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DISCLAIMER

This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither the
United States Government nor any agency thereof, nor any
of their employees, make any warranty, express or implied,
or assumes any legal liability or responsibility for the
accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that
its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or
service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United
States Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or
any agency thereof.
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1.0 INTRODUCITION

The Department of Energy’s (DOE’s) Office of Environmental Management (EM) is responsible for
remediating DOE contaminated sites and managing the DOE waste inventory in a safe and efficient manner.
EM’s Office of Technology Development (OTD) supports applied research and demonstration efforts to
develop and transfer innovative, cost-effective technologies to its site clean-up and waste-management
programs within EM. The purpose of the Technology Catalogueisto: (a) provide performance dataon OTD-
developed technologies to scientists and engineers responsible for preparing Remedial Investigation/
Feasibility Studies (RI/FSs) and other compliance documents for the DOE's clean-up and waste-management
programs; and (b) identify partnering and commercialization opportunities with industry, other federal and
state agencies, and the academic community.

In January 1994, DOE announced “A New Approach to Environmental Research and Technology Develop-
ment at the U.S. Department of Energy.” 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. Areas
were identified to focus Department-wide environmental research and technology-development activities on
DOE’s most pressing environmental-restoration and waste-management problems. These "Focus Areas" are
targeted for action on the basis of risk, prevalence, or need for technology development to meet environmental
regulations and requirements. DOE has established a framework and strategy for coordinating efforts among
DOE organizations, Management and Operating (M&QO) contractors, the national laboratories, other
governmentagencies, the scientificcommunity, academia, and stakeholders. The new strategy will build upon

existing programs.

Many of the technologies have been successfully demonstrated in the field and now are sufficiently mature
to be transferred to users throughout the DOE complex. The Technology Catalogue is a means for
communicating the status of the development of these innovative technologies.

This Second Edition of the Technology Catalogue features 65 technology profiles. Forty-two (42) of the
profiles were featured in the First Edition of the Technology Catalogue and have been revised to reflect the
most current technical-performance information available. Of the 23 new technology profiles in this Second
Edition, 9 are sponsored by the Waste-management Education & Research Consortium (WERC). WERC was
funded with $425 million for five years beginning in 1989 by the DOE to éxpand U.S. capability and resources
for managing waste and restoring the environment. The consortium members include New Mexico State
University; New Mexico Institute of Mining and Technology; Navajo Community College at Shiprock, New
Mexico; Sandia National Laboratories; and Los Alamos National Laboratory.

Several methodologies were employed to select and prepare technology profiles. Factors affecting the
selection of technologies include the availability and quality of technical information and the maturity of each
technology. DOE Program Managers made the final selection of technologies for which profiles were
developed. The primary sources of information for the Second Edition of the Technology Catalogue were
technical reports, published articles, and data supplied by the principal investigators (PIs).




Of the 65 technologiesin the Second Edition, 28 are categorized as characterization/monitoring technologies,
and 37 are remediation technologies. The technology profiles include the following topical areas:

+  Technology title and description . Key regulatory considerations regarding the
application of the technology
»  Technical performance and cost data
. Potential commercial applications
*  Projected near-term performance (1 to 3 years)
. Baseline comparison technology
»  Applicable waste types and forms
. Intellectual property
+  Development status
. Points-of-contact and references for more
information

Theinformationineach category introduces the technology to thereaderand provides a “snapshot’ of its status
withrespect toperformance and availability. More detailed information can be obtained from the sources cited
in each profile.

The Technology Catalogue currently serves as a source of information on DOE’s emerging technologies and
isbeing provided periodically totheinter-agency Federal Remediation Technologies Screening Matrix as well
asto other U.S. Environmental Protection Agency, U.S. Department of Defense, and commercially available
databases. The information contained in the Technology Catalogue is also available via electronic access
to the DOE EnviroTRADE® Information System. The Technology Catalogue will continue to be a valuable
source of technical information to be used by the DOE International Technology Exchange Program to
enhance the competitiveness of U.S. industry worldwide by communicating the merits of U.S. technologies.
[Note: A catalogue dedicated to the technology transfer aspects of OTD-sponsored characterization,
monitoring, and sensor technologies (CMST) is under preparation. The CMST Catalogue will be released in
early fiscal year (FY) 1996.]

DOCUMENT ORGANIZATION

The Technology Catalogue attempts to match applications with specific technologies in addition to providing
profiles on each technology. Section 2 describes the development process utilized to select and prepare
technology profiles. Section 3 contains waste-applicability tables developed to aid the user in matching
applications with each technology. Table A addresses Site Characterization and Monitoring Technologies,
and Table B addresses Site Remediation Technologies. Section 4 contains Site Characterization and
Monitoring Technology profiles, and Section 5 contains Site Remediation Technology profiles.

FOR MORE INFORMATION, PLEASE CONTACT:

The DOE Center for Environmental Management Information

Toll-Free Number: 1-800-7-EM DATA Monday-Friday 9a.m.-7p.m.
(1-800-736-3282) Eastern Time



TO ELECTRONICALLY ACCESS THE DOE ENVIROTRADE®
INFORMATION SYSTEM

Use a Web browser (e.g., Mosaic, Enhanced Mosaic, Netscape, etc.) to access the EnviroTRADE®
Information System via the Internet network. The URL is: http://acoma.geoid.sandia.gov

OR PLEASE CONTACT:

Susan Johnson
U.S. Department of Energy
Office of Environmental Management
(301) 903-7930
3
fE w PR R TR e R T T T R T T e



http://acoma.geoid.sandia.gov




Development

Process

Section 2.0

N
*aln
]

¢






2.0 DEVELOPMENT PROCESS

Development of the Second Edition of the Technology Catalogue began by revising information contained
inthe original 41 profiles featured in the First Edition and drafting profiles for 15 technologies selected by DOE
Program Managers. The nine (9) profiles sponsored by WERC were developed by principal investigators,
underwent an internal peer-review, and were submitted for inclusion in the Second Edition.

The methodology utilized to develop and update the technology profiles featured in the Second Edition is
illustrated in Figure 2. As shown, information originated from several sources such as technical reports, the
open literature, technical task plans, DOE databases, and other databases. Once sufficient information was
gathered, it was reviewed for clarity, consistency, and quality. A technology profile was then drafted and
underwent internal review, at which time information gaps were identified. Once information and data gaps
were filled-in, the draft profile was revised. As a final quality-assurance check, profiles were submitted to PIs
to review for technical accuracy. The profiles were then revised and submitted to DOE-HQ for review,
approval, and subsequent publication and distribution.

Congressional Policy,
DOE-HQ Direction Technology
Catalogue
Publication and
Distribution
I T
Gather Information/Data {
TTPs, Existing Techrgical Reports, Open
- Literature, Information from Principal - Submit
Investigators, DOE Databases, Other ubmi
Databases Consolidated
Profiles to
* DOE/HQ
Assess the Quality of +
Information Received ;gfo”:-;‘a”;:"l
Technology Maturity, Performance Data, or Data U,gdaltl;/l}eme
Clear Description, Goals and Milestones echnology
Profile
pe | 1
Prepare Initial Dr_aft of Review Profile
Technology Brief Internal .
Review (by Principal
Approximately 4-7 pages each Inyestigators)

Figure 2. FY 1994 Technology Catalogue Development Process.
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Table A. Site Characterization and Monitoring Technologies.

Applicable Wastes

Technology Description Media Speed Metals Organics Radionuclides Page No.
Adaptive Sampling Program | Computer software that integrates, | Soil, groundwater PLUME™ analyses range Waste-independent. 23
Support manages, and provides visualization from seconds to hours

of site data. depending on analysis
complexity. SitePlanner
site creation depends on
amount of data available.
Advanced In Situ Moisture Measures moisture content and soil | Arid soils, rock Varies. Typicaily 15 min. Waste-independent. 27
Logging System density around access tubing. per 100 ft. of tube.
Broadband Electromagnetics | Three-dimensional characterization | Soil A survey requiring detailed Waste-independent. 31
for Three Dimensional Site | of buried waste. coverage over 1/2 acre can
Characterization be performed in one
working day.
Colloidal Borescope Direct observation of colloidal-sized | Groundwater 30 min. to obtain a Waste-independent. 35
particles and subsequent measurement.
groundwater flow direction and rate.
Cone Penetrometer i A truck-mounted device that rapidly | Soil Pushes at a rate of 30-40 Waste-independent. 41
penetrates the ground to collect site feet per half hour (except
data. in mixed-waste
environments),
Crosswell Seismic Imaging | Non-intrusive imaging of geology | Soil or rock Data collection 1-3 wk. Waste-independent. 45
between boreholes. Interpretation 1-2 mo.
Electrical Resistance Electrical currents are injected into ] Soil, rock, water Approximately two hours Waste-independent. 49
Tomography the ground, and the potential to install electrodes in

distribution is measured.

borehole. Data collection
from 40 min. to 2 hr.

Data processing 20 min. to
several hours (depending
on area of the measurement
plane, etc.).
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Table A. Site Characterization and Monitoring Technologies.

Applicable Wastes

Access

characteristics in under-ground
storage tanks.

Technology Description Media Speed Metals Organics Radionuclides Page No.
Fiber-Optic Chemical Optic fibers transmit probe signals | Groundwater, vadose | Real time. N/A VOCs N/A 55
Scnsors 1o remotely located sensors to zone, vapor

provide a real-time multipoint extraction off-gases
monitoring capability.
Halosnif Fiber-Optic A real-time compound-class-specific | Air, gases Real-time results. N/A Volatile N/A 61
Spectrochemical Sensor sensor. chlorine-
containing
compounds
TCE, PCE,
CFCs
Hybrid Directional Boring Provides directional access in desired | Wide range of Dependent on geology. 65
and Horizontal Logging locations. geologies Clays - 200 f/d Alluvial Waste-independent.
fills - 100 fi/d.
In Situ Permeable Flow Measures full three-dimensional Saturated, permeable | Velocity measurements in
Sensor flow velocity vector. un-consolidated 24-48 hr. Waste-independent. 1
materials
| Integrated Geophysics Integration of various geophysical | Soils, rock Between 100-1000 samples
Program techniques to characterize a site. per day and 1/4 -1 hectare Waste-independent. 75
(depending on sample
intervals).
Integrated Spectroscopic Integrates four spectroscopic Soil, groundwater | Depends on level of All toxic N/A All radioactive metals 79
System for Contaminant techniques to identify contaminants. characierization nceded. metals (c.g., (e.g., U, Pu)
Speciation Manpower and instrument- | Cr, Hg)
time limited, not sample-
limited.
Light Duty Utility Arm Provides the capability to gather N/A N/A
System for Remote Tank data on chemical and physical Underground storage tank wastes. 85
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Table A. Site Characterization and Monitoring Technologies.

Applicable Wastes

Technology Description Media Speed Metals Organics Radionuclides Page No.
Long Range Alpha Detector § High-voltage signal plane detects Soil 10 -15 minutes forlarge | N/A N/A Alpha-emitting 89
alpha particles. monitor (shorter time for contaminants (not
smaller monitor). limited to U and Pu)
Magnetometer Towed Array | Magnetomelers detect local Soil Can characterize more than { All metals | N/A All metals 93
disturbances in the earth’s magnetic 10 acres per day.
field. This indicates buried ferrous
objects.
Microbial Monitoring Monitors microbial population Soil, ground-water | Analysis is complete in 2 97
changes in soil and ground water bio-reactors days to 1 month (depend- Waste-independent.
samples. ing on the technique used).
On-Site Analysis of Metals } An in-field analytical method Soils, Sediments Total Cr analysis takes 8 | Al, Au, Ca, | N/A N/A 99
in Soils Using Stripping capable of measuring concentrations minutes per sample. Other | Cd, Co, Cr, ’
Voltammetry of selected trace metals. - | elements to be determined. | Cu, Fe,
' Mo, Pb, Pd,
Pt, Ni, Ru,
Sn, Tc, Th,
Ti, U, Va,
- Y, Zn
Portable Acoustic Wave Monitors changes in the speed and | Soil, vapor, water | Rapid (2 seconds) and N/A VOCs, TCE, |N/A 103
Sensor power of a wave as it travels across continuous analysis CCly
the sensor. possible.
Prompt Fission Neutron Provides a nearly continuous profile } Soil and rock Approximately 3 hours are | N/A N/A Fissile materials, U-235, 107
Logging System of contaminants as a function of surrounding a cased | necessary to log and Pu-239
position along a borehole. borehole analyze a typical 100 ft.
borehole,
Rapid Geophysical Surveyor | Provides high-resolution Soil Can collect magnetic data | Ferrous N/A N/A 111
geophysical data, at rates up to 25,000 data | contami-
points per hour. nants
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Table A. Site Characterization and Monitoring Technologies.

Applicable Wastes

Technology Description Media Speed Metals Organics Radionuclides Page No.
Rapid Transuranic Provides rapid in-field monitoring. | Soil, smears, fallout| Can analyze 100 samples | N/A N/A Pu, Am, alpha emitters
Monitoring Laboratory coupons, filters, air, | per day. and entire gamma 115
liquids spectrum from X-rays to
Co-60 and Cs-137
Remote Characterization Vehicle remotely delivers several Soil Vehicle can travel 1 to 6 Waste-independent. 121
System geophysical sensors to a buried- ft./sec.
waste site to obtain data.
ResonantSonicS™ Drilling An advanced and improved drilling | Vadose zone, Drills holes at double the Waste-independent. 125
technology. groundwater rate of a cable tool.
Seamist™™ Borehole Provides multiple vapor Soil, vapor Up to 30 ft/min. Waste-independent. 129
Instrumentation and Fluid sampling/monitoring locations in a
Sampling System single borehole for unsaturated zone
and air permeability measurements.
Slant Angle Sonic Drilling | A method of rapid access to the Soil, rock Varies, depending on the Waste-independent. 133
subsurface for installation of a type of formation. 1
sloped well using resonant drilling. ft./sec. to 0.5 ft/min. for
loose to compact
formations, respectively.
Unsaturated Flow Apparatus | Simulates migration of Soil, vadose zone Can achieve results in 3 Waste-independent. 137
Centrifuge contaminants of subsurface days.
environments of arid sites to obtain
transport data.
X-Ray Fluorescence Measures concentrations of heavy | Arid soils Spectrum takes about § Heavy N/A N/A 141
Spectroscopy metals in soils. min, (depending on the metals (e.g.,
contaminant of interest and | Cr, Ni, Cu,
device sensitivity Zn, Hg, Pb)

requirements).
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Table B. Site Remediation Technologies.

Applicable Wastes

Technology Description Media Metals Organics Radionuclides Page No.
Adsorption of BTEX Using | Adsorption of aromatic compounds. | Groundwater N/A Single-ting aromatics N/A 147
Organozeolites Surface water
Arc Melter Vitrification Vitrification. Soil Toxic metals Organics N/A 151
Bio-Immobilization of Heavy } Uses bacteria to transform heavy Groundwater Toxic metals N/A N/A 155
Metals ’ metal ions to an insoluble, less Surface water

toxic form. aqueous streams
Biological Destruction of Biosorption. Supematants, Toxic metals Organics Various radionuclides, 159
Tank Waste aqueous streams TRU
Bioreactors for Uses a bioreactor to biodegrade Groundwater N/A TCE, PCE, Vinyl 163
Bioremediation unwanted chlorinated chemicals. Chloride, DCE, TCA,

and BTEX.

Bioremediation of High Bioremediation. Soil N/A Nitroaromatic N/A 169
Explosives by Planis compounds, TNT
Chelators for Application In | Selective removal of radioactive and | Soil, Process waste | N/A N/A Pu 173
Radioactive Actinide Waste | highly toxic actinides with organic | streams
Remediation chelators.
Compact Processing Units Biosorption. Liquids, sludges, N/A N/A High-level, low-level, 177
for Radioactive Waste slurries TRU
Treatment
Cryogenic Retrieval of Freezing/Retrieval Containment. Soil, buried waste | N/A N/A TRU 181

Buried Waste
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Table B. Site Remediation Technologies.

Applicable Wastes

Technology Description Media Metals Organics Radionuclides Page No.
Decision Support System to | Multi-objective decision making Arid and humid 185
Sclect Migration Barrier software system. soils Waste-independent.

Cover Systems
Dry Barriers for Containment | Drying of horizontal soil layer to Soil N/A VOCs, volatile solvents, | N/A 191
and Remediation at Waste create a barrier. petroleum fuels
Sites
Dynamic Under-ground Enhanced removal. Soil, ground- water | N/A VOCs N/A 197
Stripping of VOCs
Electrokinetic Remediation | Electrical current is supplied Soil Heavy Metals N/A Radionuclides 201
of Heavy Metals and between two electrodes, ions of
Radionuclides contaminant will be attracted to one
of the electrodes.
Encapsulation of Hazardous | Encapsulation of wastes. Liquid, slurry, solid | Metals, inorganics N/A N/A 205
Wastes waste
Engineered System for In Micro organisms biodegrade CClg | Groundwater N/A CClg N/A 209
Situ Bioremediation of to harmless chemicals.
Groundwater
High-Energy Corona Destruction of VOCs at room Gas, aqueous N/A VOCs, halogenated N/A 215
temperature. liquids, non-aqueous solvents (e.g., TCE,
liquids PCE, carbon

tetrachloride,

chloroform, diesel fuel,

gasoline)
Hydraulic Impact End Fracturing of solid waste forms. Hard waste forms in | N/A N/A N/A 219

Effector

tanks
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Table B. Site Remediation Technologies.

Applicable Wastes

Technology Description Media Metals Organics Radionuclides Page No.
In Situ Air Stripping of Enhanced removal. Permeable soils, N/A N/A VOCs, light hydro- 223
VOCs Using Horizontal groundwater carbons, chlorinated
Wells solvents, TCE, PCE
In Situ Groundwater In situ colloid immobilization of Groundwater Heavy metals absorbed | pesticides Pu 227
Remediation Using Colloid | contaminants. on clay and silica
Technology
In Situ Vitrification of Destruction/immobilization. Soil Heavy metals VOCs Various radionuclides, 231
Contaminated Soils TRU
In Well Vapor Stripping Gas is bubbled through Groundwater N/A VOCs N/A 235
contaminated groundwater to
liberate contaminants.
Medium-Pressure Waterjet Confined sluicing. Supernatant, sludge, Waste-independent. 239
Dislodging and Conveyance saltcake in tanks
End Effector Using Confined
Sluicing .
Methane Enhanced Co-metabolic destruction. Soil, groundwater | N/A N/A Halogenated aliphatic 243
Bioremediation for the organics, TCA, TCE,
Destruction of PCE
Trichloroethylene Using
Horizontal Wells
Migration Barrier Covers Containment/treatment. Arid soils Soluble metals VOCs, organics N/A 247
Plasma Hearth Process Waste form enhancement. Soil, stored waste N/A Organics N/A 255
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Table B. Site Remediation Technologies.

Applicable Wastes

Technology Description Media Metals Organics Radionuclides Page No.
Polyethylene Encapsulation | Encapsulation. Aqueous salt and Toxic metals (e.g., Cr, | N/A Various radio-nuclides, 259
of Radionuclides and Heavy concentrate, Pb, Cd) TRU
Metals saltcake, sludge,

ash, ion exchange

resin in tanks
Polymer Gel As A Barrier for | Injection of a wall-forming fluid Soil Applicable to many chemicals and radioactive contaminants (depending on the 263
Ground Spill Contaminants | that gels in situ. polymer barrier material selected).
Remediation of Metals Density classification followed by | Soil Pb, Hg, Cr N/A U 267
Contaminated Soils Using extraction to remove metals from
Ligand-Based Extraction soil.
Technology
Remote Excavation Systern  { Retricval. Soil Waste-independent. 273
Resorcinol-Formaldehyde Ion | lon Exchange. Cs supemate salt N/A N/A Cs 27
Exchange Resin for Cesium streams
Removal
Selective Autrition scrubbing and carbonate Soil, sediment N/A N/A U 281
Extraction/Leaching of leaching remove uranjum from the
Uraniuvm from Soil soil.
Six-Phase Soil Heating Extraction. Soil N/A VOCs, SVOCs N/A 285
Subsurface Barrier An impermeable grout barier is Soil Waste-independent 289
Emplacement Development | placed beneath the waste to prevent

further contamination,
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Table B. Site Remediation Technologies.

Applicable Wastes

Technology Description Media Metals Organics Radionuclides Page No.
Thermal Enhanced Vapor Extraction. Arid soils N/A VOCs, SVOCs, VOC- | NJA 295
Extraction System oil mixtures, chemicals

with vapor pressures
<0.002 atm @ 20°C
Tunable Hybrid Plasma Organic compounds arc destroyed or | Air N/A VOCs N/A 299
oxidized with an electron beam.
VOC Off-Gas Membrane Membrane Separation. Gas stream N/A VOCs, halogenated N/A 303
Separation solvents carbon-
tetrachloride, chloroform
VOC Recovery and Recycle | A Brayton cycle heat pump Air N/A VOCs N/A 305

condenses an air stream and VOCs
can be captured and re-used or

disposed of.
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ADAPTIVE SAMPLING PROGRAM SUPPORT

DESCRIPTION

Site characterization has traditionally been a very
expensive process. Sampling programs to identify
the presence and extent of contamination were built
around pre-planned sampling grids and off-site analy-
ses of samples. The result was an expensive and
time-consuming process, with significant pressures
to over-sample a site and frequent return site visits to
clarify unexpected data. Recent advances in field-
screening technologies that can provide “real time”
results for a variety of contaminants allow for the
application of adaptive sampling programs to site
characterization. Adaptive sampling programs
change to reflect information as it is generated in the
field. Effective implementation of adaptive sam-
pling programs requires a means for integrating,
managing, and visualizing site data in the field,

Argonne National Laboratory

determining new sampling locations that provide the
most information, and constructing estimates of con-
taminant extent based on available data.

Two technologies have been developed to address
the particular demands of adaptive sampling pro-
grams. The first is called SitePlanner. SitePlanner
provides qualitative support for adaptive sampling
programs. SitePlanner is a graphical object-oriented
database designed to support environmental site
assessment work. SitePlanner organizes its data by
object (such as monitoring wells, soil bores, landfills,
etc.), notbytable. Dataobjects are displayed visually
as icons in a variety of graphics, including plan
views, profile views, fence diagrams, and bore logs.
All SitePlanner graphics are dynamically tied to the
underlying data for a site and can be summoned
interactively. SitePlanner is built around

OpenWindows and is a

completely mouse- and
menu-driven packagethat
is relatively easy to learn

SitePlanner™

SitePlanner: Plan View

=]
¢ Data Integration
e Data Management |[W]
* Data Visualizaton |IQf

Base Map\

and use. In the context of
adaptive sampling pro-
grams, SitePlanner pro-
vides a rapid and simple
meansofintegrating, man-

* Where to Sample
® When to Stop

Geological _, ” “ o e
Information aging, and visualizing site
Uncertainty Measurements Panel data as they are bemg gen-
f 60 SO=—{}~——1] .
Samplin — 109 erated. SitePlanner pro-
Data S volume areal extent depth . .
O FLOME ver 10 ted _80 _230 667 vides field staff with the
~ brtain __8.9 172 133 eqe .
1can 830 _598 _ 200 ability to understand their
@) Cedit) Caok) (quit) Cmeasure uncertainty) ;
> Jease ncenane data as quickly and effi-
Argonne National Laboratory  {pLUME N 4
» Contaminant Extent ciently as possible.

The second technology is
called PLUME™,
PLUME™ provides

Adaptive Sampling Programs

23

quantitative support for
adaptive sampling pro-
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grams. PLUME™™ allows the integration of “soft”
information regarding contaminant location with
hard sampling data to form a conceptual image of
contamination extent. Based on this conceptual
image, PLUME™ uses a combination of Bayesian
and spatial statistics to measure the potential impact
of additional sampling points and to search for the
next set of sampling points that contributes most to
the contamination definition. PLUME™ includes
statistical measures of contaminant extent, such as
estimates of volumetric contamination and lateral
extent. PLUME™ canbeusedtoselectnew vertically
and/or directionally drilled bores that would have the
greatest impact on the uncertainty associated with
contaminant extent. PLUMET™ can estimate the
value additional sampling data would have, allowing
staff to weigh the benefits of collecting more samples
with sampling and analysis costs. PLUMET™ can be
connected with SitePlanner, allowing the use of
SitePlanner for data management, as well as the
visualization of PLUME™ results.

TECHNICAL PERFORMANCE

Field Demonstration. SitePlanner and PLUME™
have been demonstrated at the unlined chromic acid
pitand the "60s" pits within Sandia National L.abora-
tories’ Chemical Waste Landfill. In both cases,
SitePlanner and PLUME™ were used to manage
and analyze site characterization data for these sites
and to make recommendations for further sampling.
In a retrospective study of subsurface chromium
concentration at the unlined chromic acid pit, charac-
terization savings of more than 50% were observed
for an adaptive sampling program versus the tradi-
tional characterization approach originaily used at
the site.

Costs. Commercial implementation of SitePlanner
and PLUME™ for adaptive sampling program
support requires computer hardware that currently
costs approximately $7,000 and associated software
that currently costs approximately $15,000. Com-

puter hardware and software costs, however, have
been falling dramatically.

WASTE APPLICABILITY

The adaptive sampling program approach embodied
in SitePlanner and PLUME™ is designed specifi-
cally for characterizing the presence and extent of
contamination in groundwater and surface and
subsurface soils.

STATUS

Both SitePlanner and PLUME™ are presently com-
mercially available products. Both are available on
Sun Sparcstations with Sun OS 4.1.x and
OpenWindows, on PC compatibles with SCO Unix.
Minimum hardware requirements are 32 Mbytes of
RAM, and 75 Mbytes of swap space. Microsoft
Windows-based versions are currently under devel-
opment.

REGULATORY CONSIDERATIONS

There are no regulatory considerations directly asso-
ciated with this technology.

POTENTIAL.COMMERCIAL
APPLICATIONS

Recent advances in field-screening analytical tech-
niques provide a growing array of field-screening
technologies applicable to different types of con-
taminants and media. The availability of these
technologiesenables the application of adaptive sam-
pling programs to the problem of identifying the

24
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presence and extent of contamination at hazardous
waste sites. SitePlanner and PLUME™ together
provide a cost-effective approach to supporting
adaptive sampling programs in the field. For
SitePlanner, this includes field-level dataintegration,
data management, and data visualization. For
PLUMET™, this means directing the progress of the
sampling program and providing estimates of
contaminated volumes. Cost savings are realized by
reducing the cost per sample analyzed, the number of
samples taken, and the number of trips to the field
required tobring characterization activities toclosure.
Given the large number of federal and private
installations awaiting site characterization activity,
the overall potential for cost savings is enormous.

i i

BASELINE TECHNOLOGY

The alternative to adaptive sampling programs is a
standard, pre-planned sampling program approach.
These types of programs are typically based on a set
gridsuper-imposed overthe areaofconcern. Samples
are collected from the grid and sent to off-site labo-
ratories for analysis. The time required for off-site
sample analyses precludes the use of data within the
sampling program. Data from these programs ulti-
mately reside in centralized data archiving systems
and/or standard geographical information system
(GIS) packages. The results are pressures to over-
sample initially, frequent return visits to the field to
clarify the unexpected sample values, and long lag
times before data become available to program man-
agers.
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INTELLECTUAL PROPERTY
Patents: None.
Copyrights:  SitePlanner™-—ConSolve, Inc.

PLUME™-—University of Chicago

SitePlanner™—ConSolve, Inc.
PLUME™-—University of Chicago
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For more information, please
contact:

Center for Environmental

Management Information
1-800-736-3282

DOE Program Manager
Skip Chamberlain
EM-541

U. S. Department of Energy
Washington, DC 20585

(301) 903-7248

Principal Investigator
Robert Johnson

Argonne National Laboratory
EAD/900

9700 South Cass Avenue

Argonne, II. 60439

(708) 252-7004; FAX (708) 252-3611

Industrial Partner

Dr. Gregory Baecher
ConSolve, Inc.

70 Westview Street

Lexington, MA 02173

(617) 674-2199; FAX (617) 674-2217
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ADVANCED IN SITU MOISTURE LOGGING SYSTEM

Sandia National Laboratories

DESCRIPTION

The Advanced In Situ Moisture Logging System
measures moisture content and soil density around
access tubing within the soil/rock medium. These
measurements determine the changes in fluid poten-
tial that, in turn, are indicative of leakage/contami-
nant movement from a waste site. The device is
self-contained and programmable, making the appli-
cation faster and easier, with longer access tubing
capabilities than are available in conventional tech-
nology. The device provides an alternative for
vadose-zone monitoring schemes, instead of costly
monitor-well networks.

