of one or another barrier component. A variety of barrier systems must be available to match the
range of contaminants and circumstances.

The first type of barrier fluid under examination belongs to the polybutene family. Polybutenes
are chemically and biologically inert, and hydrophobic and impermeable to water and gases.
Their performance is unaffected by the soil and waste type, but they are temperature dependent.
The second type is colloidal silica, which is a silicone-based chemical grout that poses no health
hazards. It is chemically and biologically inert. In addition, it is unaffected by filtration. The
third type of barrier fluid contains silicon-based polymers that have been used for medical
implants.

Volatile Organic Compounds in Arid Soils Integrated Demonstration (VOC-Arid ID)

Integrated demonstrations are part of DOE’s innovative program to speed up development and
testing of new technologies for cleaning up hazardous and radioactive wastes. The VOC in Arid
Soils ID focuses on technologies to clean up VOCs and associated contaminants in soil and
groundwater at arid sites.

The initial host site is located at Hanford’s 200 West area.

The primary VOC contaminant is carbon tetrachloride, in association with heavy metals and
radionuclides. An estimated 1,000 tons of carbon tetrachloride were disposed of at Hanford
between 1955 and 1973, resulting in extensive soil contamination and a groundwater plume that
extends more than seven miles.

The VOC-Arid ID is demonstrating technologies in five major areas: (1) site characterization;
(2) retrieval and ex situ treatment of contaminants; (3) in situ destruction or immobilization of
contaminants; (4) remediation system design and evaluation; and (5) enhanced drilling. This ID
is linked directly to an Expedited Response Action, a cleanup effort that focuses on rapid
removal of carbon tetrachloride from the soil. A top priority is transferring new technologies to
meet the needs of other arid sites. Success will be the transfer to industry of technologies that
are ready for immediate use.

In Situ Remediation Integrated Program (ISR-1P)

The In Situ Remediation Integrated Program was instituted out of recognition that in situ
remediation could fulfill three important criteria:

. Significant cost reduction of cleanup by eliminating or minimizing excavation, transpor-
tation, and disposal of wastes.



. Reduced health impacts on workers and the public by minimizing exposure to wastes
during excavation and processing.

. Remediation of inaccessible sites, including:
- deep subsurfaces.
- in, under, and around buildings.

Buried waste, contaminated soils and groundwater, and containerized wastes are all candidates
for in situ remediation. Contaminants include radioactive wastes, volatile and non-volatile
organics, heavy metals, nitrates, and explosive materials. The ISR-IP intends to facilitate
development of in situ remediation technologies for hazardous, radioactive, and mixed wastes
in soils, groundwater, and storage tanks. Near-term focus is on containment of the wastes, with
treatment receiving greater effort in future years.

Efficient Separations and Processing Integrated Program (ESPIP)

DOE sponsors research and development in advanced radiochemical separations to reduce the
volume of high-level waste that must be disposed of in deep geological repositories, and to cut
the toxicity and volume of low-level acceptable for near-surface disposal. These research and
development activities are sponsored throughout the DOE Office of Technology Development
ESPIP. ESPIP also develops separation processes to extract high-value materials and non-
radioactive hazardous components form nuclear waste and will transfer separations processing
to commercial markets.

ESPIP research and development activities are designed to remove radionuclides and hazardous
material and chemicals from radioactive defense waste. Radionuclides and other materials
under consideration for separation include transuranic elements, such as neptunium, plutonium,
americium, and cerium, highly radioactive elements (Strontium-99 and Cesium-137), and long-
lived soluble fission products, including technetium-99 and iodine-129. Separation processes
will also be developed to extract the long-lived soluble activation product carbon-14; aluminum,
phosphorous, and chromium, and the elements that degrade borosilicate glass waste forms; the
strategic metals rhodium, palladium, and ruthenium; and Resource Conservation and Recovery
Act (RCRA) elements and compounds.

The program oversees efficient separations research and development for DOE sites. Current
priorities are the cleanup of high-level waste in USTs at Hanford Production Operation,
Hanford, Washington, and the cleanup of high-level waste at Idaho National Engineering
Laboratory (INEL), Idaho Falls, Idaho. Many of the technologies developed for high-level
waste will be applicable to other waste streams throughout the DOE Complex and ESPIP will
transfer technologies as appropriate.

Tank Waste Retrieval Robotics Test Bed

Emptying the underground storage tanks (USTs) is a technically challenging task made difficult
because of the hazardous nature of the tank contents. This waste material is chemically complex
and includes physical forms ranging from thick, sticky sludge to a crystalline saltcake. The
sludge has a consistency of soft mud and the saltcake approximates low-grade concrete. Most
of the tanks also contain small amounts of liquid.

Xi
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Pacific Northwest Laboratory (PNL), Oak Ridge National Laboratory (ORNL), and Sandia
National Laboratory (SNL) are working together with the OTD to develop an advanced robotics
retrieval system that will use robots - remote manipulators to get into the tanks to break up and
remove the sludge and solidified waste. Since the project is technically complex, and because
hazardous materials are involved, the development team is creating a full-scale, realistic
mockup of the tank structure.

The facility, located at Hanford, will be used to test and fine tune all major subsystems of tank
retrieval robotics using harmless simulated waste forms. The facility will use a 75 by 100-foot
wide self-supporting platform that sits over the ground surrounding the underground tank. The
platform supports the “long reach manipulator,” a robotics arm that positions and operates
waste-dislodging tools within the waste storage tank. Researchers hope to start using the test bed
facility in 1994, with plans for it to become fully operational in 1996.

The project has several important objectives: (1) to explore the capabilities of retrieval
manipulator systems and acquire data necessary to develop specific remediation equipment and
techniques; (2) to provide performance guidelines for large manipulator-based retrieval sys-
tems; (3) to improve the productivity and safety of such systems by first using them in a non-
hazardous environment; and (4) to reduce costs for long-term national remediation requirement.
Developers expect lessons learned from this testing to have applications to nuclear waste sites
throughout the country.
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1.0 GROUNDWATER AND SOILS CLEANUP
OVERVIEW

Some of the most pressing environmental restoration needs for DOE involve cleanup or
containment of radioactive and hazardous contaminants (including heavy metals and toxic
organic compounds) in soils and groundwater. Sources of this contamination include previous
disposal of contaminated wastes in ponds, seepage pits, trenches, and shallow land burial sites;
spills and leakage from waste transport, temporary storage facilities, and underground storage
tanks; and unregulated discharges to the air and surface waters. EM soils and groundwater
programs are designed to identify, develop, and demonstrate innovative technology systems
capable of removing or reducing potential health and environmental risks resulting from these
previous storage and disposal practices.

VOC-contamination of soils and groundwater is one of the most common environmental
problems in the United States and the DOE Complex. When VOCs are released into the soil,
they rapidly migrate throughout the environment, forming large plumes that eventually result
in contaminated groundwater. Two of the more prominentexamples of VOC-contamination can
be found at the Savannah River Site (a non-arid environment) where there is a plume larger than
three square miles; and at the Hanford Site (an arid site), where an eleven square kilometer mile
plume resulted from the disposal of an estimated 580-920 metric tons of carbon tetrachloride
between 1955 and 1973. Over 220 sites with similar contamination have been identified in arid
environments within the DOE Complex. Add radioactive contamination to these hazardous
constituents and the resultis a DOE problem for which few adequate remediation solutions exist.
Complicating remediation efforts further is the fact that techniques for accessing and removing
contaminants differ in arid and non-arid environments. As a result, technologies must be
demonstrated and evaluated at multiple sites.

Also prevalent throughout the DOE Complex is the contamination of surface soils with heavy
metals resulting form weapons assembly and testing processes during weapons production. At
the Nevada Test Site, over 5-square miles of soil is contaminated with plutonium. Cleanup of
this area will require the treatment of approximately 25 million cubic feet of soil. Five other
DOE sites have similar plutonium contamination problems and eight other DOE sites have
identified problems associated with uranium-contaminated soils. At Fernald, near Cincinnati,
Ohio, uranium has been transported by rain and snow to varying depths below the surface,
making remediation difficult. Estimates indicate there are 1.5 million cubic meters (m?®) of
uranium-contaminated soil at Fernald. Heavy-metal-contamination is also a problem in surface
and groundwater. The Berkeley Pit at Butte, Montana, contains 17 billion gallons of contami-
nated water, with an inflow of 5-7 million gallons per day of surface water and groundwater.

The contaminants discussed above exhibit high concentration levels, high mobility, and high
toxicity, as well as long-term persistence in the environment. For these reasons they represent
some of the highest priority problems for which innovative technologies are sought. However,
technologies are also under development for treatment of non-volatile organics, dense non-
aqueous phase liquids, radionuclides, nitrates and explosive materials. In most cases, non-
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intrusive or in situ methods (methods that characterize or treat the contaminants in place) for
environmental restoration are preferable from technical and regulatory standpoints. From a
regulatory standpoint, these technologies are preferable because they minimize (1) harm to the
environment, (2) public exposure, and (3) volume of waste. Technically, these methods avoid
the risks and costs associated with handling contaminated soils and groundwater. Nevertheless,
cases exist for which non-intrusive and in situ methods may not be applicable. Given this
circumstance, other innovative technologies must be explored, including extraction, contain-
ment, recovery, and processing alternatives that reduce or eliminate environmental and health
risks.

One of the biggest challenges facing DOE is effective characterization of contamination in soil
and groundwater. Characterization must take place before a contaminated site can be properly
prioritized for remediation. To accomplish this, non-invasive, field-deployable methods are
being developed that are capable of mapping vast areas at depths up to 250 feet below ground
level. Results are three-dimensional images that are valuable tools for proper selection and
placement of remediation technologies.

The necessity to develop innovative technologies for characterization and treatment of ground-
water and soils is not unique to DOE. Other Federal agencies, as well as private industry, are
in need of improved methods for these types of cleanup. The Environmental Protection Agency
(EPA) has identified 1,235 sites with sufficient contamination to place them on its National
Priorities List (NPL). In the past two years, the number of sites entering remedial action has
grown steadily.! Out of 712 NPL sites with Records of Decision (ROD), an estimated 80 percent
require remediation of groundwater, 74 percent need soil remediation, and 15 percent require
action to clean up sediments. Itis estimated that NPL sites without RODs contain similar types
of contamination. In an effort to promote the development of new technologies to expedite clean
up of the NPL sites, EPA established the Superfund Innovative Technology Evaluation (SITE)
program. The U.S. Department of Defense (DoD) is responsible for clean up of its facilities
contaminated as a result of training, industrial, or research activities. As of September 1991,
DoD identified 7,000 sites that will require remediation. The largest of these DoD remediation

! U.S. Environmental Protection Agency, Office of Policy, Planning and Evaluation,

Environment Investment: The Cost of a Clean Environment, EPA-230-11-90-083, November 1990.
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1.1

CHEMICAL FIBER-OPTIC SENSOR

TASK DESCRIPTION

The chemical fiber optic sensor is used to
monitor in situ contaminant levels in soils (see
Figure 1.1). The sensor can be placed in a cone
penetrometer or isolated via packers in dis-
cretely screened intervals in monitoring wells.

The principle of detection for the sensor is a
quantitative chemical reaction that forms vis-
ible light absorbing products on exposure to
trichloroethylene (TCE). Absorption of light
relative to reaction time is directly related to
contaminant concentration. The measurement
system has three major components: a pump-
ing system, an electro-optic instrument that
provides filtered light to the sensor and de-
tects the returning transmission light, and the
sensor.

TECHNOLOGY NEEDS

Current DOE policy requires characterization
of sites where TCE has been discharged into
the soil and groundwater. Contaminated
samples are currently collected and analyzed
by an outside laboratory. This is an expensive
and time consuming process. An alternativeis
to use a sensor that can be put down monitor-
ing or vadose zone wells or punched into the
soil using a penetrometer-type device. This
allows measurements to be made continu-
ously and at relatively low cost. In situ mea-
surements can also be made at ambient
temperatures using this method. An example
of this type of sensor is the TCE chemical
fiber- optic sensor. This sensor is selective for
TCE, and can detect this compound at levels
below the EPA groundwater standards.

N
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Figure 1.1. Chemical Fiber-Optic Sensor.



ACCOMPLISHMENTS

The system has been successfully demon-
strated and has been licensed to industry for
monitoring use and other applications.
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COLLABORATION/TECHNOLOGY
TRANSFER

This technology was developed jointly by
LLNL, Westinghouse Savannah River Co. and
Burge and Associates. The technology is non-
exclusively licensed to Burge and Associates
and Purus, Inc. Other corporations have ex-
pressed interest in licensing the technology.
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For further information,
please contact:

Fred Milanovich
Principle Investigator
Lawrence Livermore National

Laboratory
(510) 422-6338

Ann Heywood
Technical Program Manager

Lawrence Livermore National Laboratory
(510) 422-8203

Kurt D. Gerdes
Program Manager

U.S. Department of Energy
(301) 903-7289
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1.2

ELECTRICAL RESISTANCE TOMOGRAPHY

TASK DESCRIPTION

Electrical resistance tomography is used to
create a three-dimensional visualization of in
situ remediation processes, such as air strip-
ping, bioremediation, and subsurface heating.

The task involves inducing an electrical cur-
rent in the ground and measuring the potential
distribution that results from the current flow-
ing in the conductive subsurface. Pairs of
electrodes are buried with some pairs acting as
current source electrical dipoles and others
acting as potential measuring dipoles (see
Figure 1.2).

Electrical Resistance Tomography (ERT) inver-
sion process involves solving both the forward
and inverse resistivity problems.

The solution to the forward problem uses the
finite element method to compute the potential
electrical response in the soil due to the current
source. The final products of the process are
images (tomographs) showing the distribution of
resistivity in the plane between the two boreholes
used. By interconnecting a network of boreholes,
a three-dimensional representation of the area
being investigated can be developed. By analyz-
ing the resistivity images before, during, and
after a remediation process, three-dimensional
subsurface saturation changes can be inferred.

Source
current

Signal
source
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TECHNOLOGY NEEDS

ERT tomograph

Electrodes

Many remediation processes can
interact with a contaminated area
in ways that are difficult to predict;
therefore, it is advantageous to be
able to monitor this interaction so
that the effectiveness of the
remediation process can be as-
sessed and process parameters can

(NENERENENENEC NI

Boreholes

be modified to improve the effec-
tiveness of the remedial process.
There are no alternative methods
currently available to image the

//

Figure 1.2, Electrical Resistance Tomography.

The resistivity distribution of the area in the
vicinity of the borehole is then calculated.
The current paths are dependent on the resis-
tivity distribution within the geologic mate-
rial in the vicinity of the borehole. The

fluid saturation distributions in

two- and three-dimensional cross-
sections of the subsurface. Point sampling of
fluid saturation can be performed by acquiring
core samples, and line measurements of fluid
saturation along boreholes can be performed by
using well-logging techniques.



