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INTRODUCTION

‘THE NEW APPROACH
PURPOSE

Although positive steps have been taken during the past three decades to remedy the world’s environmental
problems, the nation’s ability to respond to many current and future environmental and economic
challenges depends on technological advances produced by a well-organized and productive federal research
and development program.

To ensure that such programs focus on the most pressing environmental restoration and waste management
problemsat the U.S. Department of Energy (DOE), the Assistant Secretary for the Office of Environmental
Management (EM) established a Working Group in August 1993 to implement a new approach to
environmental research and technology development. The goal of DOE’s new approach is to conduct a
research and technology development program that will overcome major obstacles in the cleanup of DOE
sites. Integral to this new, solutions-oriented approach is an up-front awareness of program needs obtained
from customers, users, regulators, and stakeholders. These needs can then be disseminated to the developers
of technological solutions.

The key features of the new approach are:

* establishing five focus areas to address DOE’s most pressing problems;

* teaming with the customers in EM to identify, develop, and implement needed technology;

* focusing technology development activities on major environmental management problems;

* coordinating management of scientific and development activities in support of EM;

* focusing resources in national laboratories more effectively;

¢ involving industry in developing and implementing solutions, including technology transfer into
DOE and from DOE to the private sector;

* coordinating basic research by involving academia and other research organizations to stimulate
technological breakthroughs; and

* enhancing involvement of regulators and stakeholders in implementation of technology develop-
ment.

DOE has established a framework and strategy for coordinating efforts among DOE organizations,
Management and Operations (M&O) contractors, the national laboratories, other government agencies,
the scientific community, industry, academia, and the affected public. Full implementation of the new
approach is planned for the FY 95/96 timeframe. The new strategy will build upon existing programs and
will seek continual improvement of all EM operations and processes.

Prior to implementation of the new approach, EM’s Office of Technology Development (OTD) carried out
an aggressive national program of applied research and development to meet environmental restoration and

waste management needs based on the concepts of Integrated Programs (IP) and Integrated Demonstrations
(ID). These concepts, introduced in 1989, were engineered to manage the research, development,
demonstration, testing and evaluation (RDDT&E) activities within EM.

An IP was the cost-effective mechanism which assembled a group of related and synergistic technologies to
evaluate their performance to solve a specific aspect of a waste management or environmental problem. The
problem could be unique to a site or common to many sites. An IP supported applied research to develop
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innovative technologies in key application areas organized around specific activities required in each stage
of the remediation process (e.g., characterization, treatment, and disposal).

An ID was the cost-effective mechanism that assembled a group of related and synergistic technologies to
evaluate their performance individually or as a complete system to correct waste management and
environmental problems from cradle to grave.

BENEFITS

A keystone for implementation of the new approach is to encourage development of technologies that are
better, faster, safer and more cost-effective than those currently available. More importantly, the new
approach has been adopted to foster implementation of new and innovative environmental technologies,
facilitating the national commitment to long-term environmental, energy, and economic goals.

An important benefit to the new approach is the creation of investment returns for developing new

technologies — technology dividends. These technology dividends result from partnerships and leveraging
within government and between government and the private sector. The partnerships can consist of
technology developers, technology users, problem holders, and problem solvers.

EM technology dividends will include:

* Employment opportunities with new businesses and existing businesses

* Cleanup of sites posing the greatest threats to human health, safety, and the environment;

* Materials reused and recycled, instead of thrown away or freshly contaminated;

* DPollution prevented;

* More effective and efficient industrial processes, leading to greater U.S. competitiveness
globally; and

* Technology transfer to other countries.

By implementing the new approach for the unique environmental problems associated with DOEsites, EM/
OTD, scientists, and engineers at the national laboratories stand at the threshold of opportunity to develop
new technologies. This work will enhance quality of life through a cleaner environment, improved global
competitiveness, and ensure job opportunities for American workers.

FOCUS AREAS

Five major remediation and waste management problem areas within the DOE Complex have been targeted
for action on the basis of risk, prevalence, or need for technology development to meet environmental
requirements and regulations. Other areas may be added or currently identified areas further partitioned to
ensure that research and technology development programs remain focused on EM’s most pressing
remediation and waste management needs. These major problem areas, termed “Focus Areas,” are described
below.

Contaminant Plume Containment and Remediation. Uncontained hazardous and radioactive contami-
nants in soil and ground water exist throughout the DOE Complex. There is insufficient information at
most sites on the contaminants’ distribution and concentration. The migration of some contaminants
threatens water resources and, in some cases, has already had an adverse impact on the off-site environment.
Many current characterization, containment, and treatment technologies are ineffective or too costly.
Improvements are needed in characterization and data interpretation methods, containment systems, and
in situ treatment.
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Mixed Waste Characterization, Treatment, and Disposal. DOE faces major technical challenges in the
management of low-level radioactive mixed waste. Several conflicting regulations, together with a lack of

definitive mixed waste treatment standards hamper mixed waste treatment and disposal. Disposal capacity
for mixed waste is also expensive and severely limited. DOE now spends millions of dollars annually to store
mixed waste because of the lack of accepted treatment technology and disposal capacity. In addition,
currently available waste management practices require extensive, and hence costly waste characterization
before disposal. Therefore, DOE must pursue technology that leads to better and less expensive character-
ization, retrieval, handling, treatment, and disposal of mixed waste.

High-Level Waste Tank Remediation. Across the DOE Complex, hundreds of large storage tanks contain
hundreds of thousands of cubic meters of high-level mixed waste. Primary areas of concern are deteriorating
tank structures and consequent leakage of their contents. Research and technology development activities
must focus on the development of safe, reliable, cost-effective methods for characterization, retrieval,
treatment, and final disposal of the wastes.

Landfill Stabilization. Numerous DOE landfills pose significant remediation challenges. Some existing
landfills have contaminants that are migrating, thus requiring interim containment prior to final remediation.
Materials buried in retrievable storage pose another problem. Retrieval systems must be developed to reduce
worker exposure and secondary waste quantities. Another high-priority need is in situ methods for
containment and treatment.

Decontamination and Decommissioning. The aging of DOE’s weapons facilities, along with the reduction
in nuclear weapons production, has resulted in a need to transition, decommission, deactivate, and dispose
of numerous facilities contaminated with radionuclides and hazardous materials. While building and scrap
materials at the sites are a potential resource, with a significant economicvalue, current regulations lack clear
release standards. This indirectly discourages the recovery, recycling, and/or reuse of these resources. The
development of enhanced technologies for the decontamination of these materials, and effective
communication of the low relative risks involved, will facilitate the recovery, recycle, and/or reuse of these
resources. Improved material removal, handling, and processing technologies will enhance worker safety

and reduce cost.

CROSSCUTTING TECHNOLOGIES

Crosscutting technologies are those which overlap the boundaries of the focus areas while providing
simultaneous benefits. These technologies may be used in several or all focus area testing and evaluation
programs, and include:

Characterization, Monitoring, and Sensor Technology. DOE is required to characterize more than 3,700
contaminated sites, 1.5 million barrels of stored waste, 385,000 m3 of high-level waste in tanks, and from
1,700 to 7,000 facilities before remediation, treatment, and facility transitioning commence. During
remediation, treatment, and site closure, monitoring technologies are needed to ensure worker safety and
effective cleanup. Cost-effective technologies are needed for all EM characterization requirements.

Efficient Separations and Processing. Separation and treatment technologies are needed to treat and
immobilize a broad range of radioactive wastes. In some cases, separations technologies do not exist. In
others, improvements are needed to reduce costs, reduce secondary waste volumes, and improve waste form
quality. Separations technologies are also needed for environmental restoration of DOE sites, for ground-

water and soils cleanup, and for decontamination and decommissioning of facilities. Many separations
agents developed for waste treatment can be adapted for environmental restoration needs.



Robotics. DOE’s waste disposal efforts have particular issues—access, safety, final disposal, and cost
efficiency. Due to hazardous radiation, massive waste loads, and restricted entry ways, many sites are
inaccessible for human labor. It is unsafe to expose humans to radiation, harmful chemicals, and injurious
mechanical objects. Human labor requires higher compensation, the need for expensive protective clothing,
and stringent decontamination procedures. Robotics systems are safe, efficient, and cost-effective means to
automate the handling and processing of mixed waste and characterizing and/or retrieving storage tank

waste. Systems can also be designed for surveillance, characterization, cleanup, and decommissioning of
retired DOE facilities.

Innovative Investment Area. DOE has set aside funding to foster research and development partnerships
within the public and private sector, and to introduce innovative technologies into OTD programs. The
Innovative Investment Area supports 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 adaptation to specific
EM needs.

Pollution Prevention. DOE and the Department of Defense (DoD) have similar waste stream pollution

problems and common environmental concerns. By combining their resources, these agencies can develop
a coordinated interagency environmental research and technology development program that produces
cost-effective technological solutions, particularly in the areas of process change or in-process recycling.

TECHNICAL TASK PLANS

Technical Task Plans (TTPs) are used to identify and to summarize work funded and managed by OTD
at headquarters, the field, and the national laboratories. These plans include a project summary, technical
task description, budget schedule, and milestone schedule. The EM-50 FY94 Program Summary (DOE/
EM-0216) lists TTPs current as of the date of this document.

All tasks require a TTP number. Each TTP number contains information on the fiscal year in which the
task is first funded, the DOE Operations Office funding allotment code, and the laboratory/contracror/
university designator. See appendix for further details.

EM ORGANIZATIONAL STRUCTURE

The Office of Environmental Management (EM) is responsible for managing the cleanup of DOE wastes
from past nuclear weapons production and current operations. The EM mission is to bring DOE sites into
compliance with all environmental regulations while minimizing risks to the environment, human health
and safety posed by the generation, handling, treatment, storage, transportation, and disposal of DOE
waste. The EM organization was established to provide focus, accountability, and visibility for DOE’s waste
management and remediation efforts. See Figure A.
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Figure A. The EM Organizational Structure as of May 1, 1994.

OFFICE OF TECHNOLOGY DEVELOPMENT

The Office of Technology Development (EM-50) has the overall responsibility to develop technologies to
meet DOE’s goals for environmental restoration. OTD works closely with EM-30, -40, and -60 in
identifying, developing, and implementing innovative and cost-effective technologies. Activities within
EM-50 include applied research and development, demonstration, testing, and evaluation (RDDT&E),
technology integration, technology transfer, and program support. See Figure B.
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Figure B. The OTD Organizational Structure as of May 1, 1994.
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EM-50 ORGANIZATION

The Office of Technology Transfer and Program Integration (EM-52) provides management, financial,
and internal program support to line organizations that comprise EM-50. It also provides efforts to
encourage and to facilitate the infusion and diffusion of innovative environmental technologies for internal
and domestic application through collaborative partnerships with U.S. and foreign industry or organiza-
tions, the national laboratories, other federal agencies, and universities. Technology transfer and technology

leveraging are important program components. Enhanced communication to internal and external
stakeholders is a goal of this Office.

The Office of Research and Development (EM-53) is responsible for establishing applied research and
development (R&D) program at DOE sites nationwide. Programs are designed to identify operational
needs in environmental restoration, waste operations, and cotrective activities, and to provide solutions to
key technical issues that, if not solved in a timely manner, would adversely affect DOE’s ability to meet its
cleanup goal.

The Office of Demonstration, Testing, and Evaluation (EM-54) is responsible for identifying environ-
mental management technologies in the research and development stage that are ready for transition to the
demonstration arena. Those technologies are complete systems to demonstrate a solution to a specific
problem area. Programs are conducted to advance selected technologies so they can be utilized by DOE to
meet its cleanup goal in a cost-effective manner.

OTHER EM ORGANIZATIONS

The Office of Waste Management (EM-30) has program responsibilities for managing waste generated at
all DOE sites during weapons processing and manufacturing, research activities, and site cleanup activities.
This includes the treatment, storage, transportation, and disposal of several types of waste: transuranic, low-
level radioactive, mixed, and solid sanitary wastes. EM-30 is also responsible for the storage, treatment, and
processing of defense high-level radioactive waste (HLW), waste minimization efforts, and corrective
activities at waste management facilities.

The Office of Environmental Restoration (EM-40) has program responsibilities for assessment and
cleanup of inactive hazardous and radioactive facilities and waste sites at all DOE installations and some
non-DOE sites. EM-40 oversees program activities to reduce or eliminate risks to human health and the
environment.

The Office of Facility Transition and Management (EM-60) has the responsibility to ensure that shut-
down facilities are brought to a deactivated state, are properly maintained, and are eventually decontami-
nated and/or decommissioned or released for other uses.



THE LANDFILL STABILIZATION
FOCUS AREA OVERVIEW

THE PROBLEM

Landfills within the DOE Complex as of 1990 are estimated to contain 3 million cubic meters of buried
waste. The DOE facilities where the waste is predominantly located are at Hanford, the Savannah River
Site (SRS), the Idaho National Engineering Laboratory (INEL), the Los Alamos National Laboratory

(LANL), the Oak Ridge Reservation (ORR), the Nevada Test Site (NTS), and the Rocky Flats Plant (RFP).

Landfills include buried waste, whether on pads or in trenches, sumps, ponds, pits, cribs, heaps and piles,
auger holes, caissons, and sanitary landfills.

Approximately half of all DOE buried waste was disposed of before 1970. Disposal regulations at that time
permitted the commingling of various types of waste (i.e., transuranic, low-level radioactive, hazardous).
As a result, much of the buried waste throughout the DOE Complex is presently believed to be
contaminated with both hazardous and radioactive materials. DOE buried waste typically includes

transuranic-contaminated radioactive waste (TRU), low-level radioactive waste (LLW), hazardous waste
per 40 CFR 261, greater-than-class-C waste per CFR 61 55 (GTCC), mixed TRU waste, and mixed LLW.

The wastes at those various sites were disposed of directly or in containers such as steel drums, wooden boxes,
and cardboard cartons. Coupled with the absence of release barriers, some of the waste containers have
breached from degradation over time resulting in contamination of large volumes of surrounding soils. The
wastes exist in the form of solids, liquids, or sludges, and have a diverse range of chemical constituents
including radionuclides, polychlorinated biphenyls, heavy metals, organic solvents, and reactive com-
pounds. Typical buried waste includes such items as construction and demolition materials (i.e., lumber,
concrete blocks, steel plates, etc.), laboratory equipment (i.e., hoods, desks, tubing, glassware, etc.), process
equipment (i.e., heat exchanger, valves, ion exchange resins, high-efficiency particulate air (HEPA) filters,
etc.), maintenance equipment (i.e., handtools, cranes, oils and greases, etc.), decontamination materials
(i.e., paper, rags, plastic bags).

THE SOLUTION

The mission of the Landfill Stabilization Focus Area is to develop, demonstrate, and deliver safer, more cost-
effective and efficient technologies which satisfy DOE site needs for the remediation and management of
landfills. The LSFA is structured into five technology areas to meet the landfill remediation and
management needs across the DOE complex. These technology areas are:

* Assessment
¢ Retrieval

¢ Treatment

¢ Containment
¢ Stabilization
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The expanded scope of the above technology areas is described below:
ASSESSMENT

Assessment primarily consists of two categories: 1) site characterization, and 2) waste characterization.

Fundamental to both of these categories is the need to be able to identify, quantify, and locate wastes. The

information provided by either category may determine the remediation and the treatment options
evaluated. These categories are described below.

SITE CHARACTERIZATION

Characterization of the site is necessary to determine boundaries of the waste and to identify and locate
specific waste forms such as drums, large metal objects, and voids. Site characterization is a prerequisite
for the decision making process to launch containment/stabilization initiatives or excavation/treatment
and disposal alternatives. It involves surveying and testing the site to generate a site contamination map.
Subsurface buried waste characterization includes assessing the degree and extent of its lateral and
vertical spread, and identifying the degree and extent of soil contamination.

Boring, drilling, digging, excavation, and other invasive techniques have been employed for this
purpose. However, recent emphasis has been on non-invasive methods and those are currently being
developed under an EM-50 mandate, in particular, for characterizing radioactive and mixed waste
contaminated sites. Examples include: Landfill Characterization and Monitoring System, Holographic
Impulse Radar Array and Imaging Infrared Interferometer.

WASTE CHARACTERIZATION

This activity is designed to identify and characterize the waste and determine the concentration of its
constituents in contaminated areas. Typically, invasive methods have been used for this purpose.
Sampling and analysis of excavated or retrieved waste/media have been the methods widely used for
waste characterization and assessment of media (soil, water) contamination. Recent emphasis has been

on development of non-invasive methods which are currently under development for characterization
of some of the waste types and constituents, in particular, for radioactive and mixed waste. These non-
invasive methods are preferred because of the time, cost, and safety advantages they offer over the
invasive methods. Examples of these include the excavated waste assay and the waste assay measurement
integration system.

RETRIEVAL

Retrieval involves excavation of waste/contaminated soil for ex situ/off-site treatment/disposal. When
treatment occurs on site, the treated soil which is considered decontaminated may be backfilled in lieu of
off-site disposal. Retrieval operations can be divided in two categories: (1) full-scale retrieval and (2) hot
spot or selective retrieval. These categories are described below:

FULL-SCALE RETRIEVAL

Conventional drilling and excavation equipment are typically used for this purpose. However,
currently, remote operated equipment is being developed and demonstrated for retrieval of waste, in
particular, radioactive and/or mixed waste. The new technologies include: Remote Excavation System,
Full-scale Remote Retrieval, Waste Conveyance and Innovative End Effector, Contaminated Material
Excavation Handling and Retrieval System.
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HOT SPOT RETRIEVAL

Alternatives to conventional hot spot retrieval techniques such as drilling and excavation are currently
being developed. Selective retrieval using dual robotic arms is being developed to support the system
concept of hot spot retrieval. Technology development in support of this concept includes the
cooperative telerobotic retrieval.

TREATMENT

Ex situ treatment involves exhuming the waste followed by packaging and transport to a treatment facility.
Treated waste may then be disposed of on site or at another site elsewhere. The ex situ processing may
include four interrelated processes: pre-treatment; primary treatment; secondary treatment; and process
controls/verifications. These processes are employed for the immobilization, detoxification, volume
reduction, and/or stabilization of retrieved buried waste and contaminated soils.

Pre-treatment techniques are used to minimize the amount of waste to be treated and to optimize the
primary treatment of the waste. Pre-treatments may include: cryofracture; conventional shredding; thermal
technologies such as desorption; or, sorting of retrieved waste into waste types (soils, metals, combustibles)
using advanced assaying methods.

The primary treatment of solid, mixed, hazardous, and radioactive waste encompassing combustibles,
metals, soils, and sludges and their associated structures (i.e., drums, boxes, large metal objects) may be
conducted using thermal, chemical, biological, and physical methods for all or part of the waste streams. The
current emphasis is on high-temperature thermal treatments, although other treatment alternatives are
being investigated. Thermal treatment techniques such as the Graphite DC Arc Furnace and Arc Melter
Vitrification, and concepts such as Minimum Additive Waste Stabilization have been shown.

Pre-treatment and primary treatment technologies require additional ancillary systems. These techniques
include feed systems, off-gas systems, process diagnostics, and secondary waste stream treatment. The
technologies comprising these systems may need to be evaluated. These technologies include non-thermal
plasma (NTP), dry high efficiency particulate air (HEPA) filters, various combinations of existing off-gas
systems, and secondary waste recycle into the primary treatment. Some primary treatment technologies may

be used to treat secondary waste and help reduce the amount of secondary waste.
CONTAINMENT

Containment is the restriction/confinement of buried waste to a limited area to prevent its migration/
leaching beyond its confined domain. This is typically achieved by 1) installation of surface caps or covers
and 2) placement of engineered subsurface (vertical or horizontal) barriers/systems. The barrier materials
are chosen on the basis of their long-term durability, inertness to acids and bases, resistance to corrosion and
water impermeability. Placement of barriers around the waste is determined on the basis of site and waste
characterization data. Containment may serve as an interim action to reduce/prevent contaminant
migration pending future remedial decisions and actions or as a long-term measure for use as final
remediation action. These categories are described below.

SURFACE CAPS

Surface caps constructed of synthetic and/or natural geological materials like clay, control erosion, deep
percolation and biological intrusion. The spectrum of designs vary from simple soil barriers that have



optimum configurations, plant cover and surface slope to more complex multilayered cover profiles,
incorporating engineered barriers that inhibit downward movement of soil moisture. Few of the designs
have actually been constructed in the field and monitored in a way that allows a complete evaluation

of performance characteristics. Those few that have been field-tested have been evaluated under very
specific climate and environmental conditions.

The LSFA will take the initiative and lead efforts to develop field-tested, climate specific migration
barrier cover designs which can serve as the sole containment technology or as a component of an
integrated barrier system that incorporates other barrier concepts, along with cover, to contain wastes.

SUBSURFACE BARRIERS

Waste containment may also include emplacement of subsurface barriers (vertical and horizontal) to
control water infiltration and contaminant release. The barriers are usually composed of grouting
material such as concrete, soil-bentonite, or cement-bentonite slurry material. The current state-of-the-
art for emplacement of subsurface barriers in near-surface soils lies primarily with vertically emplaced
barriers. Subsurface horizontal to sub horizontal barriers that retard mass movement are not currently
employed in the civil engineering application. New technology initiatives are geared toward the

development of superplastic grouts and soil-cement of significantly superior mechanical, electrical and
durability properties.

STABILIZATION

Stabilization of waste in situ involves altering its physical/chemical/toxicological properties and rendering
it immobile and incapable of leaching under the most-stringent conditions. Grouting the waste/soil matrix
to reduce water and contaminant migration through the waste matrix will stabilize a waste. Another example
of the stabilization process is in situ vitrification which uses high temperatures (typically berween 1100 and
3000°C) to chemically incorporate waste into a glasseous matrix while destroying organics.
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1.1.

BURIED WASTE DIGFACE CHARACTERIZATION

TASK DESCRIPTION

The digface characterization project demonstrates
multiple sensors that can be used as part of a
retrieval effort. The digface characterization tech-
nology will allow continuous and continually im-
proving monitoring and characterization of the site
being remediated. See Figure 1.1. The digface
characterization technique is integrated into the
remediation process itself. As retrieval progresses,
sensor data interpretation capability improves by
comparing interpreted data images with the re-
trieved targets.

Geophysical, chemical, and radiological sensors are
being deployed by a robotic system. The sensors
scan over the surface being remediated. As waste
retrieval proceeds, the sensors are continuously de-
ployed to characterize the remaining waste.
Remediation proceeds in a methodical manner in
which the characterization data are interpreted real-
time in support of the retrieval process.

The primary objective is to develop and test geo-
physical, chemical, and radiological sensors to pro-
vide constant surveillance and screening for all
categories of hazards at the digface during excava-
tion.

TECHNOLOGY NEEDS

There is an urgent need to develop technology that
can characterize contaminated sites without excava-
tion or sampling. The technology must be cost-
effective and result in the elimination or
minimization of worker exposure. Excavation, sam-
pling, and analysis of buried waste and contami-
nated soil are generally used for the purpose of
characterizing hazardous waste sites. These meth-
ods are expensive, and in addition, pose safety
hazards to remediation workers. The digface char-
acterization technology under development that
uses geophysical, chemical, and radiological sensors
is expected to meet that need.

14 ACCOMPLISHMENTS

Three prototype sensors
| were developed for digface
application: a gamma
spectrometer, a dielectric
permittivity sensor, and a
focused electromagnetic
induction sensor. Labo-
ratory data for the dielec-
tric permittivity and
gamma spectrometer
sensors indicate that both

are feasible candidates for
digface application.

The pilot-scale testing us-
f ing a soilbox to simulate

Soil Box to Simulate the Digface.

Figure 1.1. Pilot-scale Robotic Deployment of Digface Sensors Using a

the digface is completed.
Field testing of a proto-
type digface characteriza-




tion system used a test trench at the Idaho National
Engineering Laboratory (INEL) Cold Test Pit. The
system’s multiple sensors were deployed with a
manual non-metallic gantry designed and con-
structed to support the collection of dense data sets
in a non-interfering manner.

Data were obtained from several commercial sen-
sors deployed over simulated targets in multiple
passes. As soil layers were progressively removed the
resolution capabilities of the sensors were also evalu-
ated. Test results indicate that the sensors will be
able to support real-time interpretation of rargets
during digface applications.

The prototype dielectric permittivity sensor, gamma
spectrometer/chemical assay system, and test sen-
sors along with the gantry crane and Schilling arm
were built. The integrated system is ready for
complete full-scale demonstration.

BENEFITS

The digface technology reduces environmental,
health, and safety risks during cleanup of buried
waste sites. Real-time data interpretation during the
retrieval process allows for the incorporation of
appropriate remediation equipment to maintain
safety and environmental standards.

Development of an automatic and remote deploy-
ment capability, with refined data interpretation
techniques to support rapid target identifications
will be powerful features of this technology.

Cost savings have not been quantified. However,
non-intrusive characterization systems can reduce
the potential costs of intrusive sampling and analy-
sis.

COLLABORATION/TECHNOLOGY
TRANSFER

The successful completion of demonstrations will
result in a proven concept that is ready for technol-
ogy transfer. Vendors supplying the base instru-

mentation and equipment for the sensors (Geonics,
Ltd.), those involved in waste cleanup and working
with environmentally hazardous material (Ecology
International), robotic programs (Buried Waste
Robotics Program), and mining interests (Colorado
School of Mines and USGS), have participated in
the project. Individual sensors, as well as combined
systems (sensors and robotic arm) have commercial
potential in manufacturing, mining, and waste
cleanup operations. Implementation of the data
display hardware and software will provide private
industry and other DOE partners with an easily
adaptable system to specific site requirements. Dis-
closure of this research through professional jour-
nals and presentations at technical conferences will
ensure transfer of this technology to a wider net-
work of private-sector contractors that may be able
to provide portions of the system, are performing
waste site remediations, or have other remote-re-
trieval characterization needs.

For further information, please contact:

Nick Josten

Principal Investigator
LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-7691

George Schneider
Principal Investigator

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, ID 83401
(208) 526-6789

Kevin Kostelnik

Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642



Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: ID132003
BIBLIOGRAPHY OF KEY PUBLICATIONS

Josten, N.E., Test Plan for FY94 Dig Face Field
Experiments, (EGG-WTD-11424), 1994.

Josten, N.E., Dig Face Characterization Remote
Testing, (EGG-WTD-11202), 1994.

Callow, R., Prototype Ground Capacitance Sensor
Final Report, (EGG-WTD-11044), 1994.

Callow, R., Dig Face Characterization Develop-
ment Plan, (EGG-WTD-11062), 1994.




1.2

TENSOR MAGNETIC GRADIOMETER

TASK DESCRIPTION

The tensor magnetic gradiometer system (TMGS)
non-intrusively measures the vector magnetic field
and the magnetic gradient tensor at a waste site for
use in site characterization. The system consists of
a four-element array of high-sensitivity triaxial
ringcore fluxgate magnetometers and supporting
software. The TMGS measures five independent
components of magnetic gradientand three compo-
nents of the magnetic field.

The primary objective is to develop and demon-
strate site characterization and object location using
a tensor magnetic gradiometer applied specifically

to DOE buried waste sites.

TECHNOLOGY NEEDS

Development of non-intrusive waste and site char-
acterization techniques is an urgent need at several
DOE buried waste remediation sites. The advanced
technology being investigated in this task is ex-
pected to significantly improve characterization
capability and help expedite the remediation pro-
cess.

ACCOMPLISHMENTS

The basic TMGS hardware was completed. Soft-
ware for data acquisition, basic data reduction, and
elementary interpretation was also com-

INEL Cold Pit
Channel 20 (Late Time)

G AL DRI
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pleted. The system was field tested in
FY94. The tensor magnetic gradiometer
has been modified for mobile application,

and basic TMGS hardware has been com-

pleted. Software for data acquisition,
basic data reduction, and elementary in-
terpretation has been completed.

BENEFITS

TMGS is a unique technology that is
expected to provide significant improve-
ments in interpretation compared with
conventional instrumentation and inter-
pretive methods for non-intrusive site
characterization. It provides more infor-
mation about near-surface geology and
buried magnetic objects than measure-
ments of a single component of the mag-
netic field or its gradient. Itisintended to
provide maps or images of the subsurface
distribution in near real-time and will be
deployed on a wheeled vehicle.

Although cost savings are difficult to quan-
tify, non-intrusive characterization sys-

10 30 40 §0 €0
East (motors)
Broadband Electromagnetic Data of
INEL Cold Test Pit
GFX95-0232
Figure 1.2. Tensor Magnetic Gradiometer (equipment).
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tems can reduce the potential cost of
intrusive sampling and analysis. Sam-



pling and analysis can run $500 per sample with a
complete sampling plan requiring hundreds of
samples. A savings of $20,000 to $70,000 is pos-
sible, including the unestimated reduced risk in
worker exposure during sampling.

COLLABORATION/TECHNOLOGY
TRANSFER

The TMGS testing and mobile deployment will
result in a proven concept that is ready for technol-
ogy transfer. Vendors supplying the bases instru-
mentation and equipment for the TMG, firms
involved in buried waste cleanup, companies inter-
ested in locating buried objects such as mining and
oil companies, and Department of Defense (DoD)
contractors locating buried unexploded ordnance
provide some of the markets and interest in this
concept. Additionally, the USGS has also been a
participant in the project. Disclosure of this re-
search through professional journals and presenta-
tions at technical conferences will enhance transfer
of this technology to a wider network of private-
sector contractors, which may be able to manufac-
ture or enhance portions of the system or find
applications beyond buried object location.

For further information, please contact:

Skip Snyder

Principal Investigator
RUST Geotech

P.O. Box 14000

Grand Junction, CO 81502

George Schneider
Principal Investigator

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, ID 83401
(208) 526-6789

Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: AL911201
BIBLIOGRAPHY OF KEY PUBLICATIONS

S.Synder, Technical Progress Report for Site Charac-
terization and Object Location Using Tensor Mag-
netic Gradiometer, Chem-Nuclear Geotech, Inc.




1.3

INVERSE SCATTERING GROUND PENETRATING

RADAR IMAGING OF BURIED OBJECTS

TASK DESCRIPTION

The three-dimensional scanner, which was devel-
oped by TechniScan with funding through LSFA, is
an inverse scattering ground penetrating radar (GPR)
system. It produced quantitative, distortionless im-
agesanalogous to a computer automated tomography
(CAT) system. See Figure 1.3a. It is intended to

generate images of buried waste objects in INEL
soil.

The primary objective is to demonstrate imaging of
buried objects in INEL soil with the three-dimen-
sional scanner developed by TechniScan.

TECHNOLOGY NEEDS

Development of this technology could characterize
buried waste at the INEL’s Radioactive Waste Man-
agement Complex (RWMC) and other DOE sites.
Specifically, it could identify buried objects by
shape, orientation, size, dielectric properties, and
location.

Figure 1.3a. Scale Model of Ground Penetrating
Radar Scanner.

ACCOMPLISHMENTS

During FY93 and FY94, TechniScan, Inc. (TSI)
performed a series of laboratory inverse scattering
experiments to produce images of known objects in
air as well as the objects buried in high purity sand
and INEL soil. Based on these experiments, TSI
developed data sheets for future research activities,
including:

» Image quality as a function of accuracy in
modeling the electromagnetic fields of the
antennas.

* General methods for calibrating antennas.

* A procedure for calibrating ridged horn an-
tennas.

+ A theory for using soil coupled antennas for
improving imaging.

Figure 1.3b.Tomographic Microwave Scanner.

I
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BENEFITS

The unique advantages of this technology com-
pared to more conventional approaches for charac-
terization of buried waste are its high spacial
resolution, self-focusing properties, reverberation
free images, and quantitative images of dielectric
properties.

COLLABORATION/TECHNOLOGY
TRANSFER

A successful demonstration of this technology will
enable TechniScan to market the system through-
out the DOE Complex and at other waste sites,
including Superfund buried waste characterization
and remediation projects. Companies interested in
locating buried objects, such as mining and oil
companies, and DoD contractors locating buried
unexploded ordnance also might use this technol-

ogy.

For further information, please contact:

Steve Johnson

Principal Investigator
TechniScan, Inc.

958 West Le Voy Drive
Suite 200

Salt Lake City, UT 84123
(801) 581-4590

George Schneider

Principal Investigator

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, ID 83401
(208) 526-6789

Kevin Kostelnik
Coordinator, LITCO
P.O. Box 1625

Idaho Falls, ID 83415
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number; ID121213

BIBLIOGRAPHY OF KEY PUBLICATIONS

None at this time.




1.4

INEL NON-INTRUSIVE CHARACTERIZATION

STUDIES - GPR

TASK DESCRIPTION

A multi-discipline assessment of underground radar
performance and the geophysical characteristics at
INEL’s RWMC was performed to understand those
issues that have, up until now, compromised this
technology’s performance at INEL. See Figures
1.4a and 1.4b.

The primary objective is to perform a multi-disci-
pline assessment of existing underground radar sur-
veys and mineralogy data at the INEL and publish
a final report on the dielectric properties and at-
tenuation as a function of radar wave frequency.

TECHNOLOGY NEEDS

A viable underground radar survey of RWMC,
combined with dielectric properties and attenua-
tion information gathered during this project, pro-
vides critical data about the waste pits that would
result in an estimate of the depth to the basalt at pit
boundaries and depth to overburden/waste inter-
face, as well as location of the original excavation
boundaries.

BENEFITS

This research can result in improvement of under-
ground radar dara at the INEL RWMC. Possible
solutions could be found in such areas as unique
dara processing, optimum excitation wave shapes,
excitation wave frequency content, excitation signal
coupling, and signal processing. Results of this
research will be transferable to other sites, particu-
larly those sites with high clay content soils.

10

COLLABORATION/TECHNOLOGY
TRANSFER

No hardware or software was developed for this
effort. All information obtained through these stud-
ies is contained in these reports, which are excellent
references for researchers when they develop the
operational waste characterization systems foruseat

Figure 1.4a. Ground Penetrating Radar Survey
Conducted by South Dakota School of Mines
and Technology.

Figure 1.4b. Ground Penetrating Radar Data of
INEL Cold Test Pit.



RWMC and elsewhere. The methodology relating
underground radar and geophysical properties and
possible solutions to lack of use have potential

applications in transferring technology to other
DOE and Superfund sites.

For further information, please contact:

Bill Roggenthen
Principal Investigator
SDSM&T

(605) 394-2461

George Schneider
Principal Investigator

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, ID 83401
(208) 526-6789
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Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: ID142018

BIBLIOGRAPHY OF KEY PUBLICATIONS

None at this time.
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1.5

VERY EARLY-TIME ELECTROMAGNETIC SYSTEM

TASK DESCRIPTION

The very early-time elec-
tromagnetic (VETEM) sys-
tem will collect and
interpret data from the shal-
low subsurface. See Figure
1.5. This instrument will
operate in the region of the
electromagnetic spectrum
ranging from low frequency
electromagnetic induction
to ground-penetrating ra-
dar (GPR) frequencies. This
region of operation allows
the system to be used at
sites where GPR has little
success. Physical and nu-
meric models developed de-
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termined instrumentdesign
criteria and test processing
and interpretation algo-
rithms. Additional modeling, interpretation, and
imaging algorithms must be developed to account
for both diffusion and transmission effects.

The primary objective is to design a high resolution
electromagnetic imaging system for shallow envi-
ronmental problems (less than 10 meters) such as
buried waste sites. Specifically, this system will be
developed for use at waste sites where traditional
electromagnetic equipmentand interpretation tech-
niques do not produce satisfactory results. FY95
research focuses on completing three-dimensional
modeling, physical modeling, and field testing of
instrumentation.

TECHNOLOGY NEEDS

This technology could characterize buried waste at
INEL’s RWMC and other DOE sites. Specifically,
it could contribute to identifying buried objects by
shape, orientation, and location.