The conventional means of deploying such a probeis
toloweraloggingtooldown anaccess tubetoadepth
of several meters or possibly tens of meters. The
electronics to operate and process data from the
probe are in a housing that sits at the top of the access
casing. The cable used to lower the probe down the
access tube serves to support the device and to

T T 3T G0 TEe PR e qRy ol

provide electronic communications. The signal/
noise ratio may be impaired with the increasing cable
length. Therefore, a practical limitation on hole
depth exists.

The new Troxler Probe, Model 4350, is self-con-
tained. In other words, the electronics required to
take areading and to program subsequent readings of
moisture contentandsoil density are contained within
the housing of the device itself. The probe is drawn
through an access tube via a support cable that
requires no electronic communications to the top of
the casing. Therefore, the length of the access tubing
is not prohibitive, and long horizontal tubes may be
used if a delivery system is properly engineered.

The proposed choice for a delivery system is to
employ a constant-velocity winch or one that can be
hooked up to a datalogger or laptop computer to
record cable take-up rate and time and/or length.
Two systems have recently become available: one
from Mount Sopris Instrument Co., Inc., Golden,

CO, and another winch sys-

Access Tubing

tem mounted in a trailer is
available from Troxler Elec-
tronic Laboratory of Research

V/ i?l'rertch.\Landﬁll, or Waste Site
'//
Z
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Triangle Park, NC. Other de-
vices exist to monitor in situ
moisture content and soil den-
sity; however, they are general
point source devices. The ad-
vantage of a downhole log-
ging device is its continuous
datacollectionalongthelength
of the access tubing. There-
fore, a greater spatial coverage
is obtained.

Moisture LLogging System
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With the advent of the horizontal/directional drilling
technologies, the applications of the downhole self-
contained monitoring devices are significantly en-
hanced. Onecould envisionanetwork of horizontally
drilled access tubes beneath a facility that, coupled
with the right monitoring technology, could provide
an early-warning system for leak detection.

In addition, information from downhole logging
devices is essential in evaluating the performance of
such remedial alternatives as capping or soil venting
strategies and serving as input to risk-assessment
modeling methodologies. In deep vadose-zone re-
gimes, this type of device/monitoring system may be
used instead of expensive monitor-well installations.

P I N e B N N T S e O TR S
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TECHNICAL PERFORMANCE

In quantifying moisture content, the neutron source/
detector in the Troxler 4350 consists of an ameri-
cium/beryllium combination (10 mCi). The source
and detector are in close proximity to each other, and
the probe counts thermalized “slow” neutrons that
have contacted hydrogen atoms. This technique is
significantly different from those used in the mineral
and oil industries, where the source and detector are
widely spaced and the probe counts “fast” neutrons.
This device’s count ratio is generally linear with
respect to percent moisture. Its configuration allows
for quantification of the moisture content to within +
2% volumetric water content when calibrated to a
given soil and has an approximate radius of influence
of about 30 cm. The mineral/oil industry probes
integrate soil moisture over much larger volumes,
with much less accuracy and precision. The gamma
source for measuring soil density is an 8-mCi Cs- 137
configuration.

The Troxler 4350 can be used in vertical as well as
horizontal access tubes. Existing vertical and/or
horizontal access tubes are necessary, but beyond
that, the device is self-contained. Optimal velocities
should be established for pulling the probe through

an access tube with a constant-velocity winch.
Guidance has been prepared on minimizing time
while maximizing accuracy and precision in the
logging process.

If the tool becomes stuck inside a hole, there are a
number of options to dislodge it. If a surface-to-
surface holeis being used, the tool may be dislodged
by pulling it from either end. If that fails, the
Ditchwitch technology may be employed to retrieve
thetool. Intheeventthat the Ditchwitch fails, the last
resort would be to excavate the tool, assuming that
there are not too many contaminants in the soil. The
tool is typically about 30-40 ft below the surface.

The first trials found that the device needed to be
more rugged for use in the field; however, subse-
quenttesting showed itto work asintended. The tool
is quite reliable and easy to use, but there is always
a need for caution when using a device containing
nuclear material. There are no user-serviceable
parts, but the user can recalibrate the tool if needed.

Cost. The start-up costs are $30,000 for the Troxler
4350 probe and $16,000 for a Mount Sopris winch.
Because of these high costs, Troxler Electronics
Laboratories, Inc. will lease this tool. Troxler's
winch trailer package can alsobe leased. The Mount
Sopris winch is also leasable. No routine mainte-
nance costs are expected.

PROJECTED PERFORMANCE

The major technical challenge to this technology is
to define adequately the accuracy and precision of
the method. Use of the Mount Sopris MGX winch
systemor the Troxler winch systemis a great helpin
establishing reproducible results. Guidance has
been prepared to aid users of this methodology in
their applications to minimize time and maximize
performance.

i Can T R S R
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WASTE APPLICABILITY

Since this technology is specifically used to detect the
change in fluid concentrations in arid soils attributed to
leaks/contaminant migration from a waste site, the
technology is waste-independent.
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STATUS

The technology has been field demonstrated and
tested. A completion report is being prepared. To
date, there are no other logging tool manufacturers
other than Troxler that have developed a similar tool.
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REGULATORY CONSIDERATIONS

Compliance with the Occupational Safety and Health
Administration regulations is required for hazard-
ous-waste operations and for the protection of occu-
pational workers from electrical power, winch
operation, and radiation exposure. In addition, per-
mits may be required for drilling at hazardous-waste
sites. Since the tool utilizes low-level radioactive
materials, it must be stored in a shielded case with the
proper security. Transportation of the device must
meet Department of Transportation requirements for
nuclear materials. Use of the tool outside DOE
wouldrequire U.S. Nuclear Regulatory Commission
licensing for nuclear materials. Troxler is aware of
these requirements.

In addition, new guidance from the U.S. Environ-
mental Protection Agency will make vadose-zone
monitoring of new waste-disposal sites a require-
ment. This technology would meet the intent of that
guidance.

f() . . : é
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POTENTIAL COMMERCIAL
APPLICATIONS

This technology can be used at a wide variety of sites
with several different remediation processes. It can
be used at any site where monitoring of the vadose
zone is needed to detect the potential for contaminant
movement from waste sites. Such information is
critical to the characterization of waste sites and the
monitoring of waste remediation activities and post-
closure performance of remediated waste sites. It
offersanalternative vadose-zone monitoring scheme,
instead of costly monitor-well networks.

BASELINE TECHNOLOGY

Since most cabled nuclear logging devices are not
self-contained, they do not lend themselves to long
horizontal access tube applications.

INTELLECTUAL PROPERTY

The patent owner is Troxler Electronics Laborato-
ries, Inc., #5155356, “Apparatus and Method for
Detecting Subterranean Leakage from a Large Stor-
age Vessel.”

For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282




DOE Program Manager
Skip Chamberlain
EM-541

U.S. Department of Energy
Washington, DC 20585

(301) 903-7248

Principal Investigator
Robert Knowlton
Sandia National Laboratories
MS 1348

P. O. Box 5800, Org. 7583
Albuquerque, NM 87185-1348
(505) 848-0425
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BROADBAND ELECTROMAGNETICS FOR THREE DIMENSIONAL
SITE CHARACTERIZATION

RUST Geotech, Inc.

DESCRIPTION

Broadband Electromagnetic (BBEM) Induction is
anadvanced geophysical technique applied for three-
dimensional characterization of a buried-waste site.
BBEM uses measurements of a secondary magnetic
field that is induced in the subsurface following the
linear decay of a source magnetic field. Time-
domain measurements are taken of the secondary
magnetic field transient response at various time
intervals over abroadband frequency range to locate,
identify, and characterize buried-waste areas, bur-
ied-waste forms, buried-waste contaminants, under-
ground utilities, and subsurface geology. This
non-intrusive technique is a geophysical approach
targeted at electrically conductive objects and media
(such as metals, saline solutions, and subsurface
geology). BBEM development has initially focused
on the adaptation of existing hardware and software
for shallow, high-resolution problems.

Another name for this measurement technique is
Time Domain Electromagnetic (TDEM) Induction.
A source signal is generated using an asymmetric
two-coil induction system which has a large 5-m
diameter transmitting loop. The BBEM system
generates the equivalent of a three-decade frequency
spectrum (40 Hz to40kHz). When the sourcecurrent
flow is interrupted, the current is allowed to decay at
a linear ramp. Afterward, a secondary, transient
magnetic field may be observed in the subsurface,
and broadband (over a wide frequency range) mea-
surements of frequency, amplitude, and time-do-
main signals can be detected. These measurements
indicate the depth, the geologic features, and the

31

apparent conductivity of buried conductors in the
medium under excitation. The time-domain mea-
surements are useful to delineate between the con-
ductivity and penetration depth of a received signal.
By using the system in various configurations (trans-
verse, profile, or vertical electric expander), the
BBEM system can be used to describe three-dimen-
sional subsurface geometries. Collected numerical
data are used to generate three-dimensional graphi-
cal descriptions of subsurface materials and buried
waste.

TECHNICAL PERFORMANCE

Field Demonstration. The utility of this technique
was demonstrated in 1992. BBEM has located
vertical buried-waste pit boundaries within 1 m
precision and pit depth extent within 2 m. BBEM
will be useful to describe any waste environment
where conductive targets are sought. A survey
requiring detailed coverage over 1/2 acre can be
performed in one working day. Only two people are
required to take readings, to move coils, and to
perform initial quality control readings in the field. It
isestimated that approximately 5 h of maintenance is
required to operate BBEM 50 h/wk. The electrical
energy usage is minimal (less than 100 W). The
presently available commercial systems may be pur-
chased for approximately $75K. Other costs are
associated with operator and geophysical analyst
salaries.




PROJECTED PERFORMANCE

The major technical challenges to be addressed to
improve the BBEM measurement system include:
(1) selecting the best available hardware and soft-
ware system for waste characterization; (2) develop-
ing field procedures to improve target definition; and
(3) developing methods of analysis that optimize the
interpretation capabilities of the operator/data inter-
preter. Another desired improvement is to develop
data analysis methods to increase the definition of
small conductors in a conductive host medium (i.e.,
component delineation and improved resolution).

WASTE APPLICABILITY

BBEM will be useful to describe any buried-waste
environment where conductive targets are sought.
Applicable wastes include electrically conductive
objects, materials, geologic structures, and brine-
liquid wastes. Examples include ferromagnetic bur-
ied material, metal objects, drums, and other containers
with conductive contents (saline solutions and other
high-ionic content liquids or solids) that may be
buried in subsurface soils.

STATUS

The initial evaluation procedure was scheduled for
completion on September 30, 1993. The compo-
nents of the BBEM measurement system are cur-
rently available through commercial vendors, but 2
years will be required to complete the evaluation of
the candidate hardware and software systems.

REGULATORY CONSIDERATIONS

Theregulatory considerationsare minimal. AsBBEM
represents a nonintrusive technique, the only input

involves the momentary input of a transient electro-
magnetic field beneath the property surveyed.
Nonintrusive BBEM surveys are totally benign and
should be completely acceptable to the public.

POTENTIAL COMMERCIAL
APPLICATIONS

Commercial applications include geotechnical min-
ing applications and underground geological survey
studies.

BASELINE TECHNOLOGY

BBEM is a superior method to measure earth con-
ductivity because of its utilization and analysis of the
full transient decay curve over a wide frequency
range with one source and receiver. This provides, in
effect, the equivalent of three frequency decades of
information and, through a single station, scans a
section of ground into the third dimension. An
interpretation curve is firmly founded on 20 to 30
data points rather than the usual single point for each
combination of frequency and coil separation associ-
ated with conventional, narrow-band, frequency-
domain electromagnetic systems. Although BBEM
is more sophisticated and gives a fuller, more accu-
rate description of the subsurface, it also requires a
greater investment for instrumentation and operator
training.

T P

INTELLECTUALPROPERTY

Development of the TDEM method for applications
in mineral exploration started in 1978 by Newmont
Mining and CSIRO in Australia. It is not clear who
owns the intellectual property rights.
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For more information,

please contact:

Center for Environmental
Management Information
1-800-736-3282

DOE Program Manager
Jaffer Mohiuddin

EM-542

U.S. Department of Energy
Washington, DC 20585
(301) 903-7965

Principal Investigator
H. David MacLean
RUST Geotech, Inc.

P.O. Box 14000

Grand Junction, CO 81502
(303) 248-6101

Industrial/University Partner

None at present.
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COLLOIDAL BORESCOPE

Oak Ridge National Laboratory

DESCRIPTION

The borescope is used as in situ instrumentation to
directly observe colloidal-size particles and subse-
quent groundwater flow direction and rate. This
instrument has demonstrated very important evi-
dence that the traditional well-sampling methods are
unnecessary and that micropurge sampling tech-
niques are a possible replacement.

that more accurately describes the movements of
contaminants in the subsurface. The instrument also
provides the capability of observing flow processes
at the pore scale. The instrument is capable of
assessing local flow velocities ranging from 0-15
mmy/s, which greatly exceeds even the fastest ground-
water flow velocities in monitoring wells.

The borescope is inserted into a monitoring well and
fixed at the surface with a clamp. The instrument
consists of a charge-coupled
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Television

device (CCD) camera, an op-
tical magnification lens, an il-
lumination source, a

Stotted down-hole compass to assess

Monitor

Clamp
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direction of natural flow, and a
water tight stainless steel hous-
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ing. The instrument is ap-
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Ball compass
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Connector and locking
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Field of view
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Groundwater
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a diameter of 44 mm. The
electronic image is transmit-
ted to the surface by a 33-m
fiber-optic cable. The image
is viewed on a high-resolu-
o tion, 25 cm monitor and re-
souros corded on VHS tape for further

observationand analysis. The

lighting
source

Cross-Section of a Borescope in a Well

The colloidal borescope is capable of determining
the vertical and spatial distribution of local ground-
water velocity, both in magnitude and in direction.
The observational capabilities provide the potential
for enhancing an understanding of porous flow at the
most basic level. It is capable of measuring direction
and velocities in low- and high-permeable material.
The instrument could provide the basis for a stochas-
tically based groundwater flow and transport model
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magnified image corresponds
toa1.0x0.4x0.1 mmfield of
view.

Current applications include:

»  Site characterization by determining pref-
erential flow paths and fractures;

*  Assessing heterogeneities associated with
porous media;
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o  [Establishing the existence of immiscible
contaminant layers and their associated flow
properties;

*  Assessing the efficiency of groundwater
remediation programs by determining the
effective radius of influence of groundwa-
ter extraction systems;

*  Determining the amount of biological ac-
tivity present in a bioremediation system;
and

»  Evaluating the effects of sampling on col-
loidal concentrations.

Potential applications include providing physical
observation capabilities necessary to develop and
confirm new, more accurate theoretical models of the
porous-media flow process. It would also be useful
for assessing the effects of water-sampling tech-
niques on natural colloidal concentrations. The
instrument could provide the basis for a stochasti-
cally based groundwater flow and transport mode,
and it could also provide insight to heterogeneity,
pore-size distribution, flow direction, effective ra-
dius of pumping, and pressure movementin aquifers.
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TECHNICAL PERFORMANCE

Operation of the borescope is not complicated. The
instrument is inserted into a well and the flow is
observed on asurface video monitor. The instrument
can be used in a well as small as 5-cm in diameter. A
measurement is obtained in about 30 min. Local
aquifer flow speeds up to 15 mm/s can be observed
and assessed, which greatly exceeds the fastest
groundwater flow. The stainless-steel construction
allows for easy decontamination, and little mainte-
nance is required. Integrity of the water-proof seals
is checked periodically.

Studies with the colloidal borescope have revealed
several very important issues related to groundwater
sampling, including:

1) Water samples taken directly from the well
screen (micropurge technique) are representa-
tive of groundwater in the surrounding forma-
tion; therefore, purging several well volumes
prior to sample collection is unnecessary and
wasteful.

2) There is a visually observable disruption and
mobilization of colloidal particles when a sam-
pling device is inserted into a well. Significant
increases in particle sizes and numbers are
observed during the insertion. The transient
effects decrease with time and approach steady
values in about 30 min. Itis recommended that
samples be collected using a dedicated sam-
pling pump to prevent disturbing the well.

3) Observations with the colloidal borescope show
that high sampling flow rates mobilize addi-
tional particles that are normally immobile un-
derambient conditions. Water sampling should
be performed at low flow rates on the order of
100 ml/min to prevent additional colloidal mo-
bilization and to prevent mixing with stagnant
water in unscreened well volumes. Ambient
groundwater flow is sufficient to supply water
to the pump. The technique of micropurge
sampling using dedicated pumps and low vol-
ume pumping (100 ml/min) was proposed by
Kearl et al. (1992).

4) Theborescope has observed mobile particles in
the 1 to 10 mm size in several field sites. This
result is significant since the traditional sam-
pling practices use a 0.45-mm filter to remove
larger particles with no consideration for their
potential mobility. Sampling at low flow rates
without filtering would give a representative
quantification of the total “mobile” pollutant
load. In other words, both the contamination
that is moving in the dissolved phase and the
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contamination that is sorbed to mobile particles
can be appropriately measured based on the
results and recommendations afforded by the
colloidal borescope.

The use of micropurging is advocated by a certain
equipment manufacturer (QED Inc.) and is being
examined by the EPA (1993). There is a pausity of
data demonstrating that analytical results are reliable
for characterizing groundwater chemistry. Field
testing was conducted at a site near Kansas City,
Missouri, where comparative sampling was con-
ducted using both micropurging and traditional tech-
niques. Repetitive micropurge sampling and visual
observations utilizing the colloidal borescope were
preformed at a site near Paducah, Kentucky. Analy-
sis of data using the nonparametric sign test indicates
that within a statistical 95% confidence level, there
was no significant difference between the two meth-
ods for the site contaminants and the majority of
analytes. These analytical results were supported by
visual observations with the colloidal borescope,
which demonstrated impacts on the flow system (i.e.,
colloidal disturbance withinstrumentinsertion, larger
than filter-size colloidal particles observed in ambi-
ent groundwater flow, rapid-sampling flow rates
disturb colloidal concentration) in the well when
using traditional sampling methods. Under selected
circumstances, the results suggest replacing tradi-
tional sampling with micropurging based on reliabil-
ity, cost, and waste minimization.

Cost. The borescope is more cost-effective than
conventional methodologies. The instrument pres-
ently costs approximately $20K, but costs should
significantly decrease when production begins. The
colloidal borescope provides a direct means of accu-
rately determining groundwater flow direction and
velocity in a more cost-effective manner than con-
ventional methodologies. The borescope measure-
ment technique uses existing monitoring wells for
assessmentand thus avoids the cost of additional well
installation. (Conventional methods require about
four wells to characterize aquifer flow.) Data are
obtained in minutes, as opposed to the hours or days
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required tocompleteconventional groundwater flow
measurements.

There are significant cost savings resulting from
micropurgesampling compared toconventional well-
purge sampling. Where there are a large number of
wells and/or mixed waste is suspected, the costs
associated with storing, testing, and disposing of
purge water (from conventional well purge sam-
pling) areconsiderable (e.g., $100,000/yr at ORNL).
Shanklin et al. (1993) reported that micropurging
would reduce annual sampling costs at a federal site
by $115,000 by eliminating rinsate samples and
decontamination of sampling equipment.

PROJECTED PERFORMANCE

Continued software development is necessary to
address the variability of water flow, and additional
work is currently under way to address the variability
observed in well bores. The effects of subsurface
magnetism on the compass is yet to be determined.
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WASTE APPLICABILITY

Since this technology is specifically used for charac-
terization and monitoring of aquifer flow and the
aquifer matrix at problem sites, the technology is
waste-independent.
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Prototypes are presently available. An advanced
version with associated software is expected to be
available in 1994.




REGULATORY CONSIDERATIONS

Compliance withthe Occupational Safety and Health
Administration regulations is required for hazardous
waste operations and protection of occupational
workers from electrical power. Also, permits may be
required for drilling at hazardous waste sites.
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POTENTIAL COMMERCIAL
APPLICATIONS

The Colloidal Borescope is potentially applicable for
water-well installation and characterization, for mu-
nicipal or community groundwater monitoring, and
also applicable to mining industries which require
the quantification of groundwater flow and aquifer
characteristics. In addition, the Colloidal Borescope
is applicable to any industry where information on
colloidal size particles and subsequent groundwater
flow velocity is necessary. The Colloidal Borescope
can be used to determine preferential flow paths and
fractures. It can also be used for assessing heteroge-
neities associated with porous media, establishing
the existence of immiscible contaminated layers and
their associated flow properties, assessing the effi-
ciency of groundwater remediation programs by
determining the effective radius of influence of
groundwater extraction systems, determining the
amount of biological activity present in a
bioremediation system, and evaluating the effects of
sampling on colloidal concentrations.

BASELINE TECHNOLOGY

The baseline technology is a standard technique used
to measure hydraulic head gradients and hydraulic
conductivities in boreholes to determine flow veloc-
ity. Four holes are required for a measurement using
this standard technique as compared to using one
hole withthe Colloidal Borescope. With the standard

technique, information about the hydraulic conduc-
tivity of the medium is required and is generally
determined using a pump test in which large quanti-
ties of water are pumped from the well. Disposal of
this purge water can be difficult and expensive.

INTELLECTUAL PROPERTY

The intellecual property rights are unknown ordonot
exist. Contact the principal investigator for further
information.
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For more information,
please contact:
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1-800-736-3282

DOE Program Manager
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Principal Investigator
Peter M. Kearl
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Grand Junction, CO 81502
(303) 248-6211

Industrial Partnership
R. J. Electronics
Turner, OR
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CONE PENETROMETER

I

Westinghouse Hanford Company
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DESCRIPTION

The cone penetrometer is a truck-mounted device
that rapidly penetrates the ground to collect site data.
It has been used for approximately 50 years for
geotechnical applications, but its use in environmen-
tal restoration is relatively new. The cone penetrom-
eter rod has a conical tip of up to 2-in in diameter. It
is pushed hydraulically into the ground with a maxi-
mum pressure of 64,0001b. The hole generated by the

monitoring points in place as the rod is withdrawn. It
can advance through coarse-grained soils at a rate of
40to 50 ft/h. The cone penetrometer is used to install
characterization and monitoring points and may be
able to provide chemical and radiological readings
from the subsurface. Successful development, dem-
onstration, and deployment of the system as asource-
detection tool will provide more cost-effective site
characterization and remediation by reducing the
number of drill holes required, minimizing secondary

waste, and reducing potential

i
Source Detection for Mixed Waste

i
Carbon Tetrachloride
N

Piezometer

flp

Cone End Bearing

worker exposure to contami-
nated materials.

TECHNICAL
PERFORMANCE

T
Penewometer

The system requires a high
level of understanding of soil
and hydraulics. The cone
penetrometer system func-
tions well in a wide range of

Friction
Resistance

Electrical
Conductvity,

Resistance

soils. Itcanadvance through
coarse-grained soil at a rate

Source Detection Screening Using Cone Penetrometer

cone penetrometer retains the outside diameter of the
rod and can be grouted as the probe is withdrawn to
seal the hole and prevent contamination of the ground-
water. As the rod progresses into the ground, a
computer reads data from sensors located in both the
tip and the side of the probe (for soil characteriza-
tion). The cone penetrometer can monitor for con-
taminants as the probe is advanced or can leave
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of 40 to 50 ft/h.

Demonstration. The CPT
was tested at the Hanford site, Washington, from July
16 through August 6, 1992 to demonstrate the effec-
tiveness of the CPT system in gravelly-cobblely
materials while addressing the site's characterization
needs. The CPT was successful in penetrating the
Hanford soils. Depths ranged from 40 ft to 147 ft.
Additional information acquired included measure-
ment ofradiation contamination and soil gasorganic-
vapor concentrations.




Cost. Start-up costs are $500K, Operations and Main-
tenance costs are $3000/day, and life-cycle deprecia-
tion is approximately 10 years.
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PROJECTED PERFORMANCE

The cone penetrometer has been adapted for full use
in the gravel/cobble subsurface common to arid sites.
This required increasing the weight capacity of the
truck, reinforcing tools associated with the pen-
etrometer to withstand the additional force, and
evaluating the use of vibration to facilitate penetra-
tion through gravel.

WASTE APPLICABILITY

The cone penetrometer is used to install characteriza-
tion and monitoring probes and is waste-indepen-
dent.

Standard Penetrometer Probe

0-40,000 Ib Tip Load Cell AV
0-20,000 Ib Sleeve Load Cell AV
0-500 psi Pore Pressure Transducer AV
Equal-End-Area Friction Sleeve AV
Pore Pressures Sensed Behind Tip AV
Pore Pressures Sensed on Surface

of Tip AV
Two-Axis Tilt Sensor (£15°) AV
Calibrated Seismic Transducers in

Triaxial Configuration AV

AV = Available

PT =Prototype Tested
CD = Conceptual Design

STATUS

The status of several different cone penetrometer
sensors is given in the tables below.
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REGULATORY CONSIDERATIONS

Regulatory issues vary, depending on the type of
waste to be characterized. In general, regulations
concerning subsurface access characterization well
drilling will apply. Ecological impacts are minimal.
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POTENTIAL COMMERCIAL
APPLICATIONS

Thistechnology is very applicable forany commercial
environmental characterization need. Industries such
as power, fuel storage and distribution, chemical,

Specialty Penetrometer Probe

Electrical Resistivity AV
Ground Penetrating Radar

(10ft range) PT
Active Hydrolic Conductivity PT
Grouting Capability After Probe

Withdrawal AV
Gamma Radiation Detector PT
Temperature Measurements AV
In Situ Soil Density CD
Self-Grouting AV
Downbhole Laser Induced

Fluorescence PT
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refineries, and many others that may have soil or
groundwater contamination could benefit by this
rapid, extensive, and visually and economically
attractive contamination site characterization
technology.

BASELINE TECHNOLOGY

The baseline technology for site characterization is
conventional drilling (auger or mud rotary) and
laboratory characterization. The traditional approach
lacks detail and precision, is slow in requiring labo-
ratory analysis of contamination, risks cross-con-
tamination, and is potentially hazardous (drilling in
waste site). The CPT integrated technique for site
characterization is faster, using less costly proce-
dures; has minimum invasiveness, reduced cross-
contamination risk; gives greater detail information,
except in geophysical logging; and has field analyti-
cal ability and real-time data processing.

INTELLECTUAL PROPERTY

There is no patent on this technology, which hasbeen
used for the past 50 years for geotechnical applica-
tions.

For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282
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CROSSWELL SEISMIC IMAGING

Sandia National Laboratories

DESCRIPTION

For many remediation technologies, a good under-
standing of the subsurface geology mustbe obtained
to understand contaminant transport and to best
devise the proper remediation scheme. Much of this
geologic input is presently derived from well log
data, which may be scarce, especially in contami-
nated areas where drilling must be kept to a mini-
mum. Seismic imaging provides a means to image
the geology between boreholes nonintrusively.

Crosshole seismic imaging involves the fielding of a
downhole source and a downhole receiver in two
boreholes, one on each side of the region to be
imaged. Seismic travel times are measured between
a great number (>300) of source and receiver loca-
tions in the two boreholes. These travel times are
then inverted into a map of the two-dimensional
velocity structure through a method known as
tomography. Some of this imaging can be done with

surface seismics. However, placing both the source
and receiver downhole results in shorter travel paths
that preserve higher seismic frequencies and resultin
better resolution.

For remediation processes where the properties of
the subsurface are changed, comparing seismic ve-
locity images before and during the process can
provide needed information on where the technology
is being effective and to what degree changes are
being implemented in the subsurface. The seismic
sources used generate primarily shear or primarily
compressional waves, depending on the source used.
The shear-wave source is acontrolled vibrator, while
the compressional-wave source is an impulse source.
Comparing the velocity structures for both the com-
pressional and shear waves provides additional in-
formation about rock properties and fluid content.

The system is reliable and functions well with only
general maintenance. Operation of sources requires
training of personnel in both

Control Borehole

uipment Inert gas cylinders
(Alr, nitrogen, etc —
used to operate transmitters)

Sensors connected to computer

source operation and opera-
tion of winches for fielding
tools. The seismic sources are
3 pneumatic and require com-
pressed gas (usually air, ar-

Shock waves

Transmitters

Subsurface
object (fluid,
rocks, waste
drums, etc)

gon, or nitrogen) that is
supplied from tanks at the sur-
face. The only physical out-
put will be the vented gas.
Effects of failure arerestricted
to high-pressure hazards and
areeasily controlled. Compo-

/_‘ A

nents must be periodically
pressure tested for continued
integrity. Electrical power for
running direct-current motors

Crosswell Seismic Imaging
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and computer control and recording equipment is
also required. Some additional site power may be
required for winch operation and for appropriately
sizing and casing the boreholes that are needed.

TECHNICAL PERFORMANCE

Field Demonstration. Field demonstrations have
shown good correlation of imaged velocities with
geology interpreted from well logs. Changes in
saturation caused by injected airduring an air sparging
experiment have also been modeled. Resolution of
the present system is approximately 1m in size and
5% in saturation variation.