Electrical resistance tomography is being de-
veloped as a tool to allow the three-dimen-
sional visualization of underground processes
such as those used in remediation. This tech-
nology, when used either separately or in
conjunction with other geophysical, hydro-
logic, or geochemical methods, is a powerful
tool in defining the initial conditions and the
interactions between the remedial process and
the contaminated environment.

At the Savannah River Site this technique has
been effectively used to monitor the effective-
ness of air permeation in the air injection and
vacuum extraction tests.
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ACCOMPLISHMENTS

This technique has been successfully tested at
the Savannah River Site. The technique
mapped changes in fluid saturation as the
subsurface conditions were modified by the
remedial process during air stripping. This
technique has also been used to evaluate the
effectiveness of the Radio Frequency Heating
and Six-Phase Heating tests.

COLLABORATION/TECHNOLOGY
TRANSFER

Several companies are currently negotiating with
LLNL to obtain licenses to use the technology and
to cooperate in further development. British Pe-
troleum has received a non-exclusive license to
use the algorithm for the data inversion process.
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For further information,
please contact:
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Abelardo Ramirez
Principle Investigator

Lawrence Livermore National Laboratory
(510) 422-6909

Ann Heywood
Technical Program Manager

Lawrence Livermore National Laboratory
(5610) 422-2803

Kurt D. Gerdes
Program Manager

U.S. Department of Energy
(301) 903-7289




1.3

CRYOGENICDRILLING

TASK DESCRIPTION

This task provides a temporary method for
stabilizing the borehole while drilling. Pre-
vention of borehole collapse is an impor-
tant consideration when drilling in
unconsolidated sandy or gravelly sediments
and in particular when drilling horizontal
wells.

In cryogenic drilling, horizontal or vertical
holes are drilled using super-cooled air as
the drilling fluid, allowing holes to be sta-
bilized by freezing a ring of soil around the
borehole during the drilling process (see
Figure 1.3). It results in a minimum alter-
ation of the soil as well as minimization of
surface wastes, due to the fact that liquid
and volatile contaminants are frozen in place
and the returns are limited to air and the

volume of soil excavated from the hole.
This method also precludes the need for the
use of drilling liquids or hole stabilization
additives.
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TECHNOLOGY NEEDS

Many DOE and industrial sites are contam-
inated with toxic substances that have leaked
into the near surface soils. In order to
characterize and remediate these sites, bore-
holes must usually be drilled. One of the
difficulties that arises in the drilling of
near-surface boreholes in unconsolidated
formations is the poor stability of the bore-
hole. This can be an acute problem in
drilling horizontal boreholes, which may
be advantageous for economic reasons as

well as necessary
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Figure 1.3. Frozen Borehole Test Apparatus.



ACCOMPLISHMENTS

This effort has focused on laboratory and
bench-scale studies to evaluate the feasibility
of future drilling demonstrations.

Because of the pending closeout of this ID, the
demonstration of this technology is being pur-
sued at other sites.
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COLLABORATION/TECHNOLOGY
TRANSFER

This technology is being developed by the
University of California at Berkeley. To date
there has been no collaboration with industry
on this project, but a number of potential
partners do exist.
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For further information,
please contact:

George Cooper

Principal Investigator

University of California at Berkeley
(510) 642-2996

Kurt D. Gerdes
Program Manager

U.S. Department of Energy
(301) 903-7289
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1.4

TASKDESCRIPTION

The objective of this task is to determine the
applicability of high-frequency seismic
crosshole imaging for characterizing contami-
nated subsurface sites. The

CHARACTERIZATION BY CROSSHOLE
SEISMIC IMAGING

The scope of this project is to start with exist-
ing technology that uses piezoelectric trans-
ducers for transmitting and receiving
high-frequency seismic energy in water-filled
boreholes, and adapting this technology to

technology utilizes seis-
mic sources (high-fre-

Walste Plume Variable

quency piezoelectric) and
receivers (accelerometers)
clamped to the borehole
walls. A high-voltage sig-
nal energizes the piezo-
electric crystal and causes
an acoustic signal to be
transmitted through the
earth, where it is picked
up by the receiver. The
time of flight of the signal
and amplitude of the sig-
nal are measured, as well
as the details of the effect

7/

Crosshole Seismic Characterization for Defining Fluid Pathways

Lithology

Source Well Receiver Well

Seismic Waves Borehole

and the propagation path.
These signals are then pro-
cessed for information on the mechanical prop-
erties of the earth.

A primary goal is to demonstrate the fre-
quency range, resolution, and sensitivity of
borehole seismic methods in boreholes that
cannot be filled with water (arid sites), or in
which conventional clamping devices cannot
be used for coupling the seismic sources and
receivers to the borehole walls (see Figure
1.4). An equally important goal is to demon-
strate that high-resolution seismic imaging
can be used to characterize structure and li-
thology related to transport properties in a
routine and cost-effective manner.
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Figure 1.4. Seismic Imaging.

boreholes which are often only partially filled
with water or completely dry. In addition,
boreholes in contaminated sites are generally
lined with a relatively fragile material, so
conventional clamping devices cannot be used.

The approach is staged to first evaluate differ-
ent mechanisms for borehole coupling, which
will affect frequency content and amplitude of
the seismic signals. If successful, the sources
and clamping mechanisms will be improved
to allow shear wave transmission in addition
to compressional wave transmission. An
equally important task is to demonstrate in-
field data collection and imaging methods,



such that the imaging results can be obtained
in an efficient and cost-effective fashion. The
latter phases of the project will use this tech-
nology at an arid site that will be remediated.
The last phase will be to transfer as much
technology as possible to private industry
through Science and Engineering Associates,
Incorporated.
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TECHNOLOGY NEEDS

Seismic imaging has proven effective and
useful in oil and gas exploration and reservoir
characterization. Seismic techniques are the
established method for mapping the structural
geology of sites deep within the earth. Recent
technological advances have made it possible
to identify fluid-saturated regions. This ad-
vanced technology, appropriately applied, is
very suitable for identifying, locating, and
characterizing hazardous waste sources, waste
plumes, and local geologic structure and hy-
drology. Seismic methods are also capable of
penetrating up to tens of feet with resolutions
of less than three feet, compared to standard
geophysical approaches using electrical or
electromagnetic approaches which can not
resolve targets less than 10 feet or depths
greater than 15 feet.
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ACCOMPLISHMENTS

Successfully demonstrated the seismic
crosshole system at the UNCAP holes. Kilo-
hertz seismic energy was used to image the
area between UNCAP 3 and UNCAP 2. The
coupling mechanism performed as designed.

COLLABORATION/TECHNOLOGY
TRANSFER

The project involves collaboration with

Science & Engineering Associates
1570 Pacheco, Suite D-1

Santa Fe, NM 87501

Contact: William Lowry

Phone: (505) 983-6698

For further information,
please contact:

Ernest Majer
Principal Investigator

Lawrence Berkeley Laboratory
(510) 486-6709

Richard Scott
Technical Program Manager

Lawrence Berkeley Laboratory
(510) 273-7878

Skip Chamberlain
Program Manager

U.S. Department of Energy
(301) 903-7295

RS
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1.5

DYNAMIC UNDERGROUND STRIPPING PROJECT

TASKDESCRIPTION

This project has demonstrated integrated tech-
niques for rapid and efficient stripping of
gasoline from the ground. Dynamic under-
ground stripping is a technology integration
of vacuum extraction and direct electric heat-
ing or steam injection (depending on the sub-
strate), and geophysical imaging for the
remediation of saturated and unsaturated soil
zones. Cyclic steam injection combined with
vacuum extraction has been successfully dem-
onstrated for sandy soils, whereas the integra-
tion of electrical heating and vacuum extraction
has been demonstrated for clay soils. These
combined techniques have enhanced both the
speed and efficiency of the removal process.
The concentrated effluent waste stream has
been treated by a number of methods, provid-
ing for the comparison of the effectiveness
and efficiency of each technique. Evaluation
and testing of new techniques for site charac-
terization and monitoring was also carried out
throughout the cleanup phase. Integrated hy-
drologic, geophysical and chemical models
were developed, demonstrated and validated
during the operation of the project. The suc-
cessful demonstration of these technologies
has yielded an integrated, transferrable cleanup
methodology(ies) that are much more rapid,
controllable and efficient than existing tech-
nology (pump-and-treat with vacuum extrac-
tion).

13

---------

TECHNOLOGY NEEDS

Two and one-half million underground
storage tanks (containing petroleum
products) exist in the United States,
thousands of which have leaked to form
concentrated plumes of contamination.

Dynamic Underground Stripping is ame-
nable to all types of liquid contamination
including non-aqueous phase liquids
(NAPLS) and dense NAPLS (DNAPLs),
and potentially mixed waste.

Dynamic Underground Stripping is ap-
plicable to free-phase organic plumes
below 20 foot depths, the general limit
for excavation.

ACCOMPLISHMENTS

The system was tested at a clean site
and appropriate changes were made
prior to use at the contaminated site.

The first full-scale test of the process
has recently been completed at LLNL.

Results indicate that the process is fifty
times as effective as the conventional
pump-and-treat process, now being
used at 300 designated Superfund sites.

The technique has removed more than
8,000 gallons of gasoline trapped above
and below the water table, and above
the clay layer.



» Differential Ultraviolet Absorption
Spectroscopy (DUVAS) was success-
fully demonstrated for use in real-time
control of the dynamic underground
stripping process.

» Electrical resistance tomography was
successfully used for between-well im-
aging of heated zones for control of
steam injection rates.

o The use of tilt meters, a non-invasive
technique, to measure shallow
hydrogeologic phenomena, was suc-
cessfully accomplished.

» Free product(gasoline) appears to have
been removed from the treated area.

¢ Direct electrical heating has been suc-
cessfully used as an aid in polishing
the remaining free product at the site.

* Thirteen asic patents have been ap-
plied for.

* Licensing agreements with several
companies are under discussion.
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COLLABORATION/TECHNOLOGY
TRANSFER

The remediation process was developed and
implemented in collaboration with the Uni-
versity of California at Berkeley, LLNL, and
ORNL. The process has been successfully
transferred to EM’s Office of Environmental
Restoration for continued and expanded
remediation of LLNL and other DOE sites.
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For further information,
please contact:

Roger Aines
Principal Investigator

Lawrence Livermore National Laboratory
(510) 423-7184

Tye Ed Barber
Principal Investigator

Oak Ridge National Laboratory
(615) 574-6248

S. P. (John) Mathur
Program Manager

U. S. Department of Energy
(301) 903-7922




1.6 MULTI-ANALYTE, SINGLE-FIBER, OPTICAL SENSOR

TASK DESCRIPTION

The objective of this task is to adapt Tufts
University’s unique optical-fiber-sensor tech-
nology to site-specific DOE needs. Multi-
analyte, sensitive, single-fiber, optic sensors
will be prepared containing sensitivity to
RCRA metals, anions and hydrocarbons. In-
dicator chemistries and prototype multi-
analyte fiber-optic sensors and readout
instrumentation will be designed and con-
structed. Sensors will be delivered to LLNL,
where a field-hardened instrumentation pack-
age will be used for testing and eventual trans-
fer of technology to DOE remediation sites
and industry. The successful completion of
this project will require significant collabora-
tion with Tufts University, which holds rel-
evant patents and unique expertise in the
chemical basis and design of multicomponent
Sensor arrays.

TECHNOLOGY NEEDS

Current methods for detecting nearly all prior-
ity contaminants require sampling and subse-
quent laboratory analysis. Sensors give the
analyst the ability to measure contamination
in situ, and in real time, thus saving time and
expense. However, many DOE sites have a
multitude of contaminants present that chal-
lenge the current state-of-the-art in sensor
technology. This challenge is in both analyte
specificity and sensitivity and in the complex-
ity of instrumentation that would be required
to measure many analytes simultaneously. The
work described herein not only provides sen-
sors for needed measurements, but also has
the unique distinction of requiring only one
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sensor and instrument to make determinations
of numerous analytes, thus greatly simplify-
ing field applications.

ACCOMPLISHMENTS

The ability to place and read 12 individual pH
sensors on a single-optical fiber terminus (see
Figure 1.6) has been demonstrated. These
results indicate the potential of placing as
many as twenty sensors on one fiber.

The suite of target analytes - A1*3, UO,*,
hydrocarbon (nonspecific), and pH have been
selected in collaboration with the Rocky Flats
facility as the initial multi-analyte sensor. Re-
searchers at Tufts University have already
demonstrated pH and aluminum ion sensors

Figure 1.6. Photo-micrograph of the distal end
of a single 500 micron diameter imaging fiber.




adequate for demonstration. Optical transduc-
tion schemes for hydrocarbon and the UO, ion
have also been identified. This project is on
schedule for a laboratory demonstration of a
four analyte sensor by late FY94.

Initial success with measuring pH optically
has opened up the possibility of an under-
ground storage tank application. Here a wide
range of pH sensors can be used to monitor for
corrosive conditions, as well as a redundant
number of individual sensors to mitigate the
effects of the harsh environment. The poten-
tial application of a new concept recently
demonstrated by Tufts University will also be
explored. The combination of slow release
polymer technologies with fluoroimmuno-
analysis has the potential for a continuous
reading antibody-based biosensor. Success
would greatly increase the number of differ-
ent analytes that could be measured with the
multi-analyte sensor.
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COLLABORATION/TECHNOLOGY
TRANSFER

This project is a major collaboration among
researchers at LLNL, the Chemistry Depart-
ment at Tufts University, and the Hybridoma
Center of the University of California at Ber-
keley. Tufts University has received three
patents covering the core technology. It is
anticipated that application-specific technol-
ogy developed under the collaboration will be
available for field-use licensing. Informal col-
laborations with Princeton Instruments, Ames
Laboratory, and Hamamatsu Corporation have
also been established for various aspects of
instrument component development.

For further information,
please contact:

Fred P. Milanovich

Principal Investigator
Lawrence Livermore National Laboratory
(510) 422-6838

Ann Heywood

Technical Program Manager
Lawrence Livermore National Laboratory
(510) 422-8203

Caroline B. Purdy
Program Manager

U.S. Department of Energy
(301) 903-7672




1.7

ANALOG SITE FOR CHARACTERIZATION

OF FRACTURED ROCK

TASK DESCRIPTION

This project is designed to identify reliable
tools and methodologies for characterizing
the fractures that control flow and transport in
specific geologic settings. Characterization
tools will be used to predict the outcome of
flow and transport experiments in fractured
rock in order to assess the utility of these tools
for characterizing important hydrologic fea-
tures in similar contaminated sites.

At this proposed analog site two series of
measurements would be performed. The first
series would be designed to characterize the
hydrology of the site. The second set would be
a flow and transport experiment designed to
test the predictive capability of the character-
ization methodology. For example, the char-
acterization methodology at Stripa was
confirmed by using the fracture zones identi-
fied in the characterization process as the
basis of successful predictions of the mea-
sured fluid flow and transport in the block.