Figure 1.5. A Prototype of Very Early-Time Electromagnetic System
Developed by the USGS.
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ACCOMPLISHMENTS

One-dimensional numerical modeling algorithms
were developed and tested. The algorithms are be-
ing used in physical analysis of the buried waste,
interpretation of field data, and systems analyses
devoted to instrument design. An optimal system
was designed using physical modeling and a proto-
type transmitter loop was fabricated. The instru-
mentation and interpretation systems were field
tested at the INEL Cold Test Pit. A one-dimen-
sional analysis of the high-frequency sounder data
produced realistic estimates of the thickness, dielec-
tric permittivity, and electrical conductivity prop-
erties of the cap covering the Cold Test Pit waste.

An upgraded prototype time-domain electromag-
netic instrument and the second generation fre-
quency-domain high-frequency sounder were
fabricated and field tested. The one-dimensional
code, with a graphical user interface, will be trans-
ferred to industry at the close of the project.




BENEFITS

The resulting system, along with interpretation and
imaging software, enhances resolution of the shal-
low subsurface. Additionally, this system will oper-

ate at sites where the physical properties of the soils
make high resolution GPR difficult.

These systems will acquire data in a tenth of the
time required by the first generation instruments.
Cost savings can be estimated based on sampling
and analysis costs of $300 per sample. If the use of
non-intrusive characterization systems can reduce
the intrusive sampling and analysis load by 75
percent of the samples, a typical sampling plan
requiring 1,000 samples can be limited to 250 at a
cost savings of $225,000 per site, reducing risks in
worker exposure.

COLLABORATION/TECHNOLOGY
TRANSFER

Many outside universities, companies, and national
laboratories are collaborating in developing this
technology. The participants include the Univer-
sity of California-Berkeley, the University of Ari-
zona, University of Utah, the Colorado School of
Mines, RUST Geotech, Inc., Lawrence Berkeley
Laboratory, and SNL. During the final stages of
development, private companies will be solicited to
commercially manufacture and use the system.

For further information, please contact:

Louise Pellerin
Principal Investigator
USGS

Box 25046 Federal Center
MS 964

Denver, CO 80225

(303) 236-1315

George Schneider

Principal Investigator

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, ID 83401
(208) 526-6789

Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Numbers: 1D142004, ID042002

BIBLIOGRAPHY OF KEY PUBLICATION

Pellerin, L., Very Early Time Electromagnetic Test
plan for Data Acquisition and the INEL Cold Test Pit,
(EGG-WTD-11354), 1994.




1.6

VIRTUAL ENVIRONMENT GENERATION

OF BURIED WASTE

TASK DESCRIPTION

Simulation-based planning and design (SBPD) is
the concept of applying computer simulation tools
to the engineering process. See Figure 1.6. A full-
featured SBPD incorporates intelligent, integrated,
automated, real-time control of the design process.
Advanced visualization and computing, including
virtual reality, multimedia techniques, and parallel
processing must be effectively implemented into
the design and analysis process. Using site charac-
terization data, physics-based modeling will allow
virtual prototyping.

The primary objective is to investigate the issues,
requirements, and feasibility of developing a com-

puter-generated virtual environment of buried waste
artifacts for remediation of buried waste sites.

Figure 1.6. A Computer-Generated Virtual Environment Depiction of
Objects in the INEL Gold Test Pit.

TECHNOLOGY NEEDS

The use of site characterization data to support
advanced visualization and generation of virtual
environments is 2 key part in SBPD systems. Ulti-
mately, a full-featured SBPD system will be useful
for site characterization analysis and design of ac-
tual remediation efforts and systems. An SBPD also
supports worker training techniques for hazardous
waste remediation.

ACCOMPLISHMENTS

Three different rapid prototype environments were
constructed using the INEL Cold Test Pit as a basis.
Included were a walk-through of the Characteriza-
tion Cell, a visual database of the Characterization
Cell, and an example three-dimensional data dis-

play.

A hardware system was de-
signed that integrates dif-
ferent functionality into a
single overall platform. The
prototype system has ac-
cess to data, database in-
formation, and analysis
tools thar are of interest or
use to buried waste charac-
terization activities.

An Automatic Target Rec-
ognition (ATR) system was
evaluated to assist darta in-
terpretation of sensor data
obtained during the digface
characterization process.
The ATR system per-
formed well for the data
interpretation application.
Although there were some
errors in distinguishing
boxes from barrels, the sys-

GFX 95-0238



tem was capable of distinguishing target objects
from background soil.

BENEFITS

Virtual environments and related visualization tech-
niques have the potential to provide improved un-
derstanding of buried waste site characteristics. This
improved understanding assists in developing a
remediation strategy.

No cost savings have been quantified. However, the
use of virtual environments augmented with char-
acterization data can potentially increase operating
efficiencies in hazardous waste operations.

COLLABORATION/TECHNOLOGY
TRANSFER

The opportunity exists for private-sector involve-
ment in the development of this technology. SBPD
has applications for many engineering processes
beyond buried waste remediation, such as various
mining and manufacturing concerns. Research re-
sults will be published through professional jour-
nals and presented at technical conferences. The
available markets for SBPD and its application to an
actual buried waste site (INEL Cold Test Pit) should
encourage private-sector COntractors to improve,
manufacture, and use this system for performing
waste site remediation and other applications.
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For further information, please contact:

Tom Larson

Principal Investigator
LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 525-5334

George Schneider

Principal Investigator

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, ID 83401
(208) 526-6789

Kevin Kostelnik

Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: ID142005
BIBLIOGRAPHY OF KEY PUBLICATIONS

None at this time.
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1.7

HIGH RESOLUTION IMAGING USING

HOLOGRAPHIC IMPULSE RADAR ARRAY

TASK DESCRIPTION

The ground penetrating holographic radar (GPH)
system consists of a 1-meter linear array of tapered
slot antennae, a high-speed switching network, and
relatively low-power impulse source operating over
a large frequency bandwidth, approximately 2.5 to
7 GHz. See Figures 1.7a and 1.7b. The bistatic
array system scans above the surface, gathers the
subsurface target data, and processes the three-
dimensional holographic images. Image length is
continuous and is generated and displayed in real-
time as the vehicle travels across the terrain with the
array mounted perpendicular to the scan direction.

The primary objective is to develop and demon-
strate a field prototype and test a GPH radar system
using an air-coupled linear array that will generate
real-time, three-dimensional images of shallow bur-
ied waste in low conductivity soils.

Hetal Distectric

Metal

1tem

GFX 950239

Figure 1.7a. Actual Size and Shape of Objects
Through the Use of a Ground Penetrating
Holographic Radar System.

16

TECHNOLOGY NEEDS

This technology could be applied to site character-
ization for buried waste in low conductivity soils.
High-resolution images of buried targets (approxi-
mately one meter) in sand at the Hanford Site have
been generated with this technology. The objective
of this GPH application will be directed toward
imaging shallow buried waste at Hanford, INEL,
and Brookhaven National Laboratory.

ACCOMPLISHMENTS

The tapered slotantenna bistaticarray and a mount-
ing fixture for an array vehicle were made. Success-
ful demonstration of a 5-GHz prototype ultra-wide
band GPH was conducted on specific targets in a
controlled environment composed of the INEL and
Hanford soils. Modifications for field use were
completed.

BENEFITS

This technology is expected to offer significant
improvements with the three-dimensional volu-
metric imaging of buried targets using multi-fre-
quency simultaneous transmitter/receiver
holographic techniques. Lateral resolution is a fac-
tor of two greater than non-synthetic aperture im-
aging techniques. The multi-frequency holographic
image is three-dimensional and provides an in-
focus image at all depths.

No cost savings have been quantified. However, the
use of non-intrusive characterization systems can
reduce the potential costs of intrusive sampling and
analysis.




QFX.95-0240

Figure 1.7b. Created Images: The Images on
the Right Were Created.

COLLABORATION/TECHNOLOGY
TRANSFER

The opportunity exists for private-sector involve-
ment in the development of technology. GPH has
applications beyond buried waste remediation. Vari-
ous companies interested in locating other buried
objects such as mining and oil companies, and DoD
contractors locating buried unexploded ordnance
provide some of the markets and interest in this
concept. The implementation and interaction of
the radar hardware and software with actual DOE
waste sites is of interest to instrumentation manu-
facturers and software programmers.

Research results will be published through profes-
sional journals and presented at technical confer-
ences. This effort will enhance transfer of this
technology to a wider network of private-sector
contractors beyond remediation, mining, and in-
strument-manufacturing concerns. The available
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markets for GPH and its application to actual
buried waste sites should encourage private-sector

contractors to improve, manufacture, and use this
system.

For further information, please contact:

Dale Collins

Principal Investigator

Pacific Northwest Laboratories
P.O. Box 999

Richland, WA 99352

(509) 375-2726

George Schneider

Principal Investigator

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, ID 83415
(208) 526-6789

Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: R1L342002
BIBLIOGRAPHY OF KEY PUBLICATIONS

None at this time.




1.8

IMAGING INFRARED INTERFEROMETER

TASK DESCRIPTION

Open-path fourier transform infrared (FTIR) spec-
trometers can monitor volatile organic compounds
(VOC:s) and toxic gases. To provide real-time imag-
ing, a stand-off system is being developed using a
real-time passive infrared imaging system with a
Fabry-Perot interferometer. See Figure 1.8a. The
imaging interferometer consists of a mercury cad-
mium telluride (MCT) infrared detector coupled to
a Physical Sciences proprietary interferometer and a
scan camera. The spectral region of 10.2-14.5
microns is passively sampled and a wavelength se-

lective image constructed using a PC-based inter-
face. VOC plume constituents are identified using
an automated reference spectra searching routine.
The system is enhanced specifically to monitor
volatiles and off-gas contaminants from a waste
remediation site. A computer controls the mirror
spacings, alignment, and processing of the infrared
images. This approach allows multi-spectral imag-

ing of a 15-40 degree field of view.

The primary objective is to develop and test a
variable wavelength infrared imaging system that
can be used for stand-off site characterization and
remediation monitoring.

TECHNOLOGY NEEDS

This technology will enable real-time wide area
monitoring of a waste remediation site for VOCs.
This is particularly important for worker safety and
keeping a remote operation clean enough to allow
worker access for maintenance and repair.

ACCOMPLISHMENTS

Target gases were identified that are within instru-
ment sensitivities and that might be present in
buried waste. Calculations of these gases as to
sensitivity in typical atmospheric conditions were
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Figure 1.8a. Imaging Infrared Interferometer:

The Imaging Infrared Interferometer Will be
Used to Detect Volatile Organic Contaminants.

Figure 1.8b. AFabry-PerotInfrared
Interferometer Will be Used for VOC-Imaging of
a Buried Waste Excavation Pit.

performed. Results indicated that at a distance of
10-20 meters, VOCs can be detected at 10-ppm
concentration in air within the spectral range of
10.2-14.5 microns. An emission rate of 1 g/min was
assumed for this modeling program. The field
demonstration will involve the unearthing of
isopropanol (rubbing alcohol) placed within the
soil/waste. The detected VOC plume will allow
detection limits to be established and quantification
of ranges for identifying organics to be determined.




BENEFITS

Major attributes of this technology are:

* The ability to identify point sources in a
stand-off mode.

* The degree of sensitivity to these contami-
nants.

* The ability to image and monitor a wide area
in near real-time. As this is a new technology,
no baseline exists to compare costs savings.
Cost savings will be realized by the
technology’sability to provide real-time VOC
characterization without manually or
robotically deploying sensors to the source.

COLLABORATION/TECHNOLOGY
‘TRANSFER

Physical Sciences, the private-sector partner, is the
primary avenue for technology transfer and com-
mercialization. Industries, EPA and DoD waste
sites may have use for the technology. Non-waste
interests (e.g., mining and chemical processing)
may also be consumers of this technique.

George Schneider

Principal Investigator

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, ID 83401
(208) 526-6789

Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: ID142003
BIBLIOGRAPHY OF KEY PUBLICATIONS

None at this time.

For further information, please contact:

Glen Moore

Principal Investigator
LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9587
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1.9

PLATFORMS FOR ELECTROMAGNETIC

AND MAGNETIC SENSORS

TASK DESCRIPTION

A variety of potential sensor mobilizing platforms
already exist (from push carts to helicopters). A list
of operational and sensor constraints is used to
establish platform evaluation criteria. Potential plat-
form candidates are then evaluated as to their im-
pact on sensor performance and site survey
requirements.

The primary objective is to identify, develop, and

evaluate various mobilizing platforms for electro-
magnetic and magnetic sensors at buried waste sites.

TECHNOLOGY NEEDS

The results of this study will provide DOE with a
basis upon which to evaluate platforms for buried
waste sites and a means of selecting electromagnetic
and magnetic platforms appropriate for a specific
site. This technology could be applied to the solu-
tion of characterizing buried waste at the INEL’s
RWMC and other DOE sites. Specifically, it could
contribute to identifying buried objects by shape,
orientation, and location.

ACCOMPLISHMENTS

These studies evaluated electromagnetic and mag-
netic sensor platforms. Preliminary sensor platform
evaluation criteria were established based on opera-
tional and sensor constraints. These technologies
were evaluated against these criteria. The com-
pleted final report, entitled Evaluation of Platforms
for Electromagnetic Geophysical Sensors in Site
Characterization, has been distributed as a USGS
open file report.
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BENEFITS

This study provided DOE with an evaluation of
electromagnetic and magnetic sensor platforms.
Evaluation criteria included cost of deployment,
ease of use, availability, and suitability to buried
waste problems. This study aided in determining
which type of platform best fits the characterization
system requirements of future buried waste projects.

COLLABORATION/TECHNOLOGY
TRANSFER

At the completion of this study, the final report was
distributed to DOE OTD so that it may be used to

evaluate proposals received for consideration for

funding in FY96.

The DoD could use this technology for unexploded
ordnance, hazardous chemical weapon retrieval,
site characterization, and D&D activities. The in-
teraction of the sensor with the platform has ro-
botic, ergonomic, and instrumentation ruggedness
implications.

For further information, please contact:

George Schneider
Principal Investigator

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, 1D 83401
(208) 526-6789

Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642



John Richardson

LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-7545

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: ID142017
BIBLIOGRAPHY OF KEY PUBLICATIONS

None at this time.
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1.10

RAPID TRANSURANIC

MONITORING LABORATORY

TASK
DESCRIPTION

Pass window

The Rapid Transuranic i
Monitoring Laboratory o
(RTML) is contained in
two trailers, which are 8' x
24' and 8’ x 48’ in size.
The smaller trailer houses
asample preparation labo-
ratory. The larger trailer
contains (a) one terminal
that controls and displays
spectral data from four al-
pha continuous air moni-
tors (CAMs), (b) two
Ordela large-area ioniza-

Rapid Transuranic Monitoring Laboratory

Sample prep hood
Drying ovens

Large area ion chamber

counting system (soils,

smears, filters alpha and

gamma analysis) U-L shell X-ray multiple
sample counting system
(solls, smears, filters

..., alpha and gamma analysis

AX computer
Alpha Cam
remote sensing heads

arxeso243

tion chamber alpha spec-
trometers, (c) one
thin-window gamma ray spectrometer and auto-
matic sample changer, (d) one VAX 4000 Model
100 computer, and (e) computer terminals and two
printers used to display and generate reports of
analysis results. See Figure 1.10a.

The unit can process over 100 samples per day of
soils, filters, and smears in a field setting. See Figure

1.10b. The lower levels of detection vary depending

Figure 1.10b. Interior of RTML - Loose
Surface Contamination Counting Areas.

Figure 1.10a. Rapid Transuranic Monitoring Laboratory (RTML).

on the analysis system. The large area alpha ioniza-
tion spectrometer can process 33 soil samples per
day at 20 pCi/g (alpha). The U-L-Shell x-ray system
can process 79 samples per day at 50 pCi/g (alpha)
and 1-5 pCi/g (gamma). Simultaneously, the alpha
CAMs can analyze air quality continuously at 1
DAC-hr.

The primary objective is to develop a field deployable

RTML that can continuously monitor airborne
transuranic (TRU) concentration and rapidly ana-
lyze soil, smear, and air filter samples for TRU
isotopes, and fission and activation products in a
cost-effective manner.

TECHNOLOGY NEEDS

The RTML is appropriate for any situation where
there is a major problem with contamination of
TRU that requires mitigation. The RTML can
quickly evaluate situations and allow rapid
remediation action to be taken that will prevent a
situation from growing further out of control.




ACCOMPLISHMENTS

The system was successfully demonstration tested at
the Cold Test Pit at INEL's RWMC during the

summer of 1993.

An upgradc to incorporate screening capability for
beta emitters and advanced screening technology
for alpha emitters was completed in FY94.

BENEFITS

The RTML provides rapid on-site sample analysis
at a lower cost per analysis than conventional meth-
ods. Samples can be processed in less than 1 hour for
about $30 per sample using a technician-driven
system. This compares to fixed laboratory results
with radiochemists analyzing several samples per
day at $200 to $300 per sample.

The unit can process over 100 samples per day of
soils, filters, and smears in a field setting, compared
to radiochemists at a fixed laboratory that can ana-
lyze only a few samples per day with conventional
radiochemistry techniques.

COLLABORATION/TECHNOLOGY
TRANSFER

The system consists of commercially available com-
ponents. A commercial partner could begin manu-
facturing the integrated system. Disclosure of this
research through professional journals and presen-
tations at technical conferences will enhance trans-
fer of this technology to private-sector contractors
that may be performing waste site remediations.
The INEL Environmental Restoration Program is
planning to use the system as a screening tool during
sitewide soil sampling in 1995.
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For further information, please contact:

Chuck Mclsaac
Principal Investigator
LITCO

P.O. Box 1625

Idaho Falls, ID 83401
(208) 526-0581

George Schneider

DOE-Idaho Principal Investigator
U.S. Department of Energy

850 Energy Drive

M.S. 1219

Idaho Falls, ID 83401

(208) 526-6789

Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: ID121210

BIBLIOGRAPHY OF KEY PUBLICATION

Mclsaac, C.V., Field Test of the Rapid Transuranic
Monitoring Laboratory, (EGG-WTD-11208),
1994.




1.11 REAL-TIME MONITORING OF
TRANSURANIC-CONTAMINATED DUST
TASK DESCRIPTION of TRU that requires mitigation. The RTDM can

A real-time dust monitor (RTDM) will detect TRU-

contaminated dust based on laser-induced break-
down spectroscopy (LIBS) technology. See Figure
1.11. The RTDM will be correlated with an alpha
continuous air monitor (CAM) system. An instru-
ment will ultimately be developed for deployment
to the field environment.

The primary objective is to develop and demon-
strate a real-time, in situ instrument based on opti-
cal techniques for monitoring transuranic (TRU)
contaminated dust. Incorporating alpha CAMs into

quickly evaluate situations and allow rapid
remediation action to be taken that will prevent a
situation from growing further out of control.

ACCOMPLISHMENTS

* Design of prototype imager; and

* Initiated construction of prototype imager.

BENEFITS
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The real-time monitoring
aspects of this system will
allow a potential contami-
nation problem to be rec-
ognized as it develops,
rather than waiting until
afteritoccurs. The RTDM
can be coupled with a
CAM, giving complemen-
tary information to CAM
measurements for accurate
alpha determination such

Alpha Cam
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as particle density. With

Figure 1.11. Real-Time Transuranic Contaminated Dust Monitor.

the system to provide an improved radioactive assay
capability for buried waste remediation sites is in-
cluded in the objective. However, the LIBS tech-
nology may allow stand-algne analysis for the
airborne TRU contaminants.

TECHNOLOGY NEEDS

The RTDM system is appropriate for any situation
where there is a major problem with contamination

the LIBS system, however,
many hazardous heavy
metals and TRU contami-
nants can also be detected.

Currently, analyses of potential airborne contami-
nation are typically performed by collecting par-
ticles over time in a filter and subsequently estimating
particle density off line. Depending on the level of
accuracy required, this process requires several min-
utes to halfan hour. If the particle density is subject
to rapid fluctuations, off-line monitoring may be
inadequate. The proposed system’s ability to per-
form real-time detection is a significant advantage.
There are presently no commercially available real-
time monitors for TRU dust.



Because this activity is 2 new research and develop-
ment effort for FY94 there are no existing technolo-
gies that the RTDM can compare to in the area of
cost savings.

Itis estimated that some remediation activities may
cost $1M/day to operate. Assuming a 10 hour shift,
these costs are on the order of $100,000/hour. If the
operation is shut down to evaluate the radiological
hazards or control contamination for 2 hours /day,
the associated costs ate $200,000. It is anticipated
that the RTDM could avoid much of this cost by

providing real-time analyses to the operators.

COLLABORATION/TECHNOLOGY
TRANSFER

The primary customers for this technology would
be commercial nuclear reactor operators during
decommissioning and decontamination phases of
operation. However, the technology may also be
applicable at any construction or decommissioning
site where contaminated dust poses a potential health
or environmental threat. Disclosure of this research
through professional journals and presentations at
technical conferences will enhance opportunities
for transfer of this technology to private-sector
industry for commercialization. In addition, an
opportunity presently exists for a government/in-
dustry partnership to promote the developmentand
marketability of this technology.

For further information, please contact:
Chuck Mclsaac

Principal Investigator
LITCO

P.O. Box 1625
Idaho Falls, ID 83415-3710
(208) 526-0581

George Schneider

Principal Investigator

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, ID 83401
(208) 526-6789

Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710

(208) 526-9642
Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: 1D142003
BIBLIOGRAPHY OF KEY PUBLICATIONS

None at this time.




1.12

EXCAVATED WASTE ASSAY

TASK DESCRIPTION l

EWA Multimeasurement System

The primary objective of this task is |
to develop a passive gamma-ray spec- :
troscopy System to assay CXCavated
and treated waste material for TRU x
content.

The system measurements are made
by four subsystems designed to opti-
mize quantification and throughput.
A real-time radiograph determines an
average attenuation coefficient. A
very high sensitivity, gross count
gamma scanner determines gamma
activity. A high-energy-resolution
gamma ray spectroscopy system iden-
tifies and quantifies TRU contamina-
tion. A passive neutron measurement system used
for spontaneous fission events is the fourth sub-
system.

Radlographyi |

TECHNOLOGY NEEDS

Retrieved waste will be assayed and packaged prior
to shipment to an interim storage or treatment
facility. Prior to treatment and at post-treatment
prior to disposal, another assay will be performed.
This system will be applied to quantify the presence
of TRU wastes and confirm that the clean stream
output of treated wastes meets radiological require-
ments for disposal.

This technology allows for the evaluation of the
waste stream from a digface. It will determine
whether storage or disposal is required. This tech-
nology will also help segregate TRU material so all
material removed from the digface does not require
storage or treatment. It can also be used on the
output of a treatment facility to determine the level
of activity of the material treated in the process.
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Figure 1.12. Isometric View of Passive Gamma-Ray Detectors
and Collimators with a Sample Box.

ACCOMPLISHMENTS

None at this time.

BENEFITS

The principal attributes offered by this technology
are improved accuracy, confidence in estimates, and
assay of entire pre-treated (sifted or ground) waste
streams. This technology also allows for the waste
being evaluated to be treated appropriately, not
spending more time or money on waste treatment
and handling than is necessary. If this assay is not
performed, all waste removed from a digface would
have to be considered waste that required treat-
ment.

A cost saving has not been calculated at this time.
Savings will be realized when the assay system can
reduce the volume of wastes classified as transu-
ranic, thereby reducing waste handling, treatment,
and disposal costs.




COLLABORATION/TECHNOLOGY
TRANSFER

This technology is planned for implementation by
INEL Environmental Restoration. Opportunities
exist for private-sector involvement in both devel-
opment and commercialization of this technology.
Other nuclear institutions that may aid in further
research or be interested in testing systems particu-
larly for their waste stream monitoring are nuclear
power plants, DOE sites, isotopic production labo-
ratories, and medical establishments. Disclosure of
this research through professional journals and pre-
sentations at technical conferences will enhance
opportunities for transfer of this technology to
private-sector industries.

For further information, please contact:

Tim Roney

Principal Investigator
LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9712

George Schneider
Principal Investigator

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, ID 83415-3710
(208) 526-6789

Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
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1.13

WASTE ASSAY MEASUREMENT

INTEGRATION SYSTEM

TASK DESCRIPTION

The Waste Assay Measurement Integration System
(WAMIS) will consist of software that performs
several functions from a single workstation, includ-
ing access to all relevant data on a drum, visualiza-
tion of the data, and several modes of simultaneous
processing to enhance drum characterization. Dis-
plays of results will be available to a variety of
possible end-users, including operators, physicists,
regulators, and receiving personnel at disposal sites.
Data-processing methods will include a combina-
tion of conventional approaches, expert systems,
and artificial intelligence processing.

As a test case in FY95, data from real drums at
RWMC will be used to demonstrate the capabilities
of the system. The measurement capability at
RWMC includes real-time radiography, gamma
spectroscopy, and an active and passive neutron
measurement. When WAMIS is demonstrated in

FY96, it will integrate data from three other NDE/

NDA systems: Digital Radiography and Computed
Tomography, Combined Thermal and Epithermal
Neutron, and Active and Passive Computer
Tomography.

The primary objectives are to develop and demon-
strate improved waste assay capability through the
integration of multiple information sources (e.g.,
multiple measurements and prior knowledge); in-
corporate intelligent processing methods with ex-
pert systems and conventional analysis techniques,
and to develop the methods to access and visualize
all relevant data supporting an individual container.
FY95 objectives are to demonstrate a prototype data
visualization workstation using real NDE/NDA data
from drums stored at the INEL RWMC and con-
firm the benefits of using neural networks for data
processing.
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TECHNOLOGY NEEDS

The WAMIS technology would directly apply to
the remediation of buried waste sites where the
waste is containerized. Retrieved waste would need
to be assayed and packaged for shipment to an
interim storage or treatment facility meeting ship-
ping limitations and various criteria. Prior to treat-
ment, another assay would likely be performed and
at post-treatment, an assay would also be performed.

ACCOMPLISHMENTS

This project is an outgrowth of an older project
known as the Radiological and Hazardous Material
Measurement System (RHMMS). In prior years,
several measurement systems were tested and deter-
mined to be critical to the multiple measurement
process. These methods included gamma ray spec-
troscopy and passive and active neutron. The project

was redirected in FY94 and renamed WAMIS in

FY95. The redirection was to develop the software
needed for integration and to develop the plan for
the FY96 demonstration that will bring DRCT,
CTEN, and A&PCT together. Both of these pro-
cesses were initiated in FY94. The initial software
demonstration will be done with existing data from
existing systems. A proof-of-principle experiment
using neural networks to process real neutron assay
darta was also successfully performed.

BENEFITS

The key attribute of WAMIS will be the ability to
optimize use of all available data on a subject con-
tainer. Data processing methods successful in other
applications will be transformed and improved for
the waste assay application. Cost savings also are
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important. DOE has estimated that if all of the
waste drums had to be opened for characterization
and certification, an immense cost would be in-
curred. With the number of drums being in the
millions, the savings may be billions of dollars. This
is in addition to the worker safety issue and any
associated dollars for preventing excess exposure.

COLLABORATION/TECHNOLOGY
TRANSFER

The completed system is planned for implementa-
tion by the INEL Waste Management Program.
Disclosure of this research through professional
journals and presentations at technical conferences
will ensure transfer of this technology to private-
sector contractors that may be performing waste site
remediations. Several expressions of interest from
industry with regard to CRADASs are being evalu-
ated.

For further information, please contact:

George Schneider
Program Manager

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, ID 83401

(208) 526-6789
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Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Timothy J. Roney
LITCO
P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9712

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: ID121212
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1.14

HIGH-SPEED DIGITAL RADIOGRAPHY

AND COMPUTED TOMOGRAPHY
OF WASTE DRUMS

TASK DESCRIPTION

A used, commercial digital radiography and com-
puted tomography (DRCT) scanner (circa 1987)
has been acquired through government excess. The
scanner uses X-rays to measure density and non-
destructively view the contents of waste drums. A
higher throughput can be achieved by further en-
hancing the detection system to an area-type detec-
tor versus a linear array. A high-energy X-ray source
will be installed for interrogation of high-density
drums.

The primary objective is to:

Demonstrate the capabilities and applications of a
commercial scanner for high-throughput DRCT of
waste packages, with emphasis on 55-gallon waste
disposal drums. The FY95 objective is to character-
ize the scanner’s linear and area detection arrays for
drum inspection, develop a high-energy source for
use on high-density drums, and demonstrate the
system on a small number of low-level waste drums.

Area Detector
Drum on turnstile

X-ray source

Linear Detector Arr;a

TECHNOLOGY NEEDS

DRCT applies directly to the remediation of buried
waste sites when the option of retrieve and treat is
implemented. Assayand characterization are needed
at pre-treatment, post-treatment, and disposal.
Retrieved, intact containers and conrainers filled
with retrieved wastes must be characterized prior to
any further treatment and shipment to either an
interim storage or treatment facility.

ACCOMPLISHMENTS

The X-ray scanner refurbishment has been com-
pleted and the scanner has been installed at Idaho
State University. The new area detector is com-
pleted and is undergoing testing. The upgraded
DRCT’s performance, particularly the high through-
put for the DRCT system, is being demonstrated at
INEL.

Radiography
Display

Tomography
Display

\

GFX.95-0281

Figure 1.14. Schematic of High-Speed Digital Radiograph and Computed Tomography Scanner.
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BENEFITS

DRCT offers a unique capability to spatially charac-
terize containers of waste as part of the assay process
and provides quantitative information where only
qualitative information has been previously avail-
able. DRCT can evaluate waste drums to allow for
certification to meet DOT shipping limitations and
various receiving facilities’ Waste Acceptance Crite-
ria. The technology supports visual drum inspec-
tion like the present real-time radiography in use at
certification facilities but with greater accuracy and
speed.

DOE has estimated that if all of the waste drums
were required to be opened, the cost would be in the
billions of dollars, with the number of drums being
in the millions. When DRCT is combined with
other nondestructive systems, cost savings in the
millions of dollars is estimated, in addition to the
worker safety issue and any associated dollars for

preventing excess exposure.

COLLABORATION/TECHNOLOGY
TRANSFER

Technology development and demonstration ac-
tivities are being conducted with both government
(INEL) and private sector (Scientific Measurement
Systems, Inc.) involvement. Industry involvement
in the development and demonstration phases will
enhance commercial applicability of this scanner.
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For further information, please contact:

Tim Roney

Principal Investigator
LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9712

George Schneider

Principal Investigator

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, ID 83401
(208) 526-6789

Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: ID142016
BIBLIOGRAPHY OF KEY PUBLICATIONS

None at this time.




1.15 COMBINED THERMAL AND
EPITHERMAL NEUTRON ASSAY
TASK DESCRIPTION errors of several hundred percent. A fully opera-

The widely used differential-dieaway technique
(DDT) uses thermal neutrons to interrogate for
fissile isotopes in waste drums. The resulting fast
fission neutrons are detected in cadmium-shielded
helium detectors that are insensitive to the interro-
gating thermal flux. See Figure 1.15.

Waste Drum

Shielding

Figure 1.15. Schematic of 2 Combined Thermal/
Epithermal Neutron Instrument.

The combined thermal/epithermal neutron (CTEN)
method is similar to the DDT method, but interro-
gates the sample with thermal and epithermal neu-
trons. This integration is achieved partly by the
addition of 4He detectors, which have a faster
response than 3H and can detect fast fission neu-
trons in the presence of the epithermal interrogat-
ing flux, and by a redesign of the moderating cavity
so that thermalization occurs more slowly. Because
epithermal neutrons are more penetrating in fissile
material than thermal neutrons, the differential
response can be analyzed to detect the occurrence of
self-shielding by fissile material and measure the
size of the effect. Self-shielding occurs when lumps
of fissile material are present, and can result in assay
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tional CTEN device would be expected to perform
all the functions of existing DDT/passive-active
neutron devices with the added capability of iden-
tifying and assaying lumps of material.

The primary objective is to develop a system to assay
transuranic (TRU)/fissile contents of waste drums
using both epithermal and thermal neutron interro-
gation to reduce inaccuracies caused by self-shield-

ing.

TECHNOLOGY NEEDS

This technology will support the assay requirements
of the retrieve and treat remediation option for
buried waste. Specifically, it would apply to assay of
the packages of retrieved waste prior to interim
storage or treatment and posttreatment assay of the
final packaged waste.

The technology of CTEN focuses on using thermal
and epithermal neutrons to evaluate the contents of
waste drums. It would directly evaluate waste drums
to allow for certification to meet DOT shipping
limitations and various receiving facilities Waste
Acceptance Criteria,

ACCOMPLISHMENTS
In FY94, the CTEN Instrument was physically

completed. FY95 activities will focus on completing
algorithm development, data analysis, and system
evaluation. The basic fabrication of the CTEN
instrument is complete. The Monte Carlo studies,
design drawings, and first version of the system
software are complete. Current work focuses on
completing algorithm development, data analysis,
and system evaluation to begin system characteriza-
tion and calibration.




BENEFITS

The technology minimizes the effects of self-shield-
ing by lumps of fissile material to provide more
accurate and repeatable assay of waste drums. This
system will incorporate techniques to determine if
the waste matrix and fissile material are uniformly
distributed.

The CTEN will match the capabilities of present
commercial neutron assay systems. Additionally, it
will be able to evaluate for larger pieces of transu-
ranic material. Transuranics absorb their own ra-
diation, so this absorption causes an error when
evaluating waste drums that contain large quantities
of Pu, etc. CTEN will allow for the assay to be much

closer to the actual amount residing in the drum.

DOE has calculated that if all of the waste drums
were required to be opened, there would be asignifi-
cant cost. With the number of drums being in the
millions, the cost saved is perhaps in the billions of
dollars. This is in addition to the worker safety issue
and any associated dollars for preventing excess
exposure.

COLLABORATION/TECHNOLOGY
TRANSFER

Primary applications are in the waste field. Use by
fuel fabricators, international safeguard agencies,
and DoD special nuclear material monitoring or
organizations, may result in additional partners and
provide incentive for joint testing, deployment.
The research will be disclosed through professional
journals and presentations at technical conferences
to assist transfer of this technology to both private-

sector contractors and other government agencies.
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For further information, please contact:

Ken Coop

Principal Investigator

Los Alamos National Laboratory
P.O. Box 1663

Los Alamos, NM 87545

(505) 667-5372

George Schneider
Principal Investigator

U.S. Department of Energy
Idaho Operations Office

850 Energy Drive
- Idaho Falls, ID 83401
(208) 526-6789

Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: AL132012

BIBLIOGRAPHY OF KEY PUBLICATIONS

None at this time.




1.16

ACTIVE AND PASSIVE COMPUTED

TOMOGRAPHY OF TRANSURANIC WASTE

|

TASK
DESCRIPTION

l
Active and passive com- l
puted tomography (A&P
CT) usesa high purity ger-
manium (HPGe) detector
for non-destructive assay
(NDA) of gamma-emit-
ting nuclides in sludge,
combustibles, and metal
matrices within a 55-gal
drum. See Figure 1.16.
Assay is necessary for de-
termining radiological
content for below regula-
tory concern (BRC) LLW,
and TRU waste disposi-
tion of stored wastes; pre-
assay and post-assay of
retrieved treated waste and
residues; meeting shipping
requirements; and meeting RCRA low-level mixed
waste (LLMW) disposal regulations.

Collinated X-Ray
Source

|
|
|
|

The measurement of fissile U-235 and Pu-239 is the
most important feature of the system. The system
must optimize four other critical features: spatial
resolution, energy resolution, contrast sensitivity,
and total data acquisition time. These parameters
are governed by optimum transmission source
strengths as a function of density, proper transmis-
sion source, proper detector collimation sizes and
lengths, and proper balancing of waste assay speed,
accuracy, and cost.

The primary objective is to evaluate an A&P CT
system on LLW and TRU waste contained in 55-gal
drums.
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Figure 1.16. Coupling Multi-Energy A&P CT Data Yields More Accurate
Waste Data Characterization (356-keV and 150-sec-ray-sum data).