The seismic method will not provide the spot resolu-
tion that well logging can. Also, some a priori
knowledge of the geology is needed to interpret the
velocity models in terms of geology. The expense of
crosshole seismics is greater than surface seismics,
although this may change as crosshole seismics
become more routine.

Cost. Initial one-time expenditures for equipment
needed to field the system include costs for sources
and receiver, winches, tripods, PCs for source con-
trol, and the seismic recording system. Estimated
cost for this full system is $400K. Much of this
systemn may be available for rent or lease at a much
lower cost. Field operations have been running on
the order of 1 to 3 weeks (depending on survey size)
for a three-man crew. Processing and interpretation
presently take on the order of 1 month, but will
probably decrease significantly as software is stream-
lined. Life-cyclecosts should notexceed start-up and
operations costs, except when additional wells need
tobedrilled. Datacollectiontakes about 1 to3 weeks,
depending on survey requirements. The interpreta-
tion of the data takes about 1 to 2 months.

PROJECTED PERFORMANCE

The major technical challenges are: increasing the
frequency and power output of the sources to in-
crease resolution, improving imaging and inversion
codes to handle such things as anisotropy, and de-
creasing the survey time through development of
more rapid fielding sources and multistation receiver
strings. Times for fielding and interpretation should
decrease significantly as the method develops fur-
ther.
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‘WASTE APPLICABILITY

Since this technology is specifically used for charac-
terization and monitoring of the ground media at
problem sites, the technology is waste-independent.

STATUS

Although all sources are not commercially available
at this time, steps are being taken to transfer the
technology. There are several commercially avail-
ablecompressional-wave sources (such astheairgun)
that are used primarily for oil and gas exploration, but
can be readily modified for use in the environmental
arena. No shear-wave sources are commercially
available, though there is a poorer quality shear wave
generated by the compressional-wave sources. The
complete fielding system and interpretation software
are currently available, though not commercially.

REGULATORY CONSIDERATIONS

Compliance with the Occupational Safety and Health
Administration regulations is required for hazard-
ous-waste operations and protection of occupational
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workers from electrical power, pressurized gas, and
mechanical hazardsassociated withoperating winches
and working under overhead tripods. Personnel
should be trained in operating pressurized systems.
In addition, permits may be required for drilling at
hazardous-waste sites.

INTELLECTUAL PROPERTY

The patent owners are DOE, Sandia National Labo-
ratories, and Richard Hills. Patent Number:
504,317,171 “Advanced Downhole Periodic Seis-
mic Generator.”

POTENTIAL COMMERCIAL
APPLICATIONS

Thistechnology canbe of use ata wide variety of sites
and in conjunction with several different remediation
processes. Seismic imaging can be used at any site
where information on geology between boreholes is
necessary. Thisisespecially useful when thenumber
of boreholes that can be drilled is restricted. It can
also be used for monitoring any remediation technol-
ogy that significantly changes the seismic properties
of the subsurface such as air sparging, steam flood-
ing, and water flooding.

BASELINE TECHNOLOGY

Although several companies are currently working
on downhole seismic sources for oil and gas explo-
ration, no one else is applying these techniques to
environmental remediation sites.

For characterization, well logging and surface
seismics offer alternatives. Drilling and logging
require a large number of wells to be drilled to obtain
a continuous picture of the subsurface. This makes
this technology relatively more expensive and pro-
vides only isolated point information. Surface

seismics are relatively limited in resolution. For
monitoring imaging, only crosshole electromagnetic
techniques being developed are a viable alternative.
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ELECTRICAL RESISTANCE TOMOGRAPHY

Lawrence Livermore National Laboratory

DESCRIPTION

Electrical Resistance Tomography (ERT) is used to
create 2-D or 3-D visualizations of in situremediation
processes such as air stripping, bio-remediation, and
subsurface heating. There areno alternative methods
currently available to image the fluid saturation
distributions in true two-dimensional and three-di-
mensional cross-sections of the subsurface.

ERT is done by injecting electrical currents into the
ground and measuring the potential distribution that
results from these currents flowing in the conductive
subsurface. For the work reported here, arrays of
electrodes were buried in two boreholes, with some
pairs acting as current-source electric dipoles and
other pairs acting as potential-measuring dipoles
(Fig. 1). Several boreholes can also be used to
produce a 3-D subsurface image.

Electrode

Borehole

Plane to
be Imaged

Figure 1. Schematic diagram show-
ing the data collection approach for
ERT measurements, where:

I = source current, S = signal source,
and V = voltage.

49

The series of electrodes in each borehole is grouted
in place to give quality electrical contact with the
formation. Current is driven through the formation
from an electrode pair, and the potential difference is
measured between other electrode pairs (termed an
electrode dipole) in the electrode array. The proce-
dure isrepeated formany combinations of source and
receiver electrode dipoles. The data collection pro-
cess can be automated since there are no probes to
move within the boreholes (in contrast to other
logging techniques).

Calculating the distribution of resistivity in the vicin-
ity of the boreholes based on the measured transfer
resistances is a highly nonlinear problem. The non-
linearity results because the current paths are depen-
dentontheresistivity distribution. The ERT inversion
process involves solving both the forward and in-
verse problems. The solution to the forward problem
uses the finite element method (FEM) to compute the
potential electrical response in the soil due to the
current source. The reverse problem is solved by a
transfer resistivity data inversion routine to approxi-
mate the current path. The final products of the
process are images (tomographs) showing the distri-
bution of resistivity in the plane between the two
boreholes used. By interconnecting a network of
boreholes, a three dimensional representation of the
areabeinginvestigatedcan bedeveloped. By analyz-
ing the resistivity images before, during, and after a
remediation process, useful 3-D subsurface images
(e.g., as of saturation images) can be inferred.

The inputs for this technology are switched-polarity,
D.C. electric currents that are injected into the forma-
tion to measure electrical resistivity. Voltage used
depends primarily on the electrical properties of the
formation. The voltage used may be as low as 24 V
oras highas200 V. The outputs of the datacollection
process are measurements of resistance. Theoutputs




ofthedatainversion process areimages (tomographs)
showing the distribution of resistivity in the plane
between the two boreholes used.

The data acquisition rate is sufficiently rapid to allow
detailed sampling of large subsurface regions in
reasonable amounts of time; for example, at the
Savannah River Project one cross borehole data set
could be obtained in approximately one hour. ERT
is advanced enough to monitor remedial process in
almost real-time; at present the tomograph images
are available for inspection a few hours after the data
are collected. Sensors are cheap and robust—pieces
of stainless steel buried in the ground to depths of
hundreds of feet; sensors can be placed in boreholes
(alternatively they can be pushed into the ground,
thereby reducing the need for drilling) and/or at the
ground surface. True 3-dimensional imaging is pos-
sible—not just a series of 2-D planes.

ERT was originally developed for medical diagnos-
tics during the 1980s; this new technique is just afew
years old as a geophysical technique. Even though
ERTisayoungtechnology anditis yetintheresearch
and development phase, itis being used by the LLNL
in a number of applications. ERT is a unique cross-
cutting technology that can be used for a wide range
of applications. Currently, there are four or five
companies and universities around the world in-
volved in this type of research.

TECHNICAL PERFORMANCE

General. The data acquisition system is computer-
controlled and can be operated by personnel with
minimal training. Operation requires a technician to
interact with the data collection system on a periodic
basis to start the automatic program that performs
data collection and to connect electrodes in other
boreholes to the acquisition systems. Further devel-
opment of the data collection system will allow
unattended data collection and unattended connect/

disconnect of electrodes in other boreholes. The data
inversion algorithms need to be operated by profes-
sionals (such as engineers and physicists) proficient
inthe use of complex mathematical algorithms. The
electrodes used are generally permanently grouted
within the boreholes. These stainless-steel elec-
trodes and attached wires can be left in the ground
without harm to the environment. If electrodes are
placed in radioactive soil or along a contaminated
ground surface, they may need to be decontaminated
upon removal.

Field Demonstrations. Several field demonstra-
tions of the technology show thatthe ERT tomographs
effectively map the subsurface structures and pro-
cesses relevant to environmental restoration. This
technology has been demonstrated at the Dynamic
Underground Stripping Project at LLNL during
FY91-92 (see profile on Dynamic Underground
Stripping). The objective was to evaluate the capa-
bilities of the technology to map the penetration of
the steam flood as a function of space and time.
Measurements were made over a 4-week period
(before and during steam injection). Twelve vertical
planes were monitored during the course of the test.
Data from nine planes are considered reliable; three
of the planes yielded unreliable data which resulted
in tomographs which are very different from all
others obtained at the site and do not match lithologic
columns or induction-well logs obtained in the same
wells. These results were probably caused by loss of
insulation on the wires connecting these electrodes to
the ground surface.

The ERT was also used at LLNL to monitor and
evaluate subsurface-heating technologies such as the
six-phase electrical heating and the in-situ radio-
frequency heating technology.

The ERT was used to monitor a radio-frequency
heating process used for the in situ remediation of
volatile organic compounds from subsurface water
and soil at the Savannah River Site near Aiken, SC.
A dipole antenna located in a horizontal well in the
unsaturated zone was used to heat a contaminated
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clay layer. The heat-induced changes were
tomographically imaged by their effects on the
formation's electrical resistivity.

Cost. The hardware costs for data acquisition are
approximately $50K. The cost for an engineering
workstation to perform data inversions ranges be-
tween $10K and $20K. The cost of licensing the data
inversion algorithm is negotiated by the DOE and the
interested party. The life-cycle costs will depend on
several factors, including the application of interest,
frequency of use, the degree of resolution desired,
and the flexibility to install electrodes in boreholes
used for other types of measurements.

ERT tomographs used in conjunction with core
samples information and well logging can be used to
spatially extend borehole information much beyond
the local area around the boreholes. When used in
this manner, ERT can result in a net reduction in
borehole drilling costs of at least 50%. This estimate
accounts for costs of obtaining and collecting ERT
data. The analysis conservatively assumes that the
unprecedented level of detail offered by ERT could
be obtained from the conventional technology by
drilling a few additional coreholes and interpolating/
extrapolating the information beyond the borehole
walls.

Time. It takes approximately two hours to install
electrodes in each borehole. Data collection times
generally range between 40 minutes and two hours
per measurement plane; this time depends on the
number of electrodes installed in each borehole.
Data-processing times range generally from 20 min-
utes to several hours on a modern engineering work
station; this time depends on several factors, includ-
ing theareaof the measurement plane being sampled,
the number of measurements collected, and the pres-
ence of data noise.
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PROJECTED PERFORMANCE

Itis projected that the 3-D algorithm will be success-
fully demonstrated by FY96.

WASTE APPLICABILITY

ERT can be used to monitor the subsurface progress
of subsurface environmental clean-up processes (€.g.,
air injection, steam injection, water flush, and radio-
frequency and low-frequency heating) so that the
processes can be adjusted and optimized in almost
realtime. ERT canalsobe used to map the movement
of liquids in the subsurface so that it can verify the
emplacement and performance of surface and sub-
surface barriers such as grout curtains. It can also be
used to detect leakage from holding tanks and liquid-
waste ponds.
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STATUS

The technology is near full development. The 2-
1/2 D inversion algorithm was tested in several field
demonstrations and is available for licensing. A
prototype 3-D data inversion algorithm is available
butisunder evaluation. Complete development will
require three years at full funding to field demon-
strate the 3-D algorithm and to demonstrate capacity
to detect leaks under leaking structures with the 2 1/
2 D algorithm.
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REGULATORY CONSIDERATIONS

Currently EPA has no system-certifying sensor tech-
nology for site characterization or monitoring. Po-
tential workerhealth and safety hazards are associated
with electrical, physical, and chemical hazards of




electrode installation. A potential exists for worker
exposure to contaminant venting from the well head
during electrode emplacement.
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POTENTIAL COMMERCIAL
APPLICATIONS

Potential commercial applicationscouldinclude sub-
surface geologic mapping for mining and petroleum
industries. Itis also commercially applicable for the
environmental applications discussed previously,
such as monitoring soil heating, soil moisture during
steam or gas injection/vacuum extraction, and aqui-
fer perturbations during remediation activities. The
technology is also applicable to the medical industry
for tomographical imaging for various diagnostic
techniques. It can also be used for non-destructive
evaluation of large-scale structures such as dams.

BASELINE TECHNOLOGY

This imaging technique minimizes the need for
drilling monitoring wells while providing unprec-
edented detail of subsurface structures and processes.
The baseline logging technology is line measure-
ment of fluid saturation along boreholes performed
by using a number of well established geophysical
well-logging techniques (e.g., neutron and resistivity
logs); on the other hand, at least twice the number of
boreholes at a closer spacing would be required to be
able to observe the same level of detail. ERT directly
measures aformation’s electrical properties between
boreholes using mathematical data reduction tech-
niques. Therefore, the tomographical method pro-
duces true 2-D and 3-D images, but the conventional
method of geophysical well logging requires that the
measured values be interpolated between the bore-
holes. The ERT technology is ideally suited for field
operations requiring minimal field personnel be-
cause once the electrodes are installed, the data

collection system can be designed to run automati-
cally with minimal personnel intervention. In con-
trast, conventional well logging requires field
personnel intervention since a physical probe must
be moved vertically within a borehole for those
techniques.

A limitation of the technology is that ERT requires
the use of complex data inversion algorithms that
need to be operated by highly-trained professionals.
Data inversions require the use of fast engineering
workstations, whereas workstations are generally
not needed to analyze well-logging data. Data col-
lection times are longer than for the baseline technol-
ogy (well logging) because more data are required.
Finally, the results are relatively more sensitive tothe
presence of data noise than the baseline technology.
Major challenges include: 1) the development of
fully three-dimensional data inversion algorithms;
and 2) minimizing or eliminating image artifacts that
develop due to sensitivity and resolution gradients
within the image plane.

INTELLECTUAL PROPERTY

Several disclosures have been submitted on various
applications of this technology. No patents have
been awarded at this time. LLNL is currently nego-
tiating a Cooperative Research and Development
Agreement with a geophysical services company.
Several other companies are negotiating with LLNL
toobtainrights touse the technology and to cooperate
in further development.

For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282
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FIBER-OPTIC CHEMICAL SENSORS

Lawrence Livermore National Laboratory

Current U. S. Department of Energy policy requires
characterization of sites where trichloroethylene
(TCE), carbon tetrachloride (CCl,), and other spe-
cies have been discharged into the soil and ground-
water. Currently, contaminated samples are collected
and analyzed by an outside laboratory. This is an
expensive and time-consuming process. An alterna-
tive is to use a fiber-optic chemical sensor that can be
put down an existing monitoring well or punched
into the soil using a penetrometer-type device. Ac-
cordingly, measurements can be made continuously
and at a relatively low cost.

Generally, the chemical species of interest in envi-
ronmental analysis do not absorb visible light or
produce fluorescent emissions even when the con-
taminants are highly concentrated. Therefore, de-
tecting analytes at the relatively low concentrations
(e.g., ppm levels) that exist in many contaminated
environments requires an indirect method. In this
regard, there are three phenomena useful to chemical
sensing with fiber-optics which may be appropriate
invarious contaminant-detection applications. These
include the following :

« Incident monochromatic light producing
Raman or fluorescent scattering (i.e., direct
spectroscopy).

* Chemical-reaction-inhibited light
transmission. Reaction between trace
contaminant and optrode dye reagent induces
wavelength-dependent light absorption.

¢ Chemical-reaction-modulated fluorescence.
Reaction between trace contaminant and
organic fluorescing dye modulates the
fluorescence properties of the dye.
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It is the last two phenomena which will be discussed
in this profile. An optical device is being developed
which incorporates fused quartz optical fibers as a
wave guide to conduct light to and from a downhole
probe. A chemical reagentin the fiber-optic tip of the
optrode reacts with trace chemical contaminants to
effect a change in the light transmissibility or fluo-
rescing properties of the fluid in the optrode. The
chemical reagent in the probe is an "organic trans-
ducer" since its photophysical properties change
with contaminant concentration, thereby enabling
detection. The chemical fluorescence probe will be
slightly different than the light transmission probe
due to the different types of organic transducers. In
fact, the specificity of the probes is a function of the
reagent used. For example, the light transmission
optrode uses a pyridine reagenttodetect TCE, but the
chemical fluorescence optrode uses different organic
fluorescing dyes to detect CCl,. Each type of probe
could be inserted into existing monitoring wells or
pushed into the ground with a penetrometer device.

The light transmission optrode is being developed
by the Lawrence Livermore National Laboratory
(Fred Milanovich, Principal Investigator) with coop-
eration from the University of California which has
a patent pending. The target application is TCE
detection. The light transmission optrode is being
demonstrated in two different configurations at the
Savannah River Site in Aiken, SC.

This device works by absorbing a small amount of
TCE-contaminated vapor into the optrode tip where
itreacts quantitatively with the pyradine reagent (see
Figure 1). The principle of detection is that fluid in
the optrode (chemical reagent) becomes increas-
ingly red (absorbs light) when reacted with specific
chlorinated compounds. The pyradine reagent is
specific to detection of trichloroethylene (TCE),
chloroform, bromoform, bromodichloromethane and




chlorodibromoethane. The unknown concentration
level of these compounds can be measured because
absorption of light relative to the reaction time is
directly proportional to contaminant concentration.

strated at the Hanford Site in Richland, WA. A
license to use the technology has been extended to
Purus, Inc. The target contaminant is carbon tetra-
chloride, but this technology would also be appli-

cable to other contaminants. Similarto
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the light transmission optrode, the reac-
tion fluorescence optrode uses achemi-
cal reagent to induce a change in the
photophysical characteristics of an or-
ganic dye (see Figure 2). Whereas the
light transmission optrode utilizesreac-
tion induced photo-attenuation, the fluo-
rescence optrode utilizes a reaction
between the contaminant (e.g., CCl,)
and the organic dye to cause achange in
the fluorescence properties of the or-
ganic dye. In this way, the dye may be
considered to be an organic transducer
which modulates the source light beam

System

Figure 1. Light Transmission Optrode

This light-absorbing sensor has demonstrated dra-
matically improved performances over previously
reported fluorescence-based sensors (light-produc-
ing chemical reaction). The input of the device is a
small amount of sampled contaminated vapor, and
the physical output involves a small amount of
contaminated pyridine reagent

with a combination of wavelength-de-
pendent optical attenuation and the pro-
duction of fluorescence emission in the
regions of the optical spectrum that are distinct from
the probe's frequency. In this case, the organic-dye
molecules react reversibly and specifically with the
chemical-contaminantspecies of interest. The physi-
cal-chemical reaction between the analyte (contami-
nant) and the organic transducer dye produces a

(<50 ml/measurement). Vaporcan
be sampled from groundwater or
unsaturated soilszones, but ground-
water monitoring requires ground-
waterisolationinaheadspace. The
sensitivity of groundwater analy-
sis is related to the Henry's law
constant forequilibrium vaporcon-
centrations. Sensitivity to 5 ppb
has been demonstrated for vapor-
phase TCE and chloroform detec-
tion.

The chemical reaction-fluores-
cence opfrode is being developed

Fiber Optic Sensor Inside a Protective
Stainless-Steel Housing

light into fiber i
fluorescent light

out of fiber

optical fiber
with cladding stainless steel

- housing
....
—"—
,,,,

fluorescent material

bare core of on optical-fiber core

optical fiber

perforated stainless-
steel fiber-tip guard

~———
-~
S -
a2

at LLNL (Kevin C. Langry, Prin-
cipal Investigator) to be demon-

Figure 2. Reversible Fiber-Optic CCl, Sensor
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change in the photophysical characteristics of the dye
that modulates the probebeam. The magnitude of the
optical response is correlated to the concentration of
the analyte. When the nature of the analyte-dye
interaction is known, specific dye molecules can be
selected to detect a narrow range of chemical species.

The configuration of both types of sensors is essen-
tially the same and is not complicated. It requires a
simple light source (a light bulb or light-emitting
diode), a photodetector (silicon photodiode), and
simple optics (lens, filter, and mirrors) to focus and
guide light into and out of the fiber-optic conduit.
The same fiber can be used to transmit the probe
beam to the sensor, as well as to carry the modulated
signal back to the detector. Consequently, at the
proximal end of the fiber is a small calculator-size
box of optics and electronics that contains both the
light source and the signal-detection equipment. The
electronics box is configured to a small central
processing unit (CPU) or a lap-top computer that
collects and analyzes the sensor signals and provides
useful information on the analyte concentration. At
the distal and working end of the fiber is the sensor,
normally encased in a protective metal shield to
prevent damage.
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General. Technologies using chemical fiber-optic
sensors have been in existence for over 10 years. The
foundations for developing the TCE (light transmis-
sion) optrode originated 3-4 yearsagoat LLNL. The
light transmission optrode is unique in that the chem-
istry remains in solvent form rather than being bound
inamatrix. The sensor can thus be used continuously
despite the irreversible nature of the chemical reac-
tion. The chemical fluorescent optrode has a chemi-
cal fluorescence dye inside the optrode, and the
reaction is reversible. Specifications of the light
transmission chemical sensors are shown in Table 1.
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Field Tests. Field-test and demonstration results are
available in the literature.2® The sensor's detection
limit for TCE is about 150 ppb (v/v) in vapor and 5
ppb (w/w) in groundwater. The level of detection of
this sensor is within OSHA permissible-exposure
limits. Less than one hour is required to emplace a
probe using acone penetrometer. The probehasbeen
placed to a depth of over 100 ft. in under one hour
using a cone penetrometer. For use in a vadose zone
well, the implementation is even faster.

Table 2 contains a list of field tests and descriptions
of the tests or developmental accomplishments.

Tablel. Specifications for Chemical
Sensors.

Aspect Specification

Medium vapor phase VOC’s

Range 5-1000 ppb Low

Range Reagent
1-100 ppm High
Range Reagent

Sensitivity 5 ppb

Contaminants TCE, chloroform,
other chlorinated
hydrocarbons

Sampling frequency Three minutes per
measurement

Repeatability 5%

Accuracy +10% (Compared to
Gas Chromatograph /
ECD)

Calibration Recommended once
per week

Reagent Usage 20 microliters/sample

Power required 110V, 5 amps

T T e
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Cost. The start-up cost for this monitoring system is
$10K. Operation should require less than one hr/wk
with minimal maintenance necessary to replenish the
reagent every several months. The life-cycle cost
depends largely on the frequency with which mea-
surements are made. The individual sensors will be
comparatively inexpensive and should cost less than
$100. The costs associated with fiber-optic sensors
will depend on the protocols and application for which
the technology will be used. The life-cycle costs are
estimated at $25K/yr (5 yr) and $1.25K/yr (10 yr).

PROJECTED PERFORMANCE

Future developments include developing alternative
reagents specific to other VOCs and developing a
downhole device for isolating head space in ground-
water applications. As yet, direct measurement of
VOC:s dissolved in water has not been accomplished,
and all measurements have been made in the vapor
phase above contaminated aqueous solutions. (There-
fore, sensitivity to measurement in aqueous solutions
is dependent on the Henry's law constant for vapor/
aqueous equilibrium as well as the measurement
sensitivity in the vapor phase.) However, the issue of
direct measurement of VOCs in water will be ad-
dressed in future development.

WASTE APPLICABILITY

The fiber-optic chemical sensors are generally ap-
plicable to volatile organic chemicals (VOCs)in soil
and groundwater. Application to groundwater sens-
ing is indirect by measuring the vapor phase above
the contaminated aqueous phase. A pyridine re-
agent has been developed for the light transmission
optrode which is applicable for selective TCE detec-
tion. The pyridine is also applicable to a narrow
range of compounds including chloroform,
bromoform, chlorodibromoethane, and
bromodichloromethane. The reaction fluorescence
sensors are applicable to carbon tetrachloride, tolu-
ene, xylene, and similar compounds in unsaturated
soils.

The initial sensors are not intended to be general
analytical instruments. Rather, the initial products
are designed to be used as real-time continuous
monitorsduringsite screening or remediation. Other
uses are long-term well monitoring, industrial pro-
cessing, or laboratory screening. The sensor also
can be used in conjunction with remediation tech-
nologies either in situ in the soil column or above
ground as a process-tracking aid.

Table 2. Field Test Information

Test Date Location Description

Sept. ‘91 Westinghouse, SRS, Aiken, SC. Measurement of TCE in a soil-vapor well.

Mar. ‘92 Westinghouse, SRS, Aiken, SC. Measurement of TCE in a soil-vapor well and two
groundwater wells.

April ‘92 Westinghouse, SRS, Aiken, SC. Penetrometer placement of TCE sensor.

April ‘92 LLNL Site 300, Livermore, CA. Measurement of TCE in conjunction with an above-
ground soil-gas treatment process.

Aug. ‘92 Ft. Lewis, WA. Measurement of TCE in three groundwater wells.

April ‘93 Westinghouse, SRS, Aiken, SC. Delivery of complete stand-alone monitoring system
for long-term evaluation.

Oct. ‘93 LLNL Site 300, Livermore, CA. Measurement of TCE in a groundwater well using
Burge Instrument Company-developed in situ water
sampler and head-space sensor.
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STATUS

Above-ground and penetrometer application is avail-
able now. The light-transmission chemical sensor
technology is fully developed and ready for com-
mercialization. A fully operational in situ device for
long-term monitoring of vadose zone wells was
transferred to the SRS in FY93. Packaging and
software for long-term monitoring was made avail-
able in June 1993.  The reaction-fluorescence
optrode is also currently available.

REGULATORY CONSIDERATIONS

Interconnection to an aquifer could occur during
probe placement, leading to environmental impact
(i.e.,if apenetrometer is used for probe insertion, the
borehole that is produced could provide access for
contamination to spread vertically from the aquifer).
The detection level of the sensor is compatible with
regulatory cleanup milestones. Currently, EPA has
no system for certifying sensor technology for site
characterization.

BASELINE TECHNOLOGY

The baseline technology is purge and trap gas chro-
matography of grab samples. In contrast, this fiber-
optic chemical sensor technology allows trace
quantities of TCE (for example) to be measured on a
continuousinsitubasis. The sensorcan be automated
to provide a database of fluctuating contaminant
concentrationovertime toaid in ongoing remediation
efforts. It is as selective and sensitive as GC (the
baseline, gas chromatography) and is faster and
cheaper. The TCE optrode (light transmission mea-
surement) does not provide as much information as
GC in situations where multiple volatile organic
compounds are present.

INTELLECTUAL PROPERTY

The University of California has a patent pending for
the light-transmission optrode for TCE detection.
The Department of Energy owns the patent for the
reaction-fluorescence optrode: 4,834,497 (May 30,
1989). Purus has been licensed to market this tech-
nology.

POTENTIAL COMMERCIAL
APPLICATIONS

Potential commercial applications include cost ef-
fective site characterization and monitoring for any
industry which may have TCE, CCl,, or other appli-
cable contamination (other VOCs are detectable
withfurtherreagentdevelopment). LI NL hasreached
agreement with Burge Instrument Company and
Purus, Inc. for the commercialization of the light
transmission-based chemical-sensor technology.
Plans are underway by both companies to introduce
commercially available environmental-monitoring
instrumentation for the detection of chlorinated hy-
drocarbons using the fiber-optic sensor.
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For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282

DOE Program Managers

Light Transmission Optrode:
Kurt Gerdes

EM-541

U.S. Department of Energy
Washington, DC 20585

(301) 903-7289




Reaction Fluorescence:

David Biancosino
EM-541

U.S. Department of Energy
Washington, D.C. 20585
(301) 903-7961

Principal Investigators

Light Transmission Optrode:

Fred Milanovich

Lawrence Livermore National Laboratory
P.O. Box 808, MS L-524

Livermore, CA 94550

(510) 422-6838; FAX (510) 422-8020

Reaction Fluorescence:

Kevin C. Langry

Lawrence Livermore National Laboratory
P.O. Box 808

7000 East Avenue

Livermore, CA 94550

(510) 423-2043

INDUSTRIAL PARTNER

Light Transmission Optrode: Purus, Inc. and

Burge and Associates

Reaction Fluorescence: None at present.
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HAILOSNIF FIBER-OPTIC SPECTROCHEMICAL SENSOR

Pacific Northwest Laboratory

DESCRIPTION

HaloSnif is a fiber-optic spectrochemical sensor
capable of detecting any volatile chlorinated com-
pound in air or gas. During operation, HaloSnif
operating at subambient pressure (40 torr) continu-
ously draws an air sample through a critical orifice
into the plasma-excitation chamber where itis mixed
with helium and excited with a radio-frequency
signal inductively coupled to the plasma chamber.
The plasma chamber is coupled via a fused silica
optical fiber to the signal-processor unit. The optical
emission of the plasma is filtered with a narrow-
band-pass filter designed to monitor the 837.6 nm
emission line from the excited chlorine atom. The
intensity of the chlorine emission is directly propor-
tional to the concentration of chlorine-containing
species in the sample gas. The detection sensitivity
for carbon tetrachloride is S ppmv. The response of
the system s linear from the detection limit to 10,000

ppmv. The detection limit for other chlorine-contain-
ing compounds can be estimated by calculating the
ratio of the percent of chlorine in the compound of
interest to that of carbon tetrachloride.