The characterization phase would begin with
a geologic investigation designed to identify
the style of fracturing and the likely fracture
patterns. Then a suite of geophysical investi-
gations would be performed that are expected
to give indications of fractures that control
permeability. Techniques such as seismic
tomography, three-dimensional seismic,
electro magnetic tomography, radar reflection
and tomography, hydraulic interference test-
ing, etc., will be used. Any method judged to
be useful at the particular site could be tried.
The interpretation(s) of these measurements
would consist of one or more estimates of the
location of important hydrologic fractures.
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These features would then become the subject
of a series of hydraulic tests designed to diag-
nose the hydrologic properties of the system.
Tests would include fluid logging, interfer-
ence testing and tracer tests. Conceptual mod-
els for flow and transport would be constructed
based on this characterization.

The flow and transport tests would consist of
tests designed to confirm the hydrologic flow
paths. These might be tracer tests designed to
prove the hydrologic connections between two
or more points. In addition, a combination of
hydrologic and geophysical monitoring tests
will be performed. These could include radar
tomography done during the progress of a
saline tracer test, or perhaps seismic monitor-
ing during the injection of a gas or fluid of
different elastic properties than water. The
idea here is to image the flow-through-flow-
induced changes in geophysical properties.
Comparison of the flow experiments with the
flow patterns predicted in the first phase will
provide a format for identifying those meth-
ods or combination of methods that success-
fully identify the fractures that control flow.

TECHNOLOGY NEEDS

Some contaminated sites have fractured rock.
For example, the Oak Ridge National Labora-
tory has significant contamination in frac-
tured shale. INEL and Hanford sites have
problems in fractured basalt. The character-
ization of these sites in order to predict the
transport of contaminants can be problematic.
The location of fractures is often a mystery;
their effect on flow can be dramatic. The



fractures themselves may be leached by reac-
tive waste material. Containment of the waste
may require the sealing of fractures. Thus, the
three key issues that influence remediation of
these sites are:

* Finding the fractures that control fluid
flow and transport.

* Analyzing fluid flow and transport in
the fracture system.

* Predicting and controlling of induced
or purposeful changes to the fracture
system.

SIS

ACCOMPLISHMENTS

Field work should commence in FY95. Con-
tacting of site offices to determine the extent
of contamination problems in fractured rock
has begun. A type of geology will be chosen
for the analog site based on identifying a signifi-
cant need as well as field site availability.

COLLABORATION/TECHNOLOGY
TRANSFER

Partners are sought from traditional geophysi-
cal service companies and other geotechnical
firms who might be interested in learning
from this project, either by direct participation
or through the results of the project.

Additional partners are sought from other Na-
tional Laboratories with expertise in fractured
rock.

For more information,
please contact:

Jane C.S. Long
Principal Investigator

Lawrence Berkeley Laboratory
510-486-6697

Caroline B. Purdy
Program Manager

U.S. Department of Energy
(301) 903-7672




1.8

CONTAMINANT TRANSPORT STUDIES

OF RUSSIAN SITES

TASK DESCRIPTION

The task is to perform cooperative Russian-
American studies of Russian contamination
sites, to evaluate site characterization and
monitoring data from these sites, to carry out
field measurements, and to develop approaches
for site evaluation and remediation drawing
upon Russian and American experience and
technology.

Russia and the United States share a variety of
environmental problems. Some have been
caused by the operation of facilities support-
ing the production of nuclear weapons over
the past 50 years. During this period, a large
amount of radioactive and hazardous wastes
have been produced and a significant quantity
discharged into the environment. Much effort
is being spent in both countries in cleaning up
or controlling the contamination in the soil,
surfacewater and groundwater systems. In the
process, both countries have developed scien-
tific expertise and databases or case histories
in characterizing contaminated sites, model-
ling flow and transport phenomena, and de-
signing optimal restoration or containment
strategies.

In FY94, a selection of five to seven Russian
scientists will be invited to stay in the U.S. for
a duration of one to two months. They will
participate in the project and add important
Russian scientific inputs. Nomination of these
scholars has been coordinated with the Rus-
sian Ministry of Atomic Energy (MINATOM),
the Russian Academy of Sciences, and DOE,
and their visits are jointly funded by DOE-ER
and DOE-EM.

In FY94, it is planned to continue the work
started in FY93 to make a careful study of
contaminant transport at the Chelyabinsk site
over the last forty years. The important physi-
cochemical processes occurring in contami-
nant transport over kilometer distances and
overlong time periods will be identified. Some
of these may not be observable in short-term
experiments. The goal is to summarize these
processes, describe their characteristics and
understand their temporal and spatial proper-
ties. These will be of great importance to the
environmental site characterization method
development and optimal approaches to reme-
diation.

Since the establishment of the connections
with the Russian organizations involved in
Chelyabinsk site-specific studies, much avail-
able data from Russian sources have been
collected, reviewed, and are in the process of
being published as ten reports in English.
Based on this information, a plan will be
developed to investigate important physico-
chemical processes in contaminant transport
in the soil and groundwater system at Chely-
abinsk. Part of this study will be a field
measurement program, which will focus on a
preliminary reconnaissance-level survey for
radionuclides in Myshelyak riverbank soils
and river water, and in soils between Lake
Karachai. This field study is intended to
confirm and complement Russian efforts.
Also, such a survey will provide information
to evaluate site characterization and monitor-
ing methods.




For FY94, a major field visit to the Chelyab-
insk site will be proposed to the MINATOM.
The proposed field study will be focused on
several of the following possible topics:

River Myshelyak survey: field radi-
ometry along transects and sampling
of water, soils, rock cuttings, and cores
forlaboratory analyses to identify sorp-
tion/desorption of radionuclides and
rock/water interactions.

Unsaturated zone sampling: collec-
tion of water and soil samples in the
near-surface layers along rivers and
near Lake Karachai.

Vertical survey of geological struc-
tures, hydrological property variation,
and plume migration with wells de-
signed for detailed distribution sam-

pling.

Geophysical survey of the basement
structures and deep geological struc-
tures with seismic and/or electromag-
netic tomographic techniques to define
the flow domains for contaminant con-
tainment and remediation.

TECHNOLOGY NEEDS

The benefits to be derived from this project in-
clude the identification and assessment of a most
comprehensive database and a real, large-scale
contaminated site to test current understanding
and site characterization technologies that are
used in evaluating contaminated sites. This is
unique among current projects. The project will
strive to test and demonstrate new field technolo-
gies and thereby lead to their rapid infusion into
the DOE Environmental Restoration Program.
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Other important benefits include the stimula-
tion of increased collaboration among Rus-
sian and U.S. scientists on technology
development for environmental studies. This
will also facilitate identification of key re-
sources for inclusion in the DOE Environ-
mental Restoration Program.
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ACCOMPLISHMENTS

The collaboration with Russian experts and
institutions has been successfully established,
including the government, research institutes,
academia and commercial companies. Due to
the established U.S./Russian partnership, it
was possible to collect important data from
Russian sources. Based upon this informa-
tion, a field study plan has been developed to
investigate important physicochemical pro-
cesses in contaminant transport in the soil and
groundwater system at Chelyabinsk and to
test site characterization technologies.

So far ten reports have been produced due to
this collaboration and these are now under the
review process. Thesereports are listed below:

1. Drozhko, E.G., Mironenko, V.A.,Pozdniakov,
S.P.,Samsonova,L.M., Shestakov, V.M., Pre-
viousinvestigations andfield hydrogeological
data for Chelyabinsk region.

. Drozhko, E.G., Mokrov, Yu.G., Glagolenko,
Yu.V., Samsonova, L.M., Determination of
hydrodynamic parameters of cleaved rock

mass according to regime examination data
in the Lake Karachai area.

. Drozhko,E.G., Samsonova,L.M., Zinin, AL,
Yinkin, V.P., Computer model of solutions to
unsteady migration in groundwater.



4. Mironenko, M.V., Y.G., Glagolenko,
Drozhko, Eu.G., Khodakovsky, I.L., Mokrov,
G.Yu., Polyakov, V.B., Smirnov, A.B.,
Spasennykh, M.Yu., The cascade of reser-
voirs of the RMAYAKS plant: case history
and the first version of a computer simulator.

5. Mironenko, V.A., Rumynin, V.G., Analysis
of hydrogeological consequences of hazard-
ous accidents at designed nuclear reactors:
forecast and field investigation.

6. Mironenko, V.A., Rumynin, V.G., Shestakov,
V.M., Konosavsky, P.K., Pozdnyakov, S.P.,
Roshal, A.A., Development of analytical and
numerical models for the assessment and in-
terpretation of hydrogeological field tests at
the key sites of the Lake Karachai area.

7. Pek, A.A., Malkovsky, V.1, Modelling of the
Jault-controlled hydrothermal ore-forming
systems.

8. Malkovsky, V.1, Pek, A.A., Computer simu-
lation of nuclear waste transport from the
deep drill hole repository: thermal convec-
tion model.

9.Pek, A.A., Malkovsky, V.I., High-level
nuclear waste geological disposal: utiliza-
tion of HLW heat generation in the design of
engineering barriers.

10.Pozdniakov, S.P., Shestakov, V.M., Quasi-
3D variable density flow model.

COLLABORATION/TECHNOLOGY
TRANSFER

Through the Lawrence Berkeley Laboratory
Russian-American Center for Contaminant
Transport Studies, communications have been
established with Bechtel, General Atomics’
Environmental Technology Division, and other
U. S. companies. The project will expedite the
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development, commercialization, and appli-
cation of novel environmental technologies,
thereby creating a major source of new busi-
ness opportunities in both Russia and the
United States. The project also aims at creat-
ing partnerships between industry, research
and educational institutions, regulatory agen-
cies and the central governments.

For more information,
please contact:

Dr. Chin-Fu Tsang

Principal Investigator
Lawrence Berkeley Laboratory
(510) 486-5782

Caroline B. Purdy
Program Manager

U.S. Department of Energy
(301) 903-7672




1.9

ELECTRICAL RESISTANCE TOMOGRAPHY FOR

SUBSURFACE IMAGING
TASK DESCRIPTION detect when a tank begins to leak so corrective

The purpose of this task is to develop and
demonstrate a system for detecting and locat-
ing leaks in the single-shell tanks at the Han-
ford site in Richland, Washington; develop
very high-resolution imaging techniques for
monitoring electrokinetic remediation, dem-
onstrate the effectiveness of the technology at
the Sandia testing of electrokinetic
remediation; and transfer the basic ERT tech-
nology to RIMTech, Inc., through formal train-
ing and by working in actual field applications
of the technology.
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TECHNOLOGY NEEDS
Detecting Leaks from the Hanford

measures can be taken before damage is great.
There is also a need to be able to isolate the
leak location in the event that tank repairs are
practical.

Currently there are two methods for detecting
leaks and neither is useful for Jocating the leak
point. The simplest method is a careful inven-
tory of tank contents. Unfortunately, the pre-
cision needed in level sensing is not simple
due to the heterogeneities and chemical con-
ditions of tank contents. Even level sensors
are troublesome due to the “bergs” and the
crusts in some tanks. The other approach is to
drill beneath the tank and install sensors. This
approach also has its problems, since it pro-
vides only point measurements under the tank,

Single-Shell Tanks (SSTs): DOE
has approximately 149 SSTs that
have been used to store high-level
mixed wastes. Many of these tanks
are at the Hanford, Washington
site. It is known that 60 to 70 (66
assumed) of these tanks are leak-
ing and releasing their contents in
the surrounding soil. Other tanks
may be leaking, but the existing
techniques for determining leak-
age prevents an accurate count. In

line with the potential for danger | detect
such releases pose to site person- leakage
pathways

nel, and the longer-term danger to
the surrounding communities, en-
vironmental regulations require

ERT

—————,  borehole

storage tank

]
(]
(]
]

.....

that even small volume releases

from these tanks be reported.
There is a clear need to be able to

Figure 1.9a. Schematic representation of electrical
resistance tomography to delineate leaks from an
underground storage tank.
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and any leakage will probably be highly chan-
neled due to the heterogeneous soil at Han-
ford, and therefore the leak will likely be
missed.

Monitoring Electrokinetic Processes:
Electokinetic remediation of metals and other
contaminants from soils is not anew idea. The
technique is even commercialized in Europe.
Unfortunately, much of the physics, chemis-
try and influence of hydrogeology on the pro-
cess is not well understood. As a result, it is
likely that much electrokinetic remediation
now practiced may be ineffective. The test to
be performed at Sandia later this year is de-
signed to provide the overdue basic research.
To meet this goal, detailed information is
needed of the test site and the process itself.
Electrical resistance tomography is being done
at the site before and during the test to help
provide some of the needed detail. First, ERT
will be used to obtain five high-resolution
images to fill in borehole data about the site
lithology (see Figures 1.9a and 1.9b). The
hydraulic permeability distribution will be
inferred from borehole cores and interpolated
between holes using ERT and the fact that
more permeable sands are resistive and less
permeable clays are conductive. During the
test, moisture content changes will be mapped
in the test area from the well-documented
correlation of electrical properties to soil wa-
ter content. It is also planned to estimate the
amount of water lost out the bottom of the
system based on the images.

Technology Transfer: As prescribed by DOE,
the accumulated experience and know-how of
ERT will be given to RIMTech and the 2.5 D
inversion code will be licensed by them.
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ACCOMPLISHMENTS

Detecting Leaks from the Hanford Single Shell
Tanks: A fairly detailed test plan has been
written and approved by Hanford personnel.
Permitting for the test has begun. Hanford
operations is doing the permitting for the site.
After some negotiation, details of the test site
have been settled and Hanford operations has
agreed to start construction this spring.

Monitoring Electrokinetic Processes: Many
of the details of the test have been worked out
with Sandia. Preliminary measurements at the
test site have been made to set some of the
parameters for later data acquisition. Experi-
ments at the site have been performed using a
method of placing ERT electrodes using
SEAMIST™., The technique worked, but was
determined to be too expensive. An alternate
method has been designed and a prototype is
now being built to test in the laboratory before
field deployment at Sandia.

Technology Transfer: Personnel from
RIMTech have visited LLNL to become fa-
miliar with the operation of ERT data collec-
tion hardware and use of the inversion code
OCC2D3D. Two more sessions are planned
forlater in the project to continue this training.
Work is being planned with RIMTech person-
nel during each phase at Hanford and Sandia
so they will be familiar with all aspects of
planning and executing a project using ERT.
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COLLABORATION/TECHNOLOGY
TRANSFER

LLNL and Ames Laboratory are actively work-
ing with RIMTech, Inc., a Denver based geo-
physical service company, to transfer the basic
ERT technology. That work will continue
throughout FY94.

Collaboration is also occurring with the Uni-
versity of Arizona. The contribution is com-
puter code development for the project.
Collaboration with Westinghouse Hanford
Company (EM-30) in the development of a
test bed for the work at the site is occurring.
They will do all site construction in accor-
dance with the test plan.

For more information,
please contact:

William Daily

Principal Investigator

Lawrence Livermore National Laboratory
(510) 422-8623

Abe Ramirez
Technical Program Manager

Lawrence Livermore National Laboratory
(510) 422-6909

Caroline B. Purdy
Program Manager

U.S. Department of Energy
(301) 903-7672
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Figure 1.9b. Computer simulation of electrical resistance
tomography below a steel tank with a conductive plume of

250 ohm-m beneath the tank center.