TECHNOLOGY NEEDS

This technology will support the assay requirements
of retrieved packaged waste prior to interim storage
or treatment and post-treatment assay of the final
packaged waste. Assay for pre-treatment and post-
treatment scenarios is possible.

ACCOMPLISHMENTS

The A&P CT scanner has been developed to the
state of system checkout and performance optimiza-
tion. This work has been accelerated due to the
interface with the DOE sponsored Waste Inspec-
tion Tomograph (WIT) system.




BENEFITS
A 1-HPGe-detector AP CT drum scanner will:

¢ Differentiate TRU from LLW, decreasing
substantially shipments to the Waste Isola-
tion Pilot Plant.

Differentiate LLW from BRC, substantially
decreasing substantially shipments to the few
LLW repositories that exist.

Enable DOE to meet potential stringent trans-
portation regulations for LLW and LLMW.

Give 10 to 100 times lower Method Detec-
tion Limit for NDA drum waste assay than
currently available segmented gamma spec-
trometry (10 mg MDL for Pu-239 compared
to 1000 mg).

Decrease assay time with the higher detec-
tion limits with multiple detector from 50
minutes to 30 minutes per drum.

DOE has calculated that if all of the waste drums
were required to be opened, there would be a signifi-
cant cost. With the number of drums being in the
millions, the cost saved is perhaps in the billions of
dollars. This is in addition to the worker safety issue
and any associated dollars for preventing excess
exposure.

COLLABORATION/TECHNOLOGY
TRANSFER

Technology transfer is under way with the private
partner, Bio-Imaging Research, through develop-
ment of WIT and the training, use, and data inter-
pretation at DOE Sites. The University of California
San Francisco Medical School has medical expertise
that is helping with this development while seeking

advanced applications to medical diagnostics. Dem-
onstration at numerous DOE sites will interest a
variety of private environmental and waste assaying
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firms. Applications in the power industry and
throughout the fuel cycle, particularly in fuel fabri-
cation, are. numerous. Safeguards monitoring and
international use are also possibilities.

For further information, please contact:

Harry Martz

Principal Investigator

Lawrence Livermore National Laboratory
7000 East Avenue

P.O. Box 808

Livermore, CA 94550

(510) 423-4269

George Schneider

Principal Investigator

U.S. Department of Energy

Idaho Operations Office

850 Energy Drive
Idaho Falls, ID 83401
(208) 526-6789

Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: SF221209

BIBLIOGRAPHY OF KEY PUBLICATIONS

None at this time.




1.17

ELECTROTHERMAL HOLLOW CATHODE

DISCHARGE SPECTROMETRY

TASK DESCRIPTION

Highly selective determinations of actinides and
RCRA metals can be made by combining the diode
laser-based absorption, fluorescence, and
optogalvanic methods used at Ames Laboratory
with Furnace Atomization Non-thermal Excitation
Spectrometric (FANES) systems. FANES is a versa-
tile technique for elemental analysis and, when
combined with diode laser-based optical spectro-

metric techniques, can be used for isotopic analysis
of actinides.

The primary objective is to develop and test a
prototype of an electrothermal hollow cathode dis-
charge spectrometry system. See Figure 1.17.

TECHNOLOGY NEEDS

This technology will complement the radiation
measurement techniques used by the Rapid Transu-
ranic Monitoring Laboratory to provide an on-site
capability for quickly assessing radioactive or haz-

Sampling Devices
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|
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Figure 1.17. Instrumental Block Diagram of the Electrothermal Hollow

Cathode Discharge Spectrometery System.
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ardous contamination problems associated with
buried waste remediation.

ACCOMPLISHMENTS

The system has been tested in laboratory setting.

BENEFITS

This technology can provide highly sensitive quali-
tative measurements of samples of hazardous con-
tamination. It can be mobilized in an on-site
laboratory to provide rapid response times. The
instrumentation being developed is sufficiently com-
pact to be housed in a site-based laboratory. The
technique requires minimal sample sizes and half
hour analysis. Minimum detectable quantities are
in the picogram range.

Fixed laboratory analysis can cost up to $300 per
sample and take up to one week. The goal of this
technology is to produce sample analysis for $30 per
sample and analyze 100
samples per day at or near
the fixed laboratory qual-

ity.

COLLABORATION/

TECHNOLOGY
TRANSFER

Disclosure of this research
through professional jour-
nals and presentations at
technical conferences will
ensure transfer of this tech-
nology to private-sector
contractors that may be
performing waste site
remediations. This system

solid state
detector



could be used during retrieval actions to verify the Kevin Kostelnik
presence of hazardous materials and actinides in Coordinator, LITCO
soils prior to return of the treated soils. P.O. Box 1625

For further information, please contact:

Stephen Weeks

Principal Investigator
Ames Laboratory
Iowa State University
125 S. 3rd Street
Ames, 1A 50010

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

(515) 294-7953

George Schneider
Principal Investigator

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, ID 83415-3710
(208) 526-6789

TTP Number: CH121201
BIBLIOGRAPHY OF KEY PUBLICATIONS

None at this time.
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1.18 LANDFILL ASSESSMENT AND
MONITORING SYSTEM
TASK DESCRIPTION these technologies are used in sequential fashion

The Landfill Assessment and Monitoring System
(LAMS) is a method to characterize metal and
mixed waste contaminants, sources, and their mi-
gration beneath landfills. The emphasis of the sys-
tem is on minimally intrusive technologies and
downhole sensors when possible. The system fo-

cuses on using the best of available and emerging
technologies with minimal development work.

The LAMS is envisioned to be a start-to-finish
system for landfill assessment, using compatible,
complementary, and integrated technologies. The
result is a savings in cost and time. The LAMS
consists of five separate subsystems: screening and
sampling optimization techniques, innovative drill-
ing technologies, on-site analysis and in-situ sen-
sors, subsurface monitoring technologies, and data
evaluation and risk analysis techniques. In some
instances, technologies may be combined to pro-
duce hybrid systems, such as directional boring and
downhole sensing. The LAMS approach employs
minimally or nonintrusive assessment, safer
directionally drilled access, measurement while drill-
ing, sample optimization strategy, membrane lin-
ers, insitu sensors, and an on-site laboratory. As
long-term monitoring needs become more impor-
tant, the monitoring aspects of the LAMS are be-
coming increasingly emphasized.

Primary goals of the LAMS are rapid transfer and
commercialization of these technologies through-
out the DOE Complex and to the private sector.

TECHNOLOGY NEEDS

The system being developed includes all of the
technologies for characterizing, monitoring, and
remediating metal and mixed-waste contamination
beneath landfill sites. More than one technology is
usually required for adequate assessment and moni-
toring of hazardous and mixed waste sites. Often,
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with little thought given to the synergy and savings
in cost and time that can be gained by using an
integrated system with compatible and complimen-
tary technologies. Several components are necessary
to implement a systems approach to site assessment
and monitoring. These include using technologies
that are appropriate and suited for the site-specific
conditions and needs of the project, ensuring that
the technologies are compatible and complemen-
tary so that they support each other, and selecting
and integrating the optimum suite of technologies
to adequately perform a job. The goal of the LAMS
is to ensure that the technologies developed are
adequate and appropriate for their intended use and
thata systems approach is used whenever possible to
maximize data gathered and minimize costs, worker
exposure, and time expended for assessment and
monitoring.

ACCOMPLISHMENTS

In FY94, the LAMS provided and participated in a
wide variety of support and technical activities:

* The LAMS is providing assessment and moni-
toring oversite. The emphasis of the LAMS
shifted toward the monitoring arena. In ad-
dition, remediation and barrier monitoring
demonstrations were begun. Practical guid-
ance and support were provided to eleven
assessment and monitoring principal investi-
gators within the LSFA, including field and
laboratory demonstrations of the technolo-
gies. A 100-foot-deep vertical boring at the
60s Pits was drilled to provide a demonstra-
tion site for several of the Pls. Inaddition, the
samples from the drilling also provided site
assessment and remediation assessment in-
formation to the environmental restoration
task leaders.



* Two milestone reports were completed and
the FY94 Test Plan was written. The test plan
directly supported four on-going field dem-
onstrations of innovative technologies, cre-
ated two new innovative opportunities for
LAMS demonstrations, provided new site as-
sessment data to two environmental restora-
tion projects, provided research opportunities
to over 20 university students, and will sup-
port a FY95/96 remediation demonstration
for chromium reduction.

The LAMS project began a monitoring initia-
tive at a new environmental restoration site
through the calibration and verification of

the targets project at Sandia’s Tech Area-2.
This activity involved the target validation
and calibration of various geophysical data at
Tech Area 2. Several of the targets are to be
excavated during the fall of 1994 to validate
and calibrate the target identification algo-
rithms developed during this work.

* An innovative monitoring project was initi-
ated to assess the effects of a remediation
process. Thisactivity involves the use of tracer

gases to assess remediation demonstration(s)
at the Chemical Waste Landfill and began in
the fall of 1994.

LAMS also initiated interactions with EPA
Technology Innovation Office personnel at
two regional headquarters to increase the

awareness and acceptability of emerging
LAMS technologies.

The first OTD Commercialization Work-
shop was attended, and a technology transfer
plan for the LAMS was created and written.

COLLABORATION

Since PI oversight and direction are important ele-
ments of the LAMS, the project essentially includes
all of the individual LSFA assessment and monitor-
ing PIs and their partners. These include SNL,
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ANL, PNL, INEL, GeoCenters, Inc., Charles Ma-
chine Works, Inc., ConSolve, Inc., Scitek Corp.,
Radiometer America Corp., Science & Engineering
Associates, Inc., Hydrogeochem, Inc., and New
Mexico State University.

The LAMS has produced numerous successful tech-
nology transfers through partnerships, commercial-
izations, demonstrations, implementation at
environmental restoration sites, and reports and
presentations. Technology transfer plans for the
upcoming year include participation i a market
analysis, a verification and monitoring options study,
continued interactions with environmental restora-
tion personnel and regulators, presentations, par-

ticipation in a workshop or shortcourse, and site
tours.

For further information, please contact:

J. David Betsill

Principal Investigator

U.S. Department of Energy

Sandia National Laboratories, Albuquerque
P.O. Box 5800

Albuquerque, NM 87185-5800

(505) 844-9578

George Allen

Technical Program Manager

U.S. Department of Energy

Sandia National Laboratories, Albuquerque
P.O. Box 5800

Albuquerque, NM 87185-5800

(505) 844-9769

Skip Chamberlain

Program Manager

U.S. Department of Energy
Clovetleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7248




TTP Numbers: AL221107, AL221115,
AL221123, A1221116, AL231003, AL241004,
AL241007, CH221102, ID141002, RL321113,
RL321112
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1.19

OPTIMIZATION OF SAMPLING STRATEGIES

TASK DESCRIPTION

The primary objective of this project is to provide
an approach for guiding sample placement for con-
taminant delineation. This approach must be ca-
pable of assisting in siting vertical soil bores and
directionally drilled bores, as well as sampling loca-
tions along such bores. It should include an easy-to-
use data management system that allows integration
of the existing data and should visually display
useful graphics on computer screens. Such graphics
could include maps of contaminant extent, subsur-
face cross-sections that show contamination loca-
tion relative to important geological features, bore
logs, etc. It must be able to measure the volume of
contaminated soil and water and be able to estimate
errors associated with these measurements. The
measures can determine when enough samples have
been taken to accurately delineate contamination.

This project adopts a dual approach to the sampling
strategy design problem. Fitrst, it uses a state-of-the-
artobject-oriented database system that was specifi-
cally designed for site assessment work to integrate,
manage, and display site characterization data as it
is being generated. This package (Site Planner) was
developed by ConSolve, Inc. Site Planner provides
technical staff with an understanding of their site
data as quickly as possible. Coupled with Site Plan-
ner is PLUME, an interactive software package
developed at ANL. PLUME merges historical site
data with field sample results to form images of
contamination location. It also provides quantita-
tive measures of the potential benefits to be gained
from additional sampling and indicates the best
location sampling sites. PLUME uses advanced sta-
tistical procedures to complete these tasks.

TECHNOLOGY NEEDS

DOE facilities can contain hundreds, or even thou-
sands of individual locations with soils, water, or
structures contaminated through usage or disposal
activities. Characterization of each of these poten-
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tially threatening locations using traditional ap-
proaches of pre-planned sampling programs and
off-site sample analyses is prohibitively expensive
and time consuming. There is an immediate need to
apply emerging field screening technologies and
smart sampling strategies in sampling programs
adaptive to site characterization demands. This
project targets the development and demonstration
of smart sampling strategies for site characteriza-
tion, in particular contaminant definition and de-
lineation.

ACCOMPLISHMENTS

* Enhancement of Site Planner to meet the
demands of adaptive sampling programs.

* Demonstration of Site Planner and PLUME
for delineating subsurface chromium art the
unlined chromic acid pit, and the 60s pit area
of the Chemical Waste Landfill, SNL. Con-
clusion: significant cost savings could have
been realized if these technologies had been
used originally for characterizing the site.

Demonstration of Site Planner and PLUME
integrated with human health risk analysis at
RB-11, a mixed-waste site belonging to
Kirtland Air Force Base (KAFB).

Demonstration of Site Planner, PLUME, hu-
man health risk analysis, and fate and trans-
port modeling as interim action screening
tools at the Mixed Waste Landfill, SNL. Con-
clusion: smart sampling design coupled with
human health risk analyses can be used to
effectively screen for interim remedial action
needs at mixed waste facilities.

Commercialization of enhanced Site Planner
version, through Consolve, Inc.

CRADA started and completed which com-
mercialized PLUME.




BENEFITS

This approach has several advantages over tradi-
tional methodologies. In terms of data management
and display, Site Planner provides specialized graph-
ics that are dynamically tied to underlying data. As
new data are generated and included in the data-
base, graphics change to reflect the new informa-
tion. In contrast, traditional geographicinformation
systems (GIS) systems are limited in the types of
graphics they can produce. Traditional GIS and
Relational Database Management Systems
(RDBMS) also require specialized computer ex-
perts to be effective and are usually not available to
technical staff actually involved with site character-
ization work. However, Site Planner was designed
as a mouse- and menu-driven system that is rela-
tively easy to learn and apply.

In terms of data analysis, PLUME readily uses
historical data along with field information to guide
sampling strategy selection. This is particularly
important for sites in the initial phase of character-
ization, when the amount of historical information
available typically overwhelms any existing field
sampling results. This capability makes it uniquely
different from pastsampling strategy selection meth-

odologies. PLUME was designed to address the
total sampling strategy problem, including mea-
sures of contaminant extent, measures of benefits to
be expected from additional sampling, and recom-
mendations about additional sampling locations.
Most past approaches only addressed one or two of
these issues. PLUME has been designed to work
simultaneously with Site Planner usinga mouse and
menu interface. This also makes it readily accessible
to site characterization technical staff.

The end results are sampling programs designed to
save money and time when delineating contamina-
tion events. In a retrospective study of subsurface
chromium contamination at the Chemical Waste
Landfill at SNL, it was estimated that the use of
these technologies for determining the extent of
chromium contamination would have resulted in
characterization costs that were less than half of
what was actually spent, and would have provided
significantly better contamination location resolu-
tion. In a side-by-side comparison of these tech-
nologies with traditional techniques at KAFB, these
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technologies resulted in a sampling program that
reduced drilling costs by 25 percent and sample
collection and analysis costs by more than 50 Per-
cent.

COLLABORATION/TECHNOLOGY
TRANSFER

Consolve, Inc., a U.S. small business, was the indus-
trial partner in this project. The company’s involve-
ment was self-funded. Consolve, Inc. has
commercialized both software packages. Site Plan-
ner has been commercially available since January
1992. PLUME has been commercially available
since June 1994. Consolve, Inc. owns the copyright
and trademark for Site Planner. The University of
Chicago holds the copyright for PLUME.

DOE users of the Site Planner and PLUME include
ANL, SNL, and Weldon Springs. DOE users of Site
Planner include LANL and PNL. Other federal
users of Site Planner and PLUME include the EPA,
Los Angeles Air Force Base, Joliet Army Ammuni-
tion Plant, and Aberdeen Proving Grounds. Private
sector users of both software packages include ARA,
Inc., Woodward Clyde Consultants, Battelle, and
SiteWorks, Inc. In addition to use in the United
States, international inquiries about these two tech-
nologies have been received from companies and
organizations in South Korea, Japan, Great Britain,
and Argentina.

For further information, please contact:

Robert Johnson

Principal Investigator

Argonne National Laboratory (East)
9700 South Cass Ave.

Argonne, IL 60439

(708) 252-7004

Jim Helt

Technical Program Manager
Argonne National Laboratory (East)
9700 South Cass Ave.

Argonne, IL 60439

(708) 252-7335



Skip Chamberlain

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7248

TTP Number: CH221102
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for Expedited Site Characterization,” Proceedings
Environmental Remediation ‘93 Conference —
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Memorandum ANL-EAD-2, January 1993.




1.20

STRIPPING ANALYSIS

TASK DESCRIPTION

The objective of this task is to develop and test the
effectiveness of using stripping analysis (SA) to
determine the concentrations of leachable chro-
mium, uranium, lead, cadmium, copper, and zinc
on soils/sediments. The task will also identify un-
derground source terms and plumes underlying

SNL Chemical Waste and Mixed Waste Landfills.

Sediment samples are dried and digested in a micro-
wave digestion system. Nitric acid solution is used
as the leaching agent in the digestion process.
Leachate (or digestate solutions) are diluted to 100
ml with distilled or deionized water. It is analyzed
by adsorptive stripping voltammetry for chromium
and uranium, and/or potentiometric or anodicstrip-
ping analysis for lead, cadmium, copper, and/or
zinc. Results are reported as ppm of dry weight for
the metals of interest.

TECHNOLOGY NEEDS

Stripping analysis is well suited for field screening.
The system is compact, requiring minimal electric-
ity (10 amp. at 120 volts-AC), and producing high-
quality data in a short period of time. In fact, for
trace metals, SA is an even more sensitive technique

GFX.95-0215

Figure 1.20. Stripping analysis.
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than lab analysis. Significant cost savings are antici-
pated using SA to support characterization and
remediation activities. The cost savings arise from
the ability to screen sediment samples concurrent
with sampling activities. In addition, field screening
efforts during removal actions can help delineate
when a cleanup level has been achieved for a con-
taminant of concern.

ACCOMPLISHMENTS

e Developed and field tested the effectiveness
of using SA to determine the concentrations
of leachable chromium, uranium, lead, cad-
mium, copper, and zinc in soils/sediments

underlying SNL's Chemical Waste Landfill.

¢ Developed commercial partnership with Ra-
diometer America, Inc., to expedite transfer
of methods developed under this task to the

industrial and private sectors.

* Transferred this technology to field screen-
ing activities on the Hanford Site.

* Transferred this technology to field screen-
ing activities for lead in groundwater at
Eielson Air Force Base in Fairbanks, AK.

BENEFITS

During site characterization activities at hazardous
waste sites, the capability to determine the extent of
contamination within hours from sample collection
can decrease characterization and analytical costs.
For example, drilling costs can be reduced by having
near real-time knowledge when levels of contami-
nants of concern decrease to background levels to
optimize depths of borehole. Laboratory analyrical
costs can also be decreased since 20 percent or less
of samples need to be sent for confirmatory analysis
using EPA approved methods. In addition, during



the remediation phase of a site investigation, field
analytical capabilities can be utilized to delineate
the areal extent of contaminated material requiring
removal without requiring off-site analytical ser-
vices. Rapid on-site analysis can significantly de-
crease stand-by time for cleanup personnel waiting
for off-site laboratory results, thus increasing the
cost effectiveness of site cleanup.

COLLABORATION/TECHNOLOGY
TRANSFER

Activities under this task supported a collaborative
effort with New Mexico State University for the
development and testing of several SA systems dur-
ing field characterization activities at SNL.

Radiometer was identified as an industrial partner
and procedures developed under this task were
transferred to the company for evaluation in their
development laboratory.

For further information, please contact:

Khris Olsen

Principal Investigator

Pacific Northwest Laboratories
P.O. Box 999

Richland, WA 99352

(509) 376-4114

Steven Slate

Technical Program Manager
Pacific Northwest Laboratories
P.O. Box 999

Richland, WA 99352

(509) 375-3903

Skip Chambetlain

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7248

Industry Contact:

Professer Joseph Wang

Department of Chemistry

New Mexico State University
(505) 646-2140

TTP Number: RL431001
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1.21 CROSS BOREHOLE ELECTROMAGNETIC IMAGING

TASK DESCRIPTION

Electrical properties such as resistivity, determined
by electromagnetic methods, are unique among
geophysical measurements, since the electrical prop-
erty is directly related to chemical composition of
the fluid passing through the geologic medium.

Fiber-optic cables lower the tool, which is 2" in
diameter and 6-12’ in length, into boreholes to
determine properties such as permeability, satura-
tion, and water chemistry. Based on the attenuation
and phase shift of radio frequency signals propa-
gated between boreholes, mapping of electrical con-
ductivity or permittivity between boreholes can be
accomplished. See Figure 1.21.

TECHNOLOGY NEEDS

In landfills containing metallic waste forms, the
contrasts in electrical properties enhance the effec-
tiveness of several electrical and electromagnetic
methods. For the problem of source and plume
detection at these landfill sites, the continuous wave
and pulsed radar systems image the subsurface for
targets that may be uniquely suited for the method.

L Trawith Compitersand- .
S0, e lonlioring Equipment

Figure 1.21. Cross Borehole Electromagnetic
Imaging.
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ACCOMPLISHMENTS

Rocky Flats has requested that RIMtech, Inc.
design a trial radio imaging survey of selected
sites.

Presented and published a paper on radio
imaging of the unlined chromic acid pits at
the April 1993 Symposium on the Applica-
tion of Geophysics to Engineering and Envi-
ronmental Problems in San Diego, CA.

Presented a paper on electromagnetic imag-
ing of mixed waste landfills to Environmen-
tal Geology Section, Geological Society of
America Annual Meeting, Boston, MA, Oc-
tober 1993.

Completed three-dimensional surveys of the
GOs pits at the SNL Chemical Waste Landfill.
This survey utilized the two slant drill holes
with the transmitter in the borehole and the
receiver roving on the surface. These surveys
delineated the covered trenches and possible
plumes associated with them.

Completed borehole-to-borehole images us-
ing the three Unlined Chromic Acid Pit
(UNCAP) boreholes. These images delin-
eated the major soil units that influence con-
taminant transport under the pit. The images
also detected high-concentration portions of
the plume beneath the pit. This survey was
reproduced in 1993 with data agreement
within 5 percent.

Completed borehole-to-borehole images uti-
lizing the pulsed radar system for treaty veri-
fication work. This survey was completed in
October 1993 and correlated to the radio
frequency-based images from the same bore-

holes.

Geophysics Department—6116 and
RIMtech completed a borehole-to-surface
tomographic survey of the Kirtland Air Force
Base radioactive burial site, RB-11.



* RIMitech, in addition to Raytheon Nevada
Services, has been selected by EG&G Idaho
at INEL to monitor infiltration through frac-
tured basalt using the crosshole radio imag-
ing method demonstrated in this project.

* DOE's Chicago Operations Office asked the
electromagnetic imaging program to partici-
pate in a feasibility study on the uses of
geophysics to characterize a Superfund Site
at Brookhaven National Laboratories.

* A commercialization plan was developed and
the technology was commercialized.

BENEFITS

There is a market for electromagnetic imaging any-
where high-resolution subsurface information is
needed. Other important environmental applica-
tions are in remediation process monitoring and
post-closure monitoring of landfills. The electro-
magneric methods, in addition to qualitative map-
pingofunitsand processes, can provide information
on porosity, saturation, permeability, and changes
in fluid chemistry.

Outside the environmental market, there is a mar-
ket for high resolution subsurface information in
the mining, oil, and construction/engineering in-
dustries.

COLLABORATION/TECHNOLOGY
TRANSFER

Stolar Inc.

Raton, NM 87740

For further information, please contact:
David Borns

Principal Investigator

U.S. Department of Energy
Sandia National Laboratories
P.O. Box 5800

Albuquerque, NM 87185-5800
(505) 844-7333

George Allen

Technical Program Manager
U.S. Department of Energy
Sandia National Laboratories
P.O. Box 5800

Albuquerque, NM 87158-5800
(505) 845-7015

Skip Chamberlain
Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road

Germantown, MD 20874-1290
(301) 903-7248

TTP Number: AL221123
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1.22

MAGNETOMETER TOWED ARRAY

TASK DESCRIPTION

The magnetometer towed array, also called Surface
Towed Ordnance Locator System (STOLS™)was
built by the U.S. Navy as a proof-of-principal, non-
intrusive characterization system to locate and iden-
tify buried ordnance. SNL, in conjunction with the
U.S. Naval Research Laboratory and GEO-CEN-
TERS, has adapted the system for use in landfill

characterization.

Current technology is based on walkover magne-
tometer surveys that provide low-resolution data at
the rate of an acre or two per day. STOLS™ has been
commercialized by GEO-CENTERS, Inc. This ve-
hicle-based system deploys a non-intrusive sensor
platform containing seven total-field magnetom-
eters with precise satellite positioning for locating
the magnetic data. The acquired data sets are pro-
cessed to produce high-resolution magnetic maps of
the surveyed area (on the order of 0.5-meter resolu-
tion).

The vehicle that tows the sensor platform is rugged
for handling the terrain variations in diverse field
conditions. It enables the system to rapidly cover
the survey area at a rate of at least 15 acres per day.
The vehicle has been designed to exhibit a low
magnetic signature in order to minimize interfer-
ence with the magnetometers. In addition, the sen-
sor platform, itself composed of low-magnetic
materials, has been designed to keep the sensors at
a sufficient distance from any spurious magnetic
sources. An on-board computer accepts directional
information from an electronic compass, and posi-
tion coordinate information is now updated once
per second by the dynamic global positioning sys-
tem. The on-board computer also provides real-
time information to the driver.

The sensor platform contains the array of 7 cesium-
vapor magnetometers spaced at 0.5 meter intervals
perpendicular to the direction of travel. Each of
these magnetometers measures the total field strength
at a rate of 20 points per second. This rate yields a

total data-point density of 100,000 data points per
acre.

The field strength at any point is determined by the
sum of the Earth’s field plus any local variations
caused by the presence of ferrous materials. Data
from a nearby reference station is used to remove the
effects of the Earth’s field from the sensor platform
data. This step leaves behind only the variations due
to local ferrous objects.

Precise positioning data is acquired simultaneously
with the magnetic data. Based on a global position-
ing system, the location of the sensors is calculated
at every instant to provide positions for every mag-
netic data point. After interpolating the positioned
magnetic data to a regularly-spaced grid, magnetic
maps of the survey area are readily produced and are
repeatable from survey to survey. On these maps,
the magnetic variations due to local ferrous objects
are readily located through the use of appropriate
color scales. In addition, areas that the system has
yet to survey are clearly seen, and can be subse-
quently located and surveyed. Local landmarks and
locations significant to a given survey can also be
indicated.

Figure 1.22. Magnetometer Towed Array.



Displayed on a video monitor, the magnetic map of

a surveyed area provides the user interface to the
semi-automated target analysis for small isolated
targets. Using a mouse, the user selects an anomaly
due to a given ferrous target. The target analysis
then performsan iterative least-squares model match
to determine the best fit of magnetic moment and
depth to the selected anomaly for small isolated
targets. Detection ranges include small pieces of
ordnance (containing a few poundsofiron) down to
a maximum depth of 6.5 meters. .

TECHNOLOGY NEEDS

The STOLS™ technology represents a capability to
perform environmental cleanup competently and
efficiently. With rapid and repeatable surveying
capability, coverage of broad survey areas can be
performed in a cost-efficient manner that can be
reliably documented. Additionally, target analysis
can begin the remediation procedure by providing
estimates of the location and quantities on the
subsurface targets. Guidance for the toral environ-
mental cleanup procedure is also included in the
target analysis.

ACCOMPLISHMENTS

* Eight vendors of locator systems demon-
strated their ability to locate targets on the
test track while driving at 5 MPH. Some
vendors demonstrated real-time 100 percent
accuracy at < meter error, and 100 percent
accuracy at < 0.5 meter error in post process-
ing. Other vendors were less than 10 percent
accurate. A report documenting the perfor-
mance of the eight navigation systems and
the test setup was written and distributed.

Based on the field test results, a GPS system
was selected and purchased for incorporation
into the towed array. The $100K Trimble
Navigation 4000 SSE dynamic GPS system
was purchased with both LSFA and Navy
funds.-
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* Two trial surveys were conducted at the RB-

11 landfill to make sure the actual field dem-

onstration would be successful. In April, a
trial survey was conducted with hand-held
magnetometers. In May, a trial survey was
conducted using dynamic GPS navigation
systems.

During the week of September 7, 1993, the
Magnetometer Towed Array was successfully
demonstrated at the RB-11 landfill. Less
than two hours were required to survey the
test site.

BENEFITS

MTA represents a characterization technology that
enhances the speed and thoroughness of environ-
mental cleanup. It provides an order of magnitude
greater resolution than conventional technology

which allows better horizontal resolution, and pro-
vides dara redundancy and quantitative interpreta-
tion using computer algorithms. It also provides
rapid and repeatable surveying facilitating surveys
that cover a large area and can be reliably docu-
mented. MTA provides near real-time data display
and analysis as opposed to data compilation and
presentation a few days later in the office. It is
approximately 10 to 30 times faster than standard
walkover surveys. Independent of these advantages,
the MTA is cheaper than conventional magnetom-
eter surveys. When compared to a two-foot conven-
tional grid, the MTA is cheaper at sites of three acres
or larger, and when compared to a five-foot conven-
tional grid, it is cheaper at sites of 50 acres or larger.

COLLABORATION/TECHNOLOGY
TRANSFER

This technology involves collaboration with the
following commercial industries:

U.S. Naval Research Laboratory
506 Center Drive

Port Hueneme, CA 93043-4328
(202) 767-3340



GEO-CENTERS, Inc.
7 Walls Avenue
Newton Center, MA 02159

For further information, please contact:

John Cochran

Principal Investigator
U.S. Department of Energy
Sandia National Laboratories

P.O. Box 5800
Albuquerque, NM 87185-5800
(505) 848-0415

George Allen

Technical Program Manager
U.S. Department of Energy
Sandia National Laboratories
P.O. Box 5800

Albuquerque, NM 87185-5800
(505) 845-7015

Skip Chamberlain

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7248
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None at this time.




1.23

POST-CLOSURE MONITORING

TASK DESCRIPTION

The objective of this task is to design, construct,
install, field test, and evaluate an automated state-
of-the-art soil moisture monitoring system for mea-
suring the hydrologic performance of migration
barriers and advanced surface covers for remediating
landfills. The test will involve a comparison of
automated state-of-the-art Time Domain Reflecto-

metry (TDR) technology with the conventional
neutron moisture gauge. Three brands of TDR will
be evaluated, including one manufactured in Ger-
many, one by Campbell Scientific, and one manu-
factured in Logan, UT. Performance, reliability,
and cost of each of the technologies will be com-
pared and documented. Radiation, VOCs, or other
chemical detectors may also be evaluated as possible
components of an integrated monitoring system.

The concept behind TDR is used commercially to
locate open or short circuits in long cables. A very
short pulse is sent down the cable by a signal (pulse)
generator and the reflected pulse is measured by the
device. A short circuit produces one type of signal
on the display and an open circuit produces the
mirror image signal on the display. When this
principle is used for moisture measurements, a probe
is attached to the end of a cable with well known
electrical properties. The probe consists of two

parallel stainless steel “spikes,” a holder to keep
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Figure 1.23. Post Closure Monitoring.
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them approximately three inches apart, and a con-
nector to the rest of the cable. The spikes are
inserted (or buried) in the soil to be measured and
data are collected. If the soil berween the probe
spikes is very dry, the TDR device will “see” an open
circuit. If the soil between the probe spikes is very
moist, the TDR device will “see” a short circuit
(since water conducts electricity). By using special
interpretation software, these measurements can be

directly related to soil moisture levels. If these
probes are installed beneath and around a landfill, a
sharp increase in soil moisture in a certain location
might indicate that water (possibly carrying con-
taminants) has seeped (or leached) out of the land-
fill, requiring corrective action.

TECHNOLOGY NEEDS

TDR is not yet a “push button” technology, and
performance characteristics in a range of climate
and soil (frozen, extremely dry or wet, etc.) environ-
ments, and over extended time (years) is not well
understood. Also, there are some discrepancies be-
tween neutron probe measurements (the baseline)
and TDR measurements, especially in extreme en-
vironments, that must be resolved. This will need to
be done in a laboratory on a sample of soil from the

test area. Corrosion of the probes over the long-

term is an issue that is being addressed by the
manufacturer. Probes must be buried in the soil
since installation in boreholes may be difficult.

ACCOMPLISHMENTS

* Prepared draft evaluation of one brand of
TDR soil moisture system.

¢ Lab and field comparisons of neutron probe
data to TDR data show a strong correlation
under most climate and soil conditions.




BENEFITS

Screening technologies are essential for compliance
with increasingly stringent effluent requirements

and for cost reductions in site operations. TDR isa

passive (no moving parts) technique that relies on
simple probes that can be installed with new land-
fills or added to old landfills. It can fill landfill
monitoring needs by providing a real-time repre-
sentation of moisture levels around and under a
landfill. TDR systems can potentially run for weeks
at a time without intervention and do not use any
radioactive or hazardous materials. Probes can be
installed in configurations that provide redundant
operation to verify measurements or to provide a
backup in case of probe failure. Reliable monitoring
systems are a key ingredient in gaining regulator and
public support for in-place containment of waste.

COLLABORATION/TECHNOLOGY
TRANSFER

This project involves collaboration with the follow-
ing commercial industries:

University of Houston
Department of Chemical Engineering
4800 Calhoun

Houston, TX 77204

Contact: Frank Kovarik

(713) 743-4351

Dupont Chemical Laboratory
Jackson Laboratory

Deep Water, NJ 08023

Contact: Mark Noll

(609) 540-3654

University of New Mexico
Department of Civil Engineering
Wagner Hall, Room 118
Albuquerque, NM 87131
Contact: Bruce Thomson

(505) 277-4729
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For further information, please contact:

Ken Bostick

Principal Investigator
University of California
Los Alamos National Laboratories

P.O. Box 1663
Los Alamos, NM 87545
(505) 667-8483

Bruce Erdal

Technical Program Manager
University of California

Los Alamos National Laboratories
P.O. Box 1663

Los Alamos, NM 87545

(505) 667-5338

Skip Chambetlain

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290

(301) 903-7248

TTP Numbers: AL141001
BIBLIOGRAPHY OF KEY PUBLICATIONS

None at this time.




1.24

SANDIA ENVIRONMENTAL

DECISION SUPPORT SYSTEM

TASK DESCRIPTION

The primary purpose of this project is to develop a
decision support methodology and automated deci-
sion support tool for aiding environmental decision
makers in selecting appropriate characterization and
remediation schemes. See Figure 1.24.

Sandia Environmental Decision Support System
(SEDSS) is designed to extend the application of
risk based performance assessment methodologies
to environmental restoration and waste manage-
ment activities. This problem solving approach ex-
plicitly accommodates uncertainty while integrating
risk analysis with data collection. Consequently, it
has begun to have broader application within the
arena of environmental restoration, siting of low-
level nuclear waste facilities, and may be extended to
D&D activities.

The primary measures used to define good decisions
within this framework are risks to human health and
the environment coupled with cost. Some examples
of decisions to which SEDSS would apply include:
How should resources (cost and time) be prioritized
based on estimates of risk? Is a site safe? If the site is
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Figure 1.24. Decision Support System
Methodology.
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unsafe, what remedial action or containment is
necessary and optimal? When is the remediation
complete, and how can it be defended as adequate?
Is a potential new waste facility design safe (i.e., can
a permit application be defended)? Is a monitoring
network adequate?