Data acquisition is achieved using a LabView™ data
acquisition software package mounted on aMacintosh
computer system. The data-acquisition system is
interfaced to the electro-optical signal-processing
module via a 1 to 10 V analog output. Real-time
concentrations of total chlorinated compounds are
displayed on the monitor for observation by on-site
personnel. All data are stored in computer memory
for post-run processing and analysis.

TECHNICAL PERFORMANCE

HaloSnif’s response to chlorinated species is linear
fromits lowerdetection limitof 1 to S ppmv (for most
compounds) in air to approximately
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0.00005 meter Opening
(allows only a minute amount
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Quartz Plasma

10,000 ppmv. In addition, HaloSnif is
not sensitive to moisture or other
nonchlorinated compounds present in
the sample gas. HaloSnif operates at40
torr. Equilibration times are normally
less than 1 min to reach 90% of full
scale. The total weight of the HaloSnif
system is 50 1b. HaloSnif also features
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real-time multipoint environmental
field monitoring, small probe size, and
the

ability to use multiple probes with one
central detection and data acquisition
system. HaloSnif requires 5 A of 110

Vacuum Qut

VAC power to operate.

HaloSnif Fiber-Optic Sensor
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HaloSnif can be reconfigured as an element-specific

detector for gas chromatography effluents contain-
ing chlorine- and fluorine-containing compounds.
By simply replacing the critical orifice inlet with an
open-face membrane material, HaloSnif is capable
of measuring the concentration of total organic chlo-
rine in water samples.

Cost. 1t is estimated that the final unit will be
approximately $15K for the base system and ap-
proximately $250 per sensor assembly. Operations
and maintenance costs are expected to be minimal.
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PROJECTED PERFORMANCE

HaloSnif has the potential to detect gas-phase
compounds containing bromine, mercury, fluo-
rine, and possibly phosphorus by simply modi-
fying the analytical-emission wavelength moni-
tored by the detector.
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WASTE APPLICABILITY

HaloSnifis applicable to the detection of any volatile
chlorine-containing compound including carbon tet-
rachloride, trichloroethylene, tetrachloroethylene, and
chlorofluorocarbons in air or gases.

%‘{&n,::y% Wi s, e o SR e T ‘%«)(%g’j§

STATUS

All components of HaloSnif are commercially avail-
able. Field testing of the new compact unit will be
conducted to determine its short-term and long-term
maintenance requirements.
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REGULATORY CONSIDERATIONS

HaloSnif is considered intrinsically safe, and no
environmental impacts are anticipated.
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POTENTIAL COMMERCIAL
APPLICATIONS

Potential commercial applications of HaloSnif in-
clude monitoring at waste sites, chemical storage
areas, and process-based manufacturing plants using
CFCs.
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BASELINE TECHNOLOGY

The baseline technology is the photo ionization
detector (PID), or conventional gas chromatography
equipped with an electron-capture or electrolytic-
conductivity detector.
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INTELLECTUAL PROPERTY

HaloSnif was developed at Pacific Northwest Labo-
ratory (PNL). The patent has been assigned to PNL
and the Department of Energy (DOE).

PatentNo. 5,085,499, “Fiber Optics Spectrochemical
Emission Sensors.”

For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282
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HYBRID DIRECTIONAL BORING AND HORIZONTAL LOGGING

DESCRIPTION

The main application of the Hybrid Directional Bor-
ing and Logging (HDBL) system is for cost-effec-
tive, high-quality access to an otherwise inaccessible
contaminated subsurface (see figure below) for site
characterization and sensor emplacement. The di-
rectional boring technology is an adaptation of exist-
ing hardware from various underground industries,

Sandia National Laboratories

Hardware integrated for the directional-boring facet
of this technology includes wireline coring rigs,
hydraulic thrust systems, electric cone penetrom-
eters, steering-tracking hardware, and push-coring
systems. Hydraulically activated thrust equipment
capable of exerting more than 40 tons of thrust is used
to push the directional boring heads into the earth.
Directional control is obtained by proper positioning
of the face of the nonsymmetric boring head. Slow
rotation of the boring head

willcutand compactthe geo-
logic material into the bore-
hole wall. Thrustingaboring
head that is not rotating will
cause a directional change.
The machinery is capable of
initiating a borehole, steer-
ing down to a desired hori-
zontal depth, continuing at
that depth, and then steering
backtothesurfaceatadown-
range location. This direc-
tional boring technology is
desirable for environmental
applications because the ac-
cess method requires very
minimal addition of fluids
and very little soil removal
during the drilling process.

TRI-6252-10-1

Horizontal/Directional Drilling Concept

primarily from the underground utilities industry. In
the short-term development plans, the depths of the
boreholes are somewhat shallow (50 ft), but long-
term goals include greater well depths (80-100 ft),
diameters (~6 in.) and lateral (horizontal) extents
suitable for remediation purposes (400-1,000 ft).
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Various logging and sam-
pling technologies could be
adapted, such as gamma and
spectral gamma sensors, resistivity, mass spectrom-
etry, fiber-optic fluorescence, pore pressure, soil
moisture, temperature, volatiles sampling (contami-
nant vapors), and a sidewall coring/soil sampling
apparatus (second generation). In addition, various
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Horizontal Wells Beneath A Buried
Tank

methods to emplace monitoring equipment could be
developed including a pneumatic hammer technol-
ogy for sleeve emplacement. A key function of the
sampling hybrid concept is to provide multiple dis-
crete samples per run. It has the potential to recover
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Horizontal Wells Beneath A Building

pristine samples; moreover, it can be used to develop
inexpensively a grid of horizontal wells in an other-
wise inaccessible subsurface (as shown in the fig-
ures) for contamination characterization, plume
monitoring, and remediation verification.

The following are important technical considerations
for users of the technology.

Geology Dependency. Cutting and compacting the
cuttings works best in soils that are most uniform, but
will work in many nonhomogeneous soils.

Onboard Peosition Tracking. A low-cost 2-axis
magnetometer-accelerometer type wireline guidance
package used in the river-crossing industry was used.
This equipment is less sophisticated than systems
used on larger rigs, but was adequate for develop-
ment testing. The guidance system used was sub-
jected to the severe environments of frictional and
torsional/longitudinal vibration caused by the drill-
ing process. Improved tracking equipment is in
development.

Bits and Reamer Configurations. Cutting and
successfully compacting the cuttings occurs over a
short horizontal distance, and mechanical wear is
severe. A key improvement in the drilling process
was obtained by adding 2-10 gal/min of potable
water to cool and lubricate the drill bits and reamers.
After the wellbore is drilled at some nominal diam-
eter, reamers are used to enlarge the borehole and
then compact the cuttings in the borehole wall.
Several reamer passes may be needed in certain soils
and the casing pullback hardware can vary with
casing/diameterand soil conditions. Small-diameter
completions may not require reaming, thus signifi-
cantly reducing installation costs.

Casing Materials. The material choice can be criti-
cal to installation success or failure. Site geology is
againacontrolling factor. Higher-strength fiberglass
casing hasbeen used mostsuccessfully in this project.

TECHNICAL PERFORMANCE

The Utilities Industry Rod Pusher is capable of
exerting hydraulic, bidirectional thrust in excess of
80,000 1b and can be used in most soils with the
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standard solidrod and some soils with the Hogentogler
cone penetrometer hollow rod. Rod diameters are
1.75 in, for both types.

Core Sampler. This equipment provides a core 8-in
long and 1-in in diameter.

Prototype Boring Machine. Performance charac-
teristics of this machine include hydraulic bi-direc-
tional thrust in excess of 80,000-1b and dry-bore
compaction cutting for location/directional control.
The first test of the X-810 boring machine was
performed at the Savannah River site in South Caro-
lina.

Testing of directional boring for monitoring-equip-
ment installation was performed at the Savannah
River Site (SRS) in an actual contamination zone
during the summer of 1992. This test used onboard
electronics from the river-crossing industry, new-
generation bits/reamers/casing pulling plugs, and
several new types of environmental casing/screen-
ing materials and was highly successful. The test
provided preliminary data, hardware confirmation,
anda570-ftlong,40-ftdeep, 3-in diameter (see graph
below), fiberglass-cased environmental well for Sa-
vannah River Radio Frequency soil heating tests.

The soils at the site are coastal-plain sediments
consisting mostly of dense clays and sands.

The limits of the X-810 boring machine were tested
as part of the Hanford site in Washington. This test
provided additional thrust data and evaluated steer-
ing control in loose cobbles and gravels of the glacial
till. Additional testing at another Hanford location
using the standard P-80™ rod pusher with soilsamples
was successful from the standpoint of steering con-
trol and the ability to collect interstitial uncemented
sand samples. A Pierce-Airrow™ 4-in diameter
pneumatic piercing tool was also relatively success-
ful in penetrating the Hanford formation in a very
qualitative test.

The prototype was again used in FY 1993 toemplace
a 410-ft well at a depth of 33 ft at Sandia National
Laboratories (SNL), Albuquerque, NM. The test
provided additional data on machinery capabilities
and hardware designs.

Costs. Drilling costs in the range of $25-$75/ft
(excluding the cost of casing/screen materials) have
been obtained in developmental testing.

PROJECTED
PERFORMANCE
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WASTE APPLICABILITY

This technology is waste-independent.

3 BTy e Bl D EA AR T]

Several geophysical monitoring, fluid characteris-
tics, and contamination analysis tools can be incor-
porated withthe hybrid drilling hardware. Developers
state that the drilling method is amenable to a range
of soil geologies. The developers have also noted
that this method may ultimately be limited to com-
pactible soils, although hardrock air drilling may be
a future option for more difficult media.
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STATUS

The hybrid directional drilling system is being devel-
oped from modified hardware for existing drilling
equipment used in the underground utility industry.
The first-generation hybrid equipment may be avail-
able from the developer/ manufacturer in 1994. The
availability of more advanced, second-generation
equipment may follow the first-generation, accord-
ing to demand.
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REGULATORY CONSIDERATIONS

The secondary process waste of this drilling technol-
ogy is kept to a minimum by using only a small
amount of water for drilling and electronics cooling.
Cuttings are compacted into the formation with very
little returned to the surface. Various drilling and
safety regulations apply, depending on the type of
contaminant in the soil.

POTENTIAL COMMERCIAL
APPLICATIONS

This technology was developed fromexisting under-
ground utility installation technologies, so it could be
returned and approved for use in these industries. In
addition, the environmental monitoring, sensing,
and characterization applications are useful to many
industries (i.e., steel, aluminum, petrochemical re-
fining, fertilizer, plastics, heavy and light manufac-
turing, etc.) that may have a shallow contaminant
plume. The hybrid technology can be used economi-
cally by many industries to characterize, remediate,
or monitor the contamination.

This technology could contribute to cost-effective
characterization and remediation/ventilationbeneath
occupied buildings in regions where natural radon
gas infiltration has occurred.
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BASELINE TECHNOLOGY

A baseline technology might be any larger direc-
tional-boring and drilling rigs adapted from the oil,
gas, and river-crossing industries. The larger-equip-
ment technologies are much more expensive ($300/
ftof well bore compared to $20to $75/ft) with HDBL
for larger directional drilling applications and may
not be appropriate for use at shallow depths.
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INTELLECTUAL PROPERTY

Both Department of Energy (DOE) and Charles
Machine Works, Inc., have patents pending.
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For more information,

please contact:

Center for Environmental
Management Information
1-800-736-3282

DOE Program Manager
Skip Chamberlain

EM-541

U.S. Department of Energy
Washington, DC 20585
(301) 903-7248

Principal Investigator
Robert P. Wemple

Geoscience Research Drilling Office
Sandia National Laboratories

P.O. Box 5800, Org. 6111
Albuquerque, NM 87185

(505) 844-2230; FAX (505) 844-3952

Industrial Partner

R.R. Layne

New Product Research and Development
Charles Machine Works Inc. (TM-Ditch Witch)
P.O. Box 66

Perry, OK 73077-006

(405) 336-3591; FAX (405) 336-5452
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IN SITU PERMEABLE FLOW SENSOR

Sandia National Laboratories
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DESCRIPTION

Groundwater flow is perhaps the most important
mechanism for the dispersal of many types of toxic
waste once they have been released into the subsur-
face. Accurate information about the groundwater
flow field is critical to the characterization of waste
sites, the monitoring of waste-remediation activities,
and the monitoring of the post-closure performance
of remediated waste sites. In situ permeable flow
sensors can measure the full three-dimensional
groundwater flow-velocity vector at a point in a
saturated, permeable, unconsolidated medium using
only one hole. In Situ Permeable Flow Sensors
require only very crude estimates of the hydraulic
conductivity, thus eliminating costly testing to deter-
mine hydraulic conductivity. The flow sensors mea-
surethe velocity characteristic of avery small volume
of material, on the order of 1 m3. The sensors are
simple to install and can be monitored remotely for
extended periods of time without requiring person-

nel in the field. Use of this technology at a site does
not preclude using any other technology at the same
time or at some future date. Shown below is a
schematic of the In Situ Permeable Flow Sensor.

The basic operating principle of this technology is to
bury a thin cylindrical heater vertically in the ground
at the point where the groundwater flow velocity isto
be measured. If the heat flux out of the cylinder is
uniform over the surface of the cylinder, then the
temperature distribution on the surface of the cylin-
der will vary as a function of the direction and
magnitude of the groundwater flow velocity past the
cylinder. In the absence of any flow past the device,
the temperature on the surface of the probe will be
independent of the azimuth and symmetric about the
vertical midpoint of the probe. The vertical midpoint
will be warmer than the ends of the probe because
heat transfer away from the ends of a finite length
cylinder is more efficient than from the midsection of
the cylinder. Groundwater flow past the device

perturbs the surface tempera-

ture distribution, with the pat-
tern and magnitude of the
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vertical component, the verti-
cal temperaturedistributionon
the surface of the probe will
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no longer be symmetric about the vertical midpoint
of the probe, but will be skewed in the direction of the
flow. The surface of the downstreamend of the probe
will be warmer than the upstream end. If there is a
significant horizontal component to the flow veloc-
ity, the surface temperature distribution will not be
independent of the azimuth, but rather the surface
temperature will vary approximately as the cosine of
the azimuth, with the downstream side of the probe
being warmer than the upstream side. The magni-
tude and direction of the three-dimensional flow
velocity vector are determined from the magnitude
and the pattern of the temperature variations on the
surface of the probe, respectively.

Electric power, either from line power or a generator,
is required. For remote monitoring, access to a
telephone line or cellular phone service is also desir-
able (data transfer by radio frequency transmission is
presumably possible).

TECHNICAL PERFORMANCE

Field Demonstration. Field tests conducted at the
Savannah River Site indicate that flow velocities as
low as a few meters per year are resolvable. The
probes are simple to install and monitor. Data from
a number of probes at the same site can be collected
and sent via modem to computers at a remote site.
Other than for installation and occasional mainte-
nance, the system can be operated remotely for
extended periods of time. Once the heater on the
probe is activated, a flow-velocity measurement can
be obtained after about 24 to 48 h. Current prototype
sensors last for approximately one year.

Failure occurs when the waterproof coatings ulti-
mately leak, allowing water into the probe where it
shorts out the electronics. Failure of the probe does
not present any serious consequences other than the
fact that useful flow-velocity measurements will no
longer be available from the probes.

The sensor measures the velocity at essentially a
point. Sometimes the average velocity over a wider
areais desirable. The standard technique measures a
velocity that is an average of the velocity overamuch
broader region, one whose dimensions are character-
ized by the separation of the boreholes.

Cost. Purchase of a calibration facility, data acquisi-
tion system, and computer for data analysis is esti-
mated at approximately $25K. Each flow sensor is
estimated to cost between $500 and $700. In remote-
monitoring applications, approximately one-tenth of
aperson’s time is required to collect and analyze the
data.
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PROJECTED PERFORMANCE

The detailed and relatively inexpensive information
gained by this technology will enable a greater
utilization of time and resources for characterizing,
monitoring, and remediating the ground media at
problemsites. This technology, used in conjunction
with a cone penetrometer technique would greatly
reduce the disturbance to the hydraulic properties of
the formation compared to the emplacement tech-
nique used in the field tests.
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WASTE APPLICABILITY

Since this technology is specifically used for obtain-
ing groundwater flow-velocity information at prob-
lem sites, the technology is waste-independent.

STATUS

Virtually all of the components for the sensors and
the data acquisition system are available commer-
cially. Currently, temperature differences of about
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0.01°C can be measured. At this level, flow veloci-
ties as Jow as a few meters per year can be resolved.
The probe design needs to be improved to ensure
long-term reliability of electronics and sensors in
groundwater conditions. Flow sensors can monitor
groundwater flow until they leak (approximately 1

yrI).

On-going activities include the use of the technology
to monitor an air-stripping/bioremediation experi-
ment at the Savannah River Site in South Carolina
and a study of the interaction between groundwater
and Columbia River water at the Hanford Site in
Washington State.

REGULATORY CONSIDERATIONS

Compliance withthe Occupational Safety and Health
Administration regulations is required for hazard-
ous-waste operations and protection of occupational
workers from electrical power. In addition, permits
may be required for drilling at hazardous-waste sites.
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POTENTIAL COMMERCIAL
APPLICATIONS

This technology can be useful at a wide variety of
sites and with several different remediation pro-
cesses. The In Situ Permeable Flow Sensors can be
used at any site where information on groundwater
flow velocity is necessary. Such information is
critical to the characterization of waste sites, the
monitoring of waste-remediation activities, and the
monitoring of post-closure performance of remediated
waste sites. Commercialization of this technology is
underway.
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BASELINE TECHNOLOGY

The baseline technology is astandard technique used
to measure hydraulic head gradients and hydraulic
conductivities in boreholes to determine flow veloc-
ity. Four holes are required for a measurement using
this standard technique in comparison to only one
hole with the In Situ Permeable Flow Sensors. Infor-
mation about the hydraulic conductivity of the me-
dium is required in the standard technique. This is
generally determined using a pump test in which
large quantities of water are pumped from the well.
At contaminated sites, disposal of this purge water
can be difficult and expensive. The flow sensors
measure the velocity characteristic of a very small
volume of material, on the order of 1 m®. The
standard technique measures a velocity that is an
average of the velocity over a much broader region,
one whose dimensions are characterized by the sepa-
ration of the boreholes.
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INTELLECTUAL PROPERTY

There is no patent on this technology; it is in the
public domain. Sandia National Laboratories has
applied for copyrights on engineering drawings and
on the software that interprets flow-sensor data.
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For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282




DOE Program Manager
Kurt Gerdes

EM-541

U.S. Department of Energy
Washington, DC 20585

(301) 903-7289

Principal Investigator
Sanford Ballard

Sandia National Laboratories
P. O. Box 5800, Org. 6116
Albuquerque, NM 87185-5800
(505) 844-6293

Industrial Partner
SIE, Inc.
Ft. Worth, Texas
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INTEGRATED GEOPHYSICS PROGRAM

Sandia Nationa
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DESCRIPTION

The program demonstrates the effectiveness of inte-
grating several surface-geophysical techniques to
non-intrusively characterize mixed-waste landfill
sites. The use of a particular geophysical technique
primarily depends on the target of interest, the geol-
ogy of the survey area, and the possible interference
from surrounding cultural objects. Because each
technique measures different situations, anintegrated
approach offers data and interpretation not attainable
by usingasingle technique. Inaddition, anintegrated
approachenables an areatobe possibly characterized
faster and cheaper because repeated access is not
necessary. A brief description of the various charac-
terization techniques used in the field demonstra-
tions is listed below.

1 Laboratories

Certain chemicals react with clays to produce sub-
stances that provide a characteristic response to the
complex galvanicresistivity method, as described by
King and Olhoeft (1991) and Olhoeft (1986). In
addition to possibly identifying broad classes of
wastes in the pits, the complex resistivity response
may delineate the chemical interaction boundary
and, thus, the waste pit boundaries.

Naturally occurring voltage, generally termed aspon-
taneous potential (SP), frequently builds up at the
boundaries of a waste pit due to the difference in
chemical composition and solution pressure of the
material on each side of the boundary. A simple map
of the voltage measured over disturbed and undis-
turbed areas can be used to define pit boundaries.

Under favorable transmissivity
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circumstances, ground penetrat-
ing radar (GPR) profiles may
indicate pit boundaries because
of a propagation contrast in the
disturbed area compared with
undisturbed soil. This may be
attributed to a moisture contrast
or mechanical factors related to
soil disturbance. In this manner,
GPR measurements may yield
information on the volume of
wastes within a pit.

,/II

! Target

The waste materials within the
pit (such as metals, metal salts,
and other chemicals) have a pro-
found effect on the conductivity
of the pit in contrast to that of

Integrated Geophysics Program
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undisturbed ground. Time do-
main electromagnetic (TDEM)




methods can be used to map conductivity/resistivity
contrasts. In addition to delimiting the pit area, the
conductivity data will provide insights to thetype and
quantity of material in the pits. A conductive plume
that is migrating beyond the pit boundary toward a
borehole would be readily detected with this tech-
nique.

Shear wave (S-wave) refraction and compression
wave (P-wave) reflection seismic surveys can detect
seismic-wave transmission differences expected be-
tween disturbed and undisturbed material. Varia-
tionsin the phase, amplitude, frequency, and velocity
of horizontally polarized shear waves are indicative
of changes within the subsurface. The locations of
these seismic differences can help differentiate pit
boundaries and also can help determine the volume
of waste within a particular pit.
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TECHNICAL PERFORMANCE

Data were acquired in two areas that have both
known and unknown attributes at SNL. The loca-
tions of the known Chromic Acid and Organic Pits
were interpreted at or near their historical bound-
aries, unknown pits were identified, areas of distur-
bance possibly related to contaminants were
interpreted outside the boundaries of bothknown and
unknown pits, rudimentary waste types were identi-
fied and modeled where appropriate, and anomalies
from recent activities were identified and discounted
from further analysis. Pit boundaries and basic
geometries (horizontal and vertical extent) were iden-
tified to less than 3 feet through integrated interpre-
tation of complex galvanic resistivity, GPR, and
S-wave seismic data. Indications of metallic debris
within the identified pits were obtained through
combined interpretation of all thedatasets. Contami-
nant migration was suggested from interpretation of
the data, but no identification of discrete contami-
nants or assignment of concentrations was possible.

The principal disadvantages of an integrated ap-
proach are time and expense. If, for instance, one

chooses touse only a single technique to characterize
a hazardous waste site, it can represent a consider-
able savings, but assumes one method will be suc-
cessful in completely describing the problem area.

Cost. The cost to implementv this method of site
characterization depends on the size of the site and
the instrumentation/data needed.
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PROJECTED PERFORMANCE

Future improvements in performance will result
from higher-quality instrumentation being commer-
cially available and improvements in the interpreta-
tion of the data obtained. The major technical
challenges are increasing the frequency and power
output of the sources to increase resolution, improv-
ing imaging and inversion codes, and decreasing the
survey time through development of more rapidly
fielding instrumentation. Times for both fieldingand
especially interpretation should decrease significantly
as various methods develop further.
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WASTE APPLICABILITY

Since this technology is specifically used for charac-
terization and monitoring of the ground media at
problem sites, the technology is waste-independent.

STATUS

All instruments used in the program are available
from commercial sources. The instruments are of
field-worthy design and have been adequately tested.
Operation of instrumentation and interpretation of
datamustbe performed by knowledgeable and fully-
trained workers.
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REGULATORY CONSIDERATIONS

Although non-intrusive geophysical surveys are, in
general, benign, handling of 50 pound instrument
packages and sensors is required. Compliance with
the Occupational Safety and Health Act is required
for hazardous-waste operations, handling of heavy
loads, and protection of occupational workers from
electrical power.

POTENTIAL COMMERCIAL
APPLICATIONS

Potential commercial applications include the use of
the technology by various industries to non-intru-
sively characterize the subsurface of various sites
where physical contrasts with the surrounding media
are expected (e.g., chemical companies’ waste land-
fill sites). This technology can be of use at a wide
variety of sites and in conjunction with several
different remediation processes.

BASELINE TECHNOLOGY

Characterization of hazardous waste sites can be
performed with a single technique to minimize time
and expense. This can be an efficient approach but
assumes that one method can provide a complete
description of the site and waste target. Anintegrated
approach using pertinent geophysical techniques
offers data and interpretations not attainable by a
single technique. To successfully integrate the data
from various geophysical techniques, considerable
experience is necessary to ensure that the highest
quality data are acquired at suitable spacings. Once
sufficient high-quality data are acquired, modeling
and an integrated interpretation of the data can be
conducted. This integrated approach offers solutions
that encompass numerous physical-property con-
trasts and, thus, are more reliable than interpretation
from a single geophysical technique.
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INTELLECTUAL PROPERTY

None.

For more information, please
contact:

Center for Environmental

Management Information
1-800-736-3282

DOE Program Manager
Skip Chamberlain
EM-541

U.S. Department of Energy
Washington, DC 20585

(301) 903-7248

Principal Investigator
James C. Hasbrouck

RUST Geotech Inc.

P.O. Box 14000

Grand Junction, CO 81502-5504
(303) 248-6714; (303) 248-6770 FAX

Industrial Partner

None.
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INTEGRATED SPECTROSCOPIC SYSTEM
FOR CONTAMINANT SPECIATION

Los Alamos National Laboratory
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DESCRIPTION

The Integrated Spectroscopic System for Contami-
nant Speciation (ISSECS) is a new approach for
characterization of soils, sludges, and groundwater.
The approach is both sensitive and adaptable to
different contaminant media and can be applied over
a broad spatial range. The principal application of
ISSECS is to soils contaminated with radioactive
and/or toxic metals such as uranium, plutonium, and
chromium. The key feature is that the technique
providescontaminant speciationinformationinbroad
spatial ranges from sub-micron size to the bulk-
sample size (like a zoom lens). Speciation informa-
tion indicates the distribution of a particular
contaminant moiety within a particular contaminant
type, for example, the speciation of uranium in a
particular region of soil may be described as 80%
hexavalent uranium (in the form UQ,?*) and further
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Optical Luminescence
Photoacoustic
Raman

Performance
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Remediation Stabilized
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quantified as 10 ppb hexavalent uranium and 2.5 ppb
tetravalent uranium (IV).

When new remediation technologies are being de-
veloped, analytical data are generally available giv-
ingcontaminantconcentrations and the spatial extent
of contaminant plumes. On the other hand, the
contaminant plumes often exist in many different
chemical forms or species. It is asserted that when
chemical contaminants exist in several different spe-
cies (e.g., toxic and radioactive metals which have
many accessible oxidation states), adequate perfor-
mance monitoring and suitable application of spe-
cificremediation technologies will require knowledge
of the type, concentration, and heterogeneity of mo-
lecular species. Unless speciation information is
factored into the characterization need early on,
remediation development and testing strategies are
strictly by trial and error, which is both costly and
inefficient. It is noted that some routine analytical
approaches are currently used such as electron
microscopies, X-ray, and electron diffraction. In
principle, these methods can provide some contami-
nant speciation information but in actuality are lim-
ited because they cannot easily address sample and
contaminant heterogeneity over spatial ranges from
<1 micron to >1 cm.

Toadequately specify uraniumspeciation, techniques
that probe the structure at the molecular level are
required. Elemental specificity (e.g., as provided by
ICP-AES), while important, is insufficient by itself.
Techniques are also needed that are applicable to
opaque samples such as solids (e.g., soils and mineral
assemblages), because these frequently possess chal-
lenging optical properties. One approach that satis-
fiesthesecriteriais based on molecular spectroscopic
methods that probe the vibrational and electronic
properties of the system. This is the approach taken
by the ISSECS methodology.
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No single molecular spectroscopic method is readily
available to provide a detailed description for ura-
nium or other species of interest. To achieve a
detailed description, a combination of spectroscopic
techniques is generally required. ISSECS involves
the combination of four state-of-the-science spectro-
scopic techniques to directly probe molecular struc-
ture. Four core spectroscopic methods are identified
which, when used in combinations of two or more,
are sufficient for contaminant speciation studies in
subsurface matricies. Thelaboratory-based approach
consists of: (1) x-ray absorption spectroscopy, (2)
pulsed-laser photoacoustic spectroscopy, (3) laser-
induced luminescence spectroscopy (time resolved
pulsed-laser and continuous-wave), and (4) laser
Raman vibrational spectroscopy. Applying these
techniques in combination provides a greater level of
information on contaminant speciation than do the
techniques separately. The spectroscopies candeter-
mine average speciation at the bulk scale (~1-2 cm)
as well as more precise speciation at the microscopic
scale (~1-10 microns). The methods span an analyte
concentration range from 1% to 0.1 ppb and below
(i.e., the relevant regime for the U.S. Department of
Energy sites). By contrast, more conventional ap-
proaches rely on microscopic methods only, which
can provide very accurate speciation data for small
populations but not for bulk samples.