1.10

CONTAINMENT OF CONTAMINANTS THROUGH

PHYSICAL BARRIERS FORMED FROM VISCOUS LIQUIDS
EMPLACED UNDER CONTROLLED VISCOSITY CONDITIONS

TASKDESCRIPTION

This investigation is examining liquids which,
when injected into the subsurface, produce
nearly-inert impermeable

The second type, colloidal silica, is a
silicon-based chemical grout that poses no
health hazard, is unaffected by filtration, and
is chemically and biologically inert. Its con-

barriers through a very
large increase in viscos-

ity. Appropriate emplace- (@) Steam

Wells for the Injection/Production of

(b) Viscous Bartrler Flulds

ment of these substances
provides an effective con-
tainment of the contami-
nated zone by trapping and
immobilizing both the
contaminant and the plume.
(See Figure 1.10).

This project will identify
and characterize promis-
ing materials and evalu-
ate their containment
potential by means of
laboratory pilot-scale ex-
periments and field test-

Folnt Source
of Contamination

Y

Barrler Entombing
the Contaminant
Polnt Source

ing and demonstration.
The general purpose
TOUGH2™ model, devel-
oped at LBL, is being modified to simulate
barrier fluid behavior and to design experi-
ments.

barriers.

The first type of barrier fluid under examina-
tion belongs to the polybutene family.
Polybutenes are chemically and biologically
inert, hydrophobic and impermeable to water
and gases, and are approved by the Federal
Drug Administration for food contact. Their
performance is unaffected by the soil and
waste type, and is only controlled by their
drastic viscosity dependence on temperature.
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Figure 1.10. Identify and evaluate the feasibility of producing in situ

tainment performance is controlled by the
gelation time, which depends on pH, tempera-
ture, the chemistry of the injected suspension,
and chemistry and mineralogy of the aquifer
porous medium. The third type of barrier fluid
is polySiloXane. These fluids are chemically
and biologically inert silicon-based polymers
used for medical implants. They are mixtures
of two fluids, are unaffected by the aquifer or
waste chemistry, and their containment per-
formance depends on temperature and the
ratio of the two constituents.
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TECHNOLOGY NEEDS

The strong adsorption of many contaminants
to soil particles makes physical extraction
slow or ineffective. Excavation of contami-
nated soils and disposal in protected facilities
is very expensive. Containment on-site and
control of groundwater transport can limit the
off-site threat, and may supply a long-term
solution.

A barrier containment system that does not
require excavation would be a useful ground-
water contamination control technique. For-
mation of a barrier with surface injected
components that polymerize or change their
viscosity under aquifer temperature and pres-
sure conditions would allow barrier emplace-
ment without excavation. In situations where
complete control is necessary, an impermeable
barrier is preferred over the sorption barrier.

In some areas aquifer mineralogy or regula-
tory restrictions may preclude the use of one
or another barrier component. A variety of
barrier systems must be available to match the
range of contaminants and circumstances.

ACCOMPLISHMENTS

Completed a wide search for fluids
with desired properties.

Identified three types of promising sub-
stances for evaluation as barrier fluids:
polybutenes, colloidal silica, and
polysiloxanes, and selected the most
promising uses of these fluids.

Completed analysis of the rheological
properties of the barrier fluids.
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Conducted laboratory studies of bar-
rier fluid flow and emplacement in
porous media in columns and
three-dimensional flow chambers. De-
termined that all three types of liquids
are effective in sealing porous media.

Identified the dominant mechanisms
in colloidal silica gelation in porous
media. Developed processes to control
the gel time and the texture of the gels.
Determined the need and designed
protocol for the sequential injection of
colloidal silica.

g/gj Y

COLLABORATION/TECHNOLOGY
TRANSFER

P T,
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Texas A&M University in College Station is
evaluating the performance of barrier fluids in
large two-dimensional laboratory experiments
using their specialized facilities. UC Berkeley
is involved in the selection and rheological
study of polymer-type barrier fluids.

The new technologies and the corresponding
design package will be made available for use
throughout the DOE Environmental Restora-
tion program, as well as other U.S. agencies
(EPA and DoD). Contamination problems ex-
pected to be especially amenable to barrier
containment include localized (“point-like”)
sources. Many DOE sites would be candidates
for the pilot- and field-scale application of the
technologies, including the Hanford Under-
ground Storage Tanks Integrated Program,
Mixed Waste Integrated Program, the Buried
Waste Integrated Demonstration Program, as
well as the Rocky Flats site, the Nevada Test
Site, the Savannah River site (for localized
sources), and the Lawrence Livermore Na-
tional Laboratory (where much pertinent in-



formation may be available from the “clean
site” steam injection pilot). Many industrial
sites with “point-like” contamination prob-
lems are also candidates for the application of
these technologies.

For more information,
please contact:

Karsten Pruess
Principal Investigator

Lawrence Berkeley Laboratory
(510) 486-6732 or 486-4746

Sally Benson

Technical Program Manager
Lawrence Berkley Laboratory
(510) 486-7347

Jeff S. Walker

Program Manager

U.S. Department of Energy
(301) 903-7915
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IN SITU MICROBIAL FILTERS

TASKDESCRIPTION

This task will develop and evaluate an in situ
microbial filter to remediate contaminant
plumes at their expanding boundaries using
methanotrophic bacteria (see Figure 1.11).

In the first field demonstration, specialized
non-pathogenic TCE degrading bacteria will
be injected to establish an in situ fixed biofilter
around a suitable injection well located within
the contaminant plume. The fixed microbial
filter will be quasi-cylindrical in shape and
have a height of about 2 m and a radius of
about 1 m. After a predetermined period of
time, the inoculation process will stop and
groundwater will be extracted from the same
well. Contaminated groundwater will flow
through the attached in situ microbial filter, it
will be decontaminated to regulatory limits by
the microbes, and clean water will be pro-
duced at the well-head. After the filter has
reached its longevity limit, the filter will be
replenished.

In both cases, the enhanced activity of the
biocurtain will cause biotransformation of TCE
at a rate equivalent to the rate at which TCE is
delivered to the filter. Thus, the microbe cur-
tain will serve as a contaminant-specific fixed
filter, capable of remediating substantial
amounts of TCE in groundwater.

TECHNOLOGY NEEDS
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TCE is probably the most prevalent chlori-
nated solvent contaminating groundwater at
DOE and other sites, and is sufficiently soluble
in water to be easily transported and broadly
disseminated. Because of TCE’s wide disper-
sion at relatively low (but unacceptable) con-
centrations, in situ treatment technologies are
sorely needed.

3
ACCOMPLISHMENTS
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Methylosinus tricho-

Microbe/nutrient.”
injection welis

sporium strain OB3b has
been optimized for use
on the biofilter. Growth
of the microorganism
under conditions of
copper starvation and
careful nutrient manage-
ment induced the pro-
duction of large

Monitor quantities of soluble
wells methane monooxygen-

ase (sMMO), theenzyme

~ Microbial responsible for the
filter cometabolic degradation

of TCE. OB3b has been

optimized such that the

Figure 1.11. The biodegradation of trichloroethylene.



sMMO will degrade TCE for over 30 days
without a need for inducer (i.e., methane).
This means that once the in situ filter is in-
jected with the microorganisms,
TCE-degrading activity should last for 30 days.

A proof-of-principle experiment has been suc-
cessfully completed. In this experiment,
TCE-contaminated water was allowed to flow
through a bench-scale, one-meter model
biofilter. Microbes within the filter region
degraded 100 percent of the TCE.

A 10 cm long column has been designed and
set up, such that 100 percent of the TCE has
been recovered. The standard flow rate of 1.5
cm/hr is being used. A greater than 3-week
enzyme longevity has been established, and
complete degradation of a 230 ppb pulse of
TCE has been shown.

A large-scale bioreactor facility will be built
for the mass production of OB3b for use on the
in situ microbial filter. Cost estimates for this
remodeling task have been completed, and
steps are now being taken to seek a design and
build contract from a bidding process.

g g
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Long term experiments have shown that the
addition of a mixture of MgCl, FeSO,, and
agar to the aqueous media increases microbial
attachment rates and reduces the rate of cell
detachment. Cell detachment rates depend on
fluid flow velocities, but these experiments
have demonstrated that a significant enhance-
ment of cell attachment can be achieved even
at high flow velocities.

COLLABORATION/TECHNOLOGY
TRANSFER

NASA is interested in field-testing this
technology.

For more information,
please contact:
R. B. Knapp

Principal Investigator
Lawrence Livermore National Laboratory
(510) 423-3328

Ann Heywood

Technical Program Manager

Lawerence Livermore National Laboratory
(510) 422-8203

Jeff S. Walker

Program Manager

U.S. Department of Energy
(301) 903-7915




1.12 OPTIMAL REMEDIATION DESIGN:
METHODOLOGY AND USER-FRIENDLY SOFTWARE
FOR CONTAMINATED AQUIFERS
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TASK DESCRIPTION

Research on more robust and efficient optimi-
A critical question in site remediation is how  zation methods, such as the outer approxima-
to manage and optimize the long-term ground-  tion method, will address non-linear
water remediation process. The locations and ~ optimization of solute transport in groundwa-
rates of pumping for each groundwater ter systems. This research is directly appli-
remediation well, which may change with cable to other important subsurface
time, must be selected carefully, as well as the contamination problems, such as multi-phase
locations and sampling intervals of monitor-  flow and the use of subsurface chemical treat-
ing wells. Operation and maintenance costs ments. Work will also be performed on the
associated with these decisions can be enor-  development of more realistic constraint func-
mous when projected overrealisticremediation  tions that include improved economic descrip-
periods of typically 30 to 100 years. tions. This will allow the quantitative
optimization problem under consideration to
be closer to a decision-maker’s verbal de-
scription of the problem.

This project focuses on the development of a
methodology and associated tools for the man-
agement and optimization of groundwater con-
tamination in both unsaturated and saturated  Graphical interfaces will be developed for a
systems. variety of computers. These graphical inter-
faces will not only increase the potential for
technical transfer, but will also provide an
important tool for the exploration of data,
proposed solutions, and other “what-if” sce-
narios that involve large amounts of numeri-
cal information.

More efficient tools will be investigated for
the optimization of large-scale, three-dimen-
sional groundwater systems that are hydrody-
namically constrained. Despite recent
advances in optimal design techniques, a num-
ber of problems remain, including, for ex-
ample, the effects of “clay caps,” “cutoff  joiiri s:
walls,” and “horizontal drains” on the optimi-

TECHNOLOGY NEEDS

zation schemes.

Specific tasks include the development of The need for optimization procedures during
three-dimensional groundwater simulators the evaluation, selection, and implementation
coupled with optimization based on hydrody- of biological and non-biological in situ treat-
namic and solute transport constraints. These ~ ments has been identified by many sites. Sites
codes will allow optimal design of both satu- performing environmental restoration must
rated and unsaturated systems, and will be make informed decisions with respect to the
coupled with a realistic economic model and ~ location and pumping rate of groundwater

user-friendly graphical interfaces. remediation wells, the location of monitor
wells, and the use of drains, caps, or cutoff
walls.
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To make these decisions, calibrated ground-
water modelling of contaminant flow and trans-
port must provide realistic simulations of flow
and transport through saturated and unsatur-
ated porous media. The results of this modelling
must be coupled with economic and risk evalu-
ation models to determine the optimal reme-
diation that minimizes risk and cost and
addresses the needs of the stakeholders in the
decision making process. The need to commu-
nicate the risk and cost impact of potential
remedial alternatives to non-technical deci-
sion makers is a critical element in the optimi-
zation process.

ACCOMPLISHMENTS

The contract with the University of Vermont,
the major developer of the software for this
task, has been completed. Interface param-
eters (i.e., menus, model result processing,
and point-and-click parameters) have been
established for software development.

A three-dimensional groundwater simulator
coupled with optimization based on hydrody-
namic constraints was delivered in September
1993. A three-dimensional groundwater simu-
lator coupled with optimization based on sol-
ute transport constraints was delivered in
September 1994. The simulators will include
coupled transport in the unsaturated zone, a
realistic economic model, and user-friendly
interfaces for the field application of the satu-
rated and unsaturated zone models.

COLLABORATION/TECHNOLOGY
TRANSFER

This work is being performed in collaboration
with Dr. George Pinder, Research Center for
Groundwater Remediation Design at the Uni-
versity of Vermont. Additional participants
include David E. Dougherty of the University
of Vermont, and David P. Ahlfield of the
University of Connecticut. The tasks in this
project are being performed primarily by the
University of Vermont. Investigators at
Lawrence Livermore National Laboratory
ensure that unnecessary overlap with related
research projects is avoided and that the re-
search provided by the University of Vermont
is relevant to the Department of Energy.
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For more information,
please contact:

David W. Rice, Jr.
Principal Investigator

Lawrence Livermore National Laboratory
(510) 423-5059

Ann Heywood
Technical Program Manager

Lawrence Livermore National Laboratory
(510) 422-8203

Jeff S. Walker

Program Manager

U.S. Department of Energy
(301) 903-7915
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Waste Retrieval :

and Processing
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2.0 WASTE RETRIEVAL AND PROCESSING
OVERVIEW
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Waste retrieval and processing constitutes one of the largest DOE problems. Within the
DOE Complex, large quantities of high-level waste, low-level waste, and transuranic waste
have been buried or stored and need retrieval and treatment. Before 1970, most low-level
and transuranic wastes were buried in common shallow land burial grounds. A majority of
the high-level waste was stored in underground storage tanks.

DOE has identified more than 1 million 55-gallon drums and boxes of waste in storage, and
3 million m3 of buried waste. Over the years, many of the older disposal containers have
been breached, resulting in contamination of the adjacent soil. Considering transuranic solid
waste, approximately 190,000 m3 have been buried, and 60,600 m3 have been retrieved and
stored. Mixed transuranic waste composes 58,000 m3 of this inventory. High-level waste
stored at four DOE sites represent another 381,000 m3 of volume. Of this, 77 million gal-
lons of high-level waste are contained in 332 underground storage tanks as sludge/liquids and
approximately 4,000 m3 are stored as granular calcined solids. Since most of the high-level
waste is mixed with hazardous contaminants, it is considered mixed waste. The remainder of the
stored waste, about 3,000,000 m3, is low-level waste and includes 247,000 m3 of mixed low-
level waste. No effective treatment is known for 107,000 m3 of this mixed low-level waste.

Effective May 8, 1992, all DOE mixed-waste streams fell under EPA’s land disposal restric-
tions and, as such, can no longer be disposed of without prior treatment to destroy, separate,
or immobilize the hazardous component. All mixed low-level and high-level waste must be
treated before final disposal. In the case of mixed transuranic wastes destined for deep
geologic disposal, the hazardous components must not exceed established waste acceptance
criteria. Most of the hazardous components of the mixed wastes have not been characterized;
however, from past knowledge, they represent the entire gamut of organic and inorganic hazard-
ous wastes. Available technology is inadequate to solve many of the problems at hand.