TECHNOLOGY NEEDS

An early prototype developed to handle contami-
nant transport through ground water pathways in
limited geologic settings is currently operational.
This system modeled the thick unsaturated zone
conditions found at the Mixed Waste Landfill and
provided a basis for some of the current system
development.

The current SEDSS prototype is being developed to
link numerous probability-based analysis tools in a
user-friendly computer-based environment. Even-
tually, the system will provide the user a mechanism
for making and substantiating decisions based on a
level of confidence in the environmental restoration
or waste management path that should be raken or
on the feasibility of the associated costs of the
various options.

The prototype will be developed into an operational
version in FY95. This version will have 1) robust
computer architecture (one that is suited for future
development of both the risk and site characteriza-
tion tools), 2) a set of analytical hydrological simu-
lation codes to accommodate a variety of geological/
hydrological conditions for the ground water path-
way, all within a probabilistic framework, and 3) the
ability to trace hazardous constituents through the
ground water pathway and determine their result-
ing human health risks as defined in the EPA risk

assessment guidance.

The system requires a mid-level Sun workstation
running the Soloris 2.3 UNIX operation system. In
addirion, there are direct links to Arcviews, PLUME,



Site Planner, and graphics/data management pack-
ages.

ACCOMPLISHMENTS

* A prototype of SEDSS has been developed
that is able to link numerous probability-
based analysis tools in a user-friendly com-
puter-based environment.

Requirements for the first version of SEDSS
are nearly complete. The version will be able
to determine risk from hazardous and radio-
nuclide contaminants moving via the ground-
water pathway.

BENEFITS

There are two primary benefits resulting from the
SEDSS project. First, the methodology is concise

with a widely applicable process or framework for
formulating, addressing, and solving environmen-
tal problems. The process can be viewed as an
integrating framework that ties together in a logical
fashion activities such as regulatory analysis, data
acquisition and maintenance, development of the
conceptual understanding of the contaminant
source, human exposure, and consequent risk evalu-
ation; sensitivity analysis to identify new data needs
and establish data quality objectives; and cost ben-
efit analysis to evaluate the value of new data or
potential cost differences between radiation schemes.
Second, a foundation for a computer-based deci-
sion-support tool is being created. Automation of
the approach listed above via a computer system
(SEDSS) allows rapid and consistent application of
the approach for both broad and localized evalua-
tion of risk, cost, and consequently defensible deci-
sions.

In general, the system will reduce the time required
for characterization and remediation operations and
thereby reduce cleanup costs. SEDSS will also auto-
mate much of the integration between analysis
techniquesand put the entire decision analysis frame-
work at the decision-maker's fingertips.
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COLLABORATION/TECHNOLOGY
TRANSFER

EPA Environmental Monitoring Systems Labora-
tory

DOE Uranium Mill Tailings Remedial Action Pro-
gram

For further information, please contact:

Erik Webb/Lillian Snyder

Principal Investigators

U.S. Department of Energy

Sandia National Laboratories, Albuquerque
P.O. Box 5800

Albuquerque, NM 87185-5800

(505) 848-0760

George Allen

Technical Program Manager

Sandia National Laboratories, Albuquerque
P.O. Box 5800

Albuquerque, NM 87185-5800
(505) 844-9769

Skip Chamberlain

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7248
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1.25

PASSIVE ALPHA TRACK DETECTOR AND

ELECTRET IONIZATION CHAMBER TECHNOLOGIES

TASK DESCRIPTION

The focus of this project was to determine the
feasibility of using the passive Alpha Track Detector
(ATD) and the Electret Ionization Chamber (EIC)
Technologies as a means of making inexpensive,
simple, and accurate surface and near-surface soil
measurements for detection of uranium contamina-
tion.

Alter and Fleisher (Health Physics 40:693-702,
1981) described the application of ATDs to the
measurement of indoorairborne alpha activity. The
underlying principles of the measurement are: (1)
damage tracks in the plastic material are induced by
the passage of alpha particles through the material,
(2) damage tracks can be subsequently enlarged by
exposure to potassium hydroxide solution, (3) en-
larged tracts can be counted with a microscope, and
(4) density (per unit area) of tracks is proportional
to the alpha activity.

Kotrappa and coworkers (Health Physics 41:35-46,
1981; Health Physics 54:47-56, 1988) have de-
scribed the application of EICs to the measurement
of indoor alpha activity. The underlying principle
of the measurement is that ionizing particles passing
through the air in the sensitive volume of the detec-
tor create electron showers that are attracted to the
positively charged face of the electret, neutralizing
the charge.

TECHNOLOGY NEEDS

The current state of development of the EIC tech-
nology allows on-site implementation, including
deployment and retrieval by general site personnel
with on-site reading of exposed EICs. Continuing
development efforts focus on reducing or compen-
sating for interferences from radon and moisture in
the soil. The ATDs are also deployed and retrieved
by general site personnel, but analysis of exposed
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ATDs occurs in off-site laboratories. Future efforts
will include development of on-site analysis capa-
bility that will achieve a turn-around time of about
one day between end of exposure and final reported
results.

ACCOMPLISHMENTS

Preliminary results showed that generally there was
a linear relationship between ATD or EIC response
and bulk soil activity (expressed in pci/g) when the
devices are exposed to contaminated soil. It was
found thatsubstantial variation existed among ATD

and EIC responses to soils from different sites.
Therefore, a required element for data analysis is the
collection of a set of soil samples from the measure
site. The set of samples should reflect a range of
activity concentrations so that after radiochemical
analysis is complete, site-specific calibration expo-
sures can be performed in the laboratory.

BENEFITS

During the remediation of uranium-contaminated
sites, decision makers frequently have a need to
know the size (i.e., geographic extent) of a contami-
nated area and would like to get that information
quickly and inexpensively. The use of ATDs or
EICs can satisfy this objective. Both devices register
alpha activity without being strongly affected by
beta or gamma activity. Both techniques have been
fully commercialized for the detection of airborne

alpha activity in indoor environments. Adaptation
of the presently available infrastructure to these
added measurement tasks is expected to result in
substantial cost savings to DOE and other users of
passive alpha detectors. Total cost per measurement
is likely to be under $10, exclusive of labor costs
incurred in the placement and retrieval of detectors
by general site personnel.




COLLABORATION/TECHNOLOGY
TRANSFER

The principal vendor of the ATD technology
(Landauer, Inc.) in the indoor radon monitoring
market and the principal vendor of EIC technology
have signed CRADAs with Martin Marietta Energy
Systems, Inc., the contractor operating ORNL. As
part of these agreements, both vendors are pursuing
the development of new markets for their respective
technologies. They anticipate demand for these
technologies from site managers who are charged
with environmental restoration, decontamination,
or decommissioning responsibilities.

For further information, please contact:

Chatles S. Dudney

Oak Ridge National Laboratory
P.O. Box 2008

Oak Ridge, TN 37831

(615) 576-2712

Johnny Moore

Technical Program Officer
U.S. Department of Energy
Oak Ridge Operations Office
P.O. Box 2001

Oak Ridge, TN 37831

(615) 576-3536

.. o
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Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: OR121105
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1.26

REGULATORY DATABASE SYSTEM

FOR EVALUATING ALTERNATIVE TECHNOLOGIES

TASK DESCRIPTION

This task was to develop a means by which regula-
tory requirements could be identified and more
effectively used in technology development plan-
ning and design. The Regulatory Database System
(RDS), a database and associated data management
software, was so developed to identify and report
linkages between federal/state regulations and pro-
grammatic DOE guidance to remedial activities and
interim response actions. The database can be
utilized to identify remedial activities that are gov-

erned by a specific regulatory requirement or to
identify the set of regulatory requirements associ-
ated with a specific activity. This linkage is estab-
lished through the precoding of the nearly 1,200
requirements in the database according to the reme-
dial activities that may be governed or affected by
them. These requirements include EPA, NRC and
DOT regulations, DOE Orders, federal laws, Ex-
ecutive Orders, and State of Ohio regulations.

A predefined set of “building block” activities that
encompass the basic components of a broad range of
response activities and remedial process operations
are built into the RDS, but additional project-
specific activities also can be defined. For each
requirement, the database contains 16 fields of
information that were selected to be of particular
value to remediation or process engineers needing
to perform compliance evaluations for various tech-
nological options. The fields of information in-
clude regulatory citation, Applicable or Relevant
and Appropriate Requirements (ARAR) category,
effective date of the requirement or guidance, en-
forcement agency, title, brief synopsis, quantitative

or qualitative compliance standard, and criteria to
determine applicability. The associated data man-
agement software facilitates viewing the regulatory
records, filtering the database according to one or
more of its various fields, searching by keyword(s),
editing records, and printing prestyled or custom-
ized tables of selected requirements.
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TECHNOLOGY NEEDS

There is a continuing need to identify what regula-
tory requirements and programmatic guidance must
be considered in compliance evaluations of reme-
dial options or competing technologies. These
requirements must be identified quickly and in a
cost-effective manner, since remedial options or
treatment processes can be changed and modified
several times during the critical decision-making
period. A tool was needed to quickly develop initial
sets of requirements relative to a technological alter-
native for design and implementation planning or
in side-by-side comparisons of competing techno-
logical alternatives. In addition, information about
these requirements must be presented in a formart
that conveys meaning to a broad set of users, includ-
ing remediation engineers and project managers not
intimately familiar with regulatory jargon.

ACCOMPLISHMENTS

The RDS has been used as an integral tool in the
development of ARARs and to be considered tech-
nologies for an Operable Unit at DOE’s Fernald
Facility and fora soil washing demonstration project
under DOE’s uranium soils demonstration project.

The written report format developed for the ura-
nium soils demonstration project ARAR document
includes: (1) presentation of requirements by project
activity or phase, (2) characterizing the activity or
phase in clear, descriptive terms, (3) grouping re-
lated requirements by topic for prioritization and
discussion, and (4) identifying the requirements in
both tabular and text formats. In addition, the

written reports were extensively indexed according
to common engineering and remediation terminol-

ogy.




BENEFITS

The Regulatory Database System and associated
software can streamline the initial steps of the pro-
cess in identifying ARARs and to be considered
technologies for a specific response action ot
remediation scenario. It facilitates the maintenance
of a centralized collection of pertinent regulations
for a facility, combining federal and state require-
ments and DOE Orders and guidance in one data-
base. The RDS facilitates comparisons of
technologies on a regulatory basis. It is a compo-
nent of the development of an ARARs document
geared toward providing engineers and project man-
agers with early regulatory input to technology
evaluation and design projects.

COLLABORATION/TECHNOLOGY
TRANSFER

None at the present time.

For further information, please contact:

Dr. Ronald J. Marnicio

Foster Wheeler Environmental Corp.
8101 N. High Street

Suite 260

Columbus, OH 43235

(614) 431-8700 x 215

David E. Prinzing

Foster Wheeler Environmental Corp.
2525 Natomas Park Drive

Suite 250

Sacramento, CA 95833-2900

(916) 921-2525
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Rod Warner

Technical Program Officer - Fernald
U.S. Department of Energy

P.O. Box 538705

Cincinnati, OH 45253-8705

(513) 648-3156

Jaffer Mohiuddin

Technical Program Manager
U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: OH111001
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1.27 CHARACTERIZATION OF CONTAMINATED
SOILS AND RESIDUES USING ELECTRON
AND ION BEAM METHODS
TASK DESCRIPTION TECHNOLOGY NEEDS

Remediation technologies are being developed to
clean up heavy metal and radionuclide contami-
nated sites throughout the United States. The
effectiveness of these technologies is highly depen-
dent upon the form of contamination in soils and
residues from incinerator waste. At ANL methods
are being developed for characterizing waste com-
ponents in contaminated soils, building upon work

from the uranium in soils demonstration program
at Fernald.

Following a protocol based on EPA guidelines for
determining the nature of radionuclide contamina-
tion in soils, characterization information is used to
assist remediation technology development and
optimization. This characterization method in-
volves a combination of electron and ion beam
methods: (1) scanning electron microscopy with
backscattered imaging and x-ray energy dispersive
spectroscopy (EDS) capabilities, (2) analytical trans-
mission electron microscopy for characterization of
sub-micron radionuclide phases with electron dif-
fraction, EDS, and electron energy loss spectros-
copy (EELS), and (3) a secondary ion mass
spectrometer (SIMS) for trace radionuclide detec-
tion. Optical microscopy and x-ray diffraction are
also used in characterization studies for representa-
tive analysis.

Facilities dedicated to the study of radioactive ma-
terials also include elemental analysis using induc-
tively coupled plasma mass spectroscopy (ICP-MS)
and gamma and alpha spectroscopy for radiochemi-
cal characterization of soils. These instrumental
techniques are all available within the Radioactive
Waste Microscopy Group at ANL, and are being
utilized to characterize contaminated soils from
various sites.
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Present regulatory, environmental, and social de-
mands require that a remarkably large number of
sites undergo decontamination of local soils that
have been fouled by a wide variety of human activi-
ties. Effective remediation of contaminated soil
demands that unnatural waste products be removed
with minimal processing or alteration of the natural
chemistry and morphology of the environment.
Such remediation is possible only with detailed
knowledge of the chemical and structural composi-
tion of both the waste constituent and the native
soil.

Soil around the Fernald site in Ohio has become
contaminated with uranium due to operations con-
ducted there from the early 1950s until 1986. The
form of the uranium contamination was not known.
Thus, proper selection of the appropriate cleanup
technology was impossible. Characterization has

helped the selection of suitable remediation meth-
ods.

Other DOE sites, including Portsmouth, OH, and
Rocky Flats, CO, also have significant volumes of
radionuclide contaminated soils. Unless the form
of the contaminant is understood, and its chemical
and physical characteristics determined, the
remediation techniques will operate by trial and

error. The large amount of plutonium contained in
incineratorash isa national resource and needs to be
recovered. By determining the form of the pluto-
nium using Analytical Electron Microscopy (AEM),
methods can be developed to leach this element
from the host material.




ACCOMPLISHMENTS

o Identification of the major uranium-bearing
phase in Fernald soils as meta-autunite (cal-
cium uranyl phosphate), a U(VI) phase. De-
termination of the major uranium phase allows
prediction of its fate in the local environment.

Determination of U(IV) phases that have not
been removed by soil washing at Fernald as
uranium metaphosphate [U(PO,) ] and ura-
ninite.

Based on AEM characterization observations,
remediation groups were advised within the
Uranium in Soils program to use a chemical
carbonate extraction followed by physical
separation.

Investigated the form of plutonium and ura-
nium “hot particle” contamination on
Johnston Island.

Determined the form of plutonium in incin-
erator waste from Rocky Flats and LANL, as
a reduced plutonium oxide with some Pu
incorporated into silica glass phases.

Determination of the distribution of tho-
rium oxide particles in contaminated soils for
Ecotech, Inc.

BENEFITS

This methodology is being offered as a service to the
private sector for characterizing contaminated sites,

evaluating remediation approaches, and selecting

remediation technologies. To proceed withacleanup
procedure without clear knowledge of the nature of
the contamination can result in an even larger
volume of contaminated material. Knowledge of
the nature of heavy metals in soils and the other
phases present will allow for complete evaluation of
the most suitable technologies to clean up a con-
taminated site. The benefit for such a study as
proposed is that, in the long run, it will reduce
remediation costs and the total time required to
cleanup the site.
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COLLABORATION/TECHNOLOGY
TRANSFER

Ecotech, Inc.

Defense Nuclear Agency

For further information, please contact:

Edgar Buck

Argonne National Laboratory (East)
9700 South Cass Ave.

Argonne, IL 60439

(708) 252-5321

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965
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1.28

COST/RISK PERFORMANCE ASSESSMENT

OF SOIL CHARACTERIZATION TECHNOLOGIES

TASK DESCRIPTION

Technical tools are being developed to evaluate and
compare dissimilar field-screening technologies for
detection of uranium contamination in surface and
near-surface soils. With the use of these tools, a
cost/benefit comparison is being performed for five
field screening and four industrial standard tech-
nologies demonstrated under the Uranium in Soils
demonstration that were designed to meet the need
for real-time detection and measurement of radio-
nuclides in soil.

The five field screening technologies include: (1) in
situ gamma-ray spectroscopy (GAM), (2) the Long
Range Alpha Detector (LRAD), (3) the beta
scintillator counting (BETA), (4) laser ablation-
inductively coupled plasma-atomic emission spec-
troscopy (LA-ICP-AES), and (5) passive radon
monitoring Alpha Track Detector (ATD). The
industrial standards are: (1) sodium-iodide detector
(Nal), (2) low energy scintillation detector
(FIDLER), (3) x-ray fluorescence detector (XRF),
and (4) soil sampling/laboratory analysis.

The technologies are compared on the basis of
estimated cost of site scale application, degree of
accuracy, and reliability under operating condi-
tions. Each technology is compared with the baseline
alternative of closely spaced sample collection with
subsequent laboratory analysis. Additionally, a pro-
gram is implemented that guarantees successful
transfer of the technology developed in this task.
Rapid dissemination of university and laboratory
research to industry and the federal community is
also included under this program.

TECHNOLOGY NEEDS

The framework of the technology is based on a risk-
based philosophy of engineering design that couples
the uncertainty of the geologic information with a
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decision model seeking to optimize a cost-risk-
benefit objective function.

ACCOMPLISHMENTS

Analyzed the four technologies’ results from
the August and September 1992 demonstra-
tion and produced concentration and prob-
ability maps of the uranium concentrations.

Developed an automated data management
and geostatistical process to transmit data

from Fernald to SNL.

Received, entered, and analyzed data and
provided new locations for the next day’s
sampling within a four-hour window.

Provided data sample format controls to main-
tain integrity and quality of sample data.

Analyzed the sample data from five field
screening and four industrial standard tech-
nologies demonstrated during May-July
1994.

Produced concentration and probability maps
of the analyzed data.

BENEFITS

Direct benefit to the Uranium in Soils demonstra-
tion at Fernald is the evaluation of alternative char-

acterization technologies within a framework that
provides the program manager with the costs, risks,
and benefits of alternative strategies. Direct benefit
to DOE is the generic nature of the approach and its
applicability to any site investigation. The ap-
proach is expected to decrease the time required for
the input and interpretation of technical data to the
decision-making process, provide a better estimate
of the risks and costs involved with alternative



decision strategies, and limir site characterization
activiries to the collection of dara that has value with
respect to the specific problems at each individual
site.

It is clear from preliminary analyses conducted so
far that the information generated by the analytical
process could also be used to optimize the design of
any additional characterization activities, the de-
sign of batch treatment plants, and the design of soil
scraping to minimize the spread of contamination.
The analytical approach and the technology to

apply it are just as applicable to many problems
facing industry.

In 1991, the environmental protection industry
constituted a $185 billion market (Berg, 1992).
Published literature (Massmann et. al., 1991) sug-
gests that the analytical approach and technology
being developed under this proposal is capable of
reducing the costs of remediation and design by at
least 6 percent and possibly much more. Ifonly half
the 1991 expenditures are reduced by 6 percent, a
cost savings of $5 billion a year, to the industry as a
whole, would not seem unreasonable. The poten-
tial could be substantially greater.

COLLABORATION/TECHNOLOGY
TRANSFER

The Western Governors' Association and four fed-

eralagencies—the DoD, DOI, DOE, and the EPA—

are collaborating in this project.

For further information, please contact:

Paul Kaplan

Principal Investigator

Sandia National Laboratories, Albuquerque
P.O. Box 5800

Albuquerque, NM 87185-5800

(505) 848-0684

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7996

TTP Number: AL231007
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1.29

INTEGRATED METHODOLOGY FOR

DETERMINING CLEANUP LIMITS FOR
URANIUM IN TRFATED SOILS

TASK DESCRIPTION

The objective of this task is to devise a state-of-the-
art methodology for developing cleanup limits for
uranium in treated soils. The assessment method-
ology incorporates the latest dose and dose-response
information on uranium using a series of transport
and exposure models that link uranium concentra-
tions in treated soils with human contacts and
associated radiation doses. In addition, the meth-
odology will deal with monitoring equipment and
techniques for cleanup compliance with limits.
Uncertainties associated with the quantification of
soil-remediation limits will be characterized. The
methodology addresses the need for determining
cleanup limits for uranium in soils that have been
treated by various remediation technologies. The
on-going work is a joint effort between ORNL and
LLNL with additional technical support provided
by the University of Cincinnati.

TECHNOLOGY NEEDS

The remediation of uranium—contaminated soils is
mainly controlled by the target cleanup levels for
uranium in soil. Generic assessment models for
determining cleanup levels often lack the flexibility
to deal with a given site. Unduly conservative
models will tend to give soil cleanup levels that are
very low—perhaps even lower than background
levels of a contaminant in indigenous soils. It is very
desirable, therefore, to have a realistic assessment
methodology that is based on techniques that are
technically sound, clearly communicated, and that
can be verified independently by others. This type
of methodology will greatly facilitate (1) the dia-
logues and negotiations with regulatory agencies
charged with the responsibility of overseeing clean-
ups of uranium—contaminated soils at DOE facili-

ties, and (2) communication with the concerned
public regarding the basis of remediation actions.
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ACCOMPLISHMENTS

* Reviewed regulatory guidelines for uranium-
contaminated media and associated daughter
products;

* Examined methodological issues pertaining
to the development of techniques for quanti-
fying cleanup limits for treated soils;

* Prepared analyses of key biokinetic param-
eters involving the uptake, distribution, and
dosimetry of uranium in humans; and

* Analyzed the current basis for limits on the
ingestion of uranium by workers and mem-

bers of the public.

BENEFITS

At least three sets of benefits are associated with
development of an improved assessment methodol-
ogy. First, a realistic, risk-based determination of
cleanup limits for uranium will help establish the
technical credibility needed to convince regulatory
agencies that cleanup limits are indeed health pro-
tective. Second, a methodology that can be easily
communicated to regulators and the concerned
public will enhance the acceprability of alternative
cleanup limits. Finally, an improved methodology
for determining cleanup limits will minimize the
possibility that chosen levels are unrealistically low.

COLLABORATION/TECHNOLOGY
TRANSFER

Transfer of information via journal articles to the
contractor community.




For further information, please contact:

David W. Layton

University of California

Lawrence Livermore National Laboratory
7000 East Avenue

P.O. Box 808, L1

Livermore, CA 94550

(510) 422-0918

Anthony Q. Armstrong
Oak Ridge National Laboratory
P.O. Box 2008

Oak Ridge, TN 37831-6480
(615) 576-1555

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7996
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1.30

REMOVAL AND RECOVERY OF URANIUM AND

TOXIC METALS FROM CONTAMINATED SOIL
BY BNL CITRIC ACID PROCESS

TASK DESCRIPTION

The presence of radionuclides and toxic metals in
soils and wastes at many of the DOE facilities is a
major environmental concern. The first step in the
cleanup and restoration of these contaminated sites
is the development of practical techniques for the
removal of contaminants. Specifically, this study is
aimed at testing the applicability of the patented
Brookhaven National Laboratory (BNL) Citric Acid
Process to treat effluents containing uranium and

other toxic metals generated from citric acid extrac-
tions of Fernald storage pad soils.

The BNL process consists of three steps: extraction,
biodegradation, and photodegradation. Citricacid,
a naturally occurring organic complexing agent, is
used to extract metals and radionuclides from con-
taminated soils and wastes through the formation of
water-soluble metal citrate complexes. The citric
acid extract containing radionuclides and metals is
then subjected to microbial degradation followed
by photodegradation. Most of the metal citrate
complexes, with the exception of uranium, undergo
biodegradation and are recovered in a concentrated
form with the bacterial biomass. Hence, uranium is
easily separated from the rest of the metals. On
subsequent exposure of the uranium-containing
effluent to light, the uranyl citrate complex under-
goes rapid photodegradation and uranium precipi-
tates out as a stable oxide that is recovered for

recycling or disposal.

Laboratory scale treatment studies of citric acid
extracts of Fernald storage pad soils have been
completed. Further, the possibility of using the
BNL process for treating uranium and toxic metal
contaminated sludges from the Y-12site, Oak Ridge,
TN, has also been demonstrated. Currently, the
biodegradation and photodegradation steps are be-
ing optimized to improve rates and efficiencies of
metal removal.
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TECHNOLOGY NEEDS

Recent estimates indicate that there are 2,000,000
yd? of uranium contaminated soil at the Fernald site
in Ohio. Besides this, eight other DOE sites have
similar soil contamination problems. Uranium
containing sludges are also present at the Y-12 site
in Oak Ridge, TN, and other DOE facilities. More-
over, decontamination and decommissioning of
nuclear facilities, and retrieval and processing of
stored radioactive wastes are bound to increase the

need for uranium remediation technologies.

Although the feasibility of the BNL technology for
remediation of uranium contaminated soils and
sludges has been demonstrated, additional R&D
work is necessary for scale up of the process. Cur-
rently, 87 percent and 94 percent uranium has been
removed from contaminated sludge and soil, re-
spectively. The sludge contained 2410 ppm and the
soil 449 ppm of uranium. There is a need to test a
wide variety of soils and improve the removal or
extraction efficiency by pretreatment. Addition-
ally, it is necessary to design a supplementary pro-
cess for recovery and recycle of citric acid to reduce
overall cost.

ACCOMPLISHMENTS
¢ Confirmed applicability of BNL Citric Acid

Process for treatment of Fernald storage pad
soils.

Demonstrated feasibility of using BNL Cit-
ric Acid Process for treating Y-12 sludge.

* Accomplished selective removal of uranium
from other metals.

* Achieved greater than 99 percent barium,
strontium, thorium, and zinc, greater than
90 percent lead, and greater than 50 percent



chromium and nickel removal via biodegra-
dation.

¢ Achieved greater than 99 percent removal of
uranium during photodegradation.

* Initiated bench scale optimization studies.

BENEFITS

The BNL Citric Acid Process is versatile and appli-
cable to various materials and waste forms.

COLLABORATION/TECHNOLOGY
TRANSFER

A CRADA with Forrester Environmental Services,
Inc., to remove and recover lead, cadmium, and
other metals from incinerator ash is underway.
Bench-scale studies have been completed and pilot-
scale tests in a full production facility are under
consideration.

For further information, please contact:

A. ]. Francis

Brookhaven National Laboratory
P.O. Box 5000

Upton, NY 11973-5000

(516) 282-4534

Jaffer Mohiuddin

Program Manager

U. S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965
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2.1

REMOTE EXCAVATION SYSTEM

TASK DESCRIPTION

A previously developed remote excavation system
(RES) will excavate the Hill Cut Test Facility at
ORNL. During the field tests, the vehicle will be
equipped with dosimeters to assess the operator
exposure risks during overburden removal and cask

handling. A grappling end effector must be devel-
oped and integrated with the existing RES and
control station.

A standard military vehicle, the Small Emplace-
ment Excavator, was modified by ORNL for remote
operation and computer-assisted control. The exca-
vator contains automated dig and dump functions,
multiple video cameras, joint encoders, and other
sensor feedback. See Figure 2.1. Video and control
data are transmitted to the control station via radio
frequency links or fiber optics. A joystick controller
and a graphical computer interface were developed
to provide a remote control station that is easy to use
and does not require line-of-sight operation.

The RES will remove the overburden and manipu-
late the disposal casks so rigging can be attached.
The majority of the casks will be transported to the
Interim Waste Management Facility IWMF) stag-
ing area where they will be placed in the standard
IWMEF concrete casks prior to disposal in tumulus
units. The approach will provide a pre-commercial-
ization field test of remote excavation technology
that could have widespread application to buried
waste site remediation. Dosimetry measurements
during excavation will provide worker exposure
data for future risk analyses. The grappling end
effector and controller will integrate manipulation
technology with heavy equipment technology.

The primary objective is to test and demonstrate
remotely operated excavation technology for appli-
cability to aspecific class of buried waste remediation.

ACCOMPLISHMENTS
The RES was demonstrated

in 1993 at the INEL Cold
TestPitand the U.S. Army
Redstone Arsenal to
evaluate the feasibility of
excavating buried waste
and unexploded ordnance
with a remotely operated

LSFA Summer Demonstration.

Figure 2.1. Remote Excavation Operations at INEL Cold Test Pit During

vehicle. At each of these
demonstrations, the rela-
tive performance benefits
of teleoperation and
telerobotic excavation were
evaluated and docu-
mented. The demonstra-
tion showed that the system
can be operated remotely
to effectively excavate bur-
ied waste. The advanced
control technology and
computer-assisted opera-
tions made excavation rela-



tively easy for both inexperienced and experienced
operators.

Mechanisms will be sought to transfer the technol-
ogy to interested parties.

TECHNOLOGY NEEDS

The RES can be used for remote excavation of

radioactive and hazardous sites and for retrieval of
unexploded ordnance. The controls technology
developed for this project was implemented in a
modular fashion that permits rapid transfer of the
technology to other excavator platforms. High sur-
face dose rate waste, likely to be encountered in
many buried waste sites, will require remote tech-
niques for excavation. At other sites, remote re-
trieval may be desired due to safety concerns, such
as potential for explosion and fire. The concrete
casks in the Hill Cut Test Facility provide an attrac-
tive test because the potential for contamination
spread is minimal.

BENEFITS

With the RES, materials can be excavated and
retrieved in a hazardous environment without en-
dangering operator personnel. The RES is designed
for relatively small excavations. Remote operation
of the system demonstrated a retrieval rate of ap-
proximately 2.4 ft*/min, while manual operation
under test conditions achieved rates 50 percent

higher.

COLLABORATION/TECHNOLOGY
TRANSFER

Disclosure of this research through professional
journals and presentations at technical conferences
will ensure transfer of this technology to private-
sector contractors that may be performing waste site
remediations. Many companies have expressed in-
terest in the control technology and the operator
interface technology developed by ORNL, and sev-
eral are pursuing CRADA scope negotiations.
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For further information, please contact:

Barry Burkes

Principal Investigator

Oak Ridge National Laboratory
P.O. Box 2008

Oak Ridge, TN 37831

(615) 576-7350

George Schneider
Principal Investigator

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, ID 83401
(208) 526-6789

Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: OR142003
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2.2

REMOTE RETRIEVAL INTEGRATION

TASK DESCRIPTION

The buried waste program has centered investiga-
tion of the excavation of waste on three primary
system components: a remotely operated excavator,
an autonomous waste conveyance vehicle, and a
telerobotic gantry crane. The telerobotic gantry
crane is equipped with two manipulators attached
to independent trolleys to deploy other technology

for characterizing waste, controlling dust and con-
tamination spread, cutting large objects, and per-
forming archaeological excavations.

TECHNOLOGY NEEDS

Based on safety analyses done in the past, the re-
trieval of buried waste will be required to be per-
formed remotely. DOE’s desire to remotely retrieve
buried waste and DoD’s interest in remote retrieval
of unexploded ordnance share similar technology
needs. One need of both programs is the develop-
ment of a remotely operated excavator to perform
the retrieval tasks. Radioactive contamination is a
concern, but larger concerns identified in the safery
analyses include explosion and fire potentials. The
development of remotely operated equipment such
as the remote excavator will allow the remediation
operations to be performed in a manner that pro-
vides worker safety. Effective and efficient remote
operations are dependent on the development of

human-machine interfaces and proper system inte-
gration.

ACCOMPLISHMENTS

Conceptual design of a Human Engineered Control
Station (HECS) was completed to provide controls
and displays for the retrieval equipment. The de-
sign addressed controls, displays, workspace, work
arrangement, and work environment.
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Telerobotic Retrieval-Demonstration
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Figure 2.2. Conceptual drawing of a Telerobotic
Retrieval Demonstration using a 60,000 1b-Class
Remotely-Operated Excavator.

The HECS includes a Supervisory Control System
(SCS) to aid in collision avoidance and allow for
darta transfer between the systems. The SCS pro-
vides a broadband data highway with network ca-
pacity to carry all the data between the control
trailer and the retrieval enclosure. The network
makes data from each system available for use by
other systems that require the information.

A Caterpillar 325L excavator was fitted with a
commercially available open loop control system
modification package to allow simple operations to
be performed remotely. The system was tested at
Jefferson Proving Grounds and operated satisfacto-

rily.

Functional and operational requirements for the
SCS were developed. Each platform was to provide
system-specific data from appropriate resolvers to
allow the SCS to determine platform configuration.
Additionally, the SCS would have a subsystem to
identify each platform’s position and orientation.
With each platform located and configured via the
SCS, a graphical model of all the platforms and
exclusion zones surrounding the platform can be
generated and maintained. This modelinginforma-
tion would then be used to perform collision avoid-
ance chores.



The control system for an excavator and the system
vision systems were mounted on the excavator to
simplify remote operations. Additional operator
aids that may simplify remote operations are being
investigated.

BENEFITS

This technology aids in remotely operating excava-
tion equipment. The HECS provides an integrated
remote control mechanism that integrates human
capabilities, limitations, and expectations into the
design of the retrieval system to reduce potential for
human error, provide an easy system to learn and
operate, and reduce the ultimate investment in
training.

COLLABORATION/TECHNOLOGY
TRANSFER

Much of the technology development performed as
part of this activity was done by industry. DoD has
funded Wright Laboratories, based at Tyndall Air
Force Base, to perform research and development
on remote excavators. The buried waste program
teamed with Wright Laboratories to leverage gov-
ernment funding in this development effort. Cater-
pillar was involved in specially fitting equipment to
allow simple operations to be performed remotely.

Testing was done at Jefferson Proving Grounds, a
DoD facility.

For further information, please contact:

Brad Griebenow
Principal Investigator
LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-0501

George Schneider
Principal Investigator

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, ID 83401
(208) 526-6789

Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Clovetleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: ID142008
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None at this time.




2.3 THREE-DIMENSIONAL DYNAMIC GRAPHIC
SIMULATION OF RETRIEVAL OPTIONS
TASK DESCRIPTION sentations. This work will be augmented by devel-

The three-Dimensional Dynamic Simulation Tool

(3DDST) consists of a collection of computer
hardware and software components that have been
integrated to create three dimensional (3-D) graphi-
cal displays featuring proposed LSFA telerobotic
retrieval technologies. During FY95, the 3DDST
will be further enhanced to integrate with and
illustrate FY95 LSFA characterization/retrieval dem-
onstration/ex situ treatment configuration options.
Software equipment models will have the ability to
display soil removal performed by LSFA technolo-
gies.

The primary objective is to modify existing com-
mercially available software packages to provide a
graphical 3DDST for LSFA systems analysis.

A software model library will also be developed,
consisting of the proposed LSFA technologies to be
deployed for the FY95 demonstration. The data
base will facilitate timely development of work site
scenarios involving those technologies.

TECHNOLOGY NEEDS

The system will be developed with flexibility to
allow OTD to carefully plan retrieval efforts in
various waste scenarios.

The system will test the technologies for various
data parameters in a safe setting, without extensive
resource commitments. The system may also be
used as a training tool. The 3DDST can easily be
modified to illustrate site-specific retrieval needs,
scenarios, and technologies.

ACCOMPLISHMENTS

Prior year progress involved a technology survey.
Hardware and software components have been pro-
cured to develop preliminary graphical display pre-
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oping software equipment models, displaying rep-
resentative soil removal.

BENEFITS

This graphical tool:

* Visually defines the relative merits of pro-
posed technical developmentactivities of LSFA
characterization/retrieval/ex situ treatment
configurations.

Identifies crosscutting technologies, compares
existing and emerging technologies and tech-
nology gaps, and illustrates how these compo-
nents fit into the overall system.

Provides communication for presenting pos-
sible system scenarios.

Forms three-dimensional images of different
configuration options at various DOE sites.

The 3DDST will allow researchers to simulate test-
ing of technology designs and test scenarios for
feasibility of success and job safety. Such data may
be utilized in the decision-making process related to
technology development, retrieval feasibility stud-
ies, and/or personnel training.