ISSECS not only addresses all relevant spatial scales
for contaminant heterogeneity, but because the char-
acterization tools are all optically based, their appli-
cation is noninvasive. The contaminated samples
can be studied in the exact same form as they existed
intheenvironmentwithouthavingto alter the samples.
Once the samples representing the contaminated
plume are collected, they are characterized in the
laboratory. These data are provided to the site
remediation personnel along with recommendations
for candidate remediation strategies based on the
contaminant speciation. ISSECS also provides feed-
back on how well the remediation treatments per-
form, as well as post-treatment analyses.

TECHNICAL PERFORMANCE

General. The ISSECS method has been applied at
the Fernald Environmental Management Project in
Ohio. A wide variety of source terms for uranium
contamination have been identified reflecting the
diversity of operations at the facility. Most of the
uranium contamination is contained in the top 1/2-m
of the soil, but uranium has also been found in
perched waters indicating substantial migration. The
uranium species in the perched waters is likely to be
hexavalent (e.g., UO,?).

Cost Data. The costs of using ISSECS to do a
complete environmental sample are projected to be
$5,000-$7,000/sample. This cost is comparable to
EPA sample-analysis costs at the National Atmo-
spheric and Radiation Emission Lab (NAREL) in
Alabama. Assuming a reasonably homogeneous
matrix (e.g., the shallow subsurface of a field sur-
rounding a process plant), the sampling density re-
quired to obtain meaningful results would be 1-10%
of that required to map the contamination. Represen-
tative analysis of an entire plume would typically
require 2 to 20 samples. The estimated capital cost to
develop acomplete laser lab facility is $650,000 (not
including physical plant). The X-ray absorption
spectroscopy technique requires access to asynchro-
tron radiation facility (such as the Stanford Synchro-
tron Radiation Laboratory in California), but
subcontracting costs are factored into the per sample
costs. Turn-around time for the ISSECS analysis is
estimated to be only 2 days (with samples running
concurrently).

X-ray absorption spectroscopy. Of the four core
methods, X-ray absorption is the most incisive. It
provides oxidation-state information [e.g., UIV) vs.
U(VD]directly. Italso provides a “snap shot” of the
local coordination environment about the target (ura-
nium) ion. Thus, the identity and number of coordi-
nating atoms (from ligands and/or surfaces) and their
bond lengths can be quantified.

Opfical luminescence. Laser-induced optical lumi-
nescence spectroscopy is a very valuable probe for
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the speciation of hexavalent uranium moieties and
other emissive species. This method has excellent
sensitivity. Furthermore, the often distinct, species-
specific nature of the hexavalent uranium emission
spectrum allows optical luminescence to be used as
a “finger print” for speciation.

Photoacoustic spectroscopy. This method is the
ideal complement to optical luminescence because
species that are not emissive tend to yield excellent
photoacoustic spectra. Thus, the speciation of ura-
nium in the non-emissive or weakly emissive oxida-
tion states (i.e., 0, +3, +4, and +5) can be probed by
measuring theelectronic spectra using photoacoustic
spectroscopy. Ofthefourcore methods, photoacoustic
spectroscopy is the most sensitive. Dissolved spe-
cies concentrations of 10 mol/liter can be probed
routinely.

Raman vibrational spectroscopy. This final core
method provides molecular structure information
explicitly via the number, energy, and intensity of the
observed vibrational transitions. This method can
also be used as a “finger print” for species identifica-
tion because of the distinctive nature of the Raman
spectrum. However, of the four methods, this one is
generally the least sensitive.

Results from untreated soils. Untreated soils from
five discrete soil locations at the Fernald site have
been analyzed. Based on X-ray absorption analyses,
the uranium in the untreated samples exists princi-
pally (80-90%) in the hexavalent oxidation state
(UO,?). This result is interesting because many
source terms consisted of the tetravalent uranium
species UO,. Itis concluded that soil and groundwa-
ter chemistry are as important as the source term in
defining uranium speciation. This bulk microscopic
finding could only be obtained using X-ray absorp-
tion spectroscopy. Later investigations of these same
samples using laser-induced Iuminescence and
Raman spectroscopiescould identify the uranyl moi-
eties, principally as microcrystalline-mineral phases
of uranyl hydroxides, silicates, phosphates, and car-
bonates.
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Hexavalent uranium has a greater solubility than
uranium in other oxidation states; thus strong oxidiz-
ing agents may not be necessary as part of achemical
remediation scheme. In fact, the remediation strat-
egy based on selective chelators for UIV) was
revised in accordance with this result to incorporate
reducing agents. Therefore, remediation of soil
having a high speciation of U(VI) requires onty mild
chemical conditions and conventional extractants
such as carbonate and citrate washes. Note, however,
that this result implies that the uranium is less stable
in the soils than would be a tetravalent uranium
species. Since hexavalent uranium is potentially
more mobile, the remediation timelines are more
important. In addition, because hexavalent uranium
(as uranyl species) has a very small magnetic mo-
ment, remediation based on magnetic separation
technologies will be of limited value unless the
uranium is associated with some other paramagnetic
phase (e.g., iron oxides). In contrast, if the uranium
is primarily the tetravalent moiety (e.g., UO,), then
remediation strategies based on soil washing require
more potent complexing (iron-oxide chelators) and/
or oxidation reduction reagents to dissolve the mate-
rial.

Results from treated soils. The characterization of
treated soils from two Fernald sites has focused on
material that has undergone leaching using conven-
tional extractants or novel chelators such as Tiron.
Redox agents have also been used to facilitate the
leaching process. In general, the effective treatments
decrease the total uranium while increasing the ratio
of U(IV) to U(VI). Observation of different X-ray
absorption spectra in the A-series soils suggests that
there are several uranium species left in the soils
following treatment (rather than a single intransigent
species), and the treatment chemistry may be dictat-
ing the difference in the remnant species.

The optical luminescence data for the treated soils
demonstrate that there is a decrease in size and
probably quantity of the particulate hexavalent ura-
nium that gives rise to the green emission. In




particular, the highly structured emissive phase seen
in the untreated SP2 and SP9 soils was never seen in
treated samples. Thus, all treatment technologies do
seem to lead to a more dispersed, finer grained
contamination. Some instances of particulate green
emission still exist in these samples, and the spectral
band structure indicates that this is attributable to a
schoepite phase. An orange emissive phase is also
seen in many samples that is probably attributable to
a hexavalent species.

PROJECTED PERFORMANCE

Future work consists of testing the ISSECS methods
to other contaminants. Demonstration, Testing, and
Evaluation is being conducted on thorium-contarni-
nated soils in conjunction with Bectel, Inc. and the
EPA’s National Air and Radiation Environment
Lab.

WASTE APPLICABILITY

The principal application of the ISSECS method is
characterization and remediation performance moni-
toring in soils contaminated with radioactive and/or
toxic metals such as uranium, plutonium, and chro-
mium. The ISSECS method can also be adapted to
characterize groundwater and sludges. The key
feature of ISSECS is that it provides contaminant
speciation information.

STATUS

The technology is developed and tested for uranium
in soils. It was demonstrated at the Fernald Site.

REGULATORY CONSIDERATIONS

Thistechnology is very sensitive (spanning an analyte
concentration rarige from 1% to 100 parts-per-tril-
lion) and will therefore be useful in verifying regula-
tory compliance. This is a laboratory technology so
it will have negligible environmental impact when it
is used (other than the impact of the soil sampling).

POTENTIAL COMMERCIAL
APPLICATIONS

Although federal and state governments are the
principal customers, this technology is potentially
applicable to industries having toxic-metal (chro-
mium, etc.) or radioactive contamination in soils (or
groundwater and sludges). Possible industries in-
clude steel-production facilities, nuclear-medicine
facilities and support industries, nuclear-fuel manu-
facturers, and chemical industries.

BASELINE TECHNOLOGY

The baseline technology for contaminant speciation
includes some routine analytical approaches. The
speciation technologies currently used are electron
microscopies, X-ray spectroscopy, and X-ray dif-
fraction. In principle, these methods can provide
some contaminant speciation information, but in
actuality are limited because they cannot easily ad-
dress sample and contaminant heterogeneity over
spatial ranges from <1 micron to >1 cm.

INTELLECTUAL PROPERTY

Los Alamos National Laboratory has initiated
the patent process for this technology.




For more information, please

contact:

Center for Environmental
Management Information .
1-800-736-3282

DOE Program Manager
Mike Malone

EM-541

U.S. Department of Energy
Washington, DC 20585
(301) 903-7996

Principal Investigator
David E. Morris
Los Alamos National Laboratory
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LIGHT DUTY UTILITY ARM SYSTEM FOR
REMOTE TANK ACCESS

Westinghouse Hanford Company

DESCRIPTION

The Light Duty Utility Arm (LDUA) System pro-
vides a remotely operated, mobile system to deploy
end effectors (robotic tools) for waste tank surveil-
lance and inspection. This technology will enhance
existing capabilities that are limited to single-axis
instrument deployment. The current means for per-
forming tank inspection and waste analysis consists
of vertical deployment of cameras, sensors, and
sampling instruments through risers (openings) on
fixed supports. These systems are limited to opera-
tion directly below the tank penetration riser.

In contrast, the LDUA provides a robotic arm with
seven degrees of freedom that can position itself at
any point within a 13.5-ft radius hemisphere of the
penetrationriser. Therobotic armsystemis designed
for deployment through a 12-in diameter tank riser

andreachs to adepth of over 48-ft below the ground's
surface. The robotic arm system will be able to
maneuver and position equipment weighing 75 Ib.
The LDUA enables certain waste analysis, in-tank
surveys, and waste topography activities to be per-
formed in situ to gather data on chemical and physi-
cal properties of the waste and information on the
structural condition of the tanks. This will notreplace
laboratory analysis; however, it will provide the
capability to gather data in multiple locations within
a tank much faster than is currently possible.

The LDUA consists of various interfacesincluding a
human/machine-graphical userinterface; astandard-
ized utility-arm/end-effector interface (called the
Tool Interface Plate); and a utility-arm/tank-riser
interface for confinement. The tank deployment
process would begin by installing the tank-riser
interface, which includes a confinement enclosure.
The LDUA mast would then
be lowered into the confine-

Deployed Mast Housing 35 ft Maximu m

). Deployme nt Vehicle

Tank Riser Interface
and Confinement System

ment enclosure and an ap-
propriate end effector
installed. At this point, the

T T T —
T T T T e .
Portable - _,.—m"”' 1%} Tank Farm Fence: 11} mast would be lowered into
Generato : - B A

the tank. The robotic ma-
nipulator would be subse-
quently deployed out of the
mast to initiate the in-tank
campaign. Data would then

Overburden
6to 10 ft

Single-shell

Tank 75 ftDia, be transmitted to data acqui-
. sitionstations, analyzed, and
Overview Camera ngh.tDu ty . ? yzed,
System Utility Arm archived.
13.5-ft
Reach 42 ft(typ)
Upon completion of data
Waste  Tool Interface Plate o~ collection, the mast and arm

would be retracted out of the
tank through a decontami-

Light Duty Utility Arm System
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nation spray (apelletized carbon dioxide blastor H,O
system) that removes surface contamination from
the mast, manipulator, and end effectors. The pres-
surized spray decontamination system is mounted
just above the tank riser inside the confinement
enclosure.

The LDUA graphical user interface can be operated
by a single specially trained technician. The graphi-
cal control interface includes supervisory control of
the robotic system to ease operator fatigue. The
LDUA also provides a Quick Disconnect Tool Inter-
face Plate for operation of a variety of end effectors.
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TECHNICAL PERFORMANCE

Design. Spar Advanced Technology Systems has
been contracted to design, fabricate, and deliver the
LDUA arm and deployment systtem. The Spar
design comprises a 13.5 ft, seven degree of freedom
robotic arm mounted on a 63 ft telescoping mast.
This provides multi-directional reach to the full tank
depth. These components are transported in a sealed
mast house on a truck base, which makes the system
mobile for use in multiple tanks. The mast, arm, and
end effectors are designed for deployment through a
12-in diameter access riser. The LDUA will support
instrumentation end effectors that weigh up to 75 1bs.
As low as reasonably achievable (ALARA) prin-
ciples were applied to LDUA design to minimize
human exposure to hazardous environments. The
design includes a pelletized carbon-dioxide blast
system for high-pressure spray decontamination
during retraction. The CO, system is being devel-
oped through a Cooperative Research and Develop-
ment Agreement with Non-Destructive Cleaning,
Inc.

Laboratory Testing. Detailed reliability analysis is
part of the design verification process.

Cosfs. Start-up, operations, and maintenance costs
are currently being determined and are not available
at this time.

PROJECTED PERFORMANCE

The system is planned for cold testing in FY95 and for
a hot-testing demonstration in FY96 in the actual
radioactive waste environment of a Hanford Under-
ground Storage Tank. Detailed performance informa-
tion will be available after the cold test in FY95.

WASTE APPLICABILITY

The LDUA System technology is applicable for
remote visual inspection of underground storage
tank structural conditions. It is also applicable to
extract multiple small-waste samples in multiple
locations inside a tank. The penetration depth would
be limited to surface samples, and the depth of
penetration would depend on the waste hardness.
The robotic arm can support other chemical and
physical property instrumentation tools for in situ
waste analysis of hazardous and radioactive wastes,
provided that the total weight of the end effector
instrument is less than 75 Ibs.
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STATUS

The LDUA is currently in the design evaluation and
refinement phase of development. Hazards, oper-
ability, and regulatory studies were scheduled for
FY94. Completion of design and initiation of fabri-
cation activities are scheduled for FY95. A demon-
stration of the LDUA System is scheduled for the
final quarter of FY95. The system consists of a mix
of off-the-shelf and Office of Technology Develop-
ment-developed hardware and software. Develop-
ment of aremotely controlled complex robotic system
capable of operating in a hostile environment is part
of this effort.
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REGULATORY CONSIDERATIONS

To meet potential regulatory considerations, the
LDUA includes the pelletized carbon-dioxide blast
decontamination system and a confinement enclo-
sure mounted above the access riser. Clean Air Act
requirements are applicable to the confinement en-
closure and ventilation system. Minimal environ-
mental impacts are anticipated from the use of this
remote access technology. A detailed regulatory and
worker-safety analysis will be completed in mid-
FY95.

POTENTIAL COMMERCIAL
APPLICATIONS

Potential commercial applications are in the nuclear
power industry for Nuclear Regulatory Commission
compliance reactor safety inspections, for hot stor-
age tank and spent fuel rod inspection, and for reactor
decontamination and decommissioning.

The baseline technology is deployment of cameras,
instruments, and waste samplers through risers on fixed
supports with their operation limited to vertical-axis
motion directly below the riser.

INTELLECTUAL PROPERTY

Patents: None
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please contact:
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1-800-736-3282

DOE Program Manager
Sherry Gibson
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U.S. Department of Energy
Washington, DC 20585

(301) 903-7258
Principal Investigator
Betty A. Carteret

Westinghouse Hanford Company
P.O. Box 1970; N1-21

Richland, WA 99352

(509) 376-7331

Industrial Partners

Spar Advanced Technology Systems
Non-Destructive Cleaning
Oceaneering Space Systems
Mechanical Technology, Inc.
Perceptron, Inc.

Bristlecone Technologies, Inc.
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LONG RANGE ALPHA DETECTOR

Los Alamos National Laboratory

DESCRIPTION

The Long-Range Alpha Detector (LRAD) soil-sur-
face monitor is essentially a large, flat box whose
open end is placed on top of the soil to be measured
(Fig. 1). Inside thebox, asignal plane of eithercopper
of aluminum sheet is biased at 300 V and creates an
electric field between itself and the soil. Radiation
coming from the soil ionizes the air in the box. Ions
created above the soil are collected by the electric
field, resulting in an electrical current which is mea-
sured by the electrometer. Readings can be obtained
directly from the electrometer or from an attached
computer which averages the readings over thirty
seconds and graphically displays the results. The
entire unit, including computer, is powered in the
field by its own car battery and DC to AC inverter.

TECHNICAL PERFORMANCE

These new monitors use the LRAD technology.
Alpha radiation, which is a good indicator of ura-
nium, plutonium, and many transuranic elements, is
particularly difficult to measure using traditional
technologies. An LRAD monitor detects the ions
generated by the passage of alpha particles through
the air, rather than the alpha particles themselves. In
a soil-surface monitor, all of the ions generated over
a large area (1 m by 1 m) are collected in a single
detector. Soil with only natural background activity
gives a signal in the LRAD soil-surface monitor
twenty times higher than the intrinsic detector back-
ground. With 5% to 10% measurement precision,
the LRAD soil-surface monitors are ideally sited to
distinguish areas with natural background radiation
levels from areas with radioactive contamination.
Using such adetector, as many as 30 locations can be
monitored in a day (with a sensitivity as good as 5
dpm/100 cm?) without disturbing the soil or generat-

Detector Box

Signal Planej i Y-' Guard Plane
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o Air Ionization
\ ° 0 from Alphas

Soil with Alpha Contamination

ing waste byproducts.
Electrometer PROJECTED
to Measure
Tonization PERFORMANCE
,/ The detectors are already
m near their optimum in al-
\I/ 1 pha-detection perfor-
— mance. There is a
T low-priority effort under-
way to convert from com-
mercial electronics and
computers to cheaper,
smallerandlonger-battery-

Figure 1. Schematic of the LRAD Soil-Surface Monitor
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life custom electronics in
weatherproof cases. Three




advances - segmenting the large monitors so that
smaller hotspots can be isolated, providing simulta-
neous radon emission measurements, and integrat-
ing with other types of detectors for broaderradiation
coverage - are in the conceptual stages but have not
yet been funded.

WASTE APPLICABILITY

The soil-surface monitors are ideally suited to moni-
toring low-level widespread alpha contamination,
such as from uranium, plutonium, or thorium. Even
sites last used 20 years ago have been shown to
present measurable surface contamination.
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STATUS

Twoone-square-meter, tractor-mounted LRADsoil-
surface monitors exist. A hand-cart-mounted 50 cm
X 50 cm monitor and a handheld 25 cm x 50 cm
monitor also exist. More handheld detectors are
under construction. In the two years since the cre-
ation of the first detector in the summer of 1992, the
soil-surface monitors have been used to characterize
ten sites for six customers at three DOE facilities.
The tractor-mounted monitors have proven field
ruggedness.

POTENTIAL COMMERCIAL
APPLICATIONS

TMA/Eberline of Albuquerque, NM is the
laboratory’s technology transfer partner for this tech-
nology and will soon be ready to perform monitoring
on a commercial basis. Eberline Instruments of
Santa Fe, NM ownsexclusive licenses to the technol-
ogy and can either build detectors for users or subli-
cense the technology to other companies.

BASELINE TECHNOLOGY

The LRAD soil-surface monitoring is a cheaper and
fasteralternative to core sampling. Whilethe LRADs
do not give isotopic information, the gross alpha-
activity readings they give are often all that is neces-
sary to map contamination at a site. Handheld alpha
detectors have relatively fragile probes and are less
sensitive than the LRAD soil-surface monitors.

INTELLECTUAL PROPERTY

The University of California owns the patents on this
technology. Eberline Instruments, Santa Fe, NM,
has exclusive licenses to commercialize the technol-
ogy, but may grant sublicenses.

REGULATORY CONSIDERATIONS

The LRAD soil surface monitor is both passive and
non-intrusive. It generates no waste or by-products.

For more information, please
contact:

Center for Environmental

Management Information
1-800-736-3282
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MAGNETOMETER TOWED ARRAY

Sandia National Laboratories
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DESCRIPTION

The Magnetometer Towed Array (MTA) is a non-
intrusive system for the detection and quantification
of buried wastes. MTA, also known as the Surface
Towed Ordnance Locator System (STOLS®) was
developed by the Department of Defense with lead
engineering provided by Geo-Centers, Inc. of Bos-
ton, STOLS® was built to detect ordinance and is
being adapted to help characterize buried hazardous-
waste sites.

The vehicle-based system deploys a non-intrusive
sensor platform containing seven total-field magne-
tometers with precise satellite positioning for locat-
ing the magnetic data. These alkali-vapor
magnetometers are spaced at 0.5 meter intervals
perpendicular to the direction of travel. The magne-
tometers measure the total field strength at any given
point at a rate of twenty measurements per second.
Thisrate yields atotal density of data points 0f 70,000

data points per acre at 5 mph (1.6 data points/ft?).

The vehicle which tows the sensor platform is rug-
ged for handling the terrain variations in diverse field
conditions. Itenables the system to rapidly coverthe
survey area at an average rate of fifteen acres perday.

TECHNICAL PERFORMANCE

The strength of the Earth's natural magnetic field at
any point is determined by the sum of the Earth’s
field plus any local variations caused by the presence
of ferrous materials. To isolate the magnetic field
caused by buried ferrous objects, an eighth magne-
tometer, placed in an area close to the survey site that
is known to be free of ferrous material, is used to
measure the Earth’s magnetic field. Data from this
reference magnetometer are used to remove the
diurnal variation effects of Earth’s field from the
sensor platform data. This step leaves behind only
the variations due to local
ferrous objects.

Global Positioning

Data Aquisition Equipment System Antenna

Magnetometers

All-terrain Vehicle
(Uses Automated Navigation System)

The tow vehicle is a
Chenowth Baja dune buggy
(modified for alow magnetic
self-signature) equipped with
electronic computerized re-
cording systems.

Precise positioning data are
acquired once per second
using adifferential global po-
sitioning system. Afterinter-
polating the positioned
magnetic data to a regularly-

Magnetometer Towed Array
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spaced grid, magnetic maps




of the survey area are readily produced. On these
maps, the magnetic variations due to local ferrous
objects are readily located through the use of data
analysis software. In addition, areas missed are
clearly seen and can be located and surveyed subse-
quently. Local landmarks can be recorded and
plotted.

Displayed on a video monitor, the magnetic images
of a surveyed area provide the user interface to semi-
automated target-analysis software. Using a mouse,
the user boxes a magnetic image. The software then
performs an iterative least-squares fit to determine
the best fit of magnetic moment and depth to the
selected anomaly. The resulting output yields an
estimate of size (based on correlating magnetic mo-
ments to small, medium, or large ferrous objects),
depth, and the location in latitude/longitude state
plane or local grid coordinates (in meters). A target
report listing all targets in a given survey is printed
as well as a site map showing all targets’ and land-
mark locations in the surveyed area. Detection
depths to 6.5 m are possible, with maximum depths
being target size dependent.

Described below are three elements of the existing
STOLS® that are being or have been modified to
meettheneeds at SandiaNational Laboratories (SNL).

*  The integration of a differential Global Posi-
tioning System (GPS)-Based Locator System.
The GPS replaces the microwave-based navi-
gation position recording system, allowing po-
sitioning to sub-meter accuracy (within 0.5 min
real time) and updated at 1 Hz. This integration
is now complete.

* Improvement of interpretation algorithms to
characterize extended and clustered targets(i.e.,
trenches) which cannot be interpreted using the
single-point dipole model of the existing
STOLS® interpretation algorithms.

*  Determine the feasibility of towed-array sur-
veys utilizing other sensors (i.e., chemical and
radiation sensors). This concept is named the
Multi-Sensor Towed Array Detection System

(MTADS).

Field test of STOLS®. In FY 92, the prototype
STOLS® was used to characterize buried wastes at
three Sandia National Laboratories Landfills (Radio-
active Waste Landfill, Technical Area 2 Classified
Waste Landfill, and the Chemical Waste Landfill).
With a 0.5-m spacing between magnetometers and
each magnetometer taking 20 measurements per
second, the effective survey grid (per sensor) at 5
mphis0.12-mby 0.5-m (i.e., STOLS® maps provide
outstanding resolution). The automated nature of
STOLS® should allow characterization of more than
10 acres per day.

Field test of STOLS®. During the week of Septem-
ber 7, 1993, the commercially available STOLS®
was successfully demonstrated at the RB-11 Land-
fill. Lessthan 2 hours was required to actually survey
the 4.5 acre site. STOLS® average rate is 15 acres/
day. Among the findings were: (a) previously
unidentified, large (1-in diameter) electrical cables
buried across some of the pits at a depth of about 3
feet, (b) the collapsing trench was found to contain
almost no metal, and (c) one of the northern pits was
found to extend much further north than previously
believed.

Cost. This technology is commercially available
from Geo-Centers. Costs vary, depending on the site
access; site size; health and safety requirements; and
topographical characteristics, etc. Operations costs
are competitive with conventional technology on
larger sites and provide same-day, high-resolution
data. Cost data may be obtained from Geo-Centers,
Inc.
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PROJECTED PERFORMANCE

STOLS®is commercially available. Ongoing activi-
ties include:

*  Research of the utility of multiple sensors (e.g.,
ground conductivity, radiation detectors); and

*  Development of software algorithms to inter-
pret large extended targets (e.g., trenches filled
with waste).

WASTE APPLICABILITY

This technology is applicable for any burial site (e.g.,
landfills) that the vehicle can traverse, providing
ferrous metals were used at the burial site.

STATUS

The technology is available for commercial surveys.
Field demonstrations took place during the fourth
quarter of FY94.

REGULATORY CONSIDERATIONS

This technology is non-intrusive and passive.
STOLS® is driven across the site and measures the
Earth’s natural magnetic field. Aswithany operation
at a hazardous waste site, health and safety protocol
must be followed. No specific permits are required
to use STOLS®.
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POTENTIAL COMMERCIAL
APPLICATIONS

This technology can be used for any site needing
characterization and for buried hazardous wastes or
ordnance.

BASELINE TECHNOLOGY

Current technology requires a person to walk a grid
and take measurements by hand. The data are then
transferred to a contouring package for plotting. The
resulting plots are then visually interpreted. A typical
survey gridis S ftby 5 ft or 10 ft by 10 ft, with survey
rates of an acre or two per day. The time-consuming
nature of the survey usually prevents large areas from
being surveyed (e.g., outlying burials are missed).
Further, the coarse grid does not allow theboundaries
of burials to be adequately determined and may miss
small, isolated targets. The 1-in cable detected by
STOLS®was not found by the previous conventional
survey of RB-11.

INTELLECTUAL PROPERTY

Geo-Centers, Inc. has several patent applications in
process. This technology is being developed and
commercialized by Geo-Centers, Inc. and is com-
mercially available. U. S. Naval Research Labora-
tory and Sandia National Laboratories' work are both
public domain.

For more information, please
contact:

Center for Environmental

Management Information
1-800-736-3282




DOE Program Manager
Skip Chamberlain
EM-541

U. S. Department of Energy
Washington, DC 20585

(301) 903-7248

Principal Investigator

John R. Cochran

Sandia National Laboratories

P. O. Box 5800, Org. 6331

Albuquerque, NM 87185-1345

Phone: (505) 848-0415;(505) 848-0764 FAX

Industrial/Laboratory Partners
Jim McDonald

Code 6110

Naval Research Laboratory

Washington, DC 20375-5000

(202) 767-3340

Richard Russell
Geo-Centers, Inc.

7 Wells Avenue
Newton, MA 01824
(617) 964-7070
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MICROBIAL MONITORING

Oak Ridge National Laboratory

DESCRIPTION

Many technologies designed to remediate organic
contamination either directly depend on increasing
populations of bacteria that can degrade the com-
pounds, such as the methane injection, or lead to
increases in degradative populations as a secondary
result of nonbiological remediation, such as the
biological benefits of venting-bioventing. Microbial
monitoring is needed to demonstrate the effective-
ness of bioremediation and todemonstrate additional
bioremediation benefits fromothertechnologies (e.g.,
bioventing benefits from soil venting). The various
advanced-monitoring techniques, developed and ap-
plied, (e.g., DNA probe analysis, lipid analysis,
activity and biomass measurements) all contribute to
documenting the necessary changes in microbial
populations. In addition, these techniques permit
feedback during operation so that procedures may be
changed (e.g., changing nutrients) to increase effec-
tiveness of the remediation.