Another form of waste, representing potentially large volumes, is associated with decontamination
and decommissioning of contaminated buildings and equipment. More than 500 separate facilities
have been identified, and it is possible that as many as 7,000 facilities at 39 different sites could be
scheduled for decontamination and decommissioning. Although materials will be recycled when
possible, this activity will result in new waste generation that is immeasurable at this time. Addi-
tionally, as much as 20,000 m3 of mixed waste, in 100 separate waste streams, is still being gener-
ated on an annual basis from ongoing facility deactivation and transition activities.

Developing cost-effective innovative hazardous and mixed waste characterization and
treatment technologies is not only a requirement for DOE, but for other Federal agencies and
commercial businesses. EPA estimates a total present value cost of about $18.7 billion, and
an annual cost of about $1.8 billion using available technologies. Furthermore, EPA assumes
there exists approximately 773,000 sites with underground storage tanks that are subject to
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regulation and remediation.2 Most of these tanks contain petroleum products and require
remediation of the tank as well as the surrounding soil as a result of leakage problems.
Although occurrences of radioactive contaminated waste is less frequent in the public sector,
there are no widely accepted technologies available to treat this waste. Development of
efficient, low-risk mixed waste treatment systems and facilities is one of the most pressing
issues facing public and private environmental restoration and waste management efforts.

2 U.S. Environmental Protection Agency, Office of Policy, Planning and Evaluation,
Environment Investment: The Cost of a Clean Environment, EPA-230-11-90-083, November 1990.
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REMOTE CHARACTERIZATION SYSTEM

TASKDESCRIPTION

This project demonstrates the feasibility of
remote, high-precision characterization of
buried waste by deploying and operating mul-
tiple geophysical sensors over a waste site.
The Remote Characterization System (RCS)
consists of a vehicle, multiple geophysical ra-
diation and/or chemical sensors, on-board video
cameras, datacommunication equipment, a Glo-
bal Positioning System, and a control base sta-
tion (see Figures 2.1a and 2.1b). The vehicle
was designed and fabricated specifically for the
RCS to minimize the amount of ferrous metal in
the vehicle, which would interfere with the op-
eration of the sensors.

Sensors include flux gate, proton precession,
and optically pumped magnetometers; ground
penetrating radar; and an EM-31. Other de-
tectors may be added to the array to accommo-
date different waste stream situations. The
control system enables integration of subsur-
face data with excavation planning, controls
the vehicle, and has an ethernet radio frequency
link with the sensors and vehicle controls.

[ . O
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Figure 2.1a. Remote Characterization System
at the INEL Cold Test Pit.
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The RCS allows simultaneous use of multiple
sensors, thereby reducing remediation cost by
rapidly characterizing waste sites. The RCS
also improves safety by not requiring workers
at hazardous waste sites to enter these hazard-
ous areas.

The RCS is still in the development stage and
not yet ready for field implementation. How-
ever, once field deployable, the RCS can be
used at any DOE or industrial facilities that
have buried hazardous and/or radioactive
waste.

Figure 2.1b. Remote Characterization System
Control Station.



TECHNOLOGY NEEDS

Current non-intrusive subsurface mapping
techniques are labor intensive and time con-
suming. Manual methods of data acquisition
from geophysical sensors are obtained from
one sensor at a time. A system is needed to
more quickly and remotely deploy a suite of
sensors at the same time to provide information
about and identify metallic objects, hot spots, pit
and trench boundaries, radiation and levels.

This system will allow improved data quality
through automated data acquisition, improved
data display for interpretation, and increased
safety for personnel, especially when access
to the waste site represents risk to personnel.

| S \ .
ACCOMPLISHMENTS

The RCS was demonstrated and tested at the
INEL Cold Test Pitin June 1993. The demon-
stration showed that data from three geophysi-
cal sensors can be collected simultaneously
and transmitted to the control base station for
real-time display. The RCS, while making
numerous advances in the technology of re-
mote site characterization, was shown to be
still in the development stage. Specifically,
further development of the sensors and com-
munication system is needed before reliable
operation can be achieved.

COLLABORATION/TECHNOLOGY
TRANSFER

The system was developed utilizing INEL,
ORNL, SNL, LLNL, and PNL.

For further information,
please contact:

R. Kane

Principal Investigator

Lawrence Livermore National Laboratory
(510) 422-0410

Jaffer Mohiuddin
Program Manager

U.S. Department of Energy
(301) 903-7919

38



2.2

REMOTE EXCAVATION SYSTEM

i

TASK DESCRIPTION

The objective of this project is to demonstrate
and evaluate a system to remotely excavate
radioactive waste, unexploded ordinances and
other hazardous wastes. A standard military
vehicle, the Small Emplacement Excavator
(SEE), was modified by ORNL for remote
operation and computer-assisted control. The
excavator boasts automated dig and dump
functions, multiple video cameras, joint en-
coders and other sensor feedback. Video and
control data is transmitted to the control sta-
tion via radio frequency links or fiber optics.
A novel joystick controller and a graphical
computer interface were developed to provide
aremote control station that is easy to use and
does not require line-of-sight operation.

The Remote Excavation System (RES) is de-
signed for relatively small excavations. Re-
mote operation of the system demonstrated a
retrieval rate of approximately 2.4 ft*/min.
Manual operation under test conditions was

Figure 2.2a. Remote excavation operations at
the INEL Cold Test Pit.
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able to achieve rates 50 percent higher. How-
ever, actual manned operation at a waste site
would likely not be able to achieve these rates
because of protective equipment and monitor-
ing requirements.’

The RES can be used for remote excavation of
radioactive and hazardous sites and for re-
trieval of unexploded ordnance. The controls
technology developed for this project was
implemented in a modular fashion that per-
mits rapid transfer of the technology to other
excavator platforms. With the RES, materials
can be excavated and retrieved in a hazardous
environment without endangering operator
personnel.

§
TECHNOLOGY NEEDS

Several DOE sites have significant amount of
buried waste and contaminated soil. The mix-
ture varies from site to site, but the waste and
contaminated soil consists of low-level, TRU,
and high-level radionuclides, pyrophoric and
possibly explosive materials in many forms.
The methods of remediation will vary, but
given the hazards of the waste, robotic and
remote handling techniques will be necessary
to reduce the risk to the worker.

i
ACCOMPLISHMENTS

The RES was demonstrated at the INEL Cold
Test Pit and at the U.S. Army Redstone Arse-
nal to evaluate the feasibility of excavating
buried waste and unexploded ordinances with
aremotely-operated vehicle (see Figure 2.2a).
At each of these demonstrations, the relative
performance benefits of teleoperation and



telerobotic excavation were evaluated and
documented. It was demonstrated that the
system can be operated remotely to effec-
tively excavate buried waste. The advanced
control technology and computer-assisted
operations made excavation relatively easy
for inexperienced and experienced operators
alike (see Figure 2.2b).

COLLABORATION/TECHNOLOGY
TRANSFER

The system was developed utilizing INEL,
ORNL, SNL, LLNL, and PNL. The Depart-
ment of the Army also provided the platform,
which was remotized for use by both DOE and
the Army.

Excavation System equipment.

For further information,
please contact:

S. Killough

Principle Investigator

Oak Ridge National Laboratory
(615) 574-4537

Jaffer Mohiuddin
Program Manager

U.S. Department of Energy
(301) 903-7919
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2.3 FIBER-OPTIC LASER RAMAN SPECTROSCOPIES

FOR TANK WASTE CHARACTERIZATION
i i
TASKDESCRIPTION be used to guide the laser beam and collect the

Fiber-Optic Laser Raman Spectroscopy sys-
tems will be developed and tested in this task
for characterization of tank wastes. These sys-
tems are designed so they can be deployed in
either hot cells or in waste tanks, enabling
both ex- (see Figure 2.3a) and in-situ charac-
terization.

Two different ways to chemically profile waste
surface inside waste tanks will be investi-
gated. One consists of a mechanically-driven
fiber-optic probe that will be swept over the
surface to be interrogated; the Light Duty
Utility Arm will be used to precisely position
the probe (Remote Fiber-Optic Raman Spec-
troscopy). The other involves a scanner that
will directly sweep a laser beam and the field-
of-view of a spectrometer across the surface;
in this case the simple rotation of a mirror can

scattered radiation (non-contact Raman spec-
troscopy). Relatively modest laser powers
(100 mW) and small collection optics (22
mm) have been found to be effective to char-
acterize samples up to tens of feet away in
non-contact Raman spectroscopy. Perfor-
mance parameters (e.g., spatial resolution,
sample to probe distance) of the two systems
will be evaluated and compared.

In situ characterization of core sections will
be achieved with the use of a Raman fiber-
optic probe fitted inside a cone
penetrometer. Such a probe is being devel-
oped at Westinghouse Savannah River Com-
pany (WSRC). Elements that define
performance objectives of the Raman probe
include the expected tank environment, cone
penetrometer requirements, and contaminants
to be measured.

Hot Cell Raman Spectroscopy System

Complementing these
activitiesin asystem ap-
proach are two other

—_—
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subtasks. One is the de-
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quantiative applications
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archived Raman spec-
tra that have been ob-
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tained from pure
material, simulated and
real tank waste (see

Figure 2.3a. Hot Cell Laser Raman Spectroscopy System.
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Figure 2.3b). The data-
base will initially hold



spectroscopic information on ferrocyanide,
ferricyanide, nitrate and nitrite, but will be
expanded to include other chemical species
such as organic compounds. The other subtask
is the radiation testing of fiber-optics. Two
aspects will be addressed in this subtask: sur-

BX107 C41 Segment 6

BX107 C40 Segment 5

BX107 C41 Segment 7

Main Peak

Other

BX107 C41 Segment 3
D

BX107 C41 Segment 2

Solid NaNO,

900 1000 1100

Data Wave numbers

1200

Figure 2.3b. Laser Raman Spectra of
various nitrate-containing materials.

vival of optical fiber material in radiation
environments; and changes in Raman spectral
signal induced by the radiation.
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TECHNOLOGY NEEDS

Laboratory analysis of tank waste is both
time consuming and expensive. While Raman
spectroscopy will not replace established
regulatory analysis, its developmentasa screen-
ing technique for both ex- and in-situ
characterization offers significant reduction in
time, cost, and secondary waste generation;
minimizes radiation exposure of personnel; and
provides valuable guide to sampling and
analysis of core waste material.

An in situ waste probe will also provide data on
the homogeneity, location and mapping of key
waste materials (e.g., ferro/ferricyanide) inside
the tanks; these are data necessary to direct and
monitor waste retrieval.

ACCOMPLISHMENTS

The feasibility of applying laser Raman
spectroscopy to tank waste characterization has
been demonstrated. Analyses of pure materials
and surrogates showed that unique Raman
scattering can be used to identify major tank
waste components including ferrocyanide,
ferricyanide, nitrates and nitrites. In addition, a
remote fiber-optic probe has been installed in a
hot cell at Hanford and used to record Raman
spectra of real tank waste material.

Lol 2
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COLLABORATION/TECHNOLOGY
TRANSFER

Basic support and coordination for the
development, integration and testing of the
spectroscopic systems are provided by the
Westinghouse Hanford Company. LLNL will
evaluate the two spectroscopic methods — re-
mote fiber-optic and non-contact Raman
spectroscopies — and recommend a conceptual
design for aRaman probe suitable for incorpora-
tion in a cone penetrometer; the Raman probe
will be designed and developed by WSRC.
Florida State University and the Naval Research
Laboratory have been contracted to establish the
Raman library/database and perform the radia-
tion testing, respectively.

For more information,
please contact:

R. C. Eschenbaum
Characterization and Retrieval
Program Manager

Westinghouse Hanford Company
(509) 376-7439

R. L. Gilchrist

Integrated Demonstration Coordinator
Westinghouse Hanford Company
(509) 376-5310

Jaffer Mohiuddin
Program Manager

U.S. Department of Energy
(301) 903-7919
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2.4

HYDRAULIC IMPACT END-EFFECTOR

|

.f;
4,

TASK DESCRIPTION

LLNL has teamed with Quest Integrated,
Inc. to develop an efficient method of break-
ing up large blocks of hard saltcake that have
developed in underground storage tanks within
the DOE complex. These remaining wastes
often surround tank risers and
equipment, making their removal doubly
difficult. LLNL and Quest are developing a
water cannon rubblizer as a hydraulic tool
capable of fracturing the hard saltcake.

The system uses ultra-high pressure (276 MPa,
40,000 psi) to generate a powerful hydraulic
shock to fragment the monoliths. The result-
ing fragmentation is comparable to that
achieved by explosive charges without the
hazard of “fly” rock or toxic fumes and with-
out the precise positioning required for water
jet cutters. The resulting fragment size varies
with material. The current tool uses water as
the working fluid, with only about 200 ml
(one-half pint) per blast. The control console
monitors the pressurization of the tool and
controls the discharge of the tool through the
control valve assembly. The end-effector can
be fired repeatedly with 5-10 seconds between
blasts. The end-effector is remotely operated,
and the design incorporates several features to
provide “fail safe” operation.

Development tasks are varied. The design can
be refined to reduce the amount of additional
processing required for the fragments.
Alternative fluids are being evaluated which
either vaporize or gel in the tank after dis-
charge to limit the addition of water to the
tank. Reduction of the poppet valve opening
time will increase the shock energy rate. Fi-
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nally, the end-effector is being radiation-hard-
ened and will be capable of accommodating
remote decontamination.

L N . ' {
TECHNOLOGY NEEDS

Many DOE sites have stored high-level radio-
active wastes in underground tanks. Interim
stabilization activities have removed much of
the liquid from the tanks, leaving waste de-
posits in the form of sludge and hard saltcake.
Removal of this saltcake from the tank equip-
ment requires breaking up monolithic or large
pieces of the saltcake into smaller fragments
that can be easily handled and removed by
other end-effectors. The rubblizer requires a
less complex and forgiving positioning sys-
tem than waterjet technology, allowing for a
simpler control system. The control system
allows for either manual or automatic opera-
tion of the end-effector.

I
ACCOMPLISHMENTS

Tests involving charge pressure effects, stand
off distance, effector angle, dilution level,
cycle rate and interface loads have been suc-
cessfully completed. The results have led to a
refinement of the design. Many parameters
are being optimized and, with that, failure
modes are better understood, such that failure
mode recovery methods can be developed.




COLLABORATION/TECHNOLOGY
TRANSFER

LLNL is working with Quest Integrated Inc.
to develop this technology. Joint testing is
underway at both facilities and Quest is in-
volved in evaluating the alternate fluid stud-
ies. Once developed, Quest will be able to
commercialize the resulting product for use at
other storage tank sites as well as market the
product in other areas.