Cost savings cannot be quantified at this time.
However, this tool will enhance planning for reme-
dial design and operations, thereby increasing pro-
duction efficiency.

COLLABORATION/TECHNOLOGY
TRANSFER

The product from this TTP will be software and
associated hardware. Development of the 3DDST
will involve integrating and modifying numerous
commercial software products. Transfer of this tech-



nology may require involvement of each software
contributor. However, there is potential for com-
mercial application of the tool as a service to various
industries for technology testing, training aids, etc.
This may be accomplished through a CRADA with

interested parties, if the market exists.

For further information, please contact:

George Schneider
Principal Investigator

U.S. Department of Energy
Idaho Operations Office
Idaho Falls, ID 83401
(208) 526-6789

Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Brad E. Griebenow
LITCO

P.O. Box 1625
Idaho Falls, ID 83415-3710
(208) 526-0501

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965
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2.4

COOPERATIVE TELEROBOTIC RETRIEVAL

TASK DESCRIPTION

A study has determined the
type of delivery system re-
quired to transport dual ma-
nipulation capability to the
digface. The delivery system,
a gantry crane, will transport
the manipulators and deploy
a sonic digging/vacuum sys-
tem, digface characterization
equipment, and other equip-
ment to the digface as re-
quired.

The remotely operated
vacuum system will remove
soil and debris from around
objects. See Figure 2.4. End-
effectors for the vacuum system will be designed to
break up hard soil, carefully clean around buried
objects, and ensure that large sheets of plastic and
other objects do not plug the system. The vacuumed
debris will be placed in a transport container for
subsequent removal and treatment. The system will
be developed to control the required number of
motions, including control of the delivery system,
manipulator freedom, and vacuum system.

System.

As a common platform (gantry crane) for LSFA
deployment during the FY95 demonstration, the
gantry crane will be equipped with two cooperative
telerobotic manipulators [multi- manipulator capa-
bility (MMC)]: a telescoping mast, and a hoist for
ancillary tools. The crane system will support: (1)
archeological excavations (soil vacuum and sunder-
ing equipment), (2) digface characterization [INEL
radiation, magnetics, VOC sensors, Pacific North-
west Laboratories (PNL) radar], (3) waste retrieval
from the excavation, and (4) delivery of waste to the
proposed transport system.

The primary objective is to develop the capability to
perform selective retrieval at a buried waste site.
Two robotic manipulators will be installed on the
delivery system. In tandem, the manipulators will

Figure 2.4. Conceptual Drawing of a Cooperative Telerobotic Retrieval
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selectively remove debris from around an articleand
retrieve the article.

TECHNOLOGY NEEDS

Current buried waste retrieval scenarios indicate a
need to selectively retrieve objects uncovered at the
digface. This technology will remove and process
intact drums, machining tools, potentially explo-
sive objects, and other hazardous articles removed at

the site.

ACCOMPLISHMENTS

Prior year progress has included the purchase of the
gantry crane, associated deployment mechanisms,
the MMC and hydraulic drive unit, and compo-
nents of the systems control unit. Technologies
developed under separate previous years, LSEATTDPs
and/or research efforts (digface characterization,

soil vacuum/sundering tool) will be integrated for
use in FY95.

GFX 95-0287



BENEFITS

The system has been developed to demonstrate that
available technology can be deployed in a realistic
waste remediation scenario by a cooperative
telerobotic platform.

Since cost savings associated with this technology
are dependent on the application and operation
scenario, quantitative cost analyses have not been
performed. The primary driver for the technology is
improved worker safety. Cost savings are expected
through removing human workers from hazardous
environments. Additional cost savings will be real-
ized by reducing the need for personal protective
equipment in hazardous environments.

COLLABORATION/TECHNOLOGY
TRANSFER

Industry participation is anticipated in the develop-
ment of a delivery system for this project. Advances
made in the expansion of a control system will be
transferred to the control system manufacturer
partnered in these acrivities. Capabilities developed

at ORNL in the area of coordinated, dual manipu-
lation will be used in current development efforts.

For further information, please contact:

George Schneider
Principal Investigator

U.S. Department of Energy
Idaho Operations Office
Idaho Falls, ID 83401
(208) 526-6789
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Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Gary Carter

Pacific Northwest Laboratory
P.O. Box 999

Richland, WA 99352

(509) 372-0670

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: ID142009
BIBLIOGRAPHY OF KEY PUBLICATIONS

None at this time.




2.5

WASTE CONVEYANCE AND

INNOVATIVE END-EFFECTOR

TASK DESCRIPTION

The conveyance system will consist of an automati-
cally guided vehicle (AGV) or gantry crane-mounted
device to transport retrieved buried waste. This will
be integrated with an innovative end-effector for

digging and dumping. See Figure 2.5.

Innovative End Effector for Dust Free Dumping
and Waste Conveyance for Buried Waste Retrieval

Remote
operatred

Bridge crane excavator

conveyance

End effector ~
with self-contained
detachable

waste container

Figure 2.5. Conceptual Design of an Iovv En-Effcto for
Dust-Free Dumping and Waste Conveyance.

The AGV or gantry crane will be developed and
tested to remotely convey a variety of wastes from
retrieval areas to processing or packaging areas. This
driver must be able to transverse a variety of terrains,
operate in a hazardous environment, and be easily
maintainable and easy to decontaminate.

The end-effectors consist of detachable buckets,
specialized excavator buckets, integral dumping
apparatus, or any other mechanism that might fa-
cilitate dust-free transfer and dumping of waste. A
formal evaluation of forklift/dumpster concepts,
gantry crane, and AGV designs will lead to procure-
ment or fabrication of apparatus and conveyance
mechanisms to be tested.
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The primary objective is to develop a remotely
controlled conveyance system and an innovative
end-effector to allow for digging and transfer of
retrieved waste from the digface to the processing or
packaging area with virtually no dust generation.

TECHNOLOGY NEEDS

The end-effector and AGV
development are designed to
reduce contamination during
waste remediation digging,
conveyance, and dumping.
These operations have the
maximum potential for dust
spread. Previous problems
with dust emissions during
funnel dumping operations
and in transporting dumpsters
over rough terrain will be ad-
dressed.

Remote operated
all-terrain
conveyance
vehicle

ACCOMPLISHMENTS

Test alternatives for digging

and dumping retrieved buried
transuranic waste were determined. Dumping im-
provements such as sealing the dumpster to the
bucket prior to dumping were tested to eliminate
the soil/waste matrix from falling through a dis-
tance and displacing a volume of air. An alternative
digging end-effector or a detachable excavator bucket
to avoid dumping in the retrieval area was tested.
The end-effector, gantry crane, and AGV testing
will be combined into a unified demonstration at
the Cold Test Pit. Testing will involve putting the
bucket/dumpster and AGV through a set of digging
and dumping operations for containers spiked with
rare earth tracers.




BENEFITS

Advanced conveyance systems testing will:

* Minimize contamination spread during waste
remediation;

* Minimize personnel exposure and health risks;
* Maximize waste retrieval and transfer rates;
* Verify sampling and monitoring;

* Assist CERCLA and Pit 9 retrieval option

assessment; and

* Examine low dust dumping techniques in a
cold environment on an engineering scale.

COLLABORATION/TECHNOLOGY
TRANSFER

Industry participation will be sought for the end-
effector and waste-conveyance systems. The sys-
tems developed by INEL scientists and engineers
can be transferred to the private sector.

For further information, please contact:

Phil Rice

Principal Investigator
LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-2884
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George Schneider
Principal Investigator
Idaho Operations Office
U.S. Department of Energy
850 Energy Drive

Idaho Falls, ID 83401
(208) 526-6789

Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: 1ID142007

BIBLIOGRAPHY OF KEY PUBLICATIONS

Rice, P., Final Technology Evaluation Report,
INEL-94-10173, 1994.
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2.6

CONTAMINATED MATERIAL EXCAVATION

HANDLING AND RETRIEVAL SYSTEM

TASK DESCRIPTION

The Contaminated Material Excavation Handling

and Retrieval System (CMEHRS) is a large movable
building that can be placed over a portion of a
buried waste site to retrieve and handle buried
objects. See Figure 2.6. The unit may include ma-
nipulators such as: (1) an industrial-grade, high-
capacity blower and vacuum pickup system for
contamination and dust control, (2) several large
overhead cranes for removing buried objects of all
sizes and shapes, (3) master slave manipulators, (4)
robotic arms for specialized handling, (5) drum
venting station for potentially pressurized sealed
drums, (6) shielded work area for in-place glovebox
analysis or separations, and (7) airlock for entry and
exit to equipment and work area.

Master-slave
Vacuum pick-up system manipulators

Robotlc arm

Equlpment/

blower room

Figure 2.6. Conceptual Design of the
Contaminated Material Excavation Handling
and Retrieval System.

The primary objective is to design a movable, track-
mounted, remote, full-scale, retrieval gantry system
that can be placed over a waste trench to retrieve
waste packages with containment provided by a
localized seal.
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TECHNOLOGY NEEDS

The system will have immediate application for
buried radioactive waste retrieval of the Hanford
cribs, trenches, hot spots, and repackaging for con-
tact-handled transuranic waste. Buried hazardous
and radioactive waste at any site can be remediated
with this system. Remediation and retrieval of local-
ized hot spots are especially suited for this equip-
ment.

ACCOMPLISHMENTS

Completed preparation of conceptual design of
containment facility and packaging and handling
equipment.

BENEFITS

This system will:

« Incorporate other technologies developed by
LSFA.

¢ Integrate equipment and technologies devel-

oped by other DOE laboratories and the pri-

vate sector.

e Betransferable to the private sector when com-
plete.

o Provide a viable hot spot retrieval device.

COLLABORATION/TECHNOLOGY
TRANSFER

The retrieval technology is directly applicable to
most of the buried waste at DOE sites. The equip-
ment is ideal for private-sector cleanup of hazardous
waste, especially acute hazards at Superfund sites.



The unit could be placed into service at completion
of the field demonstration as a large-scale operation
uniton other DOE sites or in the private sector. The
design will be documented in open literature and

PNL documents. Private-sector participation for
developing a prototype system exists.

For further information, please contact:

Gary Carter

Principal Investigator
Pacific-Northwest Laboratories
P.O. Box 999

Richland, WA 99352

(509) 376-8048

George Schneider
Principal Investigator
Idaho Operations Office
U.S. Department of Energy
850 Energy Drive

Idaho Falls, ID 83401
(208) 526-6789
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Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: RL342006
BIBLIOGRAPHY OF KEY PUBLICATIONS

Carter, G., Draft Functional Design Criteria for a
Mobile Solid Waste Retrieval System, Pacific North-
west Laboratories Report.
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2.7

MACHINE HEAITH MONITORING

TASK DESCRIPTION

This monitoring system will provide equipment
status information for remote operators. Informa-
tion gathered by the use of sensors and computer
algorithm technology will be the basis for estimat-
ing time to failure and overall health of the machine.
The system will use data to limit operator actions
that may cause damage and provide emergency
override mechanisms.

Selected parameters of hydraulic, electrical, ther-
mal, mechanical, and other functions of field re-
trieval equipment will be monitored with
appropriately designed sensors. The remote sensor
capability demonstrated in the remote area vehicle
and excavator will be extended to failure mode dara.
Available sensors will be linked to developed algo-
rithms contained in software modules. The algo-
rithms will analyze real-time trend data to predict

failures on specified LSFA equipment.

The primary objective is to develop a health moni-
toring prediction system for hydraulic, mechanical,
and electrical functions of field demonstration equip-
ment.

TECHNOLOGY NEEDS

System monitoring will assist the remediation of
any type of waste. The sensors will protect person-
nel while expediting retrieval. This reduces expo-
sure and lowers operating costs. Monitoring will
mitigate equipment failure and reduce contaminant
releases associated with equipment repair.

ACCOMPLISHMENTS

During FY94, three hydraulic test benches were
fabricated to monitor real-time operating param-
eters, including flow rates, inlet and outlet pres-
sures, temperatures, and vibrations. Operational
and failure data were collected for four different

failure modes on a fixed displacement gear pump.
Based on the data collected, development of a fail-
ure algorithm was initiated.

BENEFITS

Monitoring the performance of retrieval equipment
has several advantages:

¢ Decrease of equipment downtime and im-
proved retrieval rates.

o Decrease of exposure to personnel for invasive
equipment repair.

o Decrease of exposure, costs, and damage from
incorrect operating equipment, such as over-
loading, overheating, and overstressing com-
ponents.

« Optimization of remote operations where on-
site observation of the equipment and poten-
tial failure is not possible.

At this time, a significant amount of work has been
completed in the area of machine monitoring. That
work is directed mainly towards stationary plant
equipment. The Machine Health Monitoring
(MHM) system, on the other hand, will monitor
remotely operated equipment in real-time and will
provide diagnostic information about that equip-
ment. This technology is beneficial to many differ-
ent types of equipment, particularly for hazardous
waste retrieval and cleanup. One of the primary
benefits of MHM is reduced exposure to personnel.

Since this technology is still in a research phase, cost
benefits cannot yet be determined. However, this
technology will reduce unscheduled downtime and
worker exposure to hazardous environments. Case
studies indicate that predictive monitoring pro-
grams can achieve cost savings from 35 percent to
80 percent over preventive type maintenance pro-
grams.




COLLABORATION/TECHNOLOGY
TRANSFER

There are numerous public and private applications
across the DOE Complex for remote operations,
including remote retrieval, decontamination and
decommissioning, and nuclear fuel cycle systems.
Outside DOE there are applications to Superfund
retrieval, DoD ordnance remediation, mining, and
special hazardous production activities. Private-sec-
tor involvement is being sought for CRADA par-
ticipants.

For further information, please contact:

Mike Donaldson
Principal Investigator
LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-1376

George Schneider
Principal Investigator

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, ID 83401
(208) 526-6789
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Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: ID142020

BIBLIOGRAPHY OF KEY PUBLICATION

Davis, S., System Health Monitoring and Predic-
tion Technology Report, (EGG-WTD-11492),
1994.
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3.1

CRYOGENIC CUTTING

TASK DESCRIPTION

The system will use high-pressure liquid nitrogen
and solid carbon dioxide to perform cutting and
abrading without introducing a secondary waste
stream from the cutting media. An adaptation of the
highly effective waterjet techniques is used to cut
surface abrading, eliminating secondary waste-
streams. The cryogenic cutting technology will en-

hance existing fluid systems to deliver high-pressure
liquid nitrogen and solid carbon dioxide to a sophis-
ticated nozzle. The system will be evaluated by
cutting select materials. See Figure 3.1.

GFX 950290

<3

Cryogenic Cutting System.

Figure 3.1.

The primary objective is to perform sizing of large
objects during retrieval operations, using cryogenic
cutting technology.

TECHNOLOGY NEEDS

Large objects unearthed during buried waste re-
trieval operations will need to be made smaller prior
to treatment. Current methods for size reduction
include shearing, plasma arc cutting, waterjet cut-
ting, and other similar techniques. Shearing can be
used for materials that are not too large or too strong
for the shears. Plasma arc cutting adds risk to
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operations due to the flame inherent in the opera-
tions and the high temperature. Waterjet cutting
adds an undesirable secondary waste stream to the
process. Cryogenic cutting is a widely applicable
technique and produces no secondary waste stream.

ACCOMPLISHMENTS

During FY94, the existing Cryogenic Cutting Sys-
tem underwent extensive upgrades to improve cut-
ting effectiveness. The nozzle was attached to a
gantry crane to allow it be operated in an 18" x 18"
x 18" space, which gave sufficient movement to
establish cutting rates with various materials. A
plywood box was opened in 15 minutesatascan rate
of0.5 in/s. A steel drum was opened by directing the
jet around the periphery of the drum. For one
revolution the travel speed was 0.012 in/s, giving a
0.007 in depth of cut. At this rate, eight passes were
required to perforate the drum wall, which would
take approximately seven hours.

BENEFITS

This technology will be used to (a) reduce multiple
material types in size and (b) eliminate the second-
ary waste stream inherent in waterjet cutting. This
project is still in a research phase and the cost

benefits are not quantified. Cost savings will be
dependent on the specific application; however,
savings will be driven primarily by reducing second-
ary waste stream handling and disposal costs.

COLLABORATION/TECHNOLOGY
TRANSFER

Several companies have expressed interest in col-
laborating in the development of this technology.
Interested parties include cutring service compa-
nies, high pressure pump companies, control sys-



tem companies, and cryogenic companies. Cryo-
genic cutting may have wide applicability to site
decommissioning where secondary waste streams
are of concern.

For further information, please contact:

Dennis Bingham
Principal Investigator
LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-1376

George Schneider
Principal Investigator

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, ID 83401
(208) 526-6789
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Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290

(301) 903-7965

TTP Number: ID142019

BIBLIOGRAPHY OF KEY PUBLICATIONS

None at this time.




3.2

GRAPHITE DC ARC AND IN SITU

REAL-TIME MEASUREMENTS

TASK DESCRIPTION

The primary objective is to demonstrate and evalu-
ate a graphite-electrode, direct-current (DC) arc
furnace for processing radioactive waste (both low-
level and transuranic), mixed waste, and soil. Inno-
vative diagnostic tools for monitoring the treatment
process will be used.

The Mark II furnace is a refractory-lined, carbon
steel vessel measuring 23-ft high and 7-ft in diam-
eter, with four soft patch panels around the circum-
ference to provide access for waste feed, glass
discharge, and diagnostic equipment. The furnace
is designed for semi-remote operation, alpha con-
tainment, and ability to process at 1-MVA power

giving up to a 1.5 ton/hr processing rate. See Figure
3.2.

The electrode assembly has a unique coaxial ar-
rangement. The outer graphite electrode is 14-inch
outer diameter and 10-inch inner diameter. The
inner electrode is a solid G-inch piece of graphite.
The electrode assembly can be operated in the

Mark Il DC Arc Furnace

.~ Elacode Housing

transferred arc mode or the non-transferred arc
mode.

The real-time measurement systems include ana-
lytical equipment for measuring furnace and glass
temperatures and exhaust emission in the furnace
chamber and off-gas line. There is less interference
on the millimeter wave radiometer from the furnace
environment for measuring furnace and glass tem-
peratures than on the infrared pyrometers. Specially
deconfigured plasma sources will be tested for in
situ measurement and analysis of gaseous and par-
ticulate emission in real time. Molecular emission
analysis and particle size and velocity determination
monitor composition of solid material at various
stages of processing.

TECHNOLOGY NEEDS

The plasma arc technology can treat any type of
buried waste—hazardous, low level,and TRU, along
with any contaminated soils and containers. The
technology destroys organics and stabilizes metals
(both radioactive and hazardous) ina suit-
able final waste form. Ash, secondary waste,
and soil can be treated.

tsclstion Stice
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R
Furnace Feod
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Figure 3.2. Schematic Drawing of the Mark II DC Arc

Furnace.

ACCOMPLISHMENTS

An engineering-scale furnace, the Mark I,
has been built and demonstrated. Design
improvements are ongoing, including de-
velopment of improved diagnostics. Sur-
rogate waste has been treated with this
furnace. A large pilot-scale unit, the Mark
II, has been built incorporating off-gas
. treatment, higher power, and throughput.
Improved diagnostics include analytical
instruments for spatially resolved mea-
surements of furnace and glass tempera-
tures. Gas concentration measurements in
the furnace and off-gas exhaust line are
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also included. A self-calibrating millimeter wave
radiometer, plasma sources, and analyrical instru-
ments have been developed for use in Mark II
testing.

BENEFITS

The Mark IT can handle objects as large as a 35-
gallon drum, test limited quantities of hazardous
materials, and can be used for a full-scale produc-
tion furnace. The plasma arc can treat any type of
buried waste—hazardous, low level, and TRU—
along with any contaminated soils and containers.
The final waste form (slag, solidified residue) is
extremely durable and is similar to long-life natural
analogues.

Competing technologies include other arc-melter
designsand joule-heated melters. Other arc melters,
or plasma furnaces, are designed with single metal
electrodes. The arc melter at the U.S. Bureau of
Mines uses three graphite electrodes. The single
graphite electrode design may require less mainte-
nance than multiple electrode designs. The use of
graphite increases metal electrode lifetime. In gen-
eral, arc melters have higher throughput capabilities

than joule-heated melters. Arc melters are well suited
for contaminated soils and containers, as they re-
quire high melting points.

The DC Arc technology can process solid waste at 1
kilowatt hour per pound of material processed. This
value is better than any reported value for the
plasma torch systems and is equal to that for joule-
heated melters and the ISV process. The difference
between the joule-heated melters and the ISV is the
relative rates at which material can be processed.
The DC Arc is capable of processing material at a
much faster rate due to the high temperature arc
zone. The submerged arc operating regime can
efficiently transfer energy into the melt.

COLLABORATION/TECHNOLOGY
TRANSFER

Other commercial entities have expressed interest
in both the melter and diagnostic technology. Tech-
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nology transfer is occurring with the Massachusetts
Institute of Technology (MIT) and Electro-Pyroly-
sis is a partner on the project. Technical progress
reports and design data will be transferred to other
projects.

For further information, please contact:

Jeff Surma

Principal Investigator
Pacific-Northwest Laboratories
P.O. Box 999

Richland, WA 99352

(509) 376-4905

George Schneider
Principal Investigator

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, ID 83401
(208) 526-6789

Kevin Kostelnik
Coordinator, LITCO
P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: RL321211

BIBLIOGRAPHY OF KEY PUBLICATIONS

J.Surma, Diagnostics Development for the Mark II
Arc Furnace Progress Report, Pacific-Northwest Labo-
ratories.

J.Surma, FY94 Summary Report Mark II DC Arc
Furnace Testing, Pacific-Northwest Laboratories
Report.
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3.3

ARC MEILTER VITRIFICATION

TASK DESCRIPTION

A plasma arc furnace pyrolyzes, combusts organic
materials, and melts residual inorganic materials
with an electric arc. The American Society of Me-
chanical Engineers/United States Bureau of Mines
(ASME/USBOM) plasma furnace—a 1.5 MVA,
1.5 ton/hr (nominal) electric arc furnace—features
three carbon electrodes, continuous feed system,
off-gas treatment system, and slag and metals tap-
ping capability. See Figure 3.3a. The side wall is
cooled from a slag layer on the lining of the refrac-
tory. This further protects the refractory from
degradation. The resulting molten slag, upon cool-
ing, produces a durable vitrified cast form that may
be safely disposed of.

The primary objective is to demonstrate, in a cur-
rently operational commercial-scale plasma arc
melter, the applicability and feasibility of existing
plasma arc melter technology for high temperature
treatment of TRU and mixed hazardous wastes and
buried or stored soils.

TECHNOLOGY NEEDS

The arc melter could be used to treat a variety of
waste containers and matrices containing both haz-
ardous and radioactive substances. See Figure 3.3b.
It is especially useful whenever high-efficiency de-
struction of organics is required. It permanently
encapsulates heavy metals and radionuclides in a
non-leachable final product.

ACCOMPLISHMENTS

The existing off-gas system components can be
modified for TRU surrogates and heavy metals
containment. Approximately 20 to 30 metric tons
of simulated waste will be processed in each melt
campaign, or about 4 to 6 metric tons per day.
Surrogate wastes, including soils, metals combus-
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Figure 3.3a. Continuous Tapping of Slag.

tibles, and sludges will be prepared and separately
incinerated, as appropriate, in preparation for melter
processing.

BENEFITS

The advantages over conventional thermal-process-

ing methods include high temperatures, high en-
thalpies, choice of inert or chemically active torch
gases, and operation with low gas volumes. Addi-
tional attributes of this research include:

* Optimal configuration of plasma arc,
Operating characteristics,
Time needed for mixing,
Migration of plutonium and cesium,

Electrical field patterns of plasma arc,

Energy balances throughout system,

QRLISOLe



* Distribution of waste,
L]

AC versus DC melter comparison,

Non-equilibrium chemistry,

*

Extent of immobilization of radioactive and
hazardous waste, and

* Recovery of valuable metals.

Cost savings have not been quantified. The key
advantage of arc melter technologies is their ability
to process a wide variety of heterogeneous waste
into a durable glass ceramic waste form that is more
leach resistant at less volume than other waste forms,
such as compacted or cemented incinerator ash.
Savings will be realized during ultimate disposition
of the waste form (reduced volume, less stringent
requirements).

COLLABORATION/TECHNOLOGY
TRANSFER

University, industry, and other laboratory partici-
pants are being solicited. Since many private-sector
companies are members of the present ASME test
consortium, CRADAs with industrial partners are
being sought to speed completion of the demonstra-
tion project and accelerate technology transfer to
the private sector. Test wastes were used in the first
melc campaign. Test data were reduced and re-
ported. FY95 test plans are being prepared to dis-

seminate information.
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For further information, please contact:

Gary Anderson

Principal Investigator
LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-4669

George Schneider
Principal Investigator

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, ID 83401
(208) 526-6789

Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

95

TTP Number: ID132011
BIBLIOGRAPHY OF KEY PUBLICATIONS

Oden, L.L., N. Soelberg, Baseline Tests for Arc
Melter Vitrification of INEL Buried Wastes, Vol-

ume I: Facility Description and Summary Dara,
(EGG-WTD-10981 Vol. I), 1994.

Oden, L.L., N. Soelberg, Baseline Tests for Arc
Melter Vitrification of INEL Buried Wastes, Vol-
ume II: Baseline Test Data Appendices, (EGG-
WTD-10981 Vol. II), 1994.




3.4

MODELING OF THERMAL

PLASMA ARC TECHNOLOGY

TASK DESCRIPTION

The computer model of the plasma arc treatment
will simulate a variety of plasma arc waste treatment
facilities. See Figure 3.4. It will determine the mi-
gration of particulate and gaseous contaminants to
the off-gas by composition and into the equipment.
The contaminants encapsulated within the final
waste slag and the effects of molten metal pooling
on the chemistry and hear transfer of the arc plasma
will also be modeled. Further data for modeling the
chemical aspects of the plasma arc process not in the
current databases and model limitations will be

provided.

The primary objective is to develop a computer
model of the plasma arc treatment process, that
gives information on the most likely composition
of final waste slag and off-gas, location of heavy
metals, and size and distribution of slag and metal
pool.
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Figure 3.4. Modeling of Thermal Plasma Arc.
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TECHNOLOGY NEEDS

Plasma arc modeling will have short-term and long-
term advantages in analyzing and improving ther-
mal waste treatment technologies. Knowledge of
effects of convection within the molten slag and
melts and the thicknesses of the different layers can
help maximize waste loadings and minimize metal
off-gassing. Lower processing costs can be achieved
in understanding the effects of the power input to
the plasma arc on the temperature field and heat
transfer within the facility.

Expedited experimental tests can be achieved, low-
ering costs and achieving technology use sooner.

ACCOMPLISHMENTS

During FY94, a model of a two-dimensional
axisymmetric transferred plasma arc was developed
and validated. This model
includes the growth of a
slag pool. The thermo-
fluid model is used to pre-
dict the temperature and
pressure field within a
plasma arc furnace. A ro-
bust and accurate model
for the chemical equilib-
rium calculations has been
implemented to determine
chemical composition of
the final waste form and
off-gas based on the tem-
peratures and pressures
within the plasma arc fur-
nace.
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BENEFITS

The model can be used to:

For further information, please contact:

* Develop, optimize, and understand plasmaarc Mike McKellar
technology. Principal Investigator
o Reduce the operation costs of current arc LITCO
P.O. Box 1625

melters.

Determine the migration of the contaminants
during the process and the location of the
contaminants after the process.

Develop designs that are more efficient (i.e.,
capture more waste within the vitrified prod-
uct).

Determine areas in which experiments may
benefit the advancement of the technology.

Idaho Falls, ID 83415-3710
(208) 526-1346

George Schneider
Principal Investigator

U.S. Department of Energy
Idaho Falls Operations Office

850 Energy Drive
Idaho Falls, ID 83401
(208) 526-6789

o Understand the cause and effects of the physi- Kewn. Kostelnik
cal processes occurring within the plasma arc Coordinator, LITCO
P.O. Box 1625

facilities.

COLLABORATION/TECHNOLOGY
TRANSFER

The model can be transferred for use at other public
and private facilities, including specific application
at PNL, MIT, and the USBOM. The experimental
work from these labs and furnace manufacturing
organizations can aid in validating the code. The
intermediate and final codes will be transferred to

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

plasma arc developers and end users. TTP Number: 1D142010

BIBLIOGRAPHY OF KEY PUBLICATIONS

None at this time.
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3.5

SECONDARY TREATMENT OF OFE-GAS

USING NON-THERMAL PLASMA

TASK DESCRIPTION

Non-thermal electrical discharge plasma can pro-
mote favorable chemistry to destroy hazardous
chemicals. See Figure 3.5. Electrical energy directed
into the process chemistry creates highly reactive
free radicals that oxidize/reduce pollutants, frag-

ment pollutants directly, or promote excited-state
chemistry.

8

Figure 3.5. Secondary Treatment of Off-gas
Using Non-thermal Plasma.

Silent discharge plasmas consist of two parallel
metal electrodes with a dielectric barrier between
and adjacent to one electrode. High voltage is ap-
plied between the electrodes, creating a

GFX.95-0295
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microdischarge on gases flowing between them.
The electrical energy is channeled into free radical
production. This creates an active environment for
destruction of gaseous hazardous organics.

The primary objective is to evaluate the non-ther-

mal plasma (NTP) process for removal of VOCs
SOx/NOx, hazardous compounds, and high vapor
pressure metals (HVPMs) in melter off-gases.

TECHNOLOGY NEEDS

This technology is an alternative non-incineration
treatment for volatile organic destruction and metal
oxidation to remediate contaminated soil and direct
mixed waste treatment. It also trears secondary
waste gases from commonly used treatment pro-
cesses for mixed waste such as vitrification, incin-
eration, and thermal stripping.

ACCOMPLISHMENTS

During FY94, considerable effort was made to de-
fine a surrogate off-gas mixture to represent genet-
ally-expected LSFA arc melter outputs. This work
involved examining large data sets from arc melter
tests and off-gas simulation calculations. Interfac-
ing with LSFA and USBOM personnel, projections
of off-gas outputs based upon a wide variety of
expected feed material were developed. A surrogate
mixture composed of SO,, NO, a chlorocarbon,
and a chlorofluorocarbon was specified, and bottles
of gas were ordered from a specialty vendor. Con-
ceptual designs were formulated for laboratory-
scale evaluation tests at LANL and demonstration
testing on a bench-scale arc melter. Laborarory-
scale apparatus for low-temperature (<300 C°) test-+
ing was designed, assembled, and evaluated.




BENEFITS

NTPs have two major applications for hazardous
waste treatment:

o Primary Stage-Treating gaseous-based wastes
such as VOCs in stack gas and as stand-alone
plasma devices.

o Secondary Stage-Treating the offgas stream
ofincompletely destroyed waste from primary
stage units and incinerators or furnaces.

Competing technologies for VOC treatment in-
clude thermal catalytic incineration and activated
carbon treatments. Selective catalytic reduction
(SCR) techniques compete in the treatment of sul-
fur and nitrogen oxides. Non-thermal plasma tech-
nology has the advantage of potentially being able
to treat each of these waste gases as well as HVPMs
simultaneously. This technology does not compete
well on cost, at first, because electrical processes are
generally more expensive than thermal processes.
Nonetheless, it may compete well on a more global
scale, because of its ability to treat several waste
gases simultaneously, and because the process pro-
duces less greenhouse gas than thermal treatments.

This is an emerging technology, so little data is
available for this category. One baseline comparison
is for VOC abatement, where it is projected that
NTP is 2 to 4 times cheaper per kg than activated
carbon.

COLLABORATION/ TECHNOLOGY
TRANSFER

DOE sites such as SRS, Hanford, and Mound and
participants in the industrial sector such as the
chemical, electrical production, and paperand wood
products industry support technology transfer. The
Electric Power Research Institute intends to coop-
erate with DOE on an air-toxics effort through a
CRADA and technology commercialization with
the private sector.
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For further information, please contact:

Louis Rosocha
Principal Investigator
LITCO

(208) 526-8493

George Schneider

Idaho Principal Investigator
U.S. Department of Energy
Idaho Falls, ID 83401
(208) 526-6789

Kevin Kostelnik
Coordinator, LITCO
P.O. Box 1625

Idaho Falls, ID 83415
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number; AL142002

BIBLIOGRAPHY OF KEY PUBLICATIONS

Rosocha, L.A., G.K. Anderson, L.A. Bechtold, J.J.
Coogan, H.G. Heck, M. Kang, M. McCulla, RA.
Tennaut, and P.J. Wantuck, Treatment of Hazard-
ous Organic Wastes Using Silent Discharge
Plasmas,In: Non-thermal Plasma Techniques for
Pollution Control, Edited by B.M. Denetrance and
S.E. Schultsis, Springer-Verlag, Berlin-Heidelberg,
1993.

Rosocha, L.A., “Non thermal Plasma Applications
to Pollution Control and Environmental
Remediation,” First International Conference on
Advanced Oxidation Technologies for Water and
Air Remediation Proceeding, London, Ontario,
Canada, June 25-30, 1994.




3.6

MINIMUM ADDITIVE WASTE

STABILIZATION PROGRAM

TASK DESCRIPTION
Minimum Additive Waste Stabilization (MAWS)

provides an environmentally sound cleanup alter-
native for large amounts of hazardous, low-level
radioactive and mixed wastes that exist across the
DOE Complex. A wide variety of waste streams
often contain the basic chemical components from
which a glass waste form can be made. The MAWS
approach combines these resources to minimize the
use of non-waste additives, and produces an envi-
ronmentally safe and acceprable final waste form.
The final waste volume is minimized because little
or no additives are used. Vitrification results in
volume reduction through 1) evaporation of water,
2) destruction of organics, and 3) consolidation of
the RCRA metals and radioactive material into a
non-porous amorphous glass. Disposal costs are
reduced and future environmental risks/costs are
minimized, since the glass is both durable and leach

resistant,

Integrated systems are used to apply the MAWS
concept and to maximize benefits. Vitrification
incorporates both primary and secondary waste
streams into glassy waste forms. Supporting tech-
nologies may include thermal treatment, soil wash-
ing, biodegradation, gas scrubbing/filtration, and
ion exchange waste water treatment. Efforts are
made to recycle any secondary waste streams from
these supporting technologies back into the vitrifi-
cation system. The particular suite of technologies
chosen will depend on the waste streams available
for treatment.

The MAWS Program is proceeding in five major
areas. These include: 1) marterials science, 2) waste
form durability/characterization, 3) technology pro-
cess development and systems integration, 4) sys-
tem demonstration at DOE sites, and 5) life-cycle

cost savings/benefits.

Compositional envelope development is the main
focus for the materials science efforts. This involves
investigating a variety of glass and vitreous ceramic
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compositions to determine processing properties
and phase separation tendencies. Initial studies have
focused on surrogates. Present efforts are directed to
studies with actual waste streams from the various
sites so that interesting combinations of wastes can
be screened as potential candidates for MAWS imple-
mentation. Through development of the composi-
tional envelope, future candidate waste streams can
be more quickly screened based on the known
limits.

Closely tied to compositional envelope develop-
ment is characterization of waste form durability.
Glass compositions may vary widely and result in a
broad range of durabilities defined by the tendency
to dissolve or leach under various conditions. This
effort is providing a database of durability informa-
tion as measured by Toxicity Characteristic Leach
Procedure and Product Consistency Test (PCT)
results, which can be used to optimize the waste
forms. An effort is also planned to investigate ap-
propriate tests and models to calculate long-term
performance given a set of assumptions. This effort
will develop new or verify existing test methods and
models that prove to be the best approach for
making such projections.