TECHNICAL PERFORMANCE

Microbial population changes were monitored in soil
and groundwater samples from the Savannah River
Site (SRS). Microbial biomass was evaluated using
measurements of colony-forming units, MPN tech-
niques for methanotroph and methylotroph popula-
tion, and PFLA analysis. Microbial activity was
assessed using the acetate-incorporation techniques
and by measurement of trichloroethylene (T'CE)
degradation in enrichments. DNA probes are used to
enumerate specific groups of bacteria such as
methanotrophs, toluene degraders, and others. Sev-
eral new probes have been developed as part of this
work.
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The monitoring hasbeen very effective in document-
ing significant changes in the microbial community
in response to the remediation. The results of this
effortindicatethat therehave been substantialchanges
in biological activity and biomass with increasingly
aggressive measures to promote TCE degradation in
the subsurface. However, there are some indications
of a leveling off or a decrease in some of these
measures as the 4% methane injection proceeds.
Thus, the data indicate the success in stimulating
TCE degrading populations in the subsurface and
now may be indicating a limitation of further in-
creases or the potential for decreases in critical
populations. Other nutrients may be becoming lim-
iting, and a further phase (methane injection with
nutrient addition) may be necessary to increase criti-
cal population levels and degradative activity fur-
ther.

Analysis can be completed in 2 days to 1 month,
depending on the techniques used.

Cost. Costs will vary with the intensity of the sam-
pling techniques used. Costs at SRS were high be-
cause of the redundancy built into the sampling that
was needed to develop the data on the reliability of
individual monitoring techniques. Costs for a more
focused effort would be lower. Sample costs vary
from less than $100 to greater than $500.
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PROJECTED PERFORMANCE

Thistechnologyisexpectedtodemonstrate the effec-
tiveness of bioremediation and give feedback during
operations to increase the effectiveness of
bioremediation technologies.




WASTE APPLICABILITY

This technology is applicable to the monitoring of
populations that can degrade organic compounds.

STATUS

Materials and equipment are off-the-shelf, except for
the DNA probes that are not commercially available.

REGULATORY CONSIDERATIONS

Ecological impacts are not anticipated from users of
this technology. The potential exists for exposure to
solvents and low-levels of radionuclides.
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POTENTIAL COMMERCIAL
APPLICATIONS

This technology has potential commercial applica-
tions at any site undergoing bioremediation.

BASELINE TECHNOLOGY

The baseline technology is mass-balance measure-
ments that are limited in monitoring critical changes
in the microbial populations.

INTELECTUAL PROPERTY

Patent Ownership: None
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For more information,

please contact:

Center for Environmental
Management Information
1-800-736-3282

DOE Program Managert
Kurt Gerdes

EM-541

U.S. Department of Energy
Washington, DC 20585
(301) 903-7289

Principal Investigator
Anthony B. Palumbo
Oak Ridge National Laboratory
P.O. Box 2008

Oak Ridge, TN 37831

(615) 576-8002

University Partners
University of Tennessee; Knoxville, TN
University of Minnesota; Minneapolis , MN
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ON-SITE ANALYSIS OF METALS IN SOILS USING
STRIPPING VOLTAMMETRY

Pacific Northwest Laboratory

DESCRIPTION

Stripping Analysis (SA) has been demonstrated in
the field to measure the concentrations of leachable
chromium (Cr), lead, calcium, copper, nickel, zinc,
and cobalt in soils and sediments. The demonstration
isbeing done at the Chemical Waste Landfill (CWL)
at Sandia National Laboratories (SNL) in Albuquer-
que, NM. Samples are taken from beneath the CWL
during drilling operations and analyzed in a portable
laboratory at the site. If successful, this technique
will allow decisions to be made in the field during
characterization and remedial activities by determin-
ing the areal and vertical extent of contamination
within hours of the sampling.

Stripping voltammetry has been used for several
decades in the laboratory. Recent advances associ-
ated with nonelectrolyte (i.e., adsorptive) pre-con-

centration schemes and the development of minia-
turized electrodes have increased the potential for
practical use of the technique in the field.

In this program, the samples are dried with a micro-
wave system and digested with a nitric acid leachate.
The resulting solution is diluted with distilled or
deionized water and analyzed by the SA technique.
Fora particular analysis, an electrode(s) is immersed
in the solution. The voltammetric response (poten-
tial change) of the adsorbed species during the strip-
pingisafunction of the concentration of the specie on
the electrode. This, in turn, is directly related to the
bulk concentration of the specie in the solution
through the adsorption isotherm.

The SA equipment uses 10 A at 120 VAC (120 W).
Ten square feet of bench space and a vent hood are
also required for operations in the field. Since a
different coating procedure
must be used on the electrode

for a particular specie, SA is
not suitable for pre-screening

Field Laboratory a site to identify the contami-
- ST nants, butitis capable of mea-
w3 | MiToeae b Vollanmey suring the concentration of
Sample Sample i select contaminants afterthey
Preparation Analysis have been identified by other
e & Chromium techniques or from a prior
Digestion Gopper knowledge.
Cadmium
\ Lead
@, Result to Field Team
TECHNICAL
PERFORMANCE
The SA system has adetection
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limit of 10%to 10" moles/l.
Concentrations of chromium




and uranium have been measured in solution to 1 ppb
in both laboratory and field testing.

The concentrations of two or three trace metals may
be measured simultaneously from a single analysis.
A four-hour test is typical for obtaining the results in
the field for 12 samples. However, the time required
for a single analysis is very test-specific. For ex-
ample, 20 to 30 minutes were required to determine
the concentrations of Cr(Ill) and Cr(VI) from asingle
sample in a field test. However, when only Cr(VI) is
measured, only eight minutes were required to mea-
sure the total concentration of chromium.

Cost. Start-up costdepends on the analytical require-
ments for the specific task. The cost for the stripping
voltammetry equipment would range from $5K for
single-element to $37K for multi-element, multi-
sampling capability. A microwave digestion unit is
approximately $12K. The operations and mainte-
nance costs are dominated by the need for two
operators, one of whom may be a technician. The
annual cost for chemicals and supplies ranges from
$1K to $2K. Life-cycle costs without labor would
vary from $20K to $50K for a single ASV system.

LR e B 0 S Y TN RO et
- TGS JTEE PR N A N ~ N ~

PROJECTED PERFORMANCE

The ASV technique has the potential to measure
trace concentrations of approximately 14 metals in
addition to those associated with the CWL as shown
in the table below. Improvements in the detection
limits for some metals may be anticipated.

Modifications to the electrodes and processes have
also resulted in demonstrated capability of measur-
ing trace levels of electroactive drugs (anti-cancer
antibiotics, cardiac glycosides, etc.) and large macro-
molecules such as insulin and ferritin.

The following table shows trace metals measured in
laboratory and field tests.

Field Tests
at CWL Laboratory Testing'?
Chromium Aluminum Technetium
(Cry (A (Tc)
Cadmium Iron Thorium
(Cay (Fe) (Th)
Copper Gold Tin
(Cu) (Au) (Sn)
Lead Molybdenum Titanium
(Pb) (Mo) (Ti)
Nickel Palladium Uranium
Ny (Pd) ()
Zinc Platinum Vanadium
(Zn)* Pt) (Va)
- Ruthenium Yttrium
(Ru) (Y)

1. Reference 4.

2. Includes metals tested in the field.
3. Measured at CWL in 1992,

4. Measured at CWL in 1993.

The ASV technique is being developed specifically
to measure trace concentrations of metals in soils and
sediments. However, it will probably be extended to
make contaminant measurements of radioactive
mixed-waste materials in the Mixed Waste Landfill
(MWL) at SNL. It could also be used to analyze the
contaminants in ground and reactor cooling water
and in rain.
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STATUS

The concentration of chromium was measured to the
1 ppb level, and the ability to distinguish between
Cr(III) and Cr(VI) was demonstrated during the field
tests in June 1992 at the CWL site. During FY 93,
the ASV technique was scheduled for extension to
the other four trace metals listed in the table. Shortly
thereafter, the technology should be ready for trans-
fer to a commercial contractor.

REGULATORY CONSIDERATIONS

Dilute (1%) nitric acid and very small amounts of
elemental mercury (50 ml) are contained in the 100
ml sample used for each analysis. Because of these
small quantities, no environmental impacts or risks
to the public are anticipated for the ASV process.

POTENTIAL COMMERCIAL
APPLICATIONS

All the equipment used for the ASV analysis is “off-
the-shelf,” and at the conclusion of the demonstra-
tion it is planned to transfer the technology for an
operational system. Thus, the ASV technique should
soon be available to the commercial sector for use in
measuring the concentration of metals in water, soils,
and sediments.

The capabilities of the ASV system could also be
extended to the metals that have been laboratory
tested and are listed in the table. Additional applica-
tions in the fields of medicine and pharmacology are
possible.

BASELINE TECHNOLOGY

The baseline technologies are acid digestion plus
inductively coupled argon plasma (ICAP) or atomic
adsorption (AA) analyses; both require the use of an
off-site laboratory. In addition to being less conve-
nient for field work than ASV, they are slower.
Furthermore, they are less sensitive. For example,
experiments with chromium indicated that the detec-
tion limit for the ICAP technique was an order of
magnitude greater than that for ASV.

INTELLECTUAL PROPERTY

Patent Ownership: None

For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282

DOE Program Manager
Skip Chamberlain
EM-541

U.S. Department of Energy
Washington, DC 20585

(301) 903-7248

Principal Investigator
Khris S. Olsen

Pacific Northwest Laboratory
P.O.Box 999

Richland, WA 99352

(509) 376-4114; FAX (509) 376-5368




Participating DOE Laboratories
Sandia National Laboratories
Albuquerque, NM 87185

University Partner
Dr. Joseph Wang
Department of Chemistry
New Mexico State University
Las Cruces, NM 88003

(505) 646-2140
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PORTABLE ACOUSTIC WAVE SENSOR

N R

Sandia National Laboratories

DESCRIPTION

The Portable Acoustic Wave Sensor (PAWS) sys-
tem is designed to provide continuous, real-time
monitoring of sites for levels of chlorinated hydro-
carbons and other volatile organic compounds
(VOCs). Prototypes have been developed for both
above-ground and down-hole applications. Future
down-hole probes may be permanently placed using
a technology such as a cone penetrometer. Down-
hole systems are presently being used with on-site
monitoring wells. Present systems monitor vapor
concentrations in air or from soil samples, while
future systems will be configured to monitor ground—
water as well.

The PAWS systems are built around surface acoustic
wave (SAW) devices coated with visco-elastic poly-
mers. Two independent responses of the SAW
sensor (wave velocity and attenuation) are measured
to provide information about the chemical species

absorbed by the coating. The changes in the wave
velocity and attenuation occur because the film coat-
ing the sensor softens and becomes heavier when it
absorbs the contaminant. Sensing is rapid and re-
versible, and coatings can be optimized for particular
chemical selectivity and sensitivity. The complete
PAWS system consists of the following: (1) two
SAW devices (a sensor and a reference); (2) RF
oscillator electronics to drive the devices; (3) digital
mterface/cornmumcatlons electronics; (4) gas-han-
dling hardware to sample the environment; and (5) a
notebook” computer to control the hardware and
display responses in real-time. For down-hole appli-
cations, a tripod and winch are used to lower the
sensor system into the well, while packers above and
below the sensing sectlon are used to isolate a region
of the monitoring well. A purge pump can be added
to extract the contaminant out of the soil for analysis.

TECHNICAL

Acoustic Wave

PERFORMANCE

The PAWS technology has

Output Transducer

Sensor Monitoring 7 St:‘,?’aﬂ;nff%ir;fe (detects Acoustic Wave) capabilities for detel'mining

— Daauci;lrlnegilon i \ i both molecular species and
—_— 1 — concentration of isolated
3 Input Transducs .I chemicals. Depending on vari-

g (creates Acoustic Wave) ous factors, the PAWS sys-

Saban ride £ Conting Sensive tems can detect and measure,
Plume = to Carbon in a continuous mode, certain
PAWS Sensor Tomehiors: A J isolated VOCs in the vapor

. phasedown to a few parts-per-

e million(ppm). Accurateanaly-

sishasbeen demonstrated with

rapid (few seconds) and re-
versibleresponses. PAWS has

Schematic of a Portable Acoustic Wave Sensor
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a wide dynamical range and




can handle high concentrations (e.g., parts per thou-
sand) observed at some sites. Although an array of
sensors is needed to characterize a mixture of chemi-
cal vapors, the PAWS systems are very accurate

when monitoring isolated species; agreement with-

baseline instruments within 2% has been obtained.
The systems maintain a very stable calibration (within
3% over 50 days) and do not require any mainte-
nance, which makes them easy to operate and main-
tain. During in situ monitoring, down-hole sensors
can be automated to provide chemical information
on the distribution and concentration of contami-
nants to site-remediation workers.

Although PAWS is faster, cheaper, and as safe as a
gas chromatograph (GC) or infrared (IR) analyzer,
for analysis of chemical mixtures, PAWS will not
provide all of the information that can currently be
acquired with a GC or IR analyzer. When used for
real-time analysis, the sensitivity is not as good as in
some of the alternative techniques. Like most of the
alternatives, calibration of PAWS is compound-
specific.

Cost. Expected cost of a single sensor system is $1K
to $2K, while cost for array systems for mixture
analysis are expected to range from $3K to $5K.
Operation of the unit requires about 1 h/wk, and
anticipated maintenance is estimated to be less than
1h/mo. Life-cycle costs will depend upon use, fre-
quency, and volume of data required.

PROJECTED PERFORMANCE

Future developments include hardware miniaturiza-
tion, development of coatings and pattern recogni-
tion for simultaneous characterization of
multiple-chemical species, decreasing in the detec-
tion levels based upon improved coatings and envi-
ronmental-sampling techniques, and the development
and evaluation of semipermeable membranes and
preconcentrators for corrosiveenvironments and soil
and groundwater analysis.

WASTE APPLICABILITY

This field-monitoring system is applicable to the
quantitative detection of volatile organic
compounds in soil, vapor, and water. Targeted con-
taminants include carbon tetrachloride (CCl,) (at
Hanford) and trichloroethylene (TCE) (at Savannah
River Site).

STATUS

PAWS prototypes for above-ground and in situ
vadose zone for a single contaminant are currently
available. Above-ground mixture analysis proto-
types based on sensor arrays will be available in 1 to
2 years.

REGULATORY CONSIDERATIONS

In some situations, the sensor may not be sensitive
enough. For example, the Occupational Safety and
Health Administration (OSHA) Permissible Expo-
sure Limit (PEL) for CCl, may be lowered to 2 ppm
(the current PAWS detection level for CCl,is 10

ppm).
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POTENTIAL COMMERCIAL
APPLICATIONS

This technology has the potential for many industrial
applications for real-time, on-line monitoring of
exhaust stacks or work-place environments. Sensors
can also be integrated into on-line process control
Systems to optimize process operations.

104




BASELINE TECHNOLOGY

Grab samples and subsequent laboratory or field
analysis with a GC or IR analyzer are the baseline

technologies.

INTELLECTUAL PROPERTY

Patent Ownership: DOE and Sandia National Labo-

ratories

Patent Nos.: 5,076,094 and 5,224,972

For more information, please

contact:

Center for Environmental
Management Information
1-800-736-3282

DOE Program Managers
Caroline Purdy

EM-531

U.S. Department of Energy
Washington, DC 20585
(301) 903-7672

David Biancosino
EM-541

U.S. Department of Energy
Washington, DC 20585
(301) 903-7961

Principal Investigator
Greg Frye

Sandia National Laboratories

P.O. Box 5800, Org. 1315, MS-0351
Albuquerque, NM 87185-0351
(505) 844-0787
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PROMPT FISSION NEUTRON LOGGING SYSTEM

RUST Geotech, Incorporated

L SRS
DESCRIPTION

The Prompt Fission Neutron (PFN) Logging System
is alsotermed Integrated Borehole Geophysical Sys-
tem for Contaminant Identification. This technology
is applied for in situ detection of fissile materials,
principally U-235 and Pu-239, in soil and rock media
surrounding the borehole. It has been reported that
PEN probes can also be used as porosity devices or
moisture gages. This technology addresses the need
for better methods to characterize subsurface
geohydraulic features, for in situ methods of charac-
terizing contaminants, and forunderstanding subsur-
face contaminant behavior.

The logging system is self-contained and operates as
a stand-alone instrument. During field operations,
the probe is lowered into a borehole and data are
collected. These data are stored digitally, processed
rudimentarily, and displayed to permit quality assur-
ance andinitial interpretation. Atalater time, thedata
are processed in detail and interpreted. To generate
PEN data, the instrument generates a short burst of
neutrons using a linear accelerator in a sealed tube
within the probe. The neutrons penetrate the soil and
rock surrounding the borehole but are slowed down
and eventually captured by other atoms. The atoms
that capture neutrons, U-235 and Pu-239 (and other
elements with comparable fission cross sections),
spontaneously undergo fission, producing additional
neutrons. These additional neutrons are counted by
a detector that is shielded so that it detects only the
energetic neutrons fromfission. The observedcount-
rate, which varies as a function of time after each
neutron burst, is related to the partial density of
fissionable elements in the soil. Epithermal neutrons
detected after 200 microseconds are from fission
reactions.
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An advantage of PEN technology is that it provides
a near-continuous profile of contaminants as a func-
tion of position along the borehole. Another advan-
tageisthatitanalyzessomethree orders of magnitude
larger volume of material than anindividual borehole
sample. Furthermore, PFN logging provides the
opportunity to repeat measurements in the same
borehole, year after year, for monitoring purposes.
PEN logging can produce in situ assay data in a

* fraction of the time it takes to submit all of the

samples from a borehole to an analytical laboratory
and obtain results. With the PEN Logging System,
the time needed to log the hole is a few hours, and
results are available instantly. On the other hand, the
PFN systemis not as sensitive in providing assays for
waste concentrations as is possible in the laboratory.

TECHNICAL PERFORMANCE

Design. The PEN probe is approximately 11-ft long
andis designed to bombard a 2-ft radius immediately
around the borehole with a burst of 14 MeV neutrons
at arepetition rate of 100/s. A 100-ft borehole could
be logged in about 3 hours. PFN logging requires a
cased borehole with a minimum inner diameter of 5
in. Vertical-direction data-point spacings are typi-
cally 0.1-0.2 ft. PFN would analyze 1,000 times
greater volume than borehole sampling. The lower
detection limit of the system is about 1 nCi/g Pu-239.
(However, some regulatory limits are in the range of

pCi/g.)

Cost. It is estimated that a cased, 100-ft deep
borehole with an uncontaminated interior could be
logged for $1,000 as part of a multiple-hole program.
(Thisiscompared to $100,000 for borehole sampling




and laboratory analysis of a 100-ft borehole with 20
samples taken at 5-ft intervals.)

PROJECTED PERFORMANCE

A field demonstration was completed in September
1993. The system performed within specifications.
Performance is not expected to improve signifi-
cantly.

" RN A N S IR I LIROR RS Lt
A AN SN SN TN REFSCIIRIIT R ANt N
i o e oY RGN T s o el W N

B

WASTE APPLICABILITY

This measurement technique is applicable for in situ
detection and quantification of fissile materials, prin-
cipally U-235 and Pu-239, in soil and rock surround-
ing a cased borehole.

STATUS

Funding for further development of this system is not
available in FY94. Further enhancements will be
made contingent on the availability of funding.

REGULATORY CONSIDERATIONS

Of concem is the potential for human exposure to
neutron bursts. Appropriate field procedures elimi-
nate this risk because no radiation is generated until
power is applied to the probe. The use of this tool in
and around aquifers would be of concern if the tool
with the neutron source were lost in the borehole and
abandoned.

POTENTIAL COMMERCIAL
APPLICATIONS

This technology could be used in mining and explo-
ration activities to log and assay potential uranium
deposits.

BASELINE TECHNOLOGY

The baseline technology is borehole sampling and
laboratory analysis. While the laboratory analysis
could detect fissile materials present in smaller con-
centrations than the PFN lower detection limit and
give a full radiologic spectrum assay, laboratory
analysis is much more expensive per datum pointand
analyzes a smaller volume per borehole. PEN log-
ging is notintended toreplace requisite sampling and
analysisbuttoreduce the amountof sampling needed.
PEN provides an in situ technique that would be
useful to provide more datum point details to a
borehole sampling program. It also provides a

relatively inexpensive method for borehole monitor-
ing.
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INTELLECTUAL PROPERTY

The Department of Energy owns the intellectual
property.
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For more information, please
contact:

Center for Environmental

Management Information
1-800-736-3282
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RAPID GEOPHYSICAL SURVEYOR

DESCRIPTION

TheRapid Geophysical Surveyor (RGS)is apassive,
nonintrusive measurement system that automates
the collection of high-spatial-resolution geophysical
data. Closely spaced data are required to adequately
characterize complex buried-waste areas commonly
found in the Department of Energy, Department of
Defense, and private sectors. The system measures
and associates the local magnetic field with precision
positioning in a systematic fashion. Variationsin the
Earth's local magnetic field are indicative of subsur-
face ferromagnetic material which is a common
component of buried wastes.

The RGS consists of magnetic-field sensors, a cali-
brated measuring wheel, and amicroprocessor-based
data logger mounted on a hand-pushed, non-ferrous
vehicle. The data logger utilizes menu-driven soft-
ware so that the key field survey parameters can be
configured by the user. The user is required to push

Idaho National Engineering Laboratory

a 20-Ib cart to collect magnetic data. Magnetic data
are automatically collected and stored at user-speci-
fied intervals as close as 2-in. apart along survey
profile lines. These data form a high-resolution
database capable of locating individual objects and
potentially determining object orientation, shape,
and depth toburial. There is no input required for this
passive system, and the output of the RGS is a set of
spatially correlated magnetic data.

TECHNICAL PERFORMANCE

Field Demonstration. The RGS was initially field
tested in September of 1992 at the Subsurface Dis-
posal Area(SDA) ontheIdaho National Engineering
Laboratory (INEL). The system functioned so well
that a production survey of the Pit 9 area within the
SDA was performed in October of 1992 with the

prototype RGS. Since then, the

RGS hasbeen used on anumber
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of sites within the INEL and for
outside agencies, including the
Department of Defense and the
Environmental Protection
Agency. The objectives of the
magnetic surveys done with the
RGS have varied in each case.
The RGS has been successfully
used to locate waste trenches

and pits, underground storage

tanks, and underground utilities.

The RGS has been used with

success in isolated areas and in
the proximity of buildings and
above-ground utilities where
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magnetic noise is a concern for
conventional magnetic instru-
ments and surveys.




The RGS has demonstrated data-collection rates of
up to 30,000 data points per hour compared to a
maximum of about 200 data points per hour for
baseline, hand-held magnetometer technologies.
Also, since the RGS automates data collection as
compared to the tedious nature of manual data-
collection techniques, errors caused by human fa-
tigue are greatly reduced, improving field efficiency
and overall accuracy. The RGS is a self-contained
unit, drawing all power from a single 12-volt, 7 amp-
hour gel cell battery that supports 8 hours of continu-
ous operation before a battery recharge is required.

Cost. Survey cost withthe RGS is proportional tosite
size and is essentially the man-hours required to
perform the survey, as the capital investment in the
equipment is very small. The initial development
cost of the RGS was $80K. Itis anticipated that the
cost of a commercial version of the RGS would be
well under $10K.
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PROJECTED PERFORMANCE

Potential RGS enhancements within the DOE com-
plex include the addition of a remote absolute posi-
tioning system that would preclude the use of the
measuring wheel to track relative distance travelled
by the RGS. A number of technologies have poten-
tial application, such as microwave interferometry,
ultrasonics, optical techniques, and global-position-
ing systems.
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WASTE APPLICABILITY

The RGS is applicable to all problems where ferro-
magnetic material is included in the waste search
target. This includes waste pits and trenches in
landfill scenarios and underwater applications. This
concept can also be expanded to include other
nonintrusive geophysical instruments such as elec-
tromagnetic devices.

STATUS

The RGS has been commercialized and is available
to the private sector as a service. The system may be
available for purchase at some time in the future,
depending on commercial demand.

REGULATORY CONSIDERATIONS

Regulatory issues are expected to be minimal. Be-
cause this is a nonintrusive characterization tech-
nique, there is no subsurface disturbance or process
waste, and little or no decontamination of equipment
is anticipated by using RGS. There are no health
hazards originating from the RGS itself; however,
exposure to hazardous materials is possible directly
from survey sites. The RGS concept sets a new
standard for geophysical surveys, and it is conceiv-
able that this new standard may be incorporated into
the EPA standard practices for environmental sur-
veys.

i\\ R A T D R /;éygs;@i
POTENTIAL COMMERCIAL
APPLICATIONS

The RGS has been commercialized. Expected com-
mercial applications for the RGS include under-
ground storage-tank detection and location,
pre-transaction real-estate environmental surveys,
underground-utility location, and industrial-site en-
vironmental surveys.
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BASELINE TECHNOLOGY

Hand-held instrumentation represents the current
method for collecting magnetic and electromagnetic
geophysical data. A hand-positioned magnetometer
system is labor-intensive to use. Incontrast, the RGS
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can perform geophysical magnetic surveys more
quickly (30 to 300 times faster) and more economi-
cally ($.25 versus $5 per datum point) than can hand-
held instruments. The RGS raises the standard for
environmental surveys by providing the ability to
collect spatially dense data sets at an affordable cost.
To date, cost has been the primary concern and
limitation when planning and budgeting environ-
mental surveys, especially in the private sector.

INTELLECTUAL PROPERTY

A patent disclosure has been made.

For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282

DOE Program Manager
Jaffer Mohiuddin
EM-542

U.S. Department of Energy
Washington, DC 20585

(301) 503-7965.

Principal Investigator
Lyle G. Roybal

EG&G Idaho, Inc.

Applied Geosciences Unit, MS 2107
P.O. Box 1625

Idaho Falls, ID 83415

(208) 526-5744
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Industrial/University Partner

None at present.
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RAPID TRANSURANIC MONITORING LABORATORY

DESCRIPTION

At the Idaho National Engineering Laboratory
(INEL), there are 2M f{t? of transuranic waste com-
mingled with 8 to 10M ft* of soil. Retrieval and
treatment of this material is one of the final disposi-
tion options being considered. The transuranic con-
taminants, such as oxides of plutonium and americium,
can become attached to small soil particles during the
excavation process or during internment because of
deterioration of the original waste containers, subsid-
ence, and backfill. Since retrieval at INEL and other
arid sites would generate considerable dust, control
of the potentially contaminated dust spread is manda-
tory, primarily because of theextremely low levels of
uptake allowed (tenths of mg.). A contamination-
control strategy involves ventilation, dust control,
naturally occurring moisture control in the soil/waste
mixture, and rapid monitoring to assess the success
of the scheme.

The Rapid Transuranic Monitoring Laboratory
(RTML) is a mobile laboratory developed at INEL
foruseincharacterizing low-level radiological source
terms at buried radioactive waste remediation sites.
The RTML consists of two separate trailers that are
powered from portable 30 and 50 kW diesel genera-
tors. One trailer houses the sample preparation
laboratory thatis equipped with a Class A fume hood,
a drying oven, sieving equipment, two analytical
balances, and sample containers. The second trailer
houses the germanium photon spectrometerequipped
with an automatic sample changer, two ionization-
chamber alpha spectrometers, and a VAX 4000-
series computer that controls operation, analyzes
spectral data acquired by the spectrometers, and
displays and generates the analysis results reports.
The RTML is also equipped with four alpha continu-
ous air monitors (CAMs). The alpha CAMs can be
operated up to 200m from the trailer.

Sample
preparation hood

Entry and
sample storage

preparation area

L/

Drying ovens

Large-area ion ch
counting system
X-ray multiple-
sample counting system
Minicomputer
Alpha Cam remote sensing hea

Sample receiving and  Loose surface-
contamination
counting area

TECHNICAL
PERFORMANCE

Airborne alpha
particles
evaluation area

During June 1993, the RTML
trailers were moved to aloca-
tion adjacent to the Cold Test
Pit (CTP) atINEL's Radioac-
tive Waste Management
Complex (RWMC). Foural-
pha CAMs were installed in-
side the tent enclosing the
CTP. Before the field dem-
onstration, 20 soil standards
containing known activities
of Z°Pu, ' Am, %Co, and/or
131Cs were prepared for the

photon and alpha spectrom-

Rapid Transuranic Monitoring Laboratory
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eters. Soil, smear, and air filter samples were col-
lected from the pit, prepared for analysis in the
sample preparation trailer, and analyzed using the
RTML photon and alpha spectrometers. Air inside
the tent enclosing the pit was monitored using the
four RTML alpha CAMs. During the field test, these
prepared blind soil standards were randomly distrib-
uted among prepared CTP soil samples before deliv-
ery to the RTML analysis trailer. Soil samples
collected from the CTP were prepared for analysisby
laboratory technicians who had no previous experi-
ence with the present sample preparation procedures.
The same individuals also became proficient in oper-
ating the photon and ionization-chamber spectrom-
eters after only one day of training. Over300samples
were analyzed by photon spectrometry, and 136
samples were analyzed by ionization chamber spec-
trometry during the field test. Seventy-nine samples
were analyzed during a 24-hour period with the
photon spectrometer. In a 5-hour period of continu-
ous work, 33 prepared samples were analyzed with
the two ionization-chamber alpha spectrometers for
an average rate of 6 samples per hour. All spectral
analyses of the photon data were performed auto-
matically with no input from the operator beyond
basic simple parameters. No positive results were
obtained for either the 143 CTP soil samples ana-
lyzed by photon spectrometry or for the 96 CTP soil
samples analyzed by ionization chamber alpha spec-
trometry. Each of the 96 analyses of the 20 blind soil
standards performed by photon spectrometry identi-
fied and quantified one or more of the four radionu-
clides present in the standards. The concentration of
Z%Pu was quantified by all photon spectrometry
analyses but two, and the concentration of ! Am was
quantified in all cases by both types of spectrometry.
Concentrations of ?°Pu measured by ionization-
chamber alpha spectrometry showed excellentagree-
ment with the known values within the statistics of
the measurements for 10-minute counts on 100-mg
samples. Of the 40 measurements made on the blind
soil standards, 33 measurements (83%) agreed with
the known values within two standard deviations of
the difference, and the remaining seven measure-

ments were within three standard deviations. The
demonstration showed that powering the RTML
withportable generators did not introduce noticeable
electrical or microphonic noise. Spectral resolution,
instrument background count rates, and lower limit
of detection (LLD) concentrations for the analytical
instruments remained the same as when the RTML
was powered from plant power. Under field condi-
tions, LLD concentrations for 2°Pu, 2 Am, ®Co, and
131Cs by both types of spectrometry, using a 15-
minute count time, were confirmed to be 40, 1, 5, and
5 pCi/g, respectively. LLD concentrations for 2°Pu
and ! Amby ionization chamber alphaspectrometry
were both 40 pCi/g for a 10-minute count.