L ‘ |
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For more information,
please contact:

R. C. Eschenbaum
Characterization and Retrieval
Program Manager

Westinghouse Hanford Company
(509) 376-7439

R. L. Gilchrist

Integrated Demonstration Coordinator
Westinghouse Hanford Company
(509) 376-5310

Jaffer Mohiuddin

Program Manager
U.S. Department of Energy
(301) 903-7919
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2.5

DERIVATIVES OF NATURAL COMPLEXING

AGENTS FOR THE REMOVAL OF PLUTONIUM
FROM WASTE WATERS

%

TASK DESCRIPTION

The objective of this task is to develop a
separation system using a highly selective
complexing agent derived from a natural ma-
terial to remove plutonium (and perhaps other
transuranic wastes (TRUs) from the high ionic
strength waste waters which vary in pH de-
pending on the exact flowsheet. In nature,
bacteria and other microorganisms produce
siderophores, low molecular weight
multidentate iron chelators, to scavenge the
ferric ion from their environments. One of the
major siderophores is desferrioxamine B, and
derivatives of this material show promise in
fulfilling the requirements of a substance that
binds plutonium in the presence of other met-
als and in solutions ranging from highly-acid
to highly-basic (see Figure 2.5). This project
will:

* determine or estimate the stability con-
stants of the de-
rivatives with

attach appropriate ligands to solid sup-
ports and/or attach lipophilic side
chains to the molecules to convert them
into extracting agents; and

test the engineered materials on simu-
lated or actual waste.

TECHNOLOGY NEEDS

Efficient chemical processes for the selective
removal of actinide elements are needed for
the treatment and minimization of wastes such
as those found at the Hanford site. To accom-
plish this objective, new metal complexing
agents capable of withstanding harsh chemi-
cal and radiation environments must first be
developed and then modified for use in prac-
tical extraction systems.

i
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Figure 2.5. Derivatives of desferrioxamine B.



ACCOMPLISHMENTS

Desferrioxamine methylterethalamide
(DFOMTA), Desferrioxamine-1,2-hydroxy-
pyridonate (DFO-1,2-HOPO), and Desferri-
oxamine-3,4-hydroxypyridonate
(DFO-3,4-HOPO) have been synthesized.
The stability constant of the Pu(IV)/
DFOMTA, Pu(IV)/DFO-1,2-HOPO, Th(IV)/
DFOMTA, and Th(IV)/DFO-1,2-HOPO com-
plexes have been determined.

1 %

COLLABORATION/TECHNOLOGY
TRANSFER

Glenn T. Seaborg Institute for
Transactinium Science

University of California at Berkeley
Ken Raymond
(415) 642-7219

I %

For further information,
please contact:

Darlene Hoffmann
Principal Investigator

Lawrence Livermore National Laboratory
(510) 423-5031

Ann Heywood

Technical Project Manager
Lawrence Livermore National Laboratory
(510) 423-8203

Teresa B. Fryberger
Program Manager

U.S. Department of Energy
(301) 903-7962

| |
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2.6 REMOVAL AND RECOVERY OF TOXIC METAL IONS
FROM AQUEOUS STREAMS
BY UTILIZATION OF POLYMER PENDANT LIGANDS

i

2
]

TASKDESCRIPTION

The purpose of this work is to investigate the
use of polymer-supported pendant ligand tech-
nology in the removal of toxic metal ions from
DOE waste streams. Polymer pendant ligands
are organic ligands with metal-ion removal
capabilities attached to the modified surfaces
of 3, 10 or 20 percent cross-linked
divinylbenzene-polystyrene beads. The metal-
ion removal step usually occurs through an
ion exchange or binding phenomena, and con-
sequently regeneration and reuse of the beads
is achievable. The research objectives of this
project are to prepare the polymer supported
ligands, to evaluate the ligands for selectivity
with respect to the metal ions of interest, to
study rates of removal of metal ions in order to
determine residence times necessary for dem-
onstration experiments, and to define regen-
eration and reuse procedures. The work will
initially focus on the waters in the Berkeley
Pit, and the metal ions targeted for removal
from the pH ~2.6 solution are Cu, Zn, Mg, Mn,
Al, Fe, Cd, Ni and Ca. The first six of these
metals are of economic importance and repre-
sent ~$720 million of projected recovery value.

TECHNOLOGY NEEDS

The range of DOE remediation and waste
management problems is so wide that no single
technique can address them all. The separa-
tion and removal of metals is an obvious area
demanding much attention in technology de-
velopment. In addition to developing a wide
range of technologies for specific applica-
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tions, there is an advantage in having a generic
base technology that can be customized to a
wide range of applications with regard to both
metal and type of matrix to be treated. The use
of polymer pendant ligands would be a cost-
effective alternative to cumbersome precipi-
tation and bioremediation techniques.

r
ACCOMPLISHMENTS

A report entitled “Berkeley Pit Separation
Needs Using Polymer Pendant Ligands” co-
authored by Richard Fish (LBL) and by Rob-
ert Albright and William Fries (Rohm and
Haas) has been prepared and submitted. The
basic premise of the report is that the develop-
ment of an iron selective polymer pendant
ligand (iron concentration in the Berkeley Pit
is ~1,000 ppm) would facilitate removal of
copper and zinc with a commercially avail-
able Rohm and Haas iminodiacetic acid poly-
mer pendant ligand at pH~2.5.

Experimental studies on the development of
such an iron selective polymer pendant ligand
have started. The polymer pendant catechol
derivatives, sulfonated catechol and sulfonated
3,4-LICAM, are ideal candidates since their
structures are similar to moieties in bacteria
that sequester iron.

L
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COLLABORATION/TECHNOLOGY
TRANSFER

Robert Albright
William Fries
Rohm and Haas Company

i
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For further information,
please contact:

Richard Fish

Principal Investigator
Lawrence Berkeley Laboratory
(510) 486-4850

Sally M. Benson

Technical Project Manager
Lawrence Berkeley Laboratory
(510) 486-5875

Teresa B. Fryberger
Program Manager

U.S. Department of Energy
(301) 903-7962
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2.7 CLEANABLE HIGH-EFFICIENCY PARTICULATE AIR FILTER
DEVELOPMENT AND DEMONSTRATION

i

i

TASKDESCRIPTION

Alternative methods/materials are being ex-
plored for High Efficiency Particulate Air
Filters (HEPA) to produce low cost, low risk,
reusable and reliable filters (see Figure 2.7a).
Two separate projects are working to achieve
this goal. Steel filter materials are being ex-
amined at LLNL, and inorganic membrane
filters are being examined at the Oak Ridge K-
25 site.

Plans for the steel filter production at LLNL
include:

fabrication of a 0.5 micron steel fiber
filter;

evaluation of new filter efficiency and
pressure drop; and

preparation of a report comparing the
test results to standards.

Plans for the inorganic membrane filter pro-
duction at Oak Ridge include:

fabrication of an inorganic membrane
filter using Oak Ridge K-25 technol-

ogy;
evaluation of new filter efficiency and
pressure drop; and

preparation of a report comparing test
results to standards.

These task descriptions are similar and fea-
sible, but future funding will depend upon the
results of filter efficiency, pressure drop, re-
usability and cost savings between the two
systems.

!
TECHNOLOGY NEEDS

% ,;
i

Current HEPA filters, made of glass and used
to remove particles during the off-gas treat-

OUTLET LOWV

ment, are expensive.
Difficult generating
conditions include high

INLET LOW

temperature and high
pressure. The filters can-
not be cleaned and are
disposed of after use,
contributing to high cost
and more radioactive
waste in the environ-
ment. Significant han-
dling and maintenance
occurs for the glass fil-
ters. which exposes
workers to unsafe envi-

115 inches

Figure 2.7a. Design of cleanable HEPA filter module.
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ronmental conditions and increases person
hours.

Alternative filter materials need to improve
these conditions and pass efficiency and pres-
sure drop requirements. HEPA filters need to
capture 99.97 percent of 0.3 micron sized
particles while maintaining less than 1 inch of
water pressure drop (see Figure 2.7b).

% - E
ACCOMPLISHMENTS

Filters of 2 micron steel fibers have been
fabricated at LLNL that pass efficiency stan-
dards, and the lifespan is estimated at a mini-
mum of 15 years.

Inorganic membrane filters fabricated at Oak
Ridge have been successfully cleaned through
reverse air pulsing.

i~ . .o . Toes s a7 Ny E

COLLABORATION/TECHNOLOGY
TRANSFER

The optimum performing alternative HEPA
filter will be used in the off-gas treatment of
mixed waste in MWIP (see Figure 2.7¢).

Pall Corporation in NY, which is jointly con-
ducting the steel filter project with LLNL, will
make this technology commercially available
at the end of the project.

Golden Technologies Company, Incorporated,
research and development subsidiary of Coors,
has expressed interest in teaming with Oak
Ridge to develop manufacturing of a clean-
able inorganic membrane filter.

§ |
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Figure 2.7b. Process Flow diagram.
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Figure 2.7c. Off-gas treatment.
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For further information,
please contact:

Werner Bergman
Steel Filters

Lawrence Livermore National Laboratory
(510) 422-5227

D. E. Fain/G. S. Roettger
Inorganic Membrane Filters

Martin Marietta Energy Systems
(615) 574-9932

Paul W. Hart

Program Manager

U.S. Department of Energy
(301) 903-7962
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2.8

SYSTEMS ANALYSIS FOR MIXED WASTE

INTEGRATED PROGRAM

£, "
T A AR Pod.

Sl S %ﬁ;

TASK DESCRIPTION

The MWIP systems analysis coordinates po-
tential alternatives to baseline technology (see
Figure 2.8). Work focuses on safety risk as-
sessment, performance systems analysis, and
life-cycle costs for OTD-developed sub-
systems. This includes an analysis of technol-
ogy subsystems that have the potential to
improve baseline technologies. The MWIP
systems analysis group is developing alterna-
tive flowsheet models for baseline processes,
which were developed by the Mixed Waste
Treatment Project (EM-30). The alternative
flowsheet processes involve mass and energy

balances, and could possibly improve baseline
technology by analyzing replacement sub-
systems of the master model.

The MWIP performance systems analysis
group will model the innovative technologies
in FLOW (to gain knowledge in the new tech-
nology) and in ASPEN software packages.
The ASPEN models will be used by EM-30 to
analyze the potential improvements of the
innovative technologies with respect to their
baseline process model. Evaluation will con-
sider criteria such as implementability; main-
tainability; technical risk; environmental health
and safety risk; and costs.

DEVELOPMENT
SYSTEMS ANALYSIS RESEARCH, TESTING DEMONSTRATION
IDs —po] Establish Develop Data Baseline \denti
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Figure 2.8. Systems analysis.
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TECHNOLOGY NEEDS

EM-30 requires that systems analysis be per-
formed to assure that OTD-developed alterna-
tives to baseline technologies are demonstrably
superior to the original. MWIP is developing
alternative technologies to fill technology gaps
in mixed waste treatment plans, decrease char-
acterization needs, and simplify treatment with
versatile technologies.

ACCOMPLISHMENTS

The systems analysis group completed a pre-
liminary hazard analysis of the plasma hearth
process, and found that there will be no sig-
nificant risk if the waste inventory is main-
tained below 100 drums. An evaluation criteria
report has been drafted, and includes technical
and social elements. A performance analysis
report has been drafted and includes tools
development, preliminary performance results,
and an uncertainty analysis that indicates the
study needs for pilot plant experiments. A
life-cycle cost analysis has been drafted, and
includes a cost comparison between the
baseline process and the first alternative
flowsheet based on the plasma hearth process.

I T g AN

COLLABORATION/TECHNOLOGY
TRANSFER

Collaboration with Carnegie-Mellon Univer-
sity to perform uncertainty analysis has started.
The computerized system being developed
will run uncertainty analyses of innovative
technologies. Actual work is directed to pro-
duce a computerized tool that works with the
performance systems analysis tools to evalu-
ate uncertainties in technology performance.
Cost analysis has been developed by LANL,
in conjunction with IT Corporation. The risk
assessment has been conducted by LLNL in
conjuction with Science Application
Internation Corporation. Additional process
engineering consultation is planned.

For further information,
please contact:

Juan J. Ferrada

Principal Investigator

Oak Ridge National Laboratory
(615) 574-4998

Jeannette B. Berry
Technical Program Manager
Oak Ridge National Laboratory
(615) 574-6907

Paul W. Hart

Program Manager
U.S. Department of Energy
(301) 903-7962
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2.9

INCINERATION ALTERNATIVES

i

Rocky Flats has generated a large quantity of
mixed waste consisting of relatively common
combustible items, such as rags, coveralls,
paper products, shoe covers, and a variety of
oils that have been exposed to the production
environment. Similar waste streams are preva-
lent throughout the DOE Complex, as well as
in other environments that work with radioac-
tive materials. Although incineration has been
identified as the best demonstrated available
technology to treat the hazardous components
of these mixed wastes and reduce the volume
of the combustible materials, Rocky Flats Pro-
gram (RFP) agreed to investigate non-thermal
alternative technologies in the Comprehen-
sive Treatment and Management Plan.

Work on alternatives to incineration involves
several potential technologies which have been
shown to destroy organic compounds in haz-
ardous wastes. A series of lab-scale tests using
non-radioactive surrogates have shown four
technologies that may be appropriate for treat-
ment of the Solvent Contaminated Wastes:
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Catalytic Wet Chemical Oxidation,;
Mediated Electrolytic Oxidation,;

Packed Bed Reactor/Silent Discharge
Plasma; and

Supercritical Water Oxidation.

These approaches provide treatment options
for liquid and/or solid combustible waste
streams in the event that incineration is not
performed at RFP.

The Rocky Flats Compliance Program is con-
tinuing to evaluate these technologies in order
to select a candidate technology for the dem-
onstration of a complete incineration alterna-
tive system. Descriptions of the first three
technologies are included in this section. The
development of the fourth technology is the
focus of the Supercritical Water Oxidation
Program.




2.10

§

MEDIATED ELECTROCHEMICAL OXIDATION

TASK DESCRIPTION

In the Mediated Electrochemical Oxidation
process, an oxidizing metal ion (such as silver
(II), cobalt (III) or cerium) is generated at the
anode of an electrochemical cell containing an
acidic solution (see Figure 2.10). The oxidiz-
ing metal then attacks and destroys the or-
ganic components of the waste

Mediated Electrochemical Oxidation was
originally developed to dissolve an insoluble
form of plutonium oxide. Later, the ability to
achieve high-destruction efficiencies for or-
ganic contaminants was demonstrated along
with the effective dissolution of metals. The
process operates at near-ambient temperatures
and pressures using an acidic solution.

TECHNOLOGY NEEDS

This technology has been extensively tested at
the bench- and pilot-scale level both in the
U.S. and in Europe. Work in DOE has demon-
strated feasibility for treating organic liquids
and some solids. Development work is fo-
cused on demonstration of required ancillary
systems and on systems integration.

P il
ACCOMPLISHMENTS

* Completed lab-scale tests and deter-
mined destruction efficiencies for sur-
rogate (non-radioactive) FBI oil (liquid
chlorinated organics).