Since vitrification is at the heart of the MAWS
approach to treatment of wastes, a major effort is to
develop higher temperature melting systems. See
Figure 3.6. Such systems will provide the flexibility
to address a broader range of waste streams and
generally produce more stable and durable waste
forms. Systems under study include unique varia-
tions of plasma, microwave, and joule-heated melters
that can potentially minimize off-gas generation so
as to better trap the contaminants in the vitrified
waste form. These technologies are being developed
at the bench scale and will progress through various

stages of scale-up and cold to hot testing as war-
ranted.

An initial demonstration of joule-heated vitrifica-
tion in combination with soil washing and ion
exchange water treatment has concluded at Fernald,



Melter.

OH. That demonstration successfully washed 57
cubic yards of contaminated soils to less than 35
pCi/g and produced several thousand kilograms of
glass from site high fluoride sludges and soils con-
taminated with uranium, thorium, and technetium.

Negotiations and plans are proceeding for a second
demonstration of the MAWS concepts at INEL.

Life cycle cost analyses provide the required infor-
mation to determine the best use of limited funds.
For the MAWS program, these models are being
developed to estimate full implementation costs in
comparison to cementation or other appropriate
baseline technologies. An initial model has been
developed based on the information available from
the Fernald demonstration. This model will be
modified, as appropriate, to project cost savings for
waste streams from other sites. Uncertainties are
being quantified and the sensitivities of the various
parameters determined through mathematical
Monte Carlo analysis.

TECHNOLOGY NEEDS

The MAWS program is aimed specifically at treat-
ing low-level and mixed wastes with vitrification. In

order to achieve workable formulations for accept-
able waste forms requiring minimum additives,
innovative ways of combining wastes need to be
investigated along with appropriate integrating tech-

101

nologies. The strategy is to use, where possible,
actual waste streams during evaluations and com-
mercially mature technologies to be able to quickly
tailor systems of interest to the DOE Offices of

Waste Management and Environmental Restora-
tion in meeting their compliance agreements.

Glass compositional effects must be understood to
screen waste streams for necessary components and
to combine them in optimal proportions to achieve
a processable and durable waste form for disposal.
Contaminated soils may provide one of the building
blocks for making a vitrified waste form. Finding a
composition that is both processable and durable,
and combining wastes in an integrated system can
be quite challenging. A systems approach is needed
to minimize additives and secondary waste genera-
tion. Individual supporting technologies are opti-
mized to provide a better feed to the vitrifier. The
ultimate goal is to produce a glass or vitreous ce-
ramic that can be released to the environment.
Flexibility is needed in the systems chosen so as not
to limit applicability and to deal with the largely
heterogeneous nature of many mixed wastes.

Of particular concern in many vitrification systems
is the off-gas system and potential release of con-
taminants to the air. Although vitrification is differ-
ent from incineration, some organics may be part of
the waste streams to be treated. Also, the high
temperatures can cause some problem contami-
nants to volatilize. Real-time monitoring equip-
ment is needed to ensure that no releases occur.
Also, consideration will be given to closed loop type
systems and strategies to minimize volatilization or
entrainment of contaminants in the off-gas. Effec-
tive ways to deal with mercury are needed.

Empbhasis will be given to technologies and inte-
grated systems directed toward specific DOE waste
problems with abilities to test actual waste streams
and for which no other baseline treatment has been

defined.

ACCOMPLISHMENTS

+ Acceptable glass and vitreous ceramic waste
forms have been developed spanning a spec-
trum of compositions for candidate wastes.



Good glass formulations have been developed
from several Hanford, ORNL, and INEL waste

streams.

Volume reductions of 25 percent and more
have been achieved with many DOE wastes
such assoils, sludges, and sediments during the
vitrification step.

Metal loadings of up to 70 percent with soils
have been oxidized into a stable basalt like
ceramic using plasma melting technology. The
process and waste form quality has scaled well
from bench through pilot tests.

Stable vitrified glass and vitreous ceramic waste
forms have been developed that are able to
meet EPA toxic characteristics leaching proce-
dure (TCLP) criteria and surpass product con-

sistency testing (PCT) standards develo ped for
high-level waste glasses.

Waste loadings up to 94 percent have been
achieved with actual Fernald sludges and soils.
In other laboratory tests, waste loadings of 100
percent have been demonstrated through
careful choice of wastes.

An integrated treatment system which con-
tains a 300 kg/day melter, 0.25 cubic yard/
hour soil washing unit, and a 100 GPM ion
exchange unit has been demonstrated at
Fernald.

Laboratory-scale soil washing tests have re-
duced uranium concentrations to less than 35
pCi/g and achieved a volume reduction of
greater than 80 percent with Fernald clay-type

soils. The pilot-scale unit has successfully pro-
cessed 57 cubic yards of contaminated site soils
with a volume reduction of 70 percent for use
in the pilot-scale vitrifier.

Tests with actual Fernald site radioactive slud-
ges and soils have successfully been completed
in both the 10 kg/day and 100 kg/day melters
at the Catholic University of America (CUA),
providing high quality waste forms and needed
operational data for the 300 kg/day melter at
Fernald. To date, the Fernald melter has pro-
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duced several thousand kilograms of glass with
actual radioactive sludges and soil concen-
trates.

The Fernald off-gas system on the 300 kg/day
melter has effectively captured the high levels
of hydrogen fluoride volatilized from the melt
and recycled it as sodium fluoride sludge back
into the melter. Emissions were within pre-
scribed limits.

* A preliminary life-cycle cost analysis for vitri-
fication of the OU-1 sludges and soils using
the MAWS system concept indicates a mini-
mum savings of $100 million, as compared to
cementation.

BENEFITS

The MAWS technology approach provides a lower
cost vitrification alternative for the vast quantities
of low-level and mixed wastes that exist across the
DOE Complex. This is possible because of the
minimum use of additives and the high waste load-
ings achieved (often greater than 90 percent). Cost
savings result from reduced processing costs and
disposal costs, since with vitrification the waste
tends to be concentrated rather than diluted. Vol-
ume reductions of 25 percent to 75 percent are
common, whereas, generally volume increases dur-
ing other treatment options like grout or encapsu-
lation. Therefore in treating a combination of waste
streams, a larger fraction of the time is spent actually
processing waste, and disposing of only waste rather
than a lot of additives. The additives required for

ease of vitrification are provided through optimum

combination of the available wastes on site, and
therefore additive purchase costs are minimized.

In most cases, this allows vitrification to be cost
competitive with other waste treatment technolo-
gies such as cementation while providing a non-
porous superior waste form in terms of durability
and leach resistance (lowest leach index of all waste
forms). This is the reason that glass has been chosen
as the waste form of choice for disposal of high-level
wastes.



Vitrification is a preferred treatment approach for
many inorganic waste streams such as soils, sludges,
asbestos, ashes, ion exchange resins, D&D debris,
etc. The wastes actually become a part of the glass
matrix rather than merely encapsulating the waste
in cement/grout, polymer, or asphalt. Through use
of a systems approach, MAWS is able to recycle
most secondary waste streams back into the melter
to ultimately become glass. Implementation of a
MAWS approach on a site-wide basis to treat mul-
tiple waste streams may avoid the need to build
multiple smaller treatment facilities based on other
technologies, thereby providing economies of scale.

COLLABORATION/TECHNOLOGY
TRANSFER

There are 2 number of industry/university partners
that have been instrumental in developing tech-
nologies for use in the MAWS treatment approach.
The initial demonstration of the MAWS concepts
at Fernald were made possible through a collabora-
tive effort between GTS Duratek Corporation and
CUA to develop the vitrification and waste water
treatment technologies, and Lockheed Environmen-
tal Services Corporation to develop the soil washing
technology. ANL provided project management
and long-term glass performance testing.

GTS Duratek teamed with the Vitreous State Labo-
ratory (VSL) at CUA to develop a compositional
envelope of glasses from Fernald wastes that are
both durable and processable in the joule-heated
melter developed by GTS Duratek. Together, they
proceeded to develop and scale up a process from

the bench (10 and 100 kg/day units) to pilot-scale
units (300 kg/day) demonstrated at Fernald. GTS
Duratek and CUA hold several patents on this

unique melter design.

The experience gained by GTS Duratek in design-
ing, installing, and operating the joule-heated melter
during the Fernald demonstration has helped the
company in bidding for other contracts to treat
DOE wastes such as 700,000 gallons of M-area
sludges at SRS, and to demonstrate applicability for
Hanford low-level wastes. In addition, GTS
Duratek/Chem-Nuclear have formed a joint ven-
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ture and signed an agreement to build a commercial
low-level waste vitrification plant at Barnwell, SC,
leveraging off their experience gained from the
Fernald demonstration melter.

For further development of suitable compositional
envelopes for glassand vitreous ceramic waste forms,
there is a three-pronged effort underway. CUA is
continuing to develop the glass waste forms area
utilizing a variety of actual waste streams from
several DOE sites including Hanford, ORNL, and
INEL. Both ANL and PNL are conducting similar
studies on wastes and surrogates more appropriate
to a vitreous ceramic {(natural basalt like) waste
form. These studies are providing phase composi-
tional, processing, and long-term performance data

that will ultimately be part of an overall database
and modeling effort initiated by CUA. This model
and database should facilitate the initial screening
of wastes appropriate for treatment into a vitrified
waste form, and suggest likely formulations to be
bench-tested utilizing a MAWS approach. This
should allow more rapid transfer of this technology
approach to the other sites across the DOE Com-
plex and ultimately to private industry problems.’

To enhance the capability to vitrify a greater variety
of wastes requiring higher melting temperatures
and thereby minimize the use of additives, there
were several efforts underway. The first was a three-
way effort where a series of tests on high metal
content feeds utilized a high-temperature centrifu-
gal plasma melter to produce glassy slag waste forms.
This work initially involved a collaborative effort
between Retech, Inc. and MSE, Inc. to test this
concept out in both a bench scale and pilot sized
unit at each facility. In addition, ANL was involved
in the design of the feed formulation matrix and

evaluation of the glassy slags produced.

The most recent scale up and duration tests on these
high metals feeds in the pilot scale unit at MSE,
Inc., were funded by the Army Corps of Engineers
through DoD's Construction Engineering Research
Laboratory (CERL). Mississippi State University’s
Diagnostic Instrumentation and Analysis Labora-
tory provided capabilities to monitor enhanced real-
time off-gas. There is great interest in this plasma
technology because it potentially minimizes the
pretreatment and separation needs for many wastes,



thereby resulting in a much simplified process flow
scheme. In addition, the slag-like waste form has
been shown to be comparable and often better than
the glasses developed to contain high-level wastes in
many respects.

Additional efforts are funded through CUA’s VSL
to develop other high-temperature technologies.
Both the VSL and PNL are working on improved
electrodes for high-temperature joule-heated melt-

ing. VSL is working on testing of new materials,

while PNL is investigating unique coatings and
electrode biasing techniques to increase the elec-
trode life.

Another collaborative effort has just concluded be-
tween the Air Force Institute of Technology and
FERMCO to provide a life-cycle cost model for
MAWS vitrification processes. This funding in-
volves an Interagency Agreement. This provides a
very general model and allows waste data from other
sites to be easily input for rapid assessment of
MAWS vitrification potential compared to other
treatment technologies.

For further information, please contact:

Rod Warner

Technical Program Officer

U.S. Department of Energy - Fernald
Cincinnati, OH 45239

(513) 648-3156

Dr. Ian Pegg

Principal Investigator

Catholic University of America
Vitreous State Laboratory
Washington, D.C. 20064
(202) 319-6700

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965
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3.7 AQUEOUS BIPHASIC SEPARATION SYSTEMS FOR
TREATING URANIUM-CONTAMINATED SOILS

TASK DESCRIPTION

Aqueous biphasic separation (ABS) systems have

been developed to treat solid and liquid waste and to
recover uranium from contaminated soil. The ex-
traction process involves the selective partitioning
of solutes or fine particulates between two immis-
cible aqueous phases. The biphasic systems consist
of immiscible polyethylene glycol (PEG) and salt
solutions. Each phase contains at least 70 to 80
weight percentage water. Some inorganic salts that
promote biphase formation with PEG solutions
include the sodium/potassium salts of sulfate, car-
bonate, phosphate, and hydroxide.

The ABS system used in the soil treatment studies
contains PEG-1500/Na,CO,. The carbonate/PEG
biphase system provides rapid phase separation at
solids concentrations of 30-35 weight percentage.

Laboratory work is currently devoted toward opti-
mizing the countercurrent extraction system using
a l-inch diameter Karr column. Significant im-
provements in soil throughput and particle size
handling capability have already been achieved.
Methods are being examined to improve solid/
liquid separation capabilities. A detailed flowsheet
is being prepared to include cost estimating for full-
scale implementation of the technology.

TECHNOLOGY NEEDS

The former Feed Materials Production Center, now
the Fernald Environmental Management Project
(FEMP), at Fernald, OH, produced uranium metal
for defense needs until production was halted in
1989. The soil at the site became contaminated
with uranium from a variety of sources, including
deposition of airborne uranium particles and spills
of solvents and process effluents. There are an
estimated 2,000,000 yd>® (1.6 x 10° m®) of uranium-
contaminated soil that needs to be treated. Soil
cleanup levels have not yet been set.
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The major constituents of the soil at the FEMP site
are quartz, calcite, dolomite, and clay. Due to high
levels (>80 weight percentage) of silt (<53 to 2jim)
and clay (<2uum), this soil is not directly amenable to
treatment by conventional soil washing techniques.
A number of uranium (VI)-bearing phases have
been identified in the soil. These include uranium
silicates, uranium phosphates (e.g., autonites), and
uranium oxides (UO,). In addition, a number of
uranium (IV)-bearing phases, such as uranium sili-
cide, uranium oxide (UQ,), and uranium phosphite
[U(PO,),] have also been identified. While the
uranyl species are easily leached with aqueous car-
bonate solutions, some of the uranium phases, like
uranium phosphite, are extremely refractory and do
not readily dissolve in carbonate solutions even in
the presence of an oxidizing agent. The more
refractory uranium phases are present as discrete
particles with sizes in the micron and submicron
range.

New physical separation technologies are needed to
selectively recover micron-sized particulate con-

taminants from soils to help reduce the costs of
environmental remediation efforts. The ABS tech-

nology directly addresses this need.

ACCOMPLISHMENTS

A continuous, countercurrent process is being tested
in a 1-inch diameter, pilot-scale Karr column.

* Demonstrated ability to handle soil slurries
containing 30-35 wt. percent solids with par-
ticle sizes ranging from 150Um to below 1
micron.

Demonstrated uranium removal efficiency of
89-95 percent.

Demonstrated clean soil recoveries of 98-99
percent.



* Identified effective flocculating agents for en-
hanced solid-liquid separation of process
streams.

BENEFITS

The main advantages in using aqueous biphasic
separation technology to decontaminate soils is the
ability to achieve high decontamination factors,
together with high selectivity. The solid contami-
nants are concentrated in only 1-2 percent of the
feed volume. Aqueous biphasic extraction is appli-
cable to the treatment of soils containing a high clay
content. The process works best with ultra-fine
refractory contaminant species that are difficult to
remove by chemical dissolution. The ABS process
could be used as a stand-alone technique, or as a
polishing step to remove the remaining uranium
particles that are resistant to chemical leaching.

COLLABORATION/TECHNOLOGY
TRANSFER

U.S. and foreign patent coverage of this technology
hasbeen applied for. The technology isavailable for
license.

For further information, please contact:
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Argonne National Laboratory (East)
9700 South Cass Avenue

Argonne, IL 60439

(708) 252-4399

Steve Webster

U.S. Department of Energy
Chicago Operations Office
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Argonne, IL 60439

(708) 252-2822

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: CH221106
BIBLIOGRAPHY OF KEY PUBLICATIONS

Chaiko, D.J., R. Mensah-Biney, and Deepak, J.
“Soil Decontamination Using Aqueous Biphasic
Separation,” Proceeding of the Waste Management
’94 Conference, Tucson, AZ pp. 2257-2260, 1994.

Chaiko, D.]., Deepak, J. Gartelmann, Y. Vojta, E.
Thuillet, and C.]J. Mertz “Issues in the Scale-Up of
Aqueous Biphasic Extraction of Uranium from
Contaminated Soils,” in Separations off-Elements,

K.L. Nash and G.R. Choppin, Eds., Plenium Press,
NY (in press).

Chaiko, D.J., R. Mensah-Biney, and E. Van
Deventer, “Soil Decontamination By Aqueous
Biphasic Extraction” in Removal of Uranium from
Uranium-Contaminated Soils, Phase I: Bench Scale
Testing, ORNL-6762, Oak Ridge National Labo-
ratory, Oak Ridge, TN, 1993.




3.8

BIOSORPTION FOR REMOVAL OF URANIUM

FROM CONTAMINATED SOIL-WASHING MEDIA

TASK DESCRIPTION

Low-level contamination by radionuclidesand heavy
metals in soils is a serious problem at many sites in
the Unirted States and throughout the world. The
current technology for removing the contamination
is soil washing, which creates enormous volumes of
spent washing media contaminated with the merals
and/or radionuclides initially present within the
treated soils as well as with the lixiviant or extractant
material(s) used to effect the release of those con-
taminants from the soil. This spent media may be
disposed of directly as hazardous, radioactive, or
mixed aqueous waste. However, selective removal
of the contaminants through a gentle secondary
treatment would allow regeneration and reuse of the
washing media, thus minimizing the final volume of
waste for disposal and decreasing overall cost of the
washing process.

Atechnology currently under developmentat ORNL
exploits both the negatively charged and/or sorptive
nature of the surface of certain naturally-occurring
microorganisms and the ability of specific microbial
species to scavenge and transform dissolved metals,
including radionuclides. Sorption of the dissolved
metals results in their removal from solution via
physical means, coupled with their concentration
onto microbial biomass. This phenomenon is inde-
pendent of cellular metabolism, permitting the de-
sign of a process based on killed biomass.

Transformation of the dissolved metals via chemical
oxidation or reduction may result in their stable
conversion to an insoluble form. Precipitated metal
may remain associated with microbial biomass. Both
biosorption and biotransformation technologies are
most effective in the treatment of dilute wastes, i.e.,
those containing contaminants at the part-per-mil-
lion level. In this respect, the biological technolo-
giesare superior to chemical precipitation or sorption

for treatment of dilute wastes. Final contaminant
concentrations in the biologically-treated media are
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usually at the part-per-million levels, allowing reuse
or release.

In the case of either biosorption or biotransforma-
tion, the contaminated biomass may be easily sepa-
rated from the spent media via filtration or
centrifugation. Alternatively, the biomass may be
employed within a continuous-flow process in im-
mobilized form. Because the biological treatment
occurs at ambient temperature and pressure in the
absence of harsh or corrosive reagents, it is inexpen-
sive and yields no noxious secondary wastes. This
approach may be considered both cost-effective and
environmentally acceptable.

TECHNOLOGY NEEDS

Soil around the Fernald site has become contami-
nated with uranium as a consequence of defense-
related activities conducted at the Feed Materials
Production Center. A number of aqueous soil
washing media, containing various lixiviant materi-
als, have been considered for use in soil contamina-
tion there. A current lead candidate is carbonate,
which forms very stable, water-soluble complexes
with hexavalent uranium. Improved technologies
for the regeneration of the spent soil-washing media
are needed.

This effort focuses on the identification of micro-
bial biomass capable of competing with carbonate
for uranium binding sites. This biomass will form
the basis of a new technology for remediation of
spent soil washing media. In practice, the biomass
would be immobilized within a matrix that can be
formed into small-diameter beads so that it may be
deployed in a manner similar to that of currently
available commercial ion-exchange resins or acti-
vated charcoal. The technology will be used within
alarge-scale process designed to accommodate large
volumes of spent soil washing media.




ACCOMPLISHMENTS

Microbial biomass capable of binding dissolved
hexavalent uranium has been identified. Prelimi-
nary evidence indicates that sorbed hexavalent ura-
nium is converted to and precipitated as uraninite.
Inexpensive, simple pretreatments of the soil wash-
ing medium under consideration for use at Fernald
have been designed to enhance sorption and/or
transformation of extracted uranium. An inexpen-
sive, stable, resilient immobilization matrix for the
biomass has been developed. Methods for large-
scale production of immobilized biomass have been
devised.

The technology development effort is ready to pro-
ceed from the bench-scale, batch stage of testing to
a flow-through columnar arrangement in which
kinetics and other important process characteristics
may be precisely defined.

BENEFITS

Likely benefits of this technology to users who select
it as their method of remediating and/or regenerat-
ing spent soil washing medium contaminated with
dilute concentrations of uranium are cost savings
relative to conventional regeneration technologies
vis-a-vis ultimate waste storage, transportation, and/
or disposal.
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3.9

HEAP LEACHING OF URANIUM FROM SOIL

TASK DESCRIPTION

The objective of this task is to determine the
performance and economics of leaching uranium
from soil by simulated heap leaching. Heap leach-
ing is simulated in the laboratory using leaching
columns. Initially, 1kg samples of soil were leached
in 4-inch diameter 1-foot tall columns. The small
size was chosen to minimize waste in the event of
test failure. However, work has progressed to larger
10-inch diameter 12-foot tall columns holding 70kg
of soil. The extraction reagent of choice is sodium
carbonate/bicarbonate. The bicarbonate extracts
uranium and humics from the soil, leaving other
materials behind. Testing is being conducted at
room temperature and pressure, using homoge-
neous soil sample from the FEMP incinerator site.
The soil does not contain large rocks, leaves, or sod.

During leaching tests, aqueous solutions of bicar-
bonate are pumped from a dewar to the top of the
columns. The solution is dripped into the column at
a very low rate, e.g., .012 ml/cm* min (.005 gpm/
ft*/min). The solution flows through the column,
solubilizing and mobilizing the uranium. The
leachate from the borrom of the column is collected
and analyzed for volume, electrical potential, pH,
uranium content, and other materials.

Figure 3.9. Smallvs. Large-Scale Leach
Columns.

Pilot-scale tests are envisioned to excavate contami-
nated soil and place (heap) it on an impermeable
pad on the surface of the ground. The pad will be
sloped toward a sump at the bottom edge of the
heap. Selected leaching reagent(s) will be pumped
to and distributed on top of the heap with a drip
irrigation system or aerial sprayers. The reagent will
travel down through the soil, solubilizing and mo-
bilizing the contaminants. The leachate will then be
collected from the sump and pumped to a leachate
treatment and regeneration system. This system
will remove the contaminants from the leachate and
regenerate the leaching reagent for return to the top
of the heap. The process will be continued nonstop
until the contaminants in the soil have been reduced
to EPA standards, or as low as possible. If the EPA
standards cannot be met, the residual uranium will
be immobilized in the soil, so that it cannot be
leached out by future rain, snow, or ground water.

TECHNOLOGY NEEDS

Economical, effective, and safe methods are needed
to remove contamination, especially metals, from
massive amounts of soil, so the soil may be returned
to its original site and use. Heap leaching for soil
cleanup isan adaptation of a proven mining method
for removing precious and semiprecious metals from
low-grade ore. In the mining industry, thousands of
tons of ore are processed daily for less than $100/
yd’. Metals remaining in the depleted ore are mea-
sured in parts per billion. The benefits of this form
of soil remediation, when proven at field scale,
include:

* Ons-site cleanup,
* Low-cost processing,

* Conservation of expensive repository space,
and

* Elimination/reduction of long-term costs for
monitoring, isolation, and habitat protection
of disposal areas.



Additionally, the method would be used to exam-
ine, sort, treat, and verify the cleanliness of the soil.
This methodology will provide a permanent solu-
tion to the soil contamination problem, not just a
relocation of the soil and cost for future care.

ACCOMPLISHMENTS

o Demonstrated that carbonate/bicarbonate is

highly selective for uranium. The latest results
indicate only negligible quantities of other
compounds (non-uranium bearing) were re-
moved from the soil during leaching.

Demonstrated that it is not necessary to sepa-
rate the soil into its size fractions (i.e., gravel,
sand, clay, and silt) before it can be leached.

Demonstrated that the liquid-to-solid ratio
can be kept quite low (1 to 2 liters per kg soil
per 24-hour day) to minimize (or eliminate)
the need for dewatering of the soil after treat-
ment.

Demonstrated that the electrical energy con-
sumption is negligible.

Demonstrated that uranium removal is a func-
tion of carbonate/bicarbonate concentration.

Demonstrated that breakthrough time (time
between start of leaching at the top of the
column and appearance of leachate at the bot-
tom) is proportional to column height.

Demonstrated that total leaching time is gen-
erally not dependent on column height.

Most of the uranium removal occurs in the
first two weeks.

In leaching soil contaminated with 387 mg of
uranium/kg of soil using a .IM solution of
KHCO,/K,CO, with leaching conducted 24
hr/day:

- 58 percent of uranium was removed after
1 day; the liquid-to-solid ratio was 1:1.

- 90 percent of uranium was removed after
10 days; the liquid-to-solid ratio was 10:1.
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- 97 percent of uranium was removed after
33 days; the liquid-to-solid ratio was 33:1.

¢ Remaining contamination levels in the soil
were 164, 37, and 12 mg/kg, respectively.

o In leaching 13 columns of soil contaminated
with 470 mg uranium/kg of soil with various
solution concentrations and times:

- 81 percent of uranium was removed after
8 days using a .1M solution of NaHCO,/
Na,CO,; the liquid-to-solid ratio was 8:1.

- 82 percent of uranium was removed after
6 days using a .25M solution of
NaHCO,/Na,CO;; the liquid-to-solid

ratio was 6:1.

- 92 percent of uranium was removed after
6 days using a .5M solution of NaHCO,/
Na,CO,; the liquid-to-solid ratio was 6:1.

Remaining contamination levels in the soil were 90,

83, and 40 mg/kg, respectively.

BENEFITS

The technology is widely applicable to problems of
uranium-contaminated soil at DOE sites and at
commercial and military sites in the United States
and around the globe. This approach may reduce
implementation time because of the mining indus-
try usage and benign nature of the major chemical
involved baking soda (sodium bicarbonate).

The data generated so far suggests the process effec-
tively removes at least 80 percent of the uranium
contamination in the soil. By extending these stud-
ies to other soils the process improves its general
applicability to soils with different characteristics.
In addition, the issues of secondary waste stream
size and treatment, ease of acceptance by the public,
cost, equipment inventory, etc., are found to be
favorable. Preliminary cost estimates suggesta treat-
ment cost of $227/ton for heap leach treactment,
which compares favorably with the figure of $334/
ton for transporting and long-term storage.




For further information, please contact:

Adrian T. Hanson

New Mexico State University
P.O. Box 30001, Dept. 3CE
Las Cruces, NM 88003-8001
(505) 646-3032

Bruce M. Thomson
University of New Mexico
Department of Civil Engineering
University Hill NE
Albuquerque, NM 87131

(505) 277-4729

Robert Spangler

RUST Geotech, Inc.

P.O. Box 14000

Grand Junction, CO 81502
(303) 248-6706

Don York

Los Alamos National Laboratory
P.O. Box 1663

Los Alamos, NM 87545

(505) 667-8458

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Numbers: AL13003, AL121121
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3.10 CHELATOR APPROA‘CHES TO
ACTINIDE REMOVAL FROM SOIL
TASK DESCRIPTION leachate that is enriched with uranium will be col-

The objective of this project is to develop effective
extraction processes for the removal of uranium
from contaminated soils. Important requirements
for the process are that it should not destroy the soil

or generate secondary waste streams that are diffi-
cult to treat. This approach is focused on the use of
siderophores (microbial iron chelators) and bio-
mimetic analogs as mobilizing agents for uranium.
Based on the use of these chelators, together with
redox chemistry, chemical extraction of the ura-
nium can be performed under mild conditions.
This process will produce an aqueous leach solution
that will be treated to remove and concentrate the
solubilized uranium. The treated leach solution will
be recycled in order to minimize costs and second-
ary wastes.

Inputs for the process are contaminated soil and a
neutral aqueous solution containing chelators and
mild redox agents. In some cases, it may be benefi-
cial to pretreat.the soil with a physical separation
process or another chemical leaching process to
either pre-concentrate the uranium or to remove a
fraction of the uranium not amenable to this pro-
cess.

The outputs of the process are soil from which the
majority (90 - 99 percent) of the uranium contami-
nation will have been removed, and an aqueous
leach solution containing the solubilized uranium.
The final uranium concentration in the decontami-
nated soil has yet to be determined. Results ob-
rained to date demonstrate that for certain specific
soils at Fernald (e.g., Plant 1 storage pad soil)
chelator approaches to decontamination can reduce
uranium levels in treated soils to close to back-
ground, (<10 ppm).

It is envisioned that this process will be used on soil
that has been excavated from contaminated sites at
Fernald. Both agitated vat leaching and heap leach-
ing are under consideration for implementation. A
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lected from the heap leach or separated from the soil
in vatleach for subsequent uranium recoveryand/or
chelator recycle by pH adjustment and ion ex-
change. The recovered uranium will be immobi-
lized for disposal, and the decontaminated soil will

be returned to the site.

To date, the best decontamination results in batch
tests on soil treatability samples have been obtained
using Tiron, a bio-mimetic chelator with extraordi-
nary affinity for U4+ and dithionite as a reductant.
Good decontamination effectiveness has been ob-
tained with Tiron alone.

TECHNOLOGY NEEDS

Many DOE sites have radionuclide and/or toxic
metal contamination in soils and ground waters.
This project is primarily focused on the FEMP site
where previous processing activities have resulted in
uranium contamination. The precise extent of the
contamination is unknown, but estimates suggest
that 2,000,000 yd® of soil have unacceptable levels
of uranium contamination.

Present technologies for remediation of radioac-
tively contaminated soils involve immobilization of
the radioactive metals in place, excavation ofthessite
and transport of the contaminated soil to a secure
repository, or separation (usually by density or size)
of the more highly contaminated soil fractions.
Immobilization approaches suffer from poor public
acceptance and from high and continuous monitor-
ing costs. Transport and storage of the entire vol-
ume of contaminated soil will be expensive and
simply transports the problem to another site where
it may have to be remediated later. Physical separa-
tion methods are quite effective for contaminated
soils in which a large fraction of the contamination
is concentrated in a small volume of soil that can be
separated by density or size. However, at Fernald,



the uranium contamination is associated with all
size and density fractions of the soil. Consequently,
itappears that traditional physical separation meth-
ods will not be applicable, and that any successful

soil washing strategy will depend upon a chemical
extraction process.

ACCOMPLISHMENTS

Fernald Site Soils:

Reductive dissolution of uranium (VI) phases in the
presence of strong chelators was shown to be an
effective strategy for uranium decontamination.
Residual uranium concentrations in treated samples

ranged from 10 to 60 ppm.
For Primary Waste Stream:

Effective treatment of leachate has been accom-
plished for chelator recycle and to remove uranium
to less than 1 ppm.

BENEFITS

The chelator approach used here accomplishes
moderately greater extraction of uranium as com-
pared with the use of other chemicals. Additionally,
the extraction occurs at a lower pH and results in
less loss of organics from the soil during the leaching
operation. Soil physical characreristics are retained
well. Other attributes of the process are ease and
effectiveness of secondary waste treatment and
recyclability.

COLLABORATION/TECHNOLOGY
TRANSFER

Metallurgical and Biological Extraction Systems,
Inc. (MBX)

Hampshire Chemical Company

Environmental Scientific, Inc.
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For further information, please contact:

Dennis Olona

Technical Program Officer
U.S. Department of Energy
Albuquerque Operations Office
P.O. Box 5400

Albuquerque, NM 87185-5400
(505) 845-5296

Dr. James Brainard
University of California

Los Alamos National Laboratory
P.O. Box 1663

Los Alamos, NM 87545

(505) 667-0150

Jaffer Mohiuddin

Program Manager

U. S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290

(301) 903-7965
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3.11

SELECTIVE EXTRACTION/

LEACHING OF URANIUM FROM SOIL

TASK DESCRIPTION

Methods are being investigated to eliminate the
need for collection and bulk disposal/isolation of
large volumes of uranium-contaminated soils. The
objective of this task is to design extraction media
and procedures to remove uranium to concentra-
tions less than 35 pCi/gm of soil (an activity level of

natural uranium selected as a screening level to
evaluate potential decontamination technologies)
without adversely affecting the physicochemical or
agronomic characteristics of the soils. Additionally,
the extraction media and procedure(s) chosen should
effectively remove the uranium without generating
additional waste forms that are voluminous or dif-
ficult to dispose.

Selective extraction/leaching of uranium from soil
is being accomplished in studies to evaluate the
effectiveness of various leaching media (carbonate/
bicarbonate, citrate, and carbonate dithionite cit-
rate) and conditions of leaching (i.e., attrition,
time, and temperature). Bench-scale studies have
been completed and pilot-scale studies have begun.
Methods for leachate treatment are being investi-
gated to remove and concentrate uranium solubi-
lized in the aqueous leaching media. Process
engineering aspects of the total soil decontamina-
tion process (e.g., the necessary equipment, flow
rates, method for screening and dewatering soil
suspension, etc.) are being evaluated for pilot- and
full-scale field operations. The pilot-scale treatability
tests are being conducted at Fernald in the same
facility used for Fernald’s Operable Unit OU-5
Remedial Investigation/Feasibility Study (RI/ES)
soil treatability test. The potential of the cleaned
soil to grow plants is being evaluated. Cleaned soil
generated from the bench-scale studies as well as
that generated from the pilot-scale treatability tests
has been used to evaluate soil phytotoxicity charac-

teristics and any steps needed to improve plant
growth.
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TECHNOLOGY NEEDS

The Fernald site has significant volumes of soil
(estimated at 2,000,000 yd®) containing elevated
levels of uranium. Uranium concentrations range to
as high as 70,000 ppm in soils adjacent to process-
ing plants within the production area. It is esti-
mated that 50 percent of the surface soils (top 18

inches) within the production area contain uranium
concentrations in excess of acceptable limits. At
certain locations (e.g., within the waste pit areas),
significant contamination is also present at soil
depths greater than 15 ft.

Other DOE sites, including the Y-12 and K-25
plants at ORNL, also have significant volumes of
uranium-contaminated soils. The potential exists
for migration of contaminants to groundwater or
aquifer systems. Thorough cleanup of those sites is
a major public concern and a high priority for DOE.
Selective extraction and leaching of contaminants
have the potential to clean soil to acceprable levels
and to significantly reduce the volume of disposable
contaminants.

ACCOMPLISHMENTS

¢ Laboratory/bench-scale treatability studies
completed.

Pilot-scale treatability studies have been com-

pleted.

Pilot-scale studies using carbonate-based ex-
tractions lowered uranium concentrations in
the Fernald storage pad soil from 2000 ppm to
less than 150 ppm (removal efficiencies of
greater than 90 percent).

Pilot-scale studies using carbonate-based ex-
tractions lowered uranium concentrations in
the Fernald incinerator soil from approximately
800 ppm to less than 150 ppm (removal effi-
ciencies of approximately 80 percent).



Phosphate amendments to carbonate-leached
soils have shown a significant immobilization
effect on uranium solubility (i.e., soil solution
concentrations of uranium less than 0.1 ppm).

BENEFITS

Carbonate extractions are highly selective for
uranium

- 100 to 1,000 times less secondary waste as
compared to acid extractions;

Removes 80 to 90 percent of uranium from
soils

- based on bench- and pilot-scale studies with
Fernald soils;

Initial costs estimates indicated costs less than
$200/ton

Uranium waste form is less than 0.1 percent of
volume of treated soils

- 1,000 pounds of uranium from 1,000 tons
of contaminated soil;

Disposal costs for off-site disposal are very low

- less than $350 for uranium waste, compared
t0 $700,000 for 1,000 tons of contaminated
soil (assuming disposal costs of $700/ton
for off-site disposal);

Anagronomic productive/aggregated soil prod-
uct can be returned to site; and

Residual uranium in treated soil is highly im-
mobile

- phosphate amendments greatly reduce
potential for leaching of uranium to
groundwater  (ambient  uranium
concentration in soil water less than 1 ppm).
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COLLABORATION/TECHNOLOGY
TRANSFER

None at the present time.