Analyzed samples can be characterized to tens of
pCi/g for soils, smears, and filters, and to 1-DAC (a
DAC h refers to the maximum permissible concen-
tration of plutonium in air that can be measured in a
one-hour sampling time) for continuous air monitor-
ing. The RTM unit can measure isotopic plutonium
at 20 pCi/g for 15 min. counts. This rapid in-field
measurement allows up to 100 samples of soils/
filters/smears to be analyzed per day per trailer. For
an environmental restoration project such as a pit
retrieval, 100 samples per day should be adequate to
track contamination levels, thereby supplying an
essentially on-line tracking capability. A true “on-
line” tracking of Z’Pu content is presently not pos-
sible.

Cost. RTMLs can be procured for $500K. Opera-
tions and maintenance costs include four technicians
and 10% time assistance from scientists. Life-cycle
costs have not been estimated.

PROJECTED PERFORMANCE

In order to augment RTML analysis capabilities,
documentRTML instrumentation and analysis meth-
odologies, and prepare the RTML for routine use by
Environmental Management, the following work
has been recommended for FY-94:
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A Beta detector for *Sr

Alpha Spectral Analysis

Photon Spectrum Analysis Code
Peer-Reviewed Joumal Articles

Bar Code-Based Sample Analysis and Log-
ging Database Code

Software Configuration and
Management Plan

Quality Assurance/Quality Control
Program

Sample Containers for Photon Analysis
Spectrometer

Spare Equipment

WASTE APPLICABILITY

The RTM unit monitors plutonium, americium, any
alpha emitter, and the entire gamma spectrum from
X-rays to CO-60 and Cs-137 in soils, fallout cou-
pons, filters, air, and liquids.

STATUS

The RTM unit was field deployable in 1994.

REGULATORY CONSIDERATIONS

Ecological impacts are not anticipated from use of
the RTM unit. Samples for the RTM unit will be
standard health-physics wrapped and will be pre-
pared under a Class A hood.
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POTENTIAL COMMERCIAL
APPLICATIONS

Potential commercial applications include monitor-
ing of radioactive contaminated retrieval areas and
separation, processing, and storage systems. The
RTML cduld also be applied in accident mitigation.

BASELINE TECHNOLOGY

The baseline for rapid monitoring during retrieval is
“in laboratory” analysis and health-physics hand-
held instruments. Hand-held instruments can pro-
vide gross alpha measurements on surface soils at the
5,000 - 10,000 pCi/g levels in minutes. Laboratory
measurements can provide 4 samples per radio-
chemist per day at the 0.2 pCi/g level. Alpha CAMs
“off the shelf” currently provide about 80 DAC -h
sensitivities.

INTELLECTUAL PROPERTY

Patent Ownership: EG&G Idaho, Inc.

Patent Number: S-71-122, “A System to Control
Contamination During Retrieval of Buried TRU
Waste.”

A Cooperative Research and Development Agree-
ment and a licensing agreement were signed in May
1994 with Enseco, Inc. of Kirkland, WA.
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For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282

DOE Program Manag;
Jaffer Mohi i
EM-542

U.S. Department of Energy
Washington, DC 20585

(301) 903-7965

Principal Investigators
Charles V. MclIsaac, Claude W. Sill,
and

G. Robert Gehrke

EG&G Idaho, Inc.

P.O. Box 1625

Idaho Falls, ID 83415

(208) 533-4020, (208) 533-4024, and
(208) 526-4155

Industrial Parthers
Ordella; Oak Ridge, TN
Enseco; Kirkland, WA
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REMOTE CHARACTERIZATION SYSTEM

Idaho National Engineering Laboratory and
Pacific Northwest Laboratory

DESCRIPTION

The Department of Energy (DOE) has developed a
Remote Characterization System (RCS) to address
hazardous operational problems by using unmanned
vehicles and remotely controlled instruments in site
characterization surveys. The RCS, which is a
hardware system developed under the Buried Waste
Robotics Program (BWRP), includes a unique low-
signature (nonferrous) survey vehicle, a high-level
control station, a satellite-based (navigational/track-
ing) Global Positioning System (GPS), and a suite of
geophysical sensors.

trench boundaries. The targeted contaminants are
metallic and nonmetallic waste, volatile organic com-
pounds (VOC:s), radionuclides, and other constitu-
ents. Initial nonintrusive characterization of buried
waste is vital to determine the exact location of pit
and trench boundaries, hot spots, radiation levels,
and depths to the waste level and the underlying
geological layers. This RCS presents an alternative
characterization technique to allow improved data
quality through automated dataacquisition, improved
data display for interpretation, and increased safety
to personnel.

The Low-Signature Vehicle (LSV) is constructed
largely of non-metallic and nonferrous materials to
minimizeits interference with

Video Cameras

Base Station

Magnetometers

GPR Antenna

Fixed GPS Receiver

the on-board geophysical sen-
sors. The vehicle is self-pro-
pelled and guided by aremote
base station. The high-level
control station includes three
19-in. monitors that provide
stereo visual display to the
vehicle operator and key-
board- or joystick-operated
controls. The full range of
sensors to be supported by
this vehicle and its instrument
package has not yet been de-
fined, butitwillinclude ground
penetrating radar (GPR), a
metal detector, a magnetom-

Electronics
Module

Remote Characterization System

The purpose of the RCS is to deliver several geo-
physical sensors remotely to a buried-waste site on
one platform, obtain data from these sensors via a
radio-frequency telemetry link, and provide accurate
subsurface maps of the waste deposits and pit and
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eter, aninduction-type ground
conductivity sensor, and a ra-
diological sensor.

A differential, kinematic, GPS-based subsystem has
been developed as a primary means of tracking the
vehicle. The subsystem uses a fixed-reference an-
tenna and an LSV-mounted antenna. It uses signals




from four or more earth-orbiting satellites to produce
real-time position coordinates of the LSV at an
update rate of 5/s and with an absolute accuracy of
+50 cm.

TECHNICAL PERFORMANCE

Field Demonstration. A field demonstration of the
prototype RCS was performed in June 1993 at an
Idaho National Engineering Laboratory (INEL) bur-
ied-waste test site. The LSV has a 20-hp, gasoline-
powered, two-cylinder engine with an average fuel
consumption of 1 gal/hr, and there is a 12-V, 40-A
alternator mounted on the rear section of the chassis.
The vehicle has a six-wheel design with modified
skid steering such that it can turn in place; however,
in its normal operating mode, it traverses the survey
area in both the forward and reverse directions,
thereby eliminating the need to make frequent turns.
The vehicle's ground clearance is 8 in., but the
clearable obstacle height is approximately 4 in. when
the current skid-mounted GPR antenna is used. The
LSV operates at speeds of up to 6 ft/s (4 mph). The
base station requires 12-kW of electrical power to
operate the equipment and to heat or cool the van.
The GPS navigation/tracking subsystem provides
position coordinates with anaccuracy of £15 cmwith
post processing of the recorded data. The INEL
demonstration and other field tests have included the
successful operation of a ground-penetrating radar
sensor, magnetometers, an electromagnetic induc-
tionsensor [EM31], aradiation detector, and achemi-
cal sensor. At a typical site with a moderately rough
ground surface, the prototype system can perform a
site characterization survey at a rate of approxi-
mately .5 acre/hr with 100% coverage. This survey
rate can be doubled if the ground surface is smooth,
and can be substantially increased if 100% coverage
is not required.

Cost. The prototype system is valued at approxi-
mately $550K.

PROJECTED PERFORMANCE

The prototype RCS has proven the concept of a low-
signature vehicle as a remotely controlled platform
for geophysical, radiological, and chemical sensors.
An operational version of the LSV will provide a
reliable, rugged, and relatively low-cost means of
performing site characterization surveys safely, effi-
ciently, and accurately. Sensors designed for vehicle
mounting and remote operation will provide sensi-
tivity and target-detection capabilities that are equal
toorbetterthanthose of man-operated systems. New
GPS technology will provide real-time navigation/
tracking accuracy of a few centimeters. Software to
implement automated or semi-automated operation
will make the system more efficient and will permit
8-hr. survey missions.

WASTE APPLICABILITY

RCS isapplicabletometallic and nonmetallic wastes,
VOCs, radionuclides, and other types of contamina-
tion; a wide variety of sensors could be mounted on
the Remote Characterization System.

STATUS

Work is continuing in FY94 to upgrade and test
mechanical, electronic, and sensor components of
the prototype RCS. A new ground-penetrating radar
system that has been designed specifically for re-
motely controlled operations will be mounted on the
LSV. Field tests will be performed at several sites.
Transfer of this technology to private industry is
proposed for FY95.

REGULATORY CONSIDERATIONS

No environmental or ecological impacts are antici-
pated from the use of this nonintrusive survey ve-
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hicle. This characterization system is remotely oper-
ated and eliminates worker exposure to hazardous
environments.

POTENTIAL COMMERCIAL
APPLICATIONS

The potential applications are very broad. It is
proposed that this survey vehicle could be incorpo-
rated into all stages of aremedial operation. Potential
applications include remote support of domestic or
foreign hazardous and radioactive cleanup opera-
tions (e.g., buried-waste landfills, nuclear-reactor
accidents, and hazardous or physically unstable mine-
tunnel investigations), rapid property survey, terres-
trial topography, and lunar or Mars logging and
exploration.

BASELINE TECHNOLOGY

The baseline technologies are hand-held instrumen-
tation techniques. The use of remotely controlled
devices removes operators from hazardous environ-
ments and increases the speed of operations, thus
reducing overall characterization and remediation
costs.

INTELLECTUAL PROPERTY

The patent is owned by DOE and the Department of
Defense.

ey o - S PN ;e g
{‘ N N . e, o ?'?fg’v:“@f’éég

123

For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282

DOE Program Manager
Jaffer Mohiuddi

EM-542

U.S. Department of Energy
Washington, DC 20585

(301) 903-7965

Principal Investigators
Bruce Wilding
Westinghouse Idaho Nuclear Co.
P.O. Box 4000

Idaho Falls, ID 83415

(208) 526-8160

Gerald Sandness
Pacific Northwest Laboratory
Battelle Boulevard

P.O.Box 999

Richland, WA 99352

(509) 375-3808

Industrial/University Partners
None at present.
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RESONANTSONIC™ DRILLING

Westinghouse Hanford Company

DESCRIPTION

ResonantSonics* drilling is being used in the envi-
ronmental industry to drill faster, cheaper, and safer
that conventional drilling methodologies.
ResonantSonic™ is a registered service mark of the
Water Development Corporation, Woodland, Cali-
fornia. The ResonantSonics drilling method re-
quires no mud, air, or water for rapid penetration
through geologic materials ranging from rock and
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clay to sand and boulders. The specialized drill head
imparts high-frequency vibrations into a steel drill
pipe, creating a drilling action which allows the
retrieval of continuous, undisturbed cores. Anadded
benefit is that the method can be used for angle
drilling.

The ResonantSonics* drilling method uses a hydrau-
lic drill head that transmits high-frequency sinusoi-
dal pressure waves through a steel drill pipe to create
acuttingactionatthebitface. The pressure wavesare
created by counter-rotating, offset-balance roller
weights located in the sonic drill head as shown in
Figure 1. The drill head is designed to operate at
frequencies close to the natural frequency of the steel
drill column, causing the column to vibrate elasti-
cally along its longitudinal axis (see Figure 2.). Inthe
resonant condition, the drill pipe acts like a flywheel,
storing energy for its intermittent release at many
times the inputlevel. Operating frequencies exceed-
ing 150Hz and forcesrangingupto 1,112kN (250,000
Ibs-force) per cycle are reliably generated by WDC's
newly designed ResonantSonic™ drill heads.

There are several ways to perform the sonic drilling
activity. The method which yields the coolest core
and a representation of near in situ quality core is the
dual-rod approach. By coupling the sonic drill head
tothedrill pipe, the cutting action developed at the bit
face yields a continuous core of formation material
moving into the core barrel. One drill stem affixes to
the core barrel, and the other drill rod encapsulates
the core barrel. Both drill rods can be resonated
simultaneously or independently, one ahead of the
other rod, depending upon formation conditions.
ResonantSonic™ drilling proceeds in five-foot, ten-
foot, twenty-foot, or longer core runs as dictated by
sampling requirements. Once the desired amount of
core is in the barrel, the inner rod and core barrel are
removed in sections from the borehole, and the core
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isretrieved. The outer drill pipe remains in place to
support theborehole while the core isbeingremoved.

Because of the high forces developed by the resonant
drill head and the external flush nature of the drill
pipe, formation material displaced by the cutting face
of the bit is forced either into the borehole wall or into
the core barrel, resulting in no cuttings generated in
the drilling process. In order to enhance core quality,
little, if any, rotation of the drill rods is used in this
method.

TECHNICAL PERFORMANCE

Sonic drilling generally produces only the cored
sample, and holes are drilled at double the baseline
rate. Preliminary testing of sonic drilling at the
Hanford site resulted in a cost reduction of approxi-
mately 15 to 25 percent over 11 holes, even though
downtime from equipment failures was over 45
percent.

This technology has been successfully applied to
continuous coring, monitoring well construction,
and horizontal drilling activities. A demonstration of
the improved system, with feedback control and
component redesign for improved reliability and
more rapid access, is planned.

Drill Head. Depending on the size of the sonic head,
dynamic force output is 30,000 Ib at 120 Hz. Power
input ranges from 150 to 800HP. Rotational torque
ranges from 25,500 t0 40,000 in.-Ib. Rotational speed
is variable from 0-60 rpm.

Drill Rig. Vertical (90°) to horizontal (0°) drilling
capabilities are available.

Speed of Drilling. The penetration rate of the sonic
drill varies, depending on the type of formation being
cut. Speeds from 1 ft/s to 0.5 ft/min are encountered
when drilling loose to compact formations.

Formations. 1t drills any type of formation: allu-
vium, sands, clays, cobbles, boulders, bedrock, per-
mafrost, caliche, and other types of formations
including landfills. It is able to drill through metals,
garbage, tires, wood, and concrete.

Cost/Benefits. Cost studies are currently in progress.
Initial tests during 1991-92 resulted in a 20 percent
cost reduction per foot.

PROJECTED PERFORMANCE

With the refinement of the sonic head, drill pipe,
sampling tools, and core catchers, it is projected that
the downtime can be reduced to less than 10 percent,
which results in a substantial reduction in drilling
costs.
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WASTE APPLICABILITY

This technology is applicable for monitoring wells,
vadose-zone soil-gas sampling, neutron-probe pipe
installation, core sampling, and injection and extrac-
tion wells for bioremediation and/or air stripping/
vacuum extraction remediation projects. Addition-
ally, in most conditions, closed-end tubes can be
resonated into the ground to significant depths to
yield no cuttings or core and to take discrete water
samples or in situ cores.

STATUS

The ResonantSonic method has been used in the
past for projectsranging from pile driving to horizon-
tal drilling. Current programs are utilizing the tech-
nique as a valuable tool for obtaining in situ, pristine
environmental samples. In the future, this drilling
technology could be used for remote, automated
sampling at hazardous waste sites.

The ResonantSonics* technology was first devel-
oped in the 1905s by Albert Bodine, Jr. Mr. Bodine
discovered how to design and build a machine that
would generate high-frequency vibrations with very
high-force output that would not self-destruct while
passing the vibrations on to the object being reso-
nated. In the 1970s and 1980s, Hawker Siddeley,
Ltd., in Canada, made further advances to the pat-
ented drilling head and built several rigs for field
application. In the forty years since its invention,
traditional sonic drilling equipment has been under-
used, suffered reliability problems as a system, and
had difficulty being accepted in the marketplace.

The Department of Energy (DOE) Office of Tech-
nology Development (OTD) and its contractors
Westinghouse Hanford Company (Westinghouse
Hanford) and Pacific Northwest Laboratory (PNL)
and industry partner Water Development Corpora-
tion (WDC), through a cooperative research and
development agreement (CRADA), are developing

127

improvements to the ResonantSonic* drilling tech-
nology to enhance environmental cleanup efforts at
DOE sites.

REGULATORY CONSIDERATIONS

Drilling and subsurface accessregulations may vary,
depending onthe waste-site characteristics. Ecologi-
cal impacts are minimized or eliminated by the
absence of secondary waste streams. Occupational
Safety and Health Administration (OSHA) regula-
tions apply for drilling equipment operation, high
noise levels, and potential contaminant exposure.

POTENTIAL COMMERCIAL
APPLICATIONS

This technology can be applied to water well, natu-
ral-gas well, geothermal well, and oil well drilling. It
is also useful to industries that may have soil or
groundwater contamination problems. Rapid access
to the subsurface, without excess soil removal or
secondary waste streams, is economically desirable
for such industries to determine the scope of the
problem and to remediate the contamination. This
method of continuous core removal is useful for
other geologic studies and to the mining industry.

BASELINE TECHNOLOGY

This technology is compared to other baseline drill-
ing methods such as hollow-stem auger and cable-
tool methods which are commonly used for
environmental characterization at Hanford-Test. Re-
sults indicate a 3-fold increase in penetration rates.




INTELLECTUAL PROPERTY REFERENCES

U.S. Patents for Resonant Sonic Drilling technolo- 1. DOE-RL,“Technology Information Profile (rev.

gies are held by the Water Development Corporation 3), Technical Name: Sonic Drilling,” DOE
(WDC). Patent numbers are available from the tech- ProTech Database, TTP Reference Number:
nology developer, WDC. RL-421103, March 29, 1993.
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SEAMIST™ BOREHOLE INSTRUMENTATION AND
FLUID SAMPLING SYSTEM

Sandia National Laboratories
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DESCRIPTION

SEAMIST™ s an instrumentation and fluid sampler
emplacement technique designed for in situ charac-
terization and monitoring. It uses an inverting,
pneumatically deployed tubular membrane (imper-
meable material) to install sampling devices and
instruments in boreholes.

The membrane is forced into a drilled or punched
well by air pressure. The membrane descends,
everts, and presses against the hole wall, providing
wall support and the effect of a continuous packer.
After emplacement, the entire hole wall is sealed,
thus preventing ventilation of the pore space or
circulation of pore water in the well. The membrane
can be retrieved from the hole.

Monitoring instruments and pore fluid sampling
devices are placed on the outer surface of the mem-
brane, where they will be in contact with the hole
wall. The membrane iso-
lates each measurement

installation can be accomplished by filling the mem-
brane with sand after emplacement.

The membrane can be applied to perform vadose-
zone pore and fracture liquid sampling through the
useof absorbent pads. Electrical resistance measure-
ments inside the pads indicate moisture uptake. By
attaching an array of absorbent pads to the mem-
brane, high spatial resolution of the contaminant
distribution is possible.

Extraction of soil-gas samples from a hole can be
accomplished via tubes to surface sample collectors
or Getters, such as activated-charcoal absorbers, can
be attached to the membrane surface to absorb con-
taminants. A hybrid concept is to pull a gas sample
through a charcoal filter positioned at the sampling
point.

Air-permeability distribution within a soil matrix can
be measured by emplacement of a membrane with

location. Emplacement
hasbeendemonstrated for
vertical, horizontal, and
crooked or partially ob-
structed holes. Instru-
ments or samplers are not
dragged along the hole
wall at any time.

Air-Tight

Permanent installation of
the membrane is possible
by filling the membrane
with grout after emplace-
Semi-permanent

ment.

Expanded View

Membrane is é
released outward:
as tether unwinds

SEAMIST™ membrane




several gas-sampling ports. Asthe gasis pulled from
one port to the surface, its flow rate and measured
pressure response at the adjacent ports imply a local
permeability distribution.

Additional instruments can be applied, such as tem-
perature sensors, thermocouple psychrometers, and
fiber-optic sensors. Colorimetric materials can be
used for visual indications of contaminant distribu-
tion.

TECHNICAL PERFORMANCE

Tritium Plume Monitoring. Two systems installed
atLawrence Livermore National L.aboratory (LLNL)
in 1991 are tracking the movement/concentrations of
atritiated water plume (vapor and liquid-water sam-
pling) to 40-ft depths.

Carbon Tetrachloride Monitoring. Two emplace-
mentsystems with disposable membrane liners arein
use at Hanford for carbon tetrachloride plume moni-
toring.

Fracture Flow Mapping and Rate Measurement.
Membranescoated withliquid-indicatingand wicking
layers were used to map and measure brine flows
underground atthe Waste Isolation Pilot Plant (WIPP).

Tritium and VOC Sampling. The SEAMIST™
system transported vapor-sampling tubes and absor-
bent collectors 230 ft horizontally beneath an old
radioactive-waste landfill at Los Alamos National
Laboratory (LANL).

SNL Chemical Waste Landfill (CWL). The
SEAMIST™ system transported logging tools and
cameras in horizontal boreholes of up to 2301t length
and 1.75 to 4.0 in. diameters. It performed gas-
sampling and permeability measurements in two
boreholes of 11.5 in. diameter and 110 ft depth
immediately after augering in SNL’s CWL. It in-
stalled three borehole liners 110 ft long for continu-
ous soil-gas pressure monitoring.

Vapor Sampling/Permeability Measurements.
Three membranes were instrumented and installed at
SRS in July 1992 for soil-vapor, vapor-pressure, and
permeability measurements. Maximum depth was
130 ft, with ten sampling elevations per membrane.

Neutron Logging Tool Transport. The membrane
towed a 3-1b neutron moisture-logging tool in hori-
zontal boreholes at Los Alamos, New Mexico. Typi-
cally, four 4.5-in.-diameter holes (200-250 ft) were
logged in one day, with data taken every 2 ft.

Vapor Sampling. A vapor-sampling system was
installed to 90-ft depth for long-term monitoring at a
commercial site in Tucson, Arizona.

Vapor Sampling in Long Horizontal Well. A
SEAMIST™ membrane was installed in a 450-ft
long, 4-in diameter screened well emplaced under a
radiological/biological area. Seven soil-gas moni-
toring points were used to sense the presence of
Organic vapors.

Sensor Integration. Two SEAMIST™ membranes
were integrated with a variety of chemical, tempera-
ture, pressure, and hydrologic sensors in a demon-
stration at the Chemical Waste Landfill.

Contaminant Transport Monitoring. Three
SEAMIST™ membranes with vapor-sampling ports
were used with an automated soil gas pressure and
vapor-analysis system to monitor contaminant and
tracer plume movementinthe Chemical Waste Land-
fill. Both diffusion and barometric transport mecha-
nisms were monitored.

Vapor Monitoring near Radioactive Waste Land-

Jill(Los Alamos). Five vapor-sampling SEAMIST™
membranes were installed in 8-in diameter bore-
holes, 250to 3101t deep. These will provide continu-
ous monitoring of VOCs and soil-matric potential at
twelve discrete elevations per membrane.

Cost. Membrane - $500 to $10K, depending on
complexity; emplacement canisters and support
systems - $1K to $5K.
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PROJECTED PERFORMANCE

Key performance parameters are listed below, in-
cluding projections of near-term (1-3 yrs) perfor-
mance.

REGULATORY CONSIDERATIONS

Regulatory considerations are a function of where
the technology will be used, the nature of contamina-
tion, and the intended application of the technology.

WASTE APPLICABILITY

Demonstrated measurement/monitoring of soilscon-
taminated with tritium, carbon tetrachloride, and
volatile organic compounds (VOCs).
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POTENTIAL COMMERCIAL
APPLICATIONS

SEAMIST™ js commercially available for borehole
lining, liquid/vapor sampling, and permeability mea-
surements. Potential near-term applications include

Performance Parameter Demonstrated Projected
Hole Diameter (in) 1.75-11.5 1.0
Hole Vertical Depth (ft) 310 >300
Hole Horizontal Length (ft) 450 >300
Vertical Deployment Speed (ft/min) 30 30
Horizontal Deployment Speed (ft/min) 30 30
No. Vapor Sampling Points/Membrane 12 30

STATUS

* Demonstrated capability to tow logging de-
vices and cameras up to 250-ft in horizontal
boreholes.

* Performed depth-discrete soil-gas sampling
with up to 12 measurement ports, down to
310 ft.

* Blank membranes up to 500-ft long have
been employed to seal and stabilize bore-
holes.

* Membranes have served as vehicles for a
variety of chemical, temperature, matric-
potential, and pressure sensors.

H
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water sampling below the water table and large-scale
vapor-plume movement experiments/monitoring.
These applications would be useful to: the chemical,
mining, oil, and natural gas industries; Environmen-
tal Protection Agency (EPA) and Department of
Defense (DoD) cleanup operations; and various fed-
eral programs.

BASELINE TECHNOLOGY

SEAMIST™ is a new technology. It replaces the
need for ex situ soil-sample analysis and multipoint,
permanently installed vapor-sampling wells. The
membrane minimizes the likelihood of contamina-
tion release from sampling and monitoring bore-
holes.




INTELLECTUAL PROPERTY

Patent and Trademark Ownership: Eastman
Cherrington Environmental, Houston, TX; Patent
No. 5176207.
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For more information,

please contact:

Center for Environmental
Management Information
1-800-736-3282

DOE Program Manager
Skip Chamberlain

EM-541

U.S. Department of Energy
Washington, DC 20585
(301) 903-7248

Principal Investigator
Sandia National Laboratories
P.O. Box 5800, Org. 6621
Albuquerque, NM 87185-5800
(505) 844-5722

Industrial Partners

Bill Lowry

Science & Engineering Associates, Inc.
1500 Pacheco St., Suite D-1

Santa Fe, NM 87505

(505) 983-6698; FAX (505) 983-5868

For Purchase/Service:
Carl Keller

Eastman Cherrington Environmental
(505) 983-3199
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SLANT ANGLE SONIC DRILLING

DESCRIPTION

Slant Angle Sonic Drilling (SASD) is a method of
rapid access to the subsurface for installation of a
sloped well using resonant-drilling methods. A high-
power hydraulic oscillator head containing eccen-
tric, counter-rotating rollers utilizes inertia to effecta
high-frequency, sinusoidal standing-wave pattern in
the drill pipe and drill head. In addition to vibration,
the resonant drill bit also rotates, creating a very
efficient cutting action in any geologic formation.
Penetration rates are geology-dependent, but the
sonic drilling method can be used for any formation
including landfills since it affords penetration through
boulders, metals, tires, wood, and concrete. The slant
angle rig allows a well to be drilled at any angle from
vertical to nearly horizontal. A hydraulically acti-
vated pull-down mechanism advances the drill and
pipe into the formation. Below is a schematic of a
sonic drill.

Sandia National Laboratories

Various benefits arise from this drilling technique
such as rapid penetration (speed), waste minimiza-
tion, and high-quality core removal (including allu-
vial soils). The cutting action of the drill head forces
a continuous core of the formation up into the drill
string. Moreover, because of the high forces devel-
oped and the externally flushed nature of the special-
ized drill string, excess geologic material is forced
into theborehole wall. Theresult is that no additional
cuttings are generated or removed from the subsur-
face other than the continuous core. This has great
economic advantage when applied to an environ-
mental application, such as sampling below achemi-
cal-waste landfill or an application with
radioactive-soil contamination. The resonant-drill-
ing method requires little or no drilling fluids for
lubrication or cutting removal; this contributes tothe
production of a high-quality continuous core that is
useful for both geologic and contaminant analysis of
the subsurface formation.