» Completed lab-scale tests and deter-
mined destruction efficiencies for sur-
rogate solid combustibles

NOy Regeneration

Off-gas

Agt2

lon Exchange

/ Membrane

Silver Il Loop
Cobalt Ill

Nitric Acid Loop

Cathode
Compartment

Anode
Compartment

|t

Sonicator

(e.g., paper, plastic).

* Completed initial pilot-
scale tests for surrogate
liquid and solid organic
wastes.

Liquid Effluent
and Stiver
Regeneration

Waste Feed

A

1-2Vde
500 - 3000 Amps

Figure 2.10. Mediated electrochemical oxidation.



COLLABORATION/TECHNOLOGY
TRANSFER

Evaluation of Mediated Electrochemical Oxi-
dation for Rocky Flats is being conducted at
LLNL and by PNL.

Rocky Flats also continues to evaluate pub-
lished reports and data on other incineration
alternative technologies and to follow the de-
velopment of these technologies throughout
the DOE Complex.

For further information,
please contact:

Zoher Chiba

Principal Investigator
Livermore National Laboratory
(510) 422-6124

Alison B. Johnson
Program Manager

U.S. Department of Energy
(301) 903-7725
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Innovation Investment
Area

Section 3.0
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3.0 INNOVATION INVESTMENT AREA
OVERVIEW

The mission of OTD’s Innovation Investment Area is to identify and provide development
support for two types of technologies: (1) technologies that show promise to address specific
EM needs, but require proof-of-principle experimentation, and (2) proven technologies in
other fields that require critical path experimentation to demonstrate feasibility for adapta-
tion to specific EM needs.

The underlying strategy is to ensure that private industry, other Federal agencies, universi-
ties, and DOE National Laboratories are major participants in developing and deploying new
and emerging technologies. This is accomplished through substantial funding set aside for
building public and private-sector partnerships. Tools employed to achieve this include:
Program Research and Development Announcements (PRDAs), Research Opportunity
Announcements (ROAs), CRADAs, Financial Assistance Awards (Grants), Interagency
Agreements (IAGs), and DOE National Laboratory Technical Task Plans (TTPs). Activities
procured through these contracting devices can be promptly moved to other RDDT&E
programs that identified the need for research and development, or to the private sector for
commercialization.
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3.1

CLEANABLE STEEL HEPA FILTER

i

TASK DESCRIPTION

The purpose of this task is to demonstrate the
effectiveness of a replacement for currently
used HEPA filters.

In the study, the experimental approach will
focus on the development of a cost-effective
cleanable HEPA filter, using sub-micron stain-
less steel filters, that will have the same per-
formance as commercially available HEPA
filters made from glass fibers (see Fig. 3.1).
Five components make up this task: fiber size
reduction, media development, filter design
and fabrication, filter cleaning technique, and
field evaluation.

Evaluation of the filter demonstration will
take place at DOE’s Oak Ridge Facility. Here,
a series of runs will be made using the filter
demonstration unit to treat a 100 cfm portion
of the exhaust gas stream from the grit blaster.
Samples obtained for the filter demonstration
inlet and outlet gas streams and analyzed from
mass loading values and particulate size dis-
tribution. Demonstration of the stainless steel
filter considered successful since the filter
demonstration unit can be shown to operate
with a particulate removal more efficient than
the current HEPA filter.

To

Pulse
baghouse (5 cleaning
> apparatus
Dampening | Glass / :>T From grit
valve \_J HEPA N \ / blaster exhaust
| W=
H Q
© I“ | Blowback N /
gas
\k \
™~ 74
1 < /
K
Flow meter | O
for ! Cl bl y
measurement eanable
' steel HEPA AN L
Blower L \J
- Particle
collection

barrel

Figure 3.1. Initial design of demonstration unit for field test at the Y-12 Plant.
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TECHNOLOGY NEEDS

HEPA filters constitute the only acceptable
method for absolute filtering of uranium con-
taminated air streams. The current regulatory
requirement of 99.97 percent removal effi-
ciency is based on a particle size of 0.3 mm,
with a particle size of 0. lmm considered to be
the most penetrating. Development of a clean-
able steel HEPA filter might reduce the costs
associated with meeting uranium environmen-
tal contamination regulations and industrial
hygiene concerns.

Approximately 12,000 HEPA filters are used
per year throughout the DOE Complex. At a
cost of roughly $4,500 per filter for disposal,
$55 million is spent per year on waste disposal
costs. Replacement of the current HEPA filter
with a cleanable, reusable stainless steel HEPA
filter will reduce waste management costs and
improve the reliability of the HEPA filtration
system used extensively throughout the DOE
Complex.

i |
ACCOMPLISHMENTS

* A prototype cleanable steel HEPA fil-
ter was developed and tested at DOE’s
Oak Ridge Y-12 Plant.

e Data from the filter evaluation was
transferred to LLNL for analysis.

* A final report on the performance out-
come of the experiments will be pub-
lished shortly.

* Research on filter clogging and clean-
ing techniques is currently being nego-
tiated.

COLLABORATION/TECHNOLOGY
TRANSFER

The project was funded by DOE under a con-
tract to LLNL. Manufacturing of individual
steel HEPA filter cartridges was contracted to
the LLNL Corporation, with Memtec of
America acting as a backup.

A formal communication system was estab-
lished with DOE’s Office of Environmental
Management to keep them informed of
progress being made and specific needs be
incorporated.

| ' E

For further information,
please contact:

Werner Bergman

Principal Investigator

Lawrence Livermore National Laboratory
(510) 423-9228

Jesse L. Yow
Technical Program Manager

Lawrence Livermore National Laboratory
(510) 422-3521

Isiah Sewell

Program Manager
U.S. Department of Energy
(301) 903-8459

%
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3.2 ENVIRONMENTAL REMEDIATION
AND TREATMENT OF MIXED WASTES
USING INTENSE PENETRATING BREMSSTRAHLUNG
TASK DESCRIPTION The project will be accomplished in two phases.

The purpose of this effort is to demonstrate a
viable process for breaking down halogenated
organic wastes into simpler, non-hazardous
wastes using high-energy ionizing radiation.

Experimentally, the effort will focus on the
efficacy of accelerator generated radiation to
decompose chlorinated solvents and VOCs
and to advance the radiolytic toxic waste pro-
cessing technology to the point of industrial-
scale development. Experiments will be
performed using ionizing radiation to irradi-
ate VOCs in groundwater in the vapor phase
and in carbon filters.

Four different electron accelerators will be
used to produce Bremsstrahlung radiation to
destroy toxic substances. These accelerators
will provide electrons ranging in energy from
1.6 to 9 MeV and produced Bremsstrahlung
dose rates ranging from 10°-10!" R/s. Addi-
tionally, toxic substances also exposed to co-
balt-60 gamma radiation at a rate of 400 R/s;
cobalt-60 gamma radiation has an energy of
1.25 MeV. The experimental parameters of the
five radiation sources are listed in Table 3.2.

Energy Max Dose
Source Me/V) rate (R/s)
Pulseread 1.6 5x10"
Febetron 2.0 5x10%
ETA-11 2.0 108
Linatron 9.0 10°
Cobalt-60 1.25 400

Table 3.2. Accelerator and Isotope Radiation
Sources.
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In Phase I, the economic feasibility of the
technology will be evaluated in the labora-
tory. In Phase II, the technology will move
from the laboratory into the field for demon-
stration, testing, and evaluation.

{
TECHNOLOGY NEEDS

N

Contamination of soils, sludges and ground-
water with organics is a problem throughout
the DOE Complex. The most common con-
taminants are VOC:s, in particular, perchloro-
ethylene (PCE), TCE, and carbon tetrachloride
(CTET). Baseline technologies that are being
used to treat these contaminants are pump-
and-treat contaminated groundwater, and va-
por vacuumextraction, and/or carbon-adsorption,
followed by incineration to treat organically
contaminated soils and sediments. There is a
pressing need for cost-effective, innovative
technologies to break down halogenated or-
ganics without generating a secondary waste.

- o
ACCOMPLISHMENTS

Successfully demonstrated the use of
Bremsstrahlung as an irradiation source
for the decomposition of VOCs (see
Figure 3.2).

An absorbed dose of 450 kR was suffi-
cientto decompose TCE vapor from an
initial concentration of 10,000 ppm to
a final concentration of 500 ppm.



* The same applied dose was able to COLLABORATION/TECHNOLOGY
decompose TCE vapor from an initial TRANSFER
concentration of 500 ppmv to less that

1 ppm. This project was funded as a contract to LLNL.

A similar activity, using spent fuel as the irra-

diation source to decompose halogenated or-

ganic waste, was funded at INEL. Collabora-

tive comparisons of each form of ionizing ra-

* Two patent disclosure documents re-  diation decomposition were made via sample
sulted from the work and are in the analytical cross-checks and split sample irradia-
process of patent application filing. tion by each laboratory.

* Bremsstrahlung treatment of TCE va-
por is a factor 10 less expensive than
TCE treatment by carbon filtration.

300 | [ I { l I 1 ] [ l 1} ] 1 1 T 1 1 [| l I 1 1 1§ ] 1 i { 1
250 |- 1.6-MeV Pulserad 2-MeV Febetron
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[ J
200 — —H e -
150 — - —]
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50 |~ 1l e® & —
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Figure 3.2. Radiolytically-induced reduction of TCE concentration in Well MW-222 groundwater
as a function of radiation dose provided by four accelerators.
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For further information,
please contact:

Stephen M. Matthews
Principal Investigator

Lawrence Livermore National Laboratories
(510) 423-3052

Jesse L. Yow, Jr.
Technical Program Manager

Lawrence Livermore National Laboratories
(510) 422-3521

Isiah Sewell
Program Manager

U.S. Department of Energy
(310) 903-8459

i
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4.0 ROBOTICS TECHNOLOGY DEVELOPMENT PROGRAM
OVERVIEW

L |
The Robotics Technology Development Program (RTDP) is a “needs-driven” effort. A lengthy
series of presentations and discussions at DOE sites considered critical to the Department’s
Environmental Restoration and Waste Management (ER&WM) emphasis resulted in a clear
understanding of needed robotics applications toward resolving definitive problems at the sites.
A detailed analysis of the resulting robotics needs assessment revealed several common threads
running through the sites: Tank Waste Retrieval (TWR), Contaminant Analysis Automation
(CAA), Mixed Waste Operations (MWO), and Decontamination & Dismantlement (D&D). The
RTDP Group realized that much of the technology development was common (Cross Cutting-
CC) to each of these robotics application areas, for example, computer control and sensor
interface protocols. Further, the OTD approach to the RDDT&E process urged an additional
organizational break-out between short-term (1-3 years) and long-term (3-5 years) efforts
(Advanced Technology-AT). The RDTP is thus organized around these application areas -
TWR, CAA, MWO, D&D and CC&AT - with the first four developing short-term applied
robotics. An RTDP Five-Year Plan was developed for organizing the Program to meet the needs
in these application areas.

Each application area is coordinated by a DOE contractor at a site/laboratory chosen for its
unique expertise or its situation as paradigmatic of an ER&WM problem. The coordinator leads
a team of experts chosen from throughout the DOE complex, private industry and universities:
an integrated, multi-member, team approach.

The DOE Headquarters Robotics Program Manager, a DOE employee, is responsible for higher
level management of the entire Program through consultations throughout ER&WM and
frequent interactions with coordinators. Overall program direction, as reflected in fiscal
emphasis, is a primary responsibility. Another is program integration between the several
RTDP application areas, between the various OTD activities supported by the RTDP and
between non-OTD offices in ER&WM. Program integration is critical for resource maximiza-
tion in meeting needs. The Robotics Program Manager’s function can summarily be stated as
directly managing the RTDP so as to develop and demonstrate efficacious robotics systems,
defined as needed by the supported programs, through a complex-wide integrated approach.

The technology development and program management approach followed by the RTDP can be
expressed as:

1) TEAMS - pull together the best from DOE National Laboratories, industries and universities.
2) BROAD APPLICABILITY - focused projects to solve complex-wide problems.
3) NEEDS-DRIVEN - direct contact with sites and supported programs to build required systems.

4) EXTERNAL INTEGRATION - each part of the RTDP is directly mapped onto DOE Headquarters
organization.
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5) INTERNAL INTEGRATION- emphasis on solutions to common problems within the RTDP for
application to supported programs.

6) NATIONAL PERSPECTIVE - address complex-wide solutions through direct management by
DOE Headquarters.

A brief description of each Technical Application Area appears below. For a more detailed
description of the activities occurring in each of the Technical Application Areas, see the
Robotics Technology Development Program Technology Summary, February 1994, DOE/EM-
0127P.

Tank Waste Retrieval

The TWR Team provides a cost-effective robotics technology base for retrieval of waste from
underground storage tanks. Led by PNL, with contributions from ORNL and SNL, this three-
laboratory Team works closely with industry and universities to meet program objectives.

The TWR Team provides enhanced research and development tools centered around a robotics
test bed and a comprehensive computer-based simulation network shared among the three
contributing laboratories. Retrieval-focused robotics technologies are developed by the Team
and integrated as part of the test bed demonstration. The Team directly responds to technology
needs identified by waste tank remediators and provides robotics technology inputs for tank
remediation planning and procurements.

Contaminant Analysis Automation

LANL is the lead laboratory in the CAA coordination area. The other laboratories involved in
the CAA effort include PNL, INEL, SNL, and ORNL. The CAA thrust is to address the
development of technologies necessary for the automation of DOE and DOE-contract environ-
mental laboratories. The CAA Team develops fully automated modules which perform a generic
task common to analytical chemistry. The modules are chosen for their repeated use in DOE
analysis methods and represent a significant fraction of sample load. The underlying theme is
“plug-and-play”, interface standardization, transportability, architectural openness and modu-
larity. This effort is in response to the tremendous need for chemical characterization of soil
samples, contents of storage tanks, and water samples that must take place before remediation
can be initiated.

Mixed Waste Operations

The MWO Team is composed of six DOE laboratories and sites working with industry and
universities to develop state-of-the-art technology to store and treat low-level and transuranic
mixed wastes. The Team, led by the Savannah River Technology Center (SRTC), works closely
with the Mixed Waste Integrated Program in identifying and prioritizing needs and opportuni-
ties to cleanup over 24,000 cubic meters of low-level mixed waste at DOE sites. In addition to
SRTC, participants of the MWO Team include Fernald Environmental Management Site
(FEMP), INEL, LLNL, ORNL, and SNL. The Team develops systems for front-end handling
and pre-processing of mixed waste containers and contents, plus handling of the final waste
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forms after processing. Automated inspection of stored waste containers is also a major aspect
of the MWO group. Graphical modeling and automation of operations with graphics viewing
is a key approach to facilitating operations programming.