For further information, please contact:

Chet Francis
Principal Investigator
Oak Ridge National Laboratory

P.O. Box 2008
Oak Ridge, TN 37831

Johnny Moore

Technical Program Officer
U.S. Department of Energy
Oak Ridge Operations Office
P.O. Box 2001

Oak Ridge, TN 37831

(615) 576-3536

Jaffer Mohiuddin

Program Manager

U. §. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: OR121105
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4.1

IN SITU ENCAPSULATION OF BURIED WASTE

TASK DESCRIPTION

In situ grouting involves the injection of phospho-
ric, iron oxide, or calcium carbonate precipitating
solutions into buried waste streams, encapsulating
them in a cemented block that is impervious to
water migration. The technique can also be used as
an intermediate stage to solidify waste to prevent
future aerosolization of contaminants should re-
trieval be necessary.

The concept is an analogue of the natural processes
that produce classic sedimentary rocks. Loose un-
consolidated soil or sediment is converted into a
hard, durable, impermeable rock by precipitation of
minerals (cement) from ground water between the
particles of unconsolidated materials. The most
common natural cements are calcite, hematite, and
apatite. The existence of such rocks in the natural
environment for long periods of time requires that

they be in chemical equilibrium with their sur-
roundings. The success of using artificial analogues
of natural cementing processes to encapsulate and
isolate waste materials hinges on the ability of the
aqueous cementing solutions to penetrate and per-
meate INEL soils.

The primary objective is to demonstrate encapsula-
tion techniques using precipitating solutions and
polymers injected into buried waste, resulting in a
cemented block that is impervious to water migra-
tion.

TECHNOLOGY NEEDS

Stabilization of 2 million ft? of buried TRU waste
mixed with up to G million ft® of soil at INEL and
similar or greater quantities of low-level, TRU, and
mixed waste buried at other DOE sites might be
necessary to prevent potential health and environ-
mental hazards.
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ACCOMPLISHMENTS

Laboratory scale tests were conducted at INEL
using syntheric analogs of natural cementing agents
to determine if these iron oxide materials (hematite)
were suitable for a waste encapsulation material for
application at the INEL Subsurface Disposal Area
(SDA). The dara indicated that the iron oxide waste
encapsulation materials tested are appropriate
choices for mixing with INEL soil to encapsulate
waste. Field tests were recommended to determine
the performance of the material under field condi-
tions involving monitoring over an extended pe-
riod.

BENEFITS

In situ remediation or stabilization technologies
have the potential to significantly reduce worker
exposure. [n situ grout technology that is capable of
isolating waste material from the natural environ-
ment has several unique features. The technology
can stabilize a variety of DOE and Superfund sites,
is compatible with complex mixtures of various
contaminants, isolates and encapsulates buried
materials containing hazardous waste, radioactive
waste, and TRU element waste, is applicable to
various waste forms and surrounding materials and
isolarion of buried structures such as waste storage
tanks, and has a natural analogue both in formation

and longevity in limestone, phosphoric ores, iron
oxide beds, and the LeBrea Tar Pits.

The cost of retrieval/treatment/disposal for the INEL
SDA has been estimated berween $2-$10 billion.

The cost of applying in situ encapsulation at the
SDA is in the $0.5 billion range.




COLLABORATION/TECHNOLOGY
‘TRANSFER

The technology participants from the INEL, PNL,
BNL, and a private vendor (Applied Geotechnical
Engineering and Construction) will aid in technol-
ogy transfer. Additional industrial and university
participants will be involved in the program as
requirements and needs become better defined. The
dara obrained from each of the activities will allow
technical evaluation for remediation by private,
DOE, and Environmental Restoration/Waste Man-
agement (ER/WM) concerns.

For further information, please contact:

Guy Loomis
Principal Investigator
LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9208

George Schneider

Principal Investigator

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, ID 83401
(208) 526-6789

Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: ID142012
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Bench Scale Demonstration Report, (INEL-95/
0039), Idaho Falls, ID. 1995.




4.2

INNOVATIVE SUBSURFACE STABILIZATION

TASK DESCRIPTION

The primary objective is to demonstrate an innova-
tive grouting concept for buried waste retrieval
involving a three-step process in a field environ-
ment. The first step is to grout the waste, causing
an agglomeration of fine soil particles that may
have become contaminated. Next, the monolithic
grouted block is fractured using a demolition grout.
Finally, the debris is excavated in a relatively dust-
free environment with remotely controlled equip-
ment.

A secondary objective is to use the jet grouting
procedure to create a grout wall around ahotspot in
the waste. The material within the wall can then be
excavated without the surrounding waste sloughing
into the pit, and thus increasing excavated waste.
The soil/waste matrix is grouted with a Casa Grande
drill apparatus with special fittings at the surface for
contamination control. The grout material is jet
grouted with up to 6,000 psi pressure into the soil/
waste matrix. The fine, silty clay interstitial soils
will be intimately mixed with the grout. The grout
will readily fill voids in the waste matrix. The exact
grout formulation and compatibility with INEL
soils was determined through FY94 field experi-
ments. See Figure 4.2.

TECHNOLOGY NEEDS

ER/WM has expressed interest in examining tech-
nologies required for the safe removal of contamina-
tion point sources or hot spots from within a waste
storage site. There are 2 million ft® of TRU waste
commingled with up to 8-million f® of soil in
shallow land burial at INEL. Other sites such as
Hanford also have this type of buried waste.

Using the grouting technique to create 2 monolith
and then retrieving the waste provides an inherent
contamination control advantage because the con-
taminants are locked up in the solidified blocks.

Prior to conventional hot spot excavation, grout
walls can be created around the perimeter of the
hot spot. The walls will serve as shoring to protect
against cave-ins during removal which would result
in cross contamination of potentially clean surface
soils, less contaminated subsurface waste materials,
and associated soils. The shoring will also provide
stability at the surface to aid support of the required
excavation equipment.

ACCOMPLISHMENTS

Prior year progress: demonstration and evaluation
of jet grouting as a form of contamination control
through amalgamation and

Step 1
Apply Grout

Step 2
Apply Demolition

Step 3
Retrieval

encapsulation of waste have
been conducted. The grout
injection technology and
chosen grout material will
be utilized in the 1995 dem-
onstration of the grout wall
for hot spot removal.

BENEFITS

The innovative technology

accomplishes buried TRU

Figure 4.2. Grout Retrieval Project.

waste retrieval with less con-



tamination spread. This grouting technique allows
the waste to be confined prior to retrieval and
treatment, contains the spread of contaminated
soils by agglomeration of fine soil particles in the
grout, and eliminates the need for elaborate con-
tamination control strategies during retrieval and
handling.

The innovative technology supports hot spot re-
trieval by:

* Providing support to the dig-face;

* Providing an effective and inexpensive means
of placing shoring material; and

* Enabling walls to be left in place to hinder
migration of certain waste products back into

the vicinity of the dig.

Successful development of this system would enable
remediation site contractors to reduce contamina-
tion control costs without jeopardizing worker safety
during retrieval activities. The cost estimate of ap-
plying this technology for the retrieval of a one acre
pit is $15M for retrieval and another $15M for
repackaging and assay. This compares to the esti-

mated cost of $200M for conventional retrieval
(INEL Pit 9 estimate).

COLLABORATION/TECHNOLOGY
TRANSFER

The concept can be transferred to the INEL Envi-
ronmental Restoration Program for use by the pri-
vatesector for remediation of TRU pitsand trenches.
The private sector could also use this technique on
buried waste sites where contaminant spread is a
problem.
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For further information, please contact:

Guy Loomis

Principal Investigator
LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9208

George Schneider
Principal Investigator

U.S. Department of Energy
Idaho Operations Office
850 Energy Drive

Idaho Falls, ID 83401
(208) 526-6789

Kevin Kostelnik

Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: ID142014
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4.3

MONOLITHIC CONFINEMENT

TASK DESCRIPTION

The technique will use Casa Grande drill apparatus
to drill into basaltic formations and apply, by pres-
sure grouting, a material to fill the inner granular
cracks in the basalt. This technique also simulta-
neously focks in contaminants that may have spread
to regions below buried waste. See Figure 4.3.

The primary objective is to create a barrier to waste
migration below buried waste sites in a basaltic field
environment and verify success by examining the
inner granular regions for penetration of grout by
borehole drilling and permeation testing.

TECHNOLOGY NEEDS

There are 2 million ft* of TRU waste commingled
with up to 8 million ft® of soil in shallow land burial

at INEL. Underlying this buried waste are hundreds

Step 1
Grout Basalt ,

Bas’a!t

of feet of intermittently fractured basalt. Migration
of volatile organics and other contaminants to the
aquifer below the basalt must be minimized to
maintain water quality.

ACCOMPLISHMENTS

During FY94, the monolithic confinement concept
was tested at the Box Canyon site near INEL. It was
demonstrated that hydraulic conductivity was re-
duced significantly by grouting the fractured basal-
tic matrix.

BENEFITS

The technology provides a positive barrier to fur-
ther migration of buried waste contaminants to
potential underlying aquifers.

Step 2
. Core -
Examination

Figure 4.3. Monolithic Confinement Demonstration.
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COLLABORATION/TECHNOLOGY
TRANSFER

The technology will be provided to ER programs for
private sector implementation for remediation of
pits and trenches. This technique can be used on
any buried waste site where contaminant spread is a
problem.

For further information, please contact:

Jerry Alexander
Principal Investigator
Westinghouse Hanford Company

P.O. Box 1970
Richland, WA 99352
(509) 372-2112

George Schneider

Principal Investigator
U.S. Department of Energy
Idaho Operations Office

850 Energy Drive
Idaho Falls, ID 83401
(208) 526-6789

Kevin Kostelnik
Coordinator, LITCO

P.O. Box 1625

Idaho Falls, ID 83415-3710
(208) 526-9642

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965
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4.4

CONTAINMENT AND STABILIZATION

OF BURIED WASTE

TASK DESCRIPTION

This technology will develop, demonstrate, and
implement advanced grouting materials for in situ
stabilization of contaminated soils and the place-
ment of impermeable, highly durable subsurface
barriers. The effort focuses on cementitious and soil
cement mixtures compatible with commercially
available placement techniques. See Figure 4.4.

ACCOMPLISHMENTS

Barrier formulations in an arid environment were
optimized and characterized. The major placement
techniques considered were jet grouting, soil mix-
ing, and soil sawing. Cementitious grouts with
permeabilities on the order of 10" to 10" cm/s
suitable for monolithic grout subsurface barriers
were developed. Permeability after accelerated leach-

ing and repeated wet-dry cycles was on the order of
109 to 10?® cm/s. The results
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than those of conventional formu-
lations. The permeabilities are two
to five orders of magnitude less
than for other materials frequently
used as caps and barriers such as
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clay, soil-bentonite, and cement
bentonite slurries. Therefore, the

Figure 4.4. Containment and Stabilization of Buried Wastes.

TECHNOLOGY NEEDS

This effort is addressing two key needs for environ-
mental restoration: 1) in situ containment tech-
nologies, and 2) in situ stabilization technologies.
The magnitude of the soil contamination problem
is illustrated by the 517 sites described on the
National Priorities List, as well as the 7,313 DoD
sites and 4,000 sites belonging to DOE. Without
significant advances in barrier stabilization tech-
nologles, it is questionable whether restoration of
these sites can be performed in a cost effective
manner.
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dimensions of the barriers can be
reduced significantly.

When used for stabilization, blast furnace slag modi-
fied grouts—soil mixtures placed by jet grouting or
soil mixing—can stabilize and solidify soils con-
taminated with trivalent or hexavalent chromiumin
a one stage process. The treated soils pass the EPA
Toxicity Characteristic Leaching Procedure. They
also have high strength, low permeability, and resis-
tance to wet-dry cycles.

BENEFITS

The benefits from this work include: 1) reduction in
costs compared to those of excavation, treatment,



and disposal, 2) improved operations, thereby in-
creasing regulatory agency and public acceprance,
and 3) reduction of health and environmental risks
as compared to those from the use of other remedial
techniques.

COLLABORATION/TECHNOLOGY
TRANSFER
Industrial interest in the technology has been ex-

pressed by major world-wide geotechnical construc-
tion firms.

For further information, please contact:

Lawrence E. Kukacka

Principal Investigator

Brookhaven Nartional Laboratories
P.O. Box 5000

Upton, NY 11973

(516) 282-3065

Steve Webster

Technical Program Manager
U.S. Department of Energy
Chicago Operations Office
9800 South Cass Avenue
Argonne, IL 60439

(708) 252-2822

Skip Chamberlain

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7248
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4.5

MIGRATION BARRIER COVERS FOR

MIXED WASTE LANDFILLS

TASK DESCRIPTION

The objective of this project is to provide field-
tested capping alternatives, including the EPARCRA
cap, and calibrated water balance models that can be
used in the assessment phase of the remedial inves-
tigation and as a component of the corrective mea-
sures study for selecting remediation alternatives for
landfills. The goal is to ensure that cost-effective
capping technologies are available so that cap design
can be selected based on the level of hydrologic
control needed at the site.

Over the past cight years, parallel and collaborative
research and development by LANL, PNL, INEL,
U.S. Department of Agriculture-Agriculture Re-

search Service (USDA-ARS), USGS, and the Ura-
nium Mill Tailings Remedial Action (UMTRA)

program have explored several alternative long-
term migration barrier cover technologies for in-
terim stabilization and final closure of radioactive

waste landfills in arid sites. See Figure 4.5.

These barrier technologies have addressed erosion
control, deep percolation, and biological intrusion
using engineered covers constructed of synthetic
and/or natural geologic materials. Underlying hy-

drological and biological phenomena were used to
design barriers that control the fate of precipitation
falling on the site. The spectrum of designs vary
from simple soil barriers with optimum configura-
tions of soil, plant cover, and surface slope to more
complex multi-layered cover profiles incorporating
engineered barriers that inhibit downward move-
ment of soil moisture. The EPA’s RCRA cap uses
compacted clay as a hydraulic barrier, while others
employ a capillary barrier to divert water laterally.
Few of those designs, including EPA’s RCRA cap,
have been constructed in the field and monitored to
allow complete evaluations of performance charac-
teristics. Field-tested designs were evaluated under
very specific climatic and environmental condi-
tions.

LANL has conducted the basic research and has

begun to field-test various landfill cover designs,
with some success in reducing erosion and percola-
tion of water into underlying waste under local
climatic conditions. However, tests have just begun
for some of these barrier concepts in other climatic
conditions (e.g., at Hill Air Force Base in Utah) and
for wastes other than radionuclides. Factors such as
climate, soils, vegetation, and waste composition

are important site attributes
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that affect both the design
and the performance of mi-
gration barrier cover systems.
Field testing will evaluate the
performance levels of each
cap to prevent water perco-

Evapotranspiration

lation into the waste and ero-
l—lnterﬂow sion.
N TECHNOLOGY
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Permeable ImpermeableClays Migration Barrier
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Grouts . . .

rier cover designs, tailored

to the climate, can serve as

Figure 4.5. Integrated Migration Barrier System.

the sole containment tech-
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nology or as a component of an integrated barrier
system to contain wastes. In addition, the hydro-
logic control exerted by the cover can be used to
establish optimum moisture conditions in the waste
backfill to improve performance of other treatment
technologies such as ISV, vapor extraction, and
other in situ treatment technologies. Relative to the
excavate and re-bury option, containment with field-
tested migration barrier designs can reduce
remediation costs 10-1000 times and still ensure
regulatory compliance.

ACCOMPLISHMENTS

Selected and delivered a report on the best barrier
design based on performance data, from a demon-
stration at Hill Air Force Base.

COLLABORATION/TECHNOLOGY
TRANSFER

USDA-ARS

Colorado State University

For further information, please contact:

Ken Bostick

Principal Investigator

University of California

Los Alamos National Laboratories
P.O. Box 1663

Los Alamos, NM 87545

(505) 667-8483
Bruce Erdal

Technical Program Manager
University of California

Los Alamos National Laboratories
P.O. Box 1663

Los Alamos, NM 87545

(505) 667-5338
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Skip Chamberlain

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7248
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4.6

DECISION SUPPORT SYSTEM TO SELECT

LANDFILL COVER SYSTEM

TASK DESCRIPTION

The objective of this technology is to provide risk
managers with a defensible, objective way to select
cappingalternatives for remediating radioactive and
mixed waste landfills. The objective will be achieved
through a joint project between LANL and USDA-
Agricultural Research Service (ARS) by developing

a multi-objective decision-making software system
(DSS), with embedded simulation models, to de-

sign and evaluate engineered surface barriers for
mixed waste landfills. See Figure 4.6. The data
collected from the Migration Barrier Covers for
Mixed Waste Landfills project will be used to evalu-
ate the DSS. The task includes testing the prototype
DSS for remediation of waste disposal sites with
migration barrier cover technology, using the de-
signs and database from the existing cover barrier
field demonstration at Hill Air Force Base in Utah.
The objectives of the work include:

o Assembling the technical database to develop
site-specific parameters for the knowledge-
based system (KBS);

Incorporating the multi-objective analysis tools
into the existing DSS;

Assembling the heuristic database and scoring
functions for the DSS;

Evaluating the DSS with monitoring data from
Hill AFB, and selecting the best barrier cover
design for meeting the regulatory requirements
at a minimum cost;

Using the DSS to design and evaluate migra-

tion barrier cover alternatives for mixed waste

landfills; and

Comparing DSS predicted performance with
monitoring data from the planned LSFA bar-

rier technology demonstrations at Hanford
and SNL.

Applications of a2 DSS to natural resource manage-
ment and to landfill cover remediation have been
explored, and a prototype DSS has been partially
developed by the USDA-ARS for water quality
management. The DSS uses a computer model [a

new version of the EPA’s Hydrological

Geﬂnlng the Declision Problem l
Cleanup Scenarlos

Evaluation of Landfill Performance (HELP)
model] to calculate water balance. The
technical criteria include runoff erosion,
percolation, interflow, and evapotranspi-
ration, given the climate of the area. Other

criteria are pertinent regulations and cost.
All criteria go towards an overall score used
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to determine which cap is best for the site.

A PC-based prototype DSS software
package, running with Microsoft Windows

3.1, isunder development. It will bea user-
friendly coupling between symbolic
processing and numerical near-surface
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will integrate confidence limits and
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exceedance probabilities from stochastic
conjectural analyses of hydrologic variables
in space and time, and the symbolic objects

Figure 4.6. Decision Support System Methodology.
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that influence landfill technology. The integration
will result in a DSS that should improve long-range
predictability of migration barrier performance, by
incorporating complex environmental processes,
along with the management issues, into the decision-
making process.

Interpreting the output of the KBS applied to land-
fill design and remediation problems, particularly
when multiple and sometimes conflicting objec-

tives exist, requires the aid of decision analysis tools
to simplify the decision-making process. For ex-
ample, the hydrologic analysis from the KBS might
identify a particular barrier design as “better” in
controlling runoff (and erosion) from the site, but
at the expense of increasing water infiltration into
the landfill. A method to decide whether the in-
creased infileration will significantly enhance the
potential of deep percolation and concomitant mi-
gration of solutes toward ground water, and whether
this enhanced migration has relevance in light of
other factors, such as thickness of the unsaturated
zone, potential use of the water, climate, etc. can be
very useful.

The DSS will use dimensionless scoring or utility
functions parameterized from the quantitative KBS
output and expert judgment to convert the range of
the decision variables to a unitless common range.
This process allows the user to combine the decision
variables and rank the alternative designs. A major
task of this project is to integrate a new decision-
making methodology into the existing DSS in order
to eliminate much of the subjectivity in existing
multi-objective methods.

TECHNOLOGY NEEDS

Containment technologies, including surface caps,
are essential to reducing the potential for contami-
nantmigration from a landfill by an alteration of the
surface and/or subsurface soils. The process of se-
lecting containment cover technologies for landfills
requires consideration of many complex and inter-
related technical, regulatory, and economic issues.
A decision support system is needed to integrate the
knowledge of experts from scientific, engineering,
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and management disciplines to help in selecting the
“best” capping practice.

ACCOMPLISHMENTS

Developed a prototype decision support system and
delivered a report on barrier cover demonstrations
to evaluate alternatives using a KBS.

COLLABORATION/TECHNOLOGY
TRANSFER

INEL
Battelle PNL
USDA-ARS

Westinghouse Hanford Operations

For further information, please contact:

Ken Bostick

Principal Investigator

University of California

Los Alamos National Laboratories
P.O. Box 1663

Los Alamos, NM 87545

(505) 667-8483

Bruce Erdal

Technical Program Manager
University of California

Los Alamos National Laboratories
P.O. Box 1663

Los Alamos, NM 87545

(505) 667-5338

Skip Chamberlain

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7248
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4.7

DRY BARRIER APPLICATIONS FOR LANDFILLS

TASK DESCRIPTION

The objective of this project is to develop and
demonstrate an air-enhanced dry barrier for appli-
cation to landfills in arid environments. See Figure
4.7. This technology is based on the well-founded
capillary barrier concept: the contrast in unsatur-
ated hydraulic conductivity of a coarse layer (bar-
rier) and an overlying finer layer that limits
downward water flow. The technique goes beyond
the conventional capillary barrier because the coarse
layer is dried with lateral air flow through the layer,
preventing moisture accumulation in the layer and
ensuring its unsaturated hydraulic conductivity re-
mains low. The drying of the barrier by air can be
accomplished by passive or active means, in order to
ensure that the air flow is sufficient to load and
transport any net recharge to the atmosphere. The
dry barrier may also have application as a method
for stripping gas-phase contaminants.

ment beyond the landfill, and to strip denser-than-
air gas-phase constituents (e.g., TCE) as they mi-
grate downward. This application does not rely on
an engineered liner, but rather utilizes the existing
heterogeneous soil beneath most landfill sites. Air
flow through a highly air-permeable layer beneath
the landfill can be induced with vertical or direc-
tional holes to supply and remove air. These schemes
may be able to utilize the prevailing westerly winds
to induce sufficient air flow through the layer with-
out relying on blowers or vacuum pumps. For
applications underneath landfills, the contaminant
concentration of the air is likely to be low enough as

to not require treatment.

This project will evaluate the feasibility of the dry
barrier concept for applications at landfills in arid
environments by a combination of laboratory, de-
sign, and field efforts. First, a better understanding
of unsaturated transport properties of both engi-

neered and natural soils is

needed to develop the dry
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Figure 4.7. Dry Barriers.

The air-enhanced dry barrier could assume numer-
ous forms and functions. Most simply, it can be a
component of a cap or cover system. The barrier
would principally be used to limit vertical infilera-
tion through the cap. Another application would be
in engineered liner systems. The air-dried layer can
be used as a final barrier to prevent leachate move-
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downward flowing water

using soil types with vari-
ous properties. Based on the laboratory studies, dry
barriers for field demonstration will be designed. At
this point, the feasibility of different applications of
dry barriers will be assessed. This project will culmi-
nate with field demonstration of the dry-barrier
concept at a local site.




TECHNOLOGY NEEDS

Most landfills require both above-ground and be-
low-ground barriers. In arid environments, capil-
lary barriers are often used in containment systems.
Incorporating dry barriers into the containment
systems would allow inexpensive isolation in many
citcumstances, and would extend the probable life
of the capillary barrier. The dry barrier concept
addresses a number of issues associated with land-
fills. If a low-maintenance dry barrier can be incor-
porated into the design, the cover design can be
improved and its longevity may be extended. Dry
barriers used as liners can serve as both a redundant
barrier to liquid flow and as a means of stripping
gas-phase contaminants. For existing landfills on
alluvial deposits, it may be possible to use an exist-
ing coarse layer as a dry barrier.

ACCOMPLISHMENTS

Demonstrated feasibility of the dry barrier
concept in bench-top tests.

Measured site-specific soil properties required
for dry barrier design.

Conducted a numerical and analytical study of
dry barrier performance.

Completed engineering assessments of an ac-
tive dry barrier for Albuquerque, Los Alamos,
and Salt Lake City sites.

Conducted active and passive field measure-
ments of dry barrier performance.

Initiated test of “dry barrier with coarse layer
storage” concept.

Initiated test of passive means to circulate air.
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COLLABORATION/TECHNOLOGY
TRANSFER

This project involves collaboration with the follow-
ing entities:

University of New Mexico

Stephens & Associates

For further information, please contact:

John Stormont

Principal Investigator

U.S. Department of Energy

Sandia National Laboratories, Albuquerque
P.O. Box 5800

Albuquerque, NM 87185-5800
(505) 845-9347

George Allen

Technical Program Manager

U.S. Department of Energy

Sandia National Laboratories, Albuquerque
P.O. Box 5800

Albuquerque, NM 87185-5800

(505) 844-9769

Skip Chamberlain

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7248

TTP Number: AL231002
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None at this time.




4.8 ADVANCED LANDFILL COVER DEMONSTRATION

TASK DESCRIPTION

The Advanced Landfill Cover Demonstration
(ALCD) is developing technology to improve cur-
rent landfill cover systems. Covers reduce the mo-
bility of contaminants by preventing moisture from
entering a landfill and carrying waste leachate out
into surrounding soils and potentially into the
groundwater system. Specifically, the ALCD will
provide alternatives to the EPA’s landfill cover de-
signs for use in arid climartes. EPA admits “In arid
regions, a barrier layer composed of clay (natural
soil) and a geomembrane is not very effective. Since
the soil is compacted ‘wet of optimum,’ the layer
will dry and crack.”

The ALCD will coordinate input from four other
LSFA technology development projects to improve
evaluarion of landfill barrier selection, materials,
and monitoring technologies. See Figure 4.8. These
four areas are: 1) Migration Barriers - provide a
design for a bio-engineered landfill cover, 2) Dry
Barriers - provide a design for an enhanced capillary
barrier (a type of dry barrier where water is absorbed
by the cover until it can be carried away), 3) Post-
Closure Monitoring - provide a design for monitor-
ing equipment instrumentation and for installation

of this instrumentation, and 4) Decision Support
System - develop software to assist with consistent
selection of the “best” design for a given situarion.

The ALCD will also oversee the testing of the
innovative landfill covers mentioned above. Five
covers will be constructed “side-by-side” in a field
scale demonstration. In 1995 testing begins for a
traditional EPA clay cover, a new “geosynthetic clay
liner” (simulates the properties of a clay liner with a
combination of synthetic materials and compressed
clay) cover, and a soil cover. In 1996 tests are
planned on two alternative covers. One side of the
test plot will be evaluated under regular conditions
and the other side will be evaluated under “stressed”
conditions (a sprinkler system will simulate ex-
tremely wet/dry conditions). The covers will be
evaluated and compared based on construction,
cost, and performance criteria.

TECHNOLOGY NEEDS

The ALCD will address problems identified in an
EPA study of 163 landfills that found: 1) ground
water was contaminated at 146 sites (contamina-
tion varied from elevated chemical concentrations

in on-site groundwater to

severe contamination of
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data show that the majority

of problems identified could

Figure 4.8. Advanced Landfill Cover Demonstration.
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be attributed to lack of con-



trol of water infiltration and flow through the land-
fill cthat carried landfill waste leachate into the soil
below the landfill and eventually into the ground
water. This lack of control, allowing water infiltra-
tion and flow, stems from design problems with the
final landfill cover, liners, and water collection
systems, and from poor locational features such as
permeable soils, shallow ground water, and nearby
wetlands.

Two major technical challenges exist: 1) coordinate
and design various cover technologies into a final set
of specifications and drawings, and 2) design a
generalized methodology for applying these cover
technologies so that this approach can be applied to
a wide variety of arid sites. The ALCD is still in the
early stages of design. Quantitative data on whether
these covers actually work on a long-term basis and
relevant cost data will be acquired during field tests

planned for 1995.

ACCOMPLISHMENTS

This project is endorsed by the Western Governors’
Association/Develop On-Site Innovative Technolo-
gies (DOIT) Committee. Past studies have shown
that the likelihood of regulatory acceptance is the
key determining factor in choosing environmental
remediation technology. Recognizing this, regula-
tors from most of the western states, as well as EPA,
have been included from the beginning in working
with the ALCD, increasing the possibility of this
technology’s acceptance.

BENEFITS

The ALCD will be cheaper in two ways. First, by
coordinating with other LSFA technologies, dupli-
cation of effort will be greatly reduced. Costs should
be approximately 50 percent lower than current
systems. Second, this effort should result in more
efficient landfill cover designs that will be tailored
to specific site requirements through the use of the
decision support system. This effortshould result in
designs that are more repeatable in construction,
thus simplifying the landfill cover permitting pro-
cess, and that are longer lasting (through the use of
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innovative materials). These materials will be iden-

tified during the process of testing multiple covers
side-by-side.

COLLABORATION/TECHNOLOGY
TRANSFER

The ALCD is a collaborative effort between LANL,
SNL, Colorado State University, University of New
Mexico, EPA, the Western Governors’ Association,
and the New Mexico State Environment Depart-
ment.

For further information, please contact:

Steve Dwyer

Principal Investigator

U.S. Department of Energy
Sandia National Laboratories
P.O. Box 5800

Albuquerque, NM 87185-5800
(505) 844-0595

George Allen

Technical Program Manager
U.S. Department of Energy
Sandia National Laboratories
P.O. Box 5800

Albuquerque, NM 87185-5800
(505) 844-9769

Skip Chamberlain

Program Manager

U.S. Department of Energy
Clovetleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7248

TTP Numbers: AL121211, A1.231002,
AL141001, AL241003

BIBLIOGRAPHY OF KEY PUBLICATIONS

None at this time.




4.9

IN SITU VITRIFICATION

TASK DESCRIPTION

In situ vitrification (ISV) is a thermal treatment
technology being developed for permanent stabili-
zation of radioactivity contaminated soils. The tech-
nology is especially applicable to sites with a variety
of different contaminants (e.g., radionuclides, heavy
metals, organics, etc.). The project is structured to
address key issues associated with three near-term

technology needs:
¢ Melting low-alkali soils,

* Increasing ISV treatment depth, and

* Quantifying the behavior of organic and inor-

ganic volatile compounds in and around the
ISV melt.

The project began at the conclusion of FY93, how-
ever no research was initiated until FY94.

Low-alkali soils are difficult to melt using ISV due
to their low flux content. Before this task, bench-
scale ISV tests were conducted by PNL in 1989 on
uncontaminated soils from SRS to determine the
feasibility of ISV on these soils. Test results showed
that the SRS soils could be melted if fluxants were
mixed in with the soil to increase its alkali concen-
tration. While effective, this approach is undesir-
able for processing the target SRS sites (highly
contaminated with radioactive and other hazardous
chemical compounds), because it defeats the in situ
treatment advantages offered by ISV. The first ele-

ment of this task will evaluate and demonstrate (at
the engineering scale) methods to implement ISV
on SRS soils without intrusively mixing fluxants
directly into the target contaminated region. If
successful, this will allow the ISV technology to
process the radioactive and mixed waste contami-
nated soil sites, such as the L Area Oil and Chemical
Basin at the SRS.

An ISV treatment depth of 5m has been successfully
demonstrated in the field. Applicability of the ISV
technology to DOE sites will be greatly increased if
the depth capability can be increased to 10m or
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more. Results from computational models of the
ISV melt process have indicated that the majority of
the joule heat energy dissipated in the soil is concen-
trated in the upper regions of the melt. If a greater
proportion of this energy could be redirected to
dissipate in the lower portion of the melt (in the
proximity of the advancing melt front), greater melt

depths should result.

Numerous concepts have been proposed and docu-
mented in previous ISV efforts at PNL. One con-
cept that appears to hold great promise for depth
enhancement, while simultaneously requiring vir-
tually no modifications to the existing ISV system
orits operation, is the modified or hot-tip electrode.
This conceptalso appears to allow scale-up to appli-
cation in the field with the pilot- and large-scale
systems.

This task will investigate several hot-tip electrode
modifications. Several engineering-scale ISV melts
and numerous computational and analytical model-
ing efforts will be performed to assess the efficacy of
the hot-tip electrode against the present electrode
configuration.

TECHNOLOGY NEEDS

The ISV technology was invented in 1980, patented
by Battelle for DOE in 1983, and commercialized
by Battelle in 1989 with the formation of Geosafe
Corporation. Because the ISV technology is com-

mercially available, issues associated with treatment
of unconfined contaminated soils at depths less
than 5 m are closed, and the application is straight-
forward. As described, the extension of the ISV
capability to the treatment of low-alkali soils will
allow its consideration as a candidate for effective
remediation of numerous contaminated sites at SRS.
Inaddition, however, the majority of the soilsalong
the Eastern seaboard of North America have low-
alkali concentrations. There are many DOE, DoD,
and private-sector contaminated siteslocated in this
region. The ISV process has been shown to produce



a very durable waste form at a much lower cost
relative to other existing technologies. Therefore,
when the ISV technology is demonstrated to effec-
tively remediate contaminated sites in low-alkali
soils, a significant return on investment is expected.
In addition, while the contamination zones of many
known contaminated sites are in the upper 5 m of
the site, an even greater number have contaminated
regions that extend below this 5-m depth. Prelimi-
nary surveys indicate that at DOE sites alone, if the
treatment depth capability were doubled, the num-
ber of applicable sites for remediation would more
than double. Therefore, enhancements to the ISV
technology which allow its extension to greater

depths will greatly expand its realm of applicability.

ACCOMPLISHMENTS

While funds for this project were initially allocated
at the conclusion of FY93, all of the research work
has been conducted during FY94. Significant
progress has been made toward achieving the goals
of the project, and is described below.

Melting Low-Alkali Soils

An engineering-scale application of ISV has suc-
cessfully melted soil from SRS. In this test, SRS soil
atadepth over 22 cm, was melted at an average melt
rate of approximately 5.5 cm/hr (2.2 in/hr). This
compares very favorably with the nominal ISV pro-
cessing rate of 2.5 cm/hr (1 in/hr). Melt tempera-
tures approaching 2,000°C were obrained.
Morteover, these results were achieved with existing
ISV technology and equipment and without the
addition of chemical fluxants designed to lower the
melting point of the soil region.

SRS soil is very low in sodium, potassium, calcium,
and magnesium oxides. Consequently, the soil has
alow electrical and thermal conductivity and a high
melt temperature. These conditions are detrimental
to the straight forward application of the ISV pro-
cess. With graphite electrodes and the electrode
feed system, however, the ISV process can tolerate
and attain very high temperatures. Therefore, while
low melt temperatures are certainly desirable from
an energy efficiency standpoint, they are not a
prerequisite for suitable application of the process.

Still, the soil must be able to pass an electrical
current in order to produce the joule heat necessary
to raise the soil to its melt temperature. To accom-
plish this, the upper 7.5 cm of the SRS soil in this
test was mixed with starter material (14 weight
percentage). In the actual field application of the
ISV process to the SRS site, this layer may be
generated with uncontaminated SRS soil and placed
as an overburden on the contaminated site before
processing. Consequently, virtually no disruption
to the contaminated waste zone is necessary in this
scenario. Follow-on tests are planned to use strate-
gies involving even less pre-test preparation of the
soil.

Additional concerns exist with the high melt tem-
peratures regarding the effects of increased oxida-
tion of the graphite electrodes at the melt surface.
These effects were mitigated through the use of a
durable insulation media floating on the surface of
the melt. The results of these tests were presented in
a final letter report at the end of FY93.

Two engineering-scale tests were performed in FY94
to help assess the benefits of the modified electrode
concept. These tests were conducted in collabora-
tion with the Geosafe Corporation. Geosafe equip-
ment, personnel, and facilities were combined with
PNL personnel and instrumentation to perform
these tests. In this way, the available DOE funds
were significantly leveraged to further enhance the
goals of this ISV project.