Decontamination and Dismantlement

There are a large number of contaminated facilities including hot cells, canyons, glove boxes,
and reactor facilities, at DOE sites that must eventually undergo some form of D&D. As
facilities transition from operational use, facility deactivation, followed by a period of surveil-
lance and maintenance pose many of the problems that will need to be addressed in ultimate
D&D activities. Deactivation and S&M activities place emphasis on characterization, data
capture, and selective D&D in order to define and minimize the risk and cost associated with
possible long-term S&M activities required prior to final D&D. The overall emphasis of the
D&D application area is the automation of the D&D process, from surveillance to facility
characterization to surface decontamination to hot cell dismantlement to maximize efficiency
while minimizing human exposure. The work centers around vehicular and crane deployed
dual-arm systems using advanced sensors, control and operator interface technologies.

Cross Cutting & Advanced Technology

Several program elements within RTDP have some degree of common technology needs. These
common needs, plus the increasing need for technologies that can be directly applied to faster,
safer, and more cost-effective robotics systems, are the main focus of the CC&AT Team. The
CC&AT Team, coordinated by SNL, with participation by PNL, LANL, and ORNL, develops
technologies used throughout the RTDP. Projects are directed toward a generic, graphics robot
controller based on an integrated multisensory system plus systems analysis and modeling/
simulation. Coupling of sensor-based modeling with automated programming of robot opera-
tions is a key approach to developing faster, safer, and less expensive waste clean-up systems.
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OFFICE OF TECHNOLOGY DEVELOPMENT EM-50
FY94 ACTIVITIES FUNDED THROUGH
THE OAKLAND OPERATIONS OFFICE

(By Program Element)

TTP

NUMBER TITLE
VOCS IN NON-ARID SOILS ID

SF221102 SAVANNAH RIVER INTEGRATED DEMONSTRATION TEST, MONITORING TASK -

UNDERGROUND IMAGING

VOCS IN ARID SOILS ID

SF241001 ARID ENHANCED PASSIVE SOIL VAPOR EXTRACTION

SR141002 ARID PASSIVE CONTROL OF VOCS USING VALVED WELLHEADS
URANIUM IN SOILS ID

SF231003 INTEGRATED METHODOLOGY FOR DETERMINING CLEANUP LEVELS FOR

URANIUM-CONTAMINATED SOILS

CHARACTERIZATION, MONITORING & SENSOR TECHNOLOGY IP

SF141001 ANALOG SITE FOR CHARACTERIZATION OF FRACTURED ROCK

SF141002 CONTAMINANT TRANSPORT MODELING STUDIES OF RUSSIAN SITES

SF231004 MULTI-ANALYTE, SINGLE FIBER OPTICAL SENSOR

SF241002 ELECTRICAL RESISTANCE TOMOGRAPHY FOR SUBSURFACE IMAGING
IN-SITU REMEDIATION TECHNOLOGY DEVELOPMENT IP

SF131001 PHYSICAL BARRIERS FORMED FROM VISCOUS LIQUIDS EMPLACED

SF201101 IN SITU MICROBIAL FILTERS

SF231001 OPTIMAL REMEDIATION DESIGN

SF231002 DEVELOPMENT OF SUBSURFACE MANIPULATION/PROCESS CONTROL

SUB-PROGRAM

OTHER TECHNOLOGIES - GROUNDWATER & SOILS CLEANUP

SF341001 RESEARCH AND DEVELOPMENT ACTIVITIES - ETEC
INTERNATIONAL TECHNOLOGY EXCHANGE

SF134301 CONTAMINANT TRANSPORT MODELING STUDIES OF RUSSIAN SITES
PROGRAM DIRECTION

SF026001 PROGRAM DIRECTION - SALARIES AND OTHER EXPENSES
PROGRAM SUPPORT

SF125001 TPM SUPPORT

SF225001 TPM SUPPORT
ROBOTICS TECHNOLOGY DEVELOPMENT PROGRAM

SF213201 ROBOTICS WASTE MINIMIZATION (LLNL)
TECHNOLOGY INTEGRATION

SF144103 CALIFORNIA ENVIRONMENTAL ENTERPRISE (LBL)

SF224101 TECHNICAL ASSISTANCE CALIFORNIA CENTERS FOR APPLIED COMPETITIVE

. TECHNOLOGIES

SF244101 MOU/INSTITUTE OF ENVIRONMENTAL SOLUTIONS

SF244102 ENVIRONMENTAL TECHNOLOGY TRANSFER DELIVERY SYSTEM

SF244103 CALIFORNIA ENVIRONMENTAL ENTERPRISE (LLNL)
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OFFICE OF TECHNOLOGY DEVELOPMENT EM-50
FY94 ACTIVITIES FUNDED THROUGH
THE OAKLAND OPERATIONS OFFICE

(By Program Element)
i S e )
TTP
NUMBER TITLE
BURIED WASTE ID
SF221209 NDA CHARACTERIZATION OF TRU/LLW WASTE DRUMS
UNDERGROUND STORAGE TANKS ID
SF211203 ADVANCED FIBER-OPTIC SPECTROSCOPY FOR INORGANIC CONTAMINANTS
SF242003 UST-ID SYSTEM INTEGRATION & TECH. ANALYSIS
D&D OF FACILITIES ID
SF342001 SAMPLING & TRITIUM MEASUREMENT FOR SAVANNAH RIVER SITE STEEL
RECYCLING
EFFICIENT SEPARATION AND PROCESSING IP
SF132001 REMOVAL & RECOVERY OF TOXIC METAL IONS/AQUEOUS WASTE STREAMS
SF232003 DERIVATIVES OF NATURAL COMPLEXING AGENTS/REMOVAL OF PLUTONIUM
IN WASTES
HAZARDOUS & MIXED WASTE DESTRUCTION IP
SF221211 RISK ASSESSMENT-MIXED WASTE
SF242001 DEMONSTRATION PROOF OF CONCEPT STEEL HEPA
SF242002 TECHNICAL SUPPORT - PATRICK COYLE

ROCKY FLATS COMPLIANCE PROGRAM
SF221207 INCINERATION ALTERNATIVES FOR ROCKY FLATS
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6.0 HOW TO GET INVOLVED

WORKING WITH THE DOE OFFICE OF
ENVIRONMENTAL MANAGEMENT

i Vs gy, agnd e v . E
PR Py - M .

DOE provides a range of programs and services to assist universities, industry, and other
private-sector organizations and individuals interested in developing or applying environmental
technologies. Working with DOE Operations Offices and M&O contractors, EM uses conven-
tional and innovative mechanisms to identify, integrate, develop, and adapt promising emerging
technologies. These mechanisms include contracting and collaborative arrangements, procure-
ment provisions, licensing of technology, consulting arrangements, reimbursable work for
industry, and special consideration for small business.

Cooperative Research and Development Agreements

EM will facilitate the development of subcontracts, R&D contracts, and cooperative agreements
to work collaboratively with the private sector.

EM uses CRADAS as an incentive for collaborative R&D. CRADAs are agreements between
a DOE R&D laboratory and any non-Federal source to conduct cooperative R&D that is
consistent with the laboratory’s mission. The partner may provide funds, facilities, people, or
other resources. DOE provides the CRADA partner access to facilities and expertise; however,
no Federal funds are provided to external participants. Rights to inventions and other
intellectual property are negotiated between the laboratory and participant, and certain data that
are generated may be protected for up to 5 years.

Consortia will also be considered for situations where several companies will be combining
their resources to address a common technical problem. Leveraging of funds to implement a
consortium can offer a synergism to overall program effectiveness.

Procurement Mechanisms

DOE EM has developed an environmental management technology development acquisition
policy and strategy that uses phased procurements to span the RDDT&E continuum from
applied R&D concept feasibility through full-scale remediation. DOE EM phased procure-
ments make provisions for unsolicited proposals, but formal solicitations are the preferred
responses. The principle contractual mechanisms used by EM for industrial and academic
response include ROA and PRDA. EM uses the ROA to solicit advanced research and
technologies for a broad range of cleanup needs. The ROA supports applied research ranging
from concept feasibility through full-scale demonstration. In addition, the ROA is open
continuously for a full year following the date of issue and includes a partial procurement set
aside for small businesses. Typically, ROAs are published annually in the Federal Register and
the Commerce Business Daily, and multiple awards are made.
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PRDAs are program announcements used to solicit a broad mix of R&D and DT&E proposals.
Typically, a PRDA is used to solicit proposals for a wide-range of technical solutions to specific
EM problem areas. PRDAs may be used to solicit proposals for contracts, grants, or cooperative
agreements. Multiple awards, which may have dissimilar approaches or concepts, are generally
made. Numerous PRDAs may be issued each year.

In addition to PRDAs and ROAs, EM uses financial assistance awards when the technology is
developed for public purpose. Financial assistance awards are solicited through publication in
the Federal Register. These announcements are called Program Rules. A Program Rule can
either be a one-time solicitation or an open-ended, general solicitation with annual or more
frequent announcements concerning specific funding availability and desired R&D agreements.
The Program Rule can also be used to award both grants and cooperative agreements.

EM awards grants and cooperative agreements if fifty-one percent or more of the overall value
of the effort is related to a public interest goal. Such goals include possible non-DOE or other
Federal agency participation and use, advancement of present and future U.S. capabilities in
domestic and international environmental cleanup markets, technology transfer, advancement
of scientific knowledge, and education and training of individuals and business entities to
advance U.S. remediation capabilities.

Licensing of Technology

DOE contractor-operated laboratories can license DOE/EM-developed technology and soft-
ware to which they elect to take title. In other situations where DOE owns title to the resultant
inventions, DOE’s Office of General Counsel will do the licensing. Licensing activities are
done within existing DOE intellectual property provisions.

Technical Personnel Exchange Assignments

Personnel exchanges provide opportunities for industrial and laboratory scientists to work
together at various sites on environmental restoration and waste management technical prob-
lems of mutual interest. Industry is expected to contribute substantial cost-sharing for these
personnel exchanges. To encourage such collaboration, the rights to any resulting patents go
to the private sector company. These exchanges, which can last from 3 to 6 months, are
opportunities for the laboratories and industry to better understand the differing operating
cultures, and are an ideal mechanism for transferring technical skills and knowledge.
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Consulting Arrangements

Laboratory scientists and engineers are available to consult in their areas of technical expertise.
Most contractors operating laboratories have consulting provisions. Laboratory employees who
wish to consult can sign non-disclosure agreements, and are encouraged to do so.

Reimbursable Work for Industry

DOE laboratories are available to perform work for industry, or other Federal agencies, as long
as the work pertains to the mission of a respective laboratory and does not compete with the
private sector.

The special technical capabilities and unique facilities at DOE laboratories are an incentive for
the private sector to use DOE’s facilities and contractors expertise in this reimbursable work for
industry mode. An advanced class patent waiver gives ownership of any inventions resulting
from the research to the participating private sector company.

EM Small Business Technology Integration Program

The EM Small Business Technology Integration Program (SB-TIP) seeks the participation of
small businesses in the EM Research, Development, Demonstration, Testing and Evaluation
programs. Through workshops and frequent communication, the EM SB-TIP provides informa-
tion on opportunities for funding and collaborative efforts relative to advancing technologies for
DOE environmental restoration and waste management applications.

EM SB-TIP has established a special EM procurement set aside for small firms (500 employees
or less) to be used for applied research projects, through its ROA. The program also serves as
the EM liaison to the DOE Small Business Innovation Research (SBIR) Program Office, and
interfaces with other DOE small business offices, as well.

Foregese o ] CONTACT [~ ‘ ]

David W. Geiser, Acting Director
International Technology Exchange Division
EM-523
Environmental Restoration and Waste
Management Technology Development
U.S. Department of Energy
Washington, D.C. 20585
(301) 903-7940
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EM Central Point of Contact

The EM Central Point of Contact is designed to provide ready access to prospective research and
business opportunities in waste management, environmental restoration, and decontamination
and decommissioning activities, as well as information on EM-50 IPs and IDs. The EM Central
Point of Contact can identify links between industry technologies and program needs, and
provides potential partners with a connection to an extensive complex-wide network of DOE
Headquarters and field program contacts.

The EM Central Point of Contact is the best single source of information for private-sector
technology developers looking to collaborate with EM scientists and engineers. It provides a
real-time information referral service to expedite and monitor private-sector interaction with
EM.

To reach the EM Central Point of Contact, call 1-800-845-2096 during normal business hours
(Eastern time).

Office of Research and Technology Applications

Office of Research and Technology Applications serve as technology transfer agents at the
Federal laboratories, and provide an internal coordination in the laboratory for technology
transfer and an external point of contact for industry and universities. To fulfill this dual
purpose, ORTAslicense patents and coordinate technology transfer activities for the laboratory’s
scientific departments. They also facilitate one-on-one interactions between the laboratory’s
scientific personnel and technology recipients, and provide information on laboratory technolo-
gies with potential applications in private industry for state and local governments.

For more information about these programs and services, please contact:

Claire Sink, Director
Technology Integration Division
EM-521
Environmental Restoration and Waste
Management Technology Development
U.S. Department of Energy
Washington, D.C. 20585
(301) 903-7928
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Acronyms

Section 7.0
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7.0 ACRONYMS

i

AT Advanced Technology

CAA Contaminant Analysis Automation

CcC Cross Cutting

CRADA Cooperative Research and Development Agreement
CTE carbon tetrachloride

CTMP Comprehensive Treatment and Management Plan
D&D Decontamination and Dismantlement

DNAPLs dense non-aqueous phase liquids

DoD U.S. Department of Defense

DOE U.S. Department of Energy

DUVAS Differential Ultraviolet Absorption Spectroscopy
EM Office of Environmental Management

EPA Environmental Protection Agency

ERT Electrical Resistance Tomography

ESPIP Efficient Separations Processing Integrated Program
FEMP Fernald Environmental Management Site

HEPA high efficiency particulate air (filters)

TIAG Interagency Agreement

ID Integrated Demonstration

INEL Idaho National Engineering Laboratory

IP Integrated Program

ISR-IP In Situ Remediation Integrated Program

LANL Los Alamos National Laboratory

LLNL Lawrence Livermore National Laboratory

MWIP Mixed Waste Integrated Program

MWO Mixed Waste Operations

NAPLs non-aqueous phase liquids

NPL National Priorities List

ORNL Oak Ridge National Laboratory

OTD Office of Technology Development

PCE perchloroethylene

PNL Pacific Northwest Laboratory

PRDA Program Research and Development Announcements
RCRA Resource Conservation and Recovery Act

RCS Remote Characterization System

RDDT&E Research, Development, Demonstration, Testing, and Evaluation
RFP Rocky Flats Program

ROA Research Opportunity Announcements

RTDP Robotics Technology Development Program
SEE Small Emplacement Excavator

SITE Superfund Innovative Technology Evaluation
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SNL Sandia National Laboratory

SRTC Savannah River Technology Center

SST single-shell tanks

TCE trichloroethylene

TRU transuranic (waste)

TTPs Technical Task Plans

TWR Tank Waste Retrieval

UST underground storage tanks

VOC volatile organic compounds

VOC-Arid ID Volatile Organic Compound in Arid Soils Integrated Demonstration
VOC-ID Volatile Organic Compound in Non-Arid Soils Integrated Demonstration
WSRC Westinghouse Savannah River Company
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