The first of these tests involved applying the stan-
dard engineering-scale ISV system to uncontami-
nated Hanford soil. This test was heavily
instrumented with 200+ thermocouples, together
with heat flux, pressure, and flow meter gages. The
electrode configuration employed in this test was
the usual 5-cm-diameter, gravity-fed, graphite elec-
trode. Results from this test provide the baseline for
comparison against future modified electrode tests.
A target melt depth of 1 m was attained in this melt
in approximately 29 houts. An average power of 25

kW was applied throughout this test.

A second engineering-scale test was also performed.
In this test, the electrode configuration was modi-
fied so that the bottom 30 cm of the electrode (once
fully inserted into the melt) is left directly exposed
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to the melt. The upper portion of the electrodes was
coated with an electrically insulating material. Thus,
at electrode insertion depths of greater than 30 cm,
current was supplied to the melt only through the
lower uncoated portion of the electrode. As with the
first test, this test was conducted until a melt depth
of 1m was achieved. This melt was developed in the
same soil conditions, the same nominal power level,
and with the same level of instrumentation as used
for the baseline test described above. The target
melt depth was achieved in 25 hours—a 14 percent
savings in run time over the base case. Moreover, the
melt shape produced with this configuration exhib-
ited less lateral growth relative to the melt of the
base case test.

The results of these two tests are encouraging and
indicate that several benefits can be realized with the
modified electrode configuration. Follow-on tests
will investigate the effects of alternative electrode
coatings and hot-tip lengths in an effort to further
optimize the design.

Schedule of Development

Efforts associated with the low-alkali soils portion
of the ISV projectare being driven by the immediate
needs of SRS. Therefore, the successes realized in
applying ISV to SRS soil should have a near-term
impact on the decision-making process of EM-40 at
SRS. Currently, EM-40 is collecting site character-
ization data at the L Area Oil and Chemical Basin in
preparation for field treatability studies. If ISV is
the method of choice for remediation of some of the
contaminated sites at SRS, a virtually immediate
application of the technology developments funded
by this project could be realized.

As indicated above, the depth enhancement portion
of the ISV project was conducted in direct collabo-
ration with Geosafe Corporation. Benefits from this
effort will be realized in the near term by both the
private sector and DOE.

COLLABORATION/TECHNOLOGY
TRANSFER

The low-alkali soil task is being performed with
close ties to the interest and application of ISV by
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EM-40 at SRS. The modified electrode concept is
being developed in close collaboration with the
Geosafe Corporation and has potential for becom-
ing the baseline technology for all ISV applications.

For further information, please contact:

John Tixier

Principal Investigator

Pacific Northwest Laboratory
P.O. Box 999

Richland, WA 99352

(509) 376-8732

Steven Slate

Technical Program Manager
Pacific Northwest Laboratory
P.O. Box 999

Richland, WA 99352

(509) 375-3903

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: RL331010
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4.10 EVALUATION OF TWO NEW FLOWABLE GROUT
MATERIALS AND APPLICATION TECHNIQUES

TASK DESCRIPTION

This project is evaluating the potential application
of two new grouts as barrier materials for DOE sites:
a mineral wax/bentonite emulsion developed in
Germany (montan wax) and a glyoxal-modified
sodium silicate grout developed in France. Since
these materials are being used abroad in various

grouting applications, regulatory and public accep-
tance in the United States should be rapid. The
montan wax was developed by two German compa-
nies: MIBRAG and DBI, with over $9 million
invested in product development and testing, in-
cluding three field-scale pilot studies performed in
Germany. The sodium silicate grout was developed
by the French chemical company Societe Francaise
Hoechst. No field tests for barrier suitability of this
grout had been performed before this study, but the
grout had been used extensively as a soil stabilizer.

This investigation involves both laboratory and
field tests. The laboratory phase was completed in
FY93 and involved grout injection experiments
with soils from several DOE sites to evaluate the
effectiveness of the grouts in reducing hydraulic
conductivities of unconsolidated soils under ideal
conditions. Soil samples from three demonstration
sites were used in the tests: the Buried Waste dem-
onstration at INEL, the Underground Storage Tank
demonstration at Hanford, and the Mixed Waste

Landfill (MWL) demonstration at SNL. The labo-

ratory program also evaluated the compatibility of
the grouts with common types of industrial and
hazardous wastes.

The field tests are being conducted in two phases:
single-borehole injection tests and a multiple-bore-
hole injection test were completed in FY94. The
single-borehole tests were performed in unsaturated
soils at SNL in conjunction with cement grout
injection studies conducted by SNL as part of the
MWL demonstration. The first phase involved rela-
tively small-scale injection tests to evaluate perme-
ation characteristics of the grouts in a range of soil
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types and conditions. The second study will at-
tempt to construct a large-scale (tens-of-meters)
horizontal barrier by connecting grout injecting
from an array of boreholes. Technical challenges
include lateral permeation within soils to form
horizontal barriers, physical and hydrologic stabil-
ity of the barrier over time, and the regulatory
acceptance of the overall approach and grout mate-

rials.

The permeation tests will be performed on the
multiple-borehole installation during FY95. Also, a
technical report will be completed that contains
guidelines for the use of the grouts (favorable and
unfavorable soil conditions, contaminant types,
permeation methods, etc.) and recommendations
for any further evaluation and testing.

TECHNOLOGY NEEDS

A ground water control system is needed that is
injectable from the surface, forming an effective
barrier in the aquifer or vadose zone, and eliminat-
ing the need to excavate trenches and construct
barriers. An injectable material thar is resistant to
deterioration from soil, ground water, and contami-
nant chemistry would meet significant waste site
remediation needs across the DOE Complex.

Thisinvestigation is examining some currently avail-

able injectable grouts that have shown promise in
Europe. The feasibility of using conventional grout
permeation methods for placement of a barrier and
the resistance of the materials to waste components
are the focus of this study.

ACCOMPLISHMENTS

A preliminary laboratory assessment of grout pen-
etration characteristics was completed for both the
montan wax and sodium silicate grouts using soils



from several DOE sites. The reduction in perme-
ability resulting from grout penetration was quanti-
fied for the soil samples.

Several small-scale injection tests were performed
under field conditions at SNL's MWL demonstra-
tion site, with permeation of grout confirmed. The
tests indicated that both the montan wax and so-
dium silicate grouts can be emplaced in unconsoli-
dated vadose zone soils with conventional grout
permeation methods., provided the soils have suffi-
ciently high permeability. The minimum hydraulic
conductivity for permeation grouting appears to be
around 5 x 10 em/s for both grouts.

Downbhole geophysical methods were used to track
the movement of grout away from the injection
boreholes. The results are consistent with soils
samples collected during post-test characterization.

Two reports were issued: (1) “Laboratory Tests
Results for Evaluating the Performance of Montan
Wax and Sodium Silicate Barrier Materials in Un-
consolidated Soils,” and (2) “Preliminary Results of
Permeation Tests using Montan Wax and Sodium
Silicate Barrier Materials in Unconsolidated Soils at

the Mixed Waste Landfill Integrated Demonstra-
tion (MWLID).”

Final agreements between DOE and the technology
vendors on licensing and nondisclosure have been
secured.

BENEFITS

Current grout technologies require mixing soil with
clay-based grout or cements to plug the permeabil-
ity of a water-transmitting zone. Mixing often
involves excavation, contact with hazardous materi-
als, and the generation of additional waste manage-
ment problems. Injection of fluids from surface
wells to fill the soil pores of an aquifer forms a
hydraulic control barrier where needed with mini-
mal waste and surface disturbance.
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COLLABORATION/TECHNOLOGY
TRANSFER

This project is being carried out by Golder Associ-
ates, Inc. in cooperation with the European grout
licensees MIBRAG (Germany) and Societe Hoechst
Francaise (France). The materials were identified

through the International Technology Exchange
Program (ITEP). Results will be made available
through this and other international efforts.

Landfills and underground storage tank sites at
Hanford, ORNL, SRS, Fernald, and INEL will all
potentially benefit from these relatively advanced
technologies. Other potential users include a num-
ber of DoD sites with leaking underground storage
tanks and industrial facilities such as refineries and
fuel terminals. The single-borehole injection tests
were conducted at SNL's MWL, and it is antici-

pated that the multiple-borehole injection tests will
also be conducted at SNL.

With DOE’s assistance this technology should ma-
ture rapidly. The German company is searching for
an American affiliate to manage applications in
North America. The French group has a U.S. divi-
sion to manufacture and distribute its formulation,
Rapid transfer to the private sector is expected.

For further information, please contact:

Rudolph Matalucci

Principal Investigator

U.S. Department of Energy

Sandia National Laboratories, Albuquerque
P.O. Box 5800

Albuquerque, NM 87185-5800

(505) 844-8804

Charles Voss

Principal Investigator
Golder Associates, Inc.
4044 148th Ave., NE
Redman, WA 98052
(206) 883-0777



George Allen

Technical Program Manager

U.S. Department of Energy

Sandia National Laboratories, Albuquerque
P.O. Box 5800

Albuquerque, NM 87185-5800

(505) 844-9769

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965

TTP Number: AL231008
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4.11

DEVELOP AND DEMONSTRATE METHODS

OF PLACING A HORIZONTAL IN SITU BARRIER

TASK DESCRIPTION

This investigation is examining a method of in situ
emplacement of barriers beneath a waste site. The
process begins with two horizontal drill holes curv-
ing down from the surface at one end of the area,
passing beneath the waste, and returning to the
surface at the other end. The drill pipe is detached
from the drill rig left in two parallel holes, and
attached to 2 winch or tractor. At the opposite end,
jet grouting equipment is attached to the drill pipe.
Asitis pulled down and through the subsurface, the
jet grouter injects and mixes the soil and grout mix,
leaving a horizontal slab about ten feet wide and two
feet thick. Additional slabs are laid down in a
slightly overlapping configuration, building a sub-
surface barrier spanning the length and width of the
site.

Theinvestigation is focusing on laying down a series
of four strips and joining the edges into a contigu-
ous sheet, forming a horizontal barrier or contain-

ment floor. Emplaced panels will be excavated and
tested for gaps or zones of inadequate soil-grout
mixing. Additional development will address wid-
ening the panels and placing this type of barrier in
soils with rock fragments and other characteristics
that can restrict grouting tool movement and mix-
ing effectiveness.

TECHNOLOGY NEEDS

Temporary or long-term containment of mobile
contaminants from existing waste sites requires ef-
fective surrounding barriers. Vertical barriers are
relatively well known from standard construction
project work, but methods for building horizontal
barriers in situ have not been developed. For old
sites, the problem is to place a containment barrier
without disturbing the waste. Any excavation of the
waste represents additional health and regulatory
problems that are expensive and difficult to solve.
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DOE needs a technique for site containment and
remediation that allows barrier construction with
minimal waste, that uses different barrier materials,
and works in a wide variety of soil matrices.

ACCOMPLISHMENTS

* A single-pass panel 1.5" x 12' x 100" was de-
signed and emplaced at a depth of 12 feet.

The panel was excavated and the workability
of the concept was verified.

Prototype equipment for making alarger panel
was designed.

A work plan to install a multiple panel hori-
zontal barrier was drafted. The multiple panel
will be installed at Fernald in FY95.

BENEFITS

Emplacement technologies currently available for
installing a horizontal barrier beneath a waste de-
posit involve either excavation of the waste, laying
the barrier, and redeposition of the waste, or drilling
through the waste to deep soil to mix or injecting a
grout barrier. Both require contact with the waste,
management of new waste material, and significant
surface disturbance. This investigation will provide
a technology that avoids contact with the waste, and
can be done without disturbing surface operations.

COLLABORATION/TECHNOLOGY
TRANSFER

This work will be supported through collaboration
with the technology owner, Halliburton NUS, with
consulting support on grout and barrier materials
from BNL. Performance testing of the emplaced



panels will be performed by the University of Cin-

cinnati.

Potential users of this technology are widespread
across the DOE Complexand the country. A method

for in situ emplacement of horizontal barriers is
needed for the waste sites and tanks at Hanford. The
technology may also have applications to the waste
pits at Fernald.

Because the need is so widespread, this technology
is also readily transferrable to containment prob-
lems outside DOE. Uncontrolled dump sites, leak-
ing chemical and fuel storage tanks, and engineered
but failing waste disposal facilities are additional
candidates for this in situ containment system.

For further information, please contact:

David Ridenour
Principal Investigator

FERMCO

MS 81-2

P.O. Box 538704
Cincinnatti, OH 45253-8704
(513) 648-6138

Dr. Paul Pettit

Technical Program Manager

FERMCO

MS 81-2

P.O. Box 538704
Cincinnatti, OH 45253-8704
(513) 648-6558

Jaffer Mohiuddin

Program Manager

U.S. Department of Energy
Clovetleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7965
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4.12

BARRIERS IN THE VADOSE ZONE

TASK DESCRIPTION

This program is developing advanced polymer bar-
rier materials and investigating their durability and
performance characteristics under typical waste site
conditions. The materials being evaluated include
sulfur polymer cement, vinylester styrene, polyester
styrene, furfuryl alcohol, a high molecular weight
acrylic, and asphalt. Portland concrete used in hy-
draulic dams is being used as a performance baseline.
Formulation studies have optimized aggregate type/
quantities (stone, crushed glass, and sand) and bind-
ers used to produce the samples. Formulations have
been developed that are capable of being placed
vertically and horizontally using conventional con-
struction methods.

Bench-scale samples are being evaluated for perme-
ability to water, ionic diffusivity, wet/dry cycling,
and chemical resistivity to acid, base, and solvent
conditions. Compressive, tensile, and flexural
strengths will be measured as indicators of struc-
tural integrity of a monolithic barrier wall. Prelimi-
nary testing indicates good performance and
durability characteristics have been achieved. Final
material testing is now underway, and those barrier
materials that prove to be superior in performance
when compared to conventional Portland cement
concrete will be detailed in a final database report.
The report will list the acceptable conditions, per-
formance achievements, and basic economics of
each concrete.

TECHNOLOGY NEEDS

Contaminated soils, buried waste, and leaking UST's
pose a threat to the environment through contami-
nant leakages. One of the options for control of
contaminant migration from buried waste sites is to
construct a subsurface barrier consisting of a wall of
low permeability material. A subsurface barrier could
be constructed to completely surround the waste
site. Application of subsurface barriers can reduce
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exposure by several orders of magnitude, also reduc-
ing costs of remediation by many millions of dollars
compared with retrieval and treatment alternatives.
Use of interim subsurface barriers can provide waste
management operations sufficient time to select
appropriate remediation alternatives.

Portland cement grout curtains have been used for
barriers around waste sites. However, large castings
of hydraulic cements invariably result in cracking
due to shrinkage and thermal stresses induced by
the hydration reactions. The inability to ensure the
impermeability of Portland-based grout makes itan
undesirable construction material for waste site bar-
riers. Other low-permeability, high-integrity mate-
rials are needed for subsurface barriers.

ACCOMPLISHMENTS

Issued the report, “Regulatory Issues and As-
sumptions Associated with Barriers in the Va-
dose Zone Surrounding Buried Waste.”

Formulation and optimization of 18 barrier
materials was completed. This included choos-
ing binder types and determining optimum
aggregate composition and binder to aggregate
ratios.

Sample fabrication and preliminary testing
were completed.

Final testing is nearing completion and results
indicate polymer materials to be durable under
a wide range of waste site conditions.

BENEFITS

The available technology for subsurface hydraulic
barriers currently depends on clay-based grouts and
hydraulic cements. The barrier materials under
investigation will provide alternatives to these inor-
ganic systems in waste situations where they are



deficient in performance. The organic polymer

materials will decrease susceptibility to degradation
by acid or high-salt wastes. Where structural integ-
rity is needed as when hydraulic cements are used,
a number of the new materials will act as sedimen-
tary adhesives without the shrinkage cracking of the
older materials. In addition, some of the materials
are suitable for direct injection to the subsurface to
form barriers without excavation and mechanical
mixing. This eliminates secondary waste manage-
ment problems and potential exposure of workers.

COLLABORATION/TECHNOLOGY
TRANSFER

Technology transfer will include an expert review
panel workshop that will include BNL, DOE, and
industry personnel. A summary reporc will be issued
containing the workshop results. Further technol-
ogy transfer will include dissemination of informa-
tion at symposia and society meetings.

For further information, please contact:

Dr. John Heiser

Principal Investigator
Brookhaven National Laboratory
P.O. Box 5000

Upton, NY 11973-5000

(516) 282-4405

Eena-Mai Franz

Technical Program Manager
Brookhaven National Laboratory
P.O. Box 5000

Upton, NY 11973-5000

(516) 282-7103
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4.13 SUBSURFACE BARRIER
EMPLACEMENT DEVELOPMENT

TASK DESCRIPTION

The Subsurface Barrier Emplacement Program con-
sists of placing an impermeable barrier beneath an
existing waste site. The barrier, which is composed
of a grouting material, has to be emplaced without
disturbing the waste site. Two emplacement tech-
nologies are being tested: permeation and jet grout-
ing. Permeation grouting injects a low viscosity
grout into the soil at low pressure, filling the voids
without significantly changing the soil’s structure
or volume. Jet grouting, on the contrary, injects
grout at high pressure and velocity, thereby com-
pletely destroying the soil’s structure. The grout
and the soil are intimately mixed, forming a homo-
geneous mass.

Initially, feasibility of each technique will be evalu-
ated, followed by evaluation of design parameters
such as borehole separation, depth, limitations, etc.

High Pressure
Grout Pump

JetGroudng
Machine

n
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Figure 4.13. Subsurface Barrier Emplacement.

TECHNOLOGY NEEDS

The current state-of-the-art for emplacement of
subsurface barriers in near surface soils lies prima-
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rily with vertically emplaced barriers. Subsurface
horizontal to sub-horizontal barriers that retard
vertical mass movement are not currently employed
in the civil engineering applications.

ACCOMPLISHMENTS

* Completed report/literature review summa-

rizing the technological aspects of all system
components required for demonstrating a sub-
surface barrier emplacement.

* Completed field-scale permeation grouting ex-
periment. Field-testing consisted of grouting
in vertical and horizontal boreholes using four
different barrier materials. The barrier mate-
rials used were two ultra fine cements, a min-
eral wax/bentonite mixture, and a sodium
silicate grout. Numerous non-intrusive geo-
physical techniques were used to identify where
the grout flowed. Geophysical techniques used
included: cross-hole seismic tomography,
ground penetrating radar, electromagnetic in-
duction, and neutron probe and downhole
temperature logs. Finally, the cementitious
grout site was excavated exposing the grout.
Observations were compared with the crosshole
tomography results. Comparisons were quite
favorable, but the geophysical techniques are
still limited in that they can only identify grout
masses but not flaws in the continuity of the
grouted soil.

* Completed field-scale jet grout demonstration
employing a variety of shapes using multiple
materials. Installed configurations include: v-
trough, cone, and rectangular monolith. Again,
geophysical techniques were employed to im-
age subsurface grout bodies. The preliminary
results again indicate that current geophysical
techniques are inadequate to verify the conti-
nuity of a grout barrier.




BENEFITS

The anticipated benefits of installed barriers are
that the waste volume will remain fixed, allowing
additional time to develop remedial treatments. In
some instances, the remediation alternative may be
enhanced by the installed barrier. In addition, the
timing of cleanup becomes less critical.

COLLABORATION/TECHNOLOGY
TRANSFER

The industrial partner is Applied Geotechnical
Engineering and Construction, Inc., a very small
spinoff company from Westinghouse Hanford Com-
pany. They have a very strong interest in the success
of subsurface barriers since they are based in
Richland, WA, and have many contacts and tre-

mendous knowledge regarding the needs of Hanford
and EG&G Idaho.

Skip Chamberlain

Program Manager

U.S. Department of Energy
Cloverleaf Building

19901 Germantown Road
Germantown, MD 20874-1290
(301) 903-7248

TTP Number: AL231004
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For further information, please contact:

Brian Dwyer

Principal Investigator

U.S. Department of Energy

Sandia National Laboratories, Albuquerque
P.O. Box 5800

Albuquerque, NM 87185-5800

(505) 845-9894

George Allen

Technical Program Manager

U.S. Department of Energy

Sandia National Laboratories, Albuquerque
P.O. Box 5800

Albuquerque, NM 87185-5800

(505) 845-9769

147



148



DOE
BuUsINESS OPPORTUNITIES

Section 5.0




150



5.0 DOE BUSINESS OPPORTUNITIES

WORKING WITH THE DOE OFFICE OF ENVIRONMENTAL MANAGEMENT

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, as well as management and operating contractors, EM employs a number
of mechanisms to identify, integrate, develop, and adapt promising emerging technologies. These
mechanisms include contracting and collaborative arrangements, procurement provisions, licensing of
technologies, consulting arrangements, reimbursable work for industry, and special consideration for small
business. EM facilitates the development of subcontracts, R&D contracts, and cooperative agreements to
work collaboratively with the private sector.

COOPERATIVE RESEARCH AND DEVELOPMENT AGREEMENTS (CRADAS)

CRADASs are mechanisms for collaborative R&D. They 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
with access to facilities and expertise; however, external participants receive no federal funds. Rights to
inventions and other intellectual property are negotiated between the laboratory and the participant.
Certain generated dara may be protected for up to five years. Several companies may combine their resources
to address a common technical problem. Funds can be leveraged to implement a consortium for overall

program effectiveness.

PROCUREMENT MECHANISMS

DOE-EM procurement mechanisms are for technology development in the form of unsolicited proposals
and formal solicirations, although the latter are preferable. The principal contractual mechanisms used by
EM for industrial and academic response include Research Opportunity Announcements (ROAs) and
Program R&D Announcements (PRDAsS).

EM utilizes the ROA to seek advanced research and technologies for a broad scope of cleanup needs. The
ROA supports applied research ranging from concept feasibility to full-scale testing. 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, announced in the
Commerce Business Daily, and provide multiple awards.

PRDAs are program announcements which solicit a broad mix ofadvanced developmentand demonstration
proposals. A PRDA requests proposals for a wide-range of technical solutions to specific EM problem areas.
Multiple awards, which may have distinct approaches or concepts, are generally made. Numerous PRDAs
may be issued each year.

EM awards grants and cooperative agreements if 51% 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
advancement of present/future U.S. capabilities in domestic and international environmental cleanup
markets. They may also include technology transfer, advancement of scientific knowledge, oreducationand
training of individuals as well as business entities.
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For more information about PRDAs and ROAs, contact:

Tom Martin

U.S. Department of Energy
Morgantown Energy Technology Center
P.O. Box 880, MS 107
Morgantown, West Virginia 26507
(304) 285-4087

LICENSING OF TECHNOLOGIES

DOE contractor-operated laboratories can license DOE/EM-developed technology and software. In
situations where DOE retains the ownnership of a new technology, the Office of General Counsel will serve
as the licensing agent. Licensing activities are conducted according to existing DOE intellectual property
provisions.

TECHNICAL PERSONNEL EXCHANGE ASSIGNMENTS

Personnel exchanges provide opportunities for scientists from private industry and DOE laboratories to
work together at various sites on environmental restoration and waste management problems. Private
industry must 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 personnel
exchanges, which can last from three to six months, result in the transfer of technical skills and knowledge.

CONSULTING ARRANGEMENTS

Laboratory scientists and engineers are available to consult in their areas of technical expertise. Most
contractors which operate 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 private industry and other federal agencies, as long as
the work pertains to the mission ofa respective laboratory and does not compete with the private sector. The
special technical capabilities at DOE laboratories are incentives for the private sector to use DOE's facilities
and contractor expertise. An advanced class patent waiver gives ownership of any inventions resulting from
the research to the participating private sector company.

INTERACTIONS WITH SMALL BUSINESSES

EM seeks the participation of small businesses in its RDDT&E programs (1) through collaborative efforts
with the National Laboratories, or (2) directly via solicitations issued by the DOE Small Business
Innovation Research (SBIR) Program Office and the Small Business Technology Transfer (T2) Pilot

Program (STTR). EM also has established a partial procurement set-aside for small firms (500 employees
or less) for applied research projects through its ROA.
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For further information about SBIR and STTR programs, please contact:

U.S. Department of Energy

Small Business Innovation Research Program Hotline
ER-16 GTM
Washington, D.C. 20585
(301) 903-5707

EM CENTER FOR ENVIRONMENTAL MANAGEMENT INFORMATION

The EM Center for Environmental Management Information is designed to provide ready access to
prospective research and business opportunities in waste management, environmental restoration, and
decontamination and decommissioning activities. The Center can identify links between industry technolo-
gies and program needs. It connects potential partners to an extensive complex-wide network of DOE
headquarters and operations office contacts.

To reach the EM Center for Environmental Management Information, call 1-800-736-3282.
OFFICES OF RESEARCH AND TECHNOLOGY APPLICATIONS

The Offices of Research and Technology Applications (ORTA) serve as technology transfer agents for the
federal laboratories. They coordinate technology transfer activities among laboratories, industry, and
universities. ORTA offices license patents and foster communication between researchers and technology

customers.

ORTA Contacts:

Laboratory

Ames Laboratory

Argonne National Lab
Brookhaven National Lab
Fermilab

Idaho National Engineering Lab
Lawrence Berkeley Lab

Lawrence Livermore National Lab
Los Alamos National Lab
Morgantown Energy Technology Cer
National Renewable Energy Lab
Oak Ridge Institute/Science & Ed

Contact
Todd Zdorkowski
Shari Zussman

Margaret Bogosian

John Vernard
Ann Rydalch
Cheryl Fragiadakis
Dave Conrad

Pete Lyons
Rodney Anderson
Dana Moran

Mary Loges
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Phone Number
(515) 294-5640
(708) 252-5361
(516) 282-7338
(708) 840-2529
(208) 526-1010
(510) 486-6467
(510) 422-7839
(505) 665-9090
(304) 285-4709
(303) 275-3015
(615) 576-3756



Laboratory

Oak Ridge National Lab

Pacific Northwest Lab

Pitesburgh Energy Technology Center
Princeton Plasma Physics Lab

Sandia National Lab

Savannah River Technology Center
Stanford Linear Accelerator Center

Westinghouse Hanford Company

Contact

Bill Martin
Marv Clement
Kay Downey
Lew Meixler
Warren Siemens
Jack Corey

Jim Simpson

Dave Greenslade
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(615) 576-8368
(509) 375-2789
(412) 892-6029
(609) 243-3009
(505) 271-7813
(803) 725-1134
(415) 926-2213
(509) 376-5601
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6.0

ACRONYMS

A&PCT
ABS
AC

AGV
ALCD
ARAR
ARS
ASME
ATD
ATR
BETA
BRC
BNL
BSE
CAM
CAT
CCU
CERCLA
CERL
CFR

cm

cm/s
CMEHRS
CRADA
CTEN
CTP
CT

Active and Passive Computed Tomography

Aqueous Biphasic Separation

Alternating Current

Analytical Electron Microscopy

Automatically Guided Vehicle

Advanced Landfill Cover Demonstration

Applicable or Relevant and Appropriate Requirements
Agricultural Research Service

American Society of Mechanical Engineers

Alpha Track Detector

Automatic Target Recognition

Beta Scintillator Counting

Below Regulatory Concern

Brookhaven National Laboratory

Back Scatter Electron

Continuous Air Monitor

Computer Automated Tomography

Contamination Control Unit

Comprehensive Environmental Response, Compensation, and Liability Act
Construction Engineering Research Laboratory

Code of Federal Regulations

Centimeter

Centimeter Per Second

Contaminated Material Excavation Handling and Retrieval System
Cooperative Research and Development Agreement
Combined Thermal/Epithermal Neutron

Cold Test Pit

Computed Tomography
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D&D Decontamination and Decommissioning

3DDST 3-Dimensional Dynamic Simulation Tool

DAC Derived Air Concentration

DC Direct Current

DDT Differential-Dieaway Technique

DoD Department of Defense

DOE Department of Energy

DOIT Develop On-Site Innovative Technologies

DOT Department of Transportation

DRCT Digirtal Radiography and Computed Tomography
DR Digital Radiography

DSS Decision Support System

EDS Energy Dispersive Spectroscopy

EELS Electron Energy Loss Spectroscopy

EIC Electret Ionization Chamber

EM Office of Environmental Management

ER/WM Environmental Restoration/Waste Management
EPA Environmental Protection Agency

FANES Furnace Atomization Non-Thermal Excitation Spectrometric
FDEM Frequency Domain Electromagnetics

FEMP Fernald Environmental Management Project
FERMCO Fernald Environmental Restoration Management Company
FTIR Fourier Transform Infrared

FY Fiscal Year

GAM Gamma-Ray Spectroscopy

GHz Gigahertz

GIS Geographic Information System

GPH Ground Penetrating Holography

GPM Gallons Per Minute
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GPR

GPS
GTCC

HECS
HELP
HEPA
HES
HPGe
HVPM
ICP-MS
ID
INEL
in/hr
IP

ISV
ITEP
[WMF
KAFB
KBS
kg
kg/day
kW
LA-ICP-AES
LAMS
LANL
LCMS
LIBS

LITCO

Ground Penetrating Radar

Geographic Positioning System

Greater Than Class C

Helium

Human Engineered Control Station
Hydrologic Evaluation of Landfill Performance
High Efficiency Particulate Air

High Frequency Sensor

High Purity Germanium

High Vapor Pressure Metal

Inductively Coupled Plasma Mass Spectroscopy
Integrated Demonstration

Idaho National Engineering Laboratory
Inch Per Hour

Integrated Program

In Situ Vitrification

International Technology Exchange Program
Interim Waste Management Facility

Kirtland Air Force Base

Knowledge-Based System

Kilogram

Kilogram Per Day

Kilowatt

Laser Ablation-Inductively Coupled Plasma-Atomic Emission Spectroscopy
Landfill Assessment and Monitoring System

Los Alamos National Laboratory

Landfill Characterization and Monitoring System

Laser-Induced Breakdown Spectroscopy
Lockheed Idaho Technology Company
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LLMW Low-Level Mixed Waste

LLW Low-Level Waste

LRAD Long Range Alpha Detector

LSFA Landfill Stabilization Focus Area

MAWS Minimum Additive Waste Stabilization

MCT Mercury Cadmium Telluride

MDL Method Detection Limit

mg Milligram

mg/kg Milligram Per Kilogram

MHM Machine Health Monitoring

M&O Management and Operating

MTA Magnetometer Towed Array

MMC Multi-Manipulator Capability

MVA Megavolt Ampere

MWL Mixed Waste Landfill

MWLID Mixed Waste Landfill Integrated Demonstration
NDA/NDE Non-Destructive Assay/Non-Destructive Evaluation
NRC Nuclear Regulatory Commission

NRL Naval Research Laboratory

NTP Non-Thermal Plasma

NTS Nevada Test Site

ORNL Oak Ridge National Laboratory

ORR Oak Ridge Reservartion

ORTA Offices of Research and Technology Applications
OTD Office of Technology Development

ou Operable Unit

pCil/g Picacurie Per Gram

PCT Product Consistency Testing

PEG Polyethylene Glycol
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PI

PNL
ppm
PRDA
Pu
RCED
RCRA
RDBMS
RDDT&E
RDS
RES
RFP
RHMMS
RI/ES
ROA
RTDM
RTML
RWMC
SA
SBPD
SBIR
SCR

SCS

SDA
SDSM&T
SEDSS
SIMS
SNL

SRS

Principal Investigator

Pacific Northwest Laboratory

Parts Per Million

Program R&D Announcement

Plutonium

Requirement Compliance Evaluation Document
Resource Conservation and Recovery Act

Relational Data Base Management System

Research, Development, Demonstration, Testing, and Evaluation

Regulatory Database System

Remote Excavation System

Rocky Flats Plant

Radiological and Hazardous Material Measurement System

Remedial Investigation/Feasibility Study
Research Opportunity Announcement
Real-Time Dust Monitor

Rapid Transuranic Monitoring Laboratory
Radioactive Waste Management Complex
Stripping Analysis

Simulated-Based Planning and Design
Small Business Innovation Research

Selective Catalytic Reduction

Supervisory Control System

Subsurface Disposal Area

South Dakota School of Mines and Technology
Sandia Environmental Decision Support System
Secondary Ion Mass Spectrometer

Sandia National Laboratories

Savannah River Site
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STOLS™
STTR
TBC
TCLP
TDEM
TDR
TEM
TMGS
TRU

TSI

UWB

UNCAP
UMTRA
USBOM
USDA
USGS
UST
VOC
VETEM
VSL
WAC
WAMIS
WIT

XRF

Surface Towed Ordnance Locator System

Small Business Technology Transfer Pilot Program
To Be Considered

Toxicity Characteristic Leaching Procedure

Time Domain Electromagnetics

Time Domain Reflectometry

Transmission Electron Microscopy

Tensor Magnetic Gradiometer System
Transuranic

TechniScan, Inc.

Technical Task Plan

Ultrawide Band

Uranium

Unlined Chromic Acid Pit

Uranium Mill Tailings Remedial Action
United States Bureau of Mines

United States Department of Agriculture
United States Geological Survey
Underground Storage Tank

Volatile Organic Compounds

Very Early-Time Electromagnetic System
Vitreous State Laboratory

Waste Acceptance Criteria

Waste Assay Measurement Integration System
Waste Inspection Tomograph

Weight

X-ray Fluorescence Detector
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7.0 APPENDIX

Technical Task Plans (TTPs) identify and summarize funded work managed by OTD at headquarters, the
field and the national laboratories. All tasks require a TTP number, which contains eight characters assigned
by DOE Headquarters. The format consists of two alpha characters followed by six numerical characters.
Characters 1 and 2 designate the DOE Operations Office/Funding Allotment Code. Character 3 denotes
the laboratory/contractor/university designator. Character 4 denotes the fiscal year in which the task is first

funded. The below characters reflect TTPs from FY94-95.

Characters 1,2 & 3

ALO  Albuquerque Operations Office

AL1  Los Alamos National Laboratory (LANL)

AL2  Sandia National Laboratory, Albuquerque (SNLA)/Martin Marietta
AL3  Sandia National Laboratory, Livermore (SNLL)

AL4  Kansas City Plant (KCP)/Allied-Signal Aerospace

AL9 RUST GEOTECH

CHO Chicago Operations Office

CH1 Ames Laboratory

CH2 Argonne National Laboratory (ANL)/ University of Chicago
CH3 Brookhaven National Laboratory (BNL)/Associated Universities, Inc.
CH5 National Renewable Energy Laboratory

FNO Fernald Environmental Management Project (FEMP)

FN1 Fluor Daniel Environmental Restoration Management Company
HQO OTD Headquarters

IDO  Idaho Operations Office

ID1  Idaho National Engineering Laboratory (INEL)/EG&G

ID4  Westinghouse Idaho Nuclear Company

ID6  Babcock & Wilcox, Inc

ID7  Lockheed Idaho Technology Company

MEO Morgantown Energy Technology Center (METC)

NV0 Nevada Operations Office

OHO Ohio Operations Office

OH1 Fernald Environmental Management Project (FEMP)
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OH2 EG&G Mound Applied Technologies

ORO  Oak Ridge Operations Office

OR1  Martin Marietta Energy Systems (MMES)

OR3  Oak Ridge Institute for Science and Education

PEO
PE1

Pitesburgh Energy Technology Center
MSE, Inc.

RFO  Rocky Flats Environmental Technology Office

RF1

Rocky Flats Plant/EG&G

RLO  Richland Operations Office

RL2  Kaiser Engineers Hanford Company (KEH)

RL3  Pacific Northwest Laboratory (PNL)/Battelle Memorial Institute

RL4  Westinghouse Hanford Company

SE0  Oakland Operations Office
SF1  Lawrence Berkeley Laboratory (LBL)/University of California
SF2  Lawrence Livermore National Laboratory (LLNL)/University of California
SF3  Energy Technology Engineering Center (ETEC)

SRO  Savannah River Operations Office

SR1  Westinghouse Savannah River Company (WSRC)

Character 4

1 FY 1991

2 FY 1992

3 FY 1993

4 FY 199

5 FY 1995

6 FY 1996

7 FY 1997

8 FY 1998

9 FY 1999

0 FY 2000
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