Technology developments in

Counter-Rotating Rollers (create forces sent down drill pipe)

StandingWave
Set Up in Drill Pipe

High-Frequency
Sinusoidal Force
along Axis of
% % Drill Pipe
[ Harmonic /
|

the form of feedback control
and advanced hardware design
will improve both the speed of
this technique and its compo-
nent reliability. The advance-
ment of this technology will
include an analog or digital
feedback control circuit, as
well as laboratory and field
analysis of bit temperature, bit
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XN
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Drill Pipe - design, and downhole drill-
Note: Horizontal > -
Ao Re';zr;’:em _—Ta rod temperz.ltures. The devel
Vertical Motion of the opers are in the conceptual
. Particles of Soil and of 1 . .

Rowtingand ~ ~ / \ the Drill Pipe Bidg stages of incorporating a

Vibrating Drill Bit <} .
—— ] method of downhole steering
into thisdrilling technology to
vary thedrill angle during well

Basic Principles of a Sonic Drill drilling.
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TECHNICAL PERFORMANCE

This technology has been successfully applied to
continuous-coring, monitor well construction, and
horizontal-drilling activities. A demonstration of the
improved system, with feedback control and compo-
nentredesign for improved reliability and more rapid
access, is planned.

Drill Head. Dynamic force output is 30,000 Ibs at
120 Hz. Power input is 150 hp. Rotational torque is
25,500 in-1b; rotational speed is 60 rpm.

Drill Rig. Pull-down force is 10,000 Ib; the pull-
down rate is 100 ft/min. Angle capacity is45° to 90°
off the truck, and 5° to 45° off standing mounting
plates.

Speed of Drilling. The penetration rate of the sonic
drill varies depending on the type of formation being
cut. Speeds from 1 ft/s to 0.5 ft/min are encountered
when drilling loose to compact formations.

Formations. The sonic rig drills any type of forma-
tion: alluvium, sands, clays, cobbles, boulders, bed-
rock, permafrost, caliche, and other types of
formations including landfills. It is able to drill
through metals, garbage, tires, wood, and concrete.

Cost/Benefits. The cost is approximately $100/ft for
a cased, angled hole with continuous core. Drilling
requires little or no fluid, and no cuttings are gener-
ated, which eliminates several waste streams and
disposal costs. The result is savings of support
staffing and cost savings for management of excess
contaminated drill cuttings. There is a 95 to 100
percent core return in alluvial soil versus 60 percent
for conventional drilling. Core sizes range from 2 to
12 in. in diameter, depending on the dictates of the
drilling program.

PROJECTED PERFORMANCE

The drilling speed and component reliability are
expected to improve with the inclusion of feedback
control and component redesign.

WASTE APPLICABILITY

This technology is applicable for monitoring wells,
vadose-zone soil-gas sampling, neutron-probe pipe
installation, core sampling, and injection and extrac-
tion wells for bioremediation and/or air-stripping/
vacuum-extraction remediation projects. Addition-
ally, in most conditions, closed-end tubes can be
resonated into the ground to significant depths to
yield no cuttings or core and to take discrete water
samples or in situ cores.
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STATUS

Resonant sonic drilling has existed for over thirty
years, originating from the work of itsinventor, A. G.
Bodine. The application of this technology has been
demonstrated by various developers, including the
Water Development Corporation. Ten of the U.S.-
based sonic drillheads and rigs are operated by Water
Development Corporation. This technology is cur-
rently available, with process improvements (feed-
back control and hardware redesign) expected within
2to 3 yrs.

REGULATORY CONSIDERATIONS

Drilling and subsurface access regulations may vary
depending on the waste-site characteristics. Ecologi-
cal impacts are minimized or eliminated by the
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absence of secondary waste streams. Occupational
Safety and Health Administration (OSHA) regula-
tions apply for drilling-equipment operation, high
noise levels, and potential contaminant exposure.

POTENTIAL COMMERCIAL
APPLICATIONS

This technology can be applied to water-well, natu-
ral-gas-well, geothermal well, and oil-well drilling.
It is also useful to industries that may have soil or
groundwater contamination problems. Rapid access
to the subsurface, without excess soil removal or
secondary waste streams, is economically desirable
for such industries to determine the scope of the
problem and to remediate the contamination. This
method of continuous-core removal is useful for
other geologic studies and to the mining industry.

[

S uo B she (D
et st o

BASELINE TECHNOLOGY

This technology is compared to other conventional
drilling methods, such as hollow-stem auger and air-
and mud-rotary drill rigs that are traditionally used
for oil, gas, and river-crossing applications. Field
results demonstrate that the daily output of one sonic-
drill rig will approximate the daily continuous-core
output of three to four hollow-stem auger rigs.
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INTELLECTUAL PROPERTY
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U.S. patents for ResonantSonic drilling technologies
are held by the Water Development Corporation
(WDC). Patent numbers are available from the tech-
nology developer, WDC.
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For more information,
please contact:

Center for Environmental
Management Information
1-800-736-3282 '

DOE Program Manager
David Biancosino
EM-541

U.S. Department of Energy
Washington, DC 20585

(301) 903-7961

Principal Investigator
Jack Wise/Jerry Mercer
Sandia National Laboratories
P.O. Box 5800, Org. 6111
Albuquerque, NM 87185-1033
(505) 844-6359; (505) 845-7564
FAX (505) 844-3952

Industrial Partner

Jeff Barrow

Water Development Corporation
1202 Kentucky Avenue
Woodland, CA 95776

(916) 662-2829
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UNSATURATED FLOW APPARATUS CENTRIFUGE

Washington State University

L. KAn i

The Unsaturated Flow Apparatus (UFA™) is a labo-
ratory instrument that simulates the migration of
various compounds (e.g., volatile organic com-
pounds), microbial nutrients, and waterin the subsur-
face environment. Knowledge of the transport
properties of soils, sediments, and rocks under unsat-
urated and saturated conditions, particularly hydrau-
lic conductivity as a function of moisture content, is
required for accurate modeling of the transport of
contaminants in subsurface materials surrounding
hazardous and mixed-waste sites. Traditionally, it
has been difficult to obtain transport data on unsatur-
ated and multicomponent systems because of the
long experimental durations necessary for achieving
hydraulic steady state. The UFA™is based on open-
flow centrifugation and provides a technique in
which hydraulic steady-state can be achieved in a

Pacific Northwest Laboratory

matter of hours in most geologic materials (even at
very low water content). Therefore, the UFA™
provides the means to experimentally measure trans-
port parameters in a very short time frame under the
wide range of conditions found in the field.

The advantage of using centripetal acceleration as
the fluid-driving force is that it is a body force similar
to gravity and acts simultaneously over the entire
system and independently of other driving forces
(e.g., matrix suction). The system is the most rapid
method for obtaining transport data. The UFA™ can
address any flow-transport problem involving any
fluid in any porous media under many conditions.
The UFA™improves the predictive capabilities of
VOC migration and increases the probability of
choosing a successful restoration strategy for site-
specific conditions. The technology can also be used
for quick screening and can provide data to describe
field conditions. As an example, over 500 values of

hydraulic conductivity on

=53 ANNULAR FLUID FLOWPATH

SAMPLE CUP
tanium)

UFA Rotor and Seat Assembly
with Large Sample and
Ferromagnetic Seal Options

about 50 samples were mea-
sured in less than 6 months
using one UFA™instrument.
The data were used to extend
the understanding of subsur-
face interactions under ac-
tual field conditions at
Hanford Site for character-
ization,remediation, and pre-
dictive modeling. The
databasecouldnothavebeen

developed without using the
UFA™method.

UFA™Rotor and Seat Assembly with Large Sample

and Ferromagnetic Seal Options
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TECHNICAL PERFORMANCE

The UFA™ consists of an ultracentrifuge coupled
with a constant, ultra-low-flow-rate pump that pro-
vides any liquid to the sample surface through a
rotating seal assembly and microdispersal system.
The flow rates can be adjusted to as low as 0.001 ml/
hr. Sample accelerations up to 20,000 g are attainable
at temperatures from -20° C to 150° C. The effluent
is collected in a transparent, volumetrically cali-
brated container at the bottom of the sample assem-
bly that can be observed during centrifugation using
astrobe-light assembly. The UFA™ measures trans-
port parameters at water contents as low as a few
percent and hydraulic conductivities down to 10 10
cm/s in a few days. As an example, a silt sample
(from Hanford) accelerated to 2,000 rpm with a flow
rate of 3 ml/hr reached hydraulic steady state in two
hours at the target volumetric water content 0of 22.4%
and unsaturated conductivity of 2.5 x 107 cm/s. For
homogeneous samples run in the UFA™, moisture
distributions are uniform to within 3%. The rota-
tional speed and flow rate into the sample are chosen
to obtain the desired values of flux density, water
content,and hydraulicconductivity within the sample.

Several studies were made to compare the UFA™
methodwith otherexperimental and estimation meth-
ods for determining hydraulic conductivity. All of
the UFA™measurements were conducted in only 3
days. In comparison, direct measurements of the
hydraulic conductivity by traditional column-flow
experiments under unit-gradient conditions took ap-
proximately a year of experimental time. The second
method utilized data obtained over 13 years from a
field lysimeter. The third method was an estimation
derived by using the Campbell relationship to fit
laboratory-determined water-retention values to
matrix-potential values in order to generate the
Maulem relationship. The agreement of the UFA™
data with all three methods is excellent and demon-
strates not only the feasibility but also the time saved
by using the UFA™ method.

Cost. The present cost of the UFA™ and support
equipment is about $100K. The annual operating

and maintenance cost is $10K, including the mainte-
nance contract and sample holders. The operating
life of the system is up to 30 years.

PROJECTED PERFORMANCE

A new generation UFA™ s being developed. Soil
samples will be collected from the Hanford Site
using cable-tool drilling/split-spoon sampler tech-
nology. The soil or bedrock samples are transferred
to a specially designed titanium canister and sub-
jected to as much as 20,000 g. A rotating-seal
assembly fitted to the canister allows an ultra-low-
flow pump to deliver liquid (carbon tetrachloride in
this case) to the sample surface during centripetal
acceleration. When steady-state conditions are
reached (within a matter of hours), three transport
parameters will be evaluated; (1) hydraulic conduc-
tivity to measure permeability, (2) diffusion coeffi-
cient, and (3) breakthrough retardation. Transport
data and a compilation of data for Hanford sediments
will also be the final output elements.

Modification may need to be made for application of
this technology in radioactive environments.

WASTE APPLICABILITY

The UFA™ can address all flow transport problems
involving fluid in any porous medium under almost
every condition. This technology is applicable to
VOCs, microbial nutrients, water in the subsurface,
tank-waste sludges, fluid behavior in ceramics, and
other fluid/substrate systems.

STATUS

The UFA™ is now available commercially. The
UFA™ was developed and has been deployed in a
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number of Pacific Northwest Laboratory programs
since 1991. Improvements to the UFA™are continu-
ing.

results. UFA™ data have been shown to be in
complete agreement with data generated using tradi-
tional column experiments.

REGULATORY CONSIDERATIONS

Environmental regulations are not expected to im-
pact this technology. Proper laboratory procedures
will be followed to minimize workers’ exposure to
contaminants.

MR ST
POTENTIAL COMMERCIAL
APPLICATIONS ‘

The UFA™ supports the development of restoration
technologies such as vapor extraction (e.g., estimate
vapor-migration rates) or bioremediation (e.g., esti-
mate nutrient-delivery rates) for unsaturated soils. In
addition, the UFA™technology is a predictive tool,
that is, a “time machine” that can be used: (1) to
validate the predictive models of subsurface con-
taminant migration, and (2) to screen the perfor-
mance of various remediation technologies in the
field. The UFA™is being used to investigate tank
waste sludges.

The concrete industry has expressed interest in this
technology to test reactivity of concrete aggregate to
alkaline solutions. Extraction of pristine pore fluid
from highly unsaturated materials and highly imper-
meable materials is possible with the UFA™.,
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BASELINE TECHNOLOGY

The baseline technology is traditional column ex-
periments or in situ analysis such as lysimeter mea-
surements that require months to years to achieve
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Beckman has the intellectual property rights.
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DOE Program Manager
David Biancosino

EM-541
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X-RAY FLUORESCENCE SPECTROSCOPY

Pacific Northwest Laboratory

“

DESCRIPTION

Downhole X-ray fluorescence spectroscopy is a
method for detecting and quantifying inorganic (i.e.,
metal) contaminant concentrations in soils above the
water table using a photoelectric process. The X-ray
fluorescence (XRF) instrument is a downhole probe
consisting of an X-ray source and a photon detector.
The instrument probe is placed in a lined borehole.
The surrounding soil and the detector are then irradi-
ated with the source X-rays for a specified period of
time. The detectorreceivesacombinationof Compton
backscatter photons, as well as fluorescence photons
emitted by atoms in the soil. Real-time assays of soil
constituents can be performed when the instrument
systemis properly calibrated. Thesystemalsoincludes
an onboard analog-to-digital converter, a
multichannel analyzer, and a computer processor.
Calibration of the instrument for a particular element
and observation of the number of counts appearing in
a specific fluorescence range of the energy spectrum

results in a quantitative determination of the concen-
tration of the element in the soil. Multi-element
calibration is possible.

Fluorescence occurs when the source X-ray energyis
greater than the electron-binding energy of the K or
L shell in the target atom. The source photon collides
with the target atom and causes an electron vacancy
in, for instance, the K shell. This vacancy is filled by
a transition of an L electron into the K shell and the
emission of either a K, X-ray photon (especially in
heavy elements) or an Auger electron (especially in
light elements). The competition between the two
processes is described by the fluorescence yield. The
probability that a K, X-ray will be emitted approxi-
mates unity in high-atomic-number (Z) elements and
approaches zero in lJow-Z elements. Typically, X-ray
fluorescence is useful for elements with a Z > 20.

TECHNICAL
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PERFORMANCE

Several factors affect the
minimum detectable concen-
~ _ tration of an element. First,
the source X-ray energy must
be greater than the electron-
binding energy in the K or L
shell of the target atom. The
excitation processisincreased
when the source and fluores-
cence energies are closely

matched. Second, greater-
atomic-number elements
(higher-Z elements) have
increased probabilities of K,




(photon) emission compared to Auger electron
emission that dominates in lower-Z elements. Third,
the detector quantum efficiency depends on the
atomic numberofthe anticipated target atom. Fourth,
the energy-band resolution becomes increasingly
important to achieve signal discrimination when
neighboring elements are present in the soil media
(e.g., chromium Z=24, iron Z=26). Finally, attenua-
tion of low-energy X-rays limits the volume of soil
that can be probed, but when the element under
considerationincreases in Z, then a greater volume of
soil can be analyzed with increased accuracy. The
accuracy isdirectly related tothe minimum-detectable
contaminant-concentration level.

A field test of an XRF system was conducted at
SandiaNational Laboratories (SNL) Chemical Waste
Landfill (CWL) by Pacific Northwest Laboratories
(PNL) in 1992 and 1993. In 1992, a commercial
downhole probe manufactured by Scitec Corpora-
tion was employed for measurements of chromium
concentration in three boreholes, each 100-ftdeep, 9-
in. in diameter, and lined with high-density polyeth-
ylene material and a nylon cloth outer liner in a
landfill. While both copper and chromium were
observed, the resolution was notacceptable for waste-
characterization applications. In 1993, PNL demon-
strated a new prototype downhole XRF probe
featuring a liquid-nitrogen-cooled Si(Li) detector
and on-board signal processing electronics. In addi-
tion, both a radioactive isotope and an X-ray tube
were used as sources for excitation X-rays. The
probe was demonstrated in the same boreholes as
before, and much improved contaminant detection
capability was obtained, with chromium detectable
at around the 50- to 100- ppm level. However, the
detector resolution can still be improved.

Cost. For acommercial Scitec instrument, the cost is
estimated to be $50K.
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PROJECTED PERFORMANCE

In 1994, an instrument will be developed which will
have improved detector resolution and higher count-
rate capability. It will have a higher resolution Si(Li)
detector and will retain the on-board signal-process-
ing capability. Excitation X-rays can come from
either an X-ray tube or an isotopic source. In addi-
tion, it will be greatly reduced in size and weight. The
outside diameter will be about 1.25 in. with an overall
instrument height of about 3 ft. It is designed to
operate within a cone penetrometer. It will be
capable of analyzing any soil type, but the boreholes
must be bare or lined with thin membranes, such as
the SEAMIST™ liner.

WASTE APPLICABILITY

The XRF spectroscopy method of detection and
quantification of contamination is appropriate for
high-Z metals and all other elements where Z > 20.
The penetration thickness into the soil is limited by
X-ray attenuation for low-energy radiation. The low-
energy X-rays are likely to be used when the target
atom has a low atomic number (lower-Z). However,
when higher-Z atoms are to be detected, higher
energy X-rays will be used, and the volume of
probed/analyzed soil is increased. The applicability
of this technology is largely dependent on the desired
minimum-detectable concentration, the atomic num-
ber of the contaminant, the site characteristics (such
as high levels of a natural element with an atomic
number close to a contaminant's atomic number),
and the resolution of the detecting device.

This is a developing technology with respect to low-
concentration detection (ppm concentrations) and
lower-Zelementdetection such aschromium (Z=24).
The technology has been demonstrated on a field
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scale with good success, but some improvements are
necessary in terms of size reduction and instrument
performance.

REGULATORY CONSIDERATIONS

Compliance with the Occupational Safety and Health
Administration regulations is required for hazard-
ous-waste operations and protection of occupational
workers from ionizing radiation. In addition, permits
may be required for drilling at hazardous waste sites.

POTENTIAL COMMERCIAL
APPLICATIONS

This technology could be used to detect metallic
contamination near industrial sites. Examples would
beEnvironmental Protection Agency (EPA)-required
testing, post-closure monitoring, site investigation,
or follow-up soil analysis after structural lead-paint
stripping. XRF could also be used in experimental
situations to determine concentrations of metalsin an
aerosol or aerosol filter (radioactive spent-fuel aero-
sol experiments). In countries that have dated steel-
processing facilities (such as Poland), the soil
surrounding an industrial plant can be analyzed for
metallic contamination, specifically lead. Municipal
solid-waste processing and/or disposal facilities can
be monitored for undesirable, toxic, or hazardous
metallic waste. Other applications may include de-
contamination/decommissijoning and post-closure
monitoring forall typesof industrial sites (i.e., nuclear,
coal , diesel, natural-gas-fired power plants, decom-
missioned transformers, and others).

BASELINE TECHNOLOGY

The baseline technology for analysis of heavy metals
is conventional laboratory analysis such as induc-
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tively coupled plasma spectroscopy or atomic ab-
sorption. Each requires laboratory sample prepara-
tion and data evaluation to detect contaminants in
soil. XRF has been used previously in the mining
industry to detect soil constituents in concentrations
greater than 1 percent. The utilization of XRF in
environmental site characterization is a recent
application. XRF provides a qualitative indication of
heavy-metal content with minimal sample preparation
and data evaluation.

INTELLECTUAL PROPERTY

PNL and Scitec have entered into a Cooperative
Research and Development Agreement (CRADA)
to develop the probe. All intellectual-property rights
will be shared among the Department of Energy
(DOE), PNL., and Scitec.

For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282

DOE Program Manager
Skip Chamberlain
EM-541

U.S. Department of Energy
Washington, DC 20585

(301) 903-7248

Principal Investigator

Chester L. Shepard

Pacific Northwest Laboratory, Battelle NW
P.O. Box 999

Richland, WA, 99352

(509) 375-3675
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Bill Boyce

Scitec Corporation
200 Logston Blvd.
Richland, WA 99352
(509) 375-5000
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ADSORPTION OF BTEX USING ORGANOZEOLITES

New Mexico State University

DESCRIPTION

Use of organoclays for the adsorption of benzene,
toluene, ethyl benzene, and xylene (BTEX) has been
extensively investigatedoverthelastten years. How-
ever, use of these materials has limited application in
field conditions, where both high water permeability
and high chemical retention are desirable. Natural
zeolites offer the same cation exchange characteris-
tics found in clays. However, their rigid crystalline
structure allows their application in treatment col-
umns in a granular form. This simplified treatment
operation can even be used in remote and often
unsupervised environments found in the oil and gas
industry. Treatment of industrial and hazardous
wastes generated in refinery and production opera-
tions are considered as major candidates for this
technology. However, this technology alsoaddresses
treatment of ground and surface waters contami-
nated by leakingundergroundstoragetanks (LUSTSs)
and other petrochemical spills. Use of tailored
zeolites for the removal of BTEX, cationic, and
anionic heavy metals has been investigated in New
Mexico State University laboratories over the last
three years.

Zeolites are natural minerals that possess high cat-
ion-exchange capacities (CECs). The CEC in these
minerals can be exploited forenvironmental applica-
tions so that the natural cation on the mineral surface
(typically Na*, K*, or Ca*?)isexchanged forahazard-
ous cationic pollutant. For instance, removal of
divalent lead, copper, and other cationic heavy met-
als is possible using this technology.

Organic cations (ammonium compounds) can also
be exchanged for the natural cation on clays and
zeolites. The surface of the mineral is altered signifi-
cantly by this process (tailoring) so that the zeolite-
organic matrix behaves more closely as an organic
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adsorbent than as an inorganic silicate mineral. Ad-
sorption of neutral single-ring aromatics is greatly
enhanced by this process. Selection of the organic
tailoring agent and the mineral type are important
factors in the application of this technology.

Small organic compounds (such as tetrametyl am-
monium, TMA) form a rigid monolayer around the
mineral surface as shown in Figure 1. The intermo-
lecular space created by this tailoring process can be
exploited to selectively remove benzene from solu-
tion. This process ensures that the adsorbent is not
spent by innocuous organics but that it becomes used
to remove the targeted pollutant (benzene in this
case).

Figure 1. TMA-Zeolite Selective
Sorption Mechanism

TECHNICAL PERFORMANCE

The natural adsorption order in a non-selective ad-
sorbent, such as granular activated carbon ( GAC), is
xylenes > toluene >> benzene as shown by the
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Figure 2. Adsorption Isotherms for
GAC and TMA-Zeolite

isotherms labeled GAC in Figure 2. This sorption
order represents a major hindrance to the use of non-
selective adsorbents since the order of environmental
and regulatory concerns demands opposite perfor-
mance.

TMA-zeolite sorption is a highly selective process
that reverses the natural order of adsorption for
closely related compounds. Figure 2 shows that the
adsorption preferenceby TMA-zeolite isbenzene >>
toluene > xylenes (see isotherms labeled CH-TMA).
This performance is highly desirable in applications
where benzene is present among closely related
compounds (such as LUSTs, refinery wastes,
groundwaters, industrial-process waters and pro-
duced waters). The process optimizes adsorbent use
by targeting benzene (the most hazardous single-ring
aromatic) leaving behind closely related (and less
toxic) compounds, such as toluene and xylenes.

Application of this technology to a variety of waste-
waters may require indiscriminate removal of organ-
ics from water. Selection of an organic tailoring
agent can create an environment favorable for the
non-selective removal of soluble organics using the
same substrate support. For example, large quater-
nary amines can coat the mineral with a molecular
layer of organic material as shown in Figure 3. In
essence, this procedure converts the zeolite into a

Figure 3. HDTMA-Zeolite Non-
Selective BTEX Removal

support medium for an organic-organic extraction.
The organic layerinduces anon-selective adsorption
behavior (similar to the one described for GAC) for
the removal of all BTEX.

1t is therefore possible, by careful selection of tailor-
ing agentand zeolite substrate, toengineeranorgano-
zeolite for the removal of single-ring aromatics.
Adsorption of benzene (when using a small organic
cation) orindiscriminate removal of all BTEX (when
using a long-tail amine) from the solution are both
quite feasible. Combination of tailoring agents can
optimize adsorption of all aromatics without sacrific-
ing removal capacity for benzene.

Use of organoclays for the removal of cations and
tailored clays for the adsorption of BTEX has been
extensively investigated over the lastten years. How-
ever, use of these materials has limited application in
field conditions, where both high water permeability
and high chemical retention are desirable. Zeolites
offerthe same cation-exchange characteristics found
in clays, but due to their rigid crystalline structure,
they can be used in a granular form. This property
simplifies waste-treatment operations, even in re-
mote and often unsupervised environments found in
oil- and gas-production operations. Tailored zeolites
are therefore suitable for column adsorption pro-
cesses that are relatively easy to operate. A few
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manufacturers can provide pelletized clays. How-
ever, these materials lack the resistance to abrasion
normally found in zeolites. This property makes
zeolites particularly attractive for multiple regenera-
tion applications. Additionally, the high cost of
pelletized organoclays greatly limits their applica-
tion to a few selective conditions found in the oil and
gas industry.

Regeneration of spent zeolites is also feasible in field
conditions. Our results show that temperatures as
low as 35°C (95°F) can restore the adsorbent proper-
ties of the organo-zeolite within two days. Figure 4
shows that little adsorption capacity is lost by two
different TMA-zeolites for up to three regeneration
cycles (four adsorption uses). Minor deterioration
occurs after the fourth cycle. Actual treatment cost
estimates by a Petroleum Environmental Research
Forum participant are about $0.22/bbl when using
GAC for treatment of a groundwater contaminated
by a LUST. Our economic studies show a similar
cost after only one regeneration of a TMA-zeolite.
This cost is reduced to about $0.08/bbl if the organo-
zeolite is regenerated at least five times.

PROJECTED PERFORMANCE

Use of organozeolites is of great interest to the oil and
gas industry, where robust and simple-to-operate
treatment technologies are required. Preliminary
economic analyses indicate that treatment costs for
wastewater treatment in offshore oil-production op-
erations could be reduced by over SOpercent. Regen-
eration of spent zeolites can be accomplished by
means of heating by combustion of produced natural
gas. Field tests are scheduled through the Petroleum
Environmental Research Forum to test the technol-
ogy using refinery wastewater, produced water, and
for groundwater cleanup at a gasoline-spill site.
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Figure 4. Estimated TEXACO Treat-
ment Costs (CH-TMA)

‘WASTE APPLICABILITY

Organozeolites are useful for treatment of waters
contaminated with BTEX. This technology is par-
ticularly attractive for the treatment of complex
mixtures of hydrocarbons that require specific re-
moval of benzene to trace concentrations.

STATUS

Testing began in the Fall of 1994.

REGULATORY CONSIDERATIONS

To be evaluated during testing.




POTENTIAL COMMERCIAL
APPLICATIONS

Organozeolites can be used to treat waters contami-
nated with BTEX. These adsorbents can alsobeused
in hazardous and mixed-waste disposal facilities as
“getters” in stabilization processes. This technology
has potential for the treatment of contaminated wa-
ters using chemical barriers. This technology is
applicable to industrial and hazardous wastes gener-
ated in refinery and production operations.

BASELINE TECHNOLOGY

The baseline technology is adsorption of aromatic
compounds into organically modified zeolites.

INTELLECTUAL PROPERTY

Flexible. The PI, WERC administration, university
administration, and industrial partners work in con-
junction to discuss individual cases.

For more information, please
contact:

Principal Investigator
Fernando Cadena

Professor

Civil Engineering, Box 3CE

New Mexico State University

Las Cruces, NM 88003

(505) 646-3023 FAX (505) 646-6049

Ricardo B. Jacquez, Ph.D., PE.
Associate Director

Waste-management Education & Research Consor-
tium (WERC)

New Mexico State University

Box 30001/Dept. WERC

Las Cruces, NM 88003

(505) 646-2397 FAX (505) 646-4149

Secretary (505) 646-7821

None.
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ARC MELTER VITRIFICATION

DESCRIPTION

Arc melter vitrification is a high-temperature extrac-
tive metallurgy-based technology capable of melt-
ing soil and metals, pyrolizing or oxidizing residual
organics, melting structural metals from melted slag
(silica and metal oxides), and partitioning transu-
ranic (TRU) waste into the slag phase. Depending
upon cooling rate and composition, the slag will
consist of a glassy phase and several crystalline
phases. Suitable composition and heat treatment will
partition the TRU into a highly nonleachable, very
durable crystalline phase with a probably geological
lifetime. High-vapor-pressure metals will probably
evaporate from the melted phases and be collected in
downstream collectors for further treatment. A pro-
cess technology to recycle or immobilize the col-
lected high-vapor-pressure metals (HIVPM) will need
to be developed. Immobilization in a low-tempera-
ture final-waste-form material, such as borosilicate
glass, is a possibility.

Idaho National Engineering Laboratory

Vitrification can produce a safe and highly durable
final waste material for permanent disposal. Waste
volumes can be substantially reduced (up to 65%,
depending on waste composition). Selected clean
metals may be separable for recycling. High-tem-
perature electric-melter technology requires smaller
volume off-gas systems and can facilitate processing
of a wide range of materials with less presorting,
sizing, and separating. The base arc-melter technol-
ogy has been used for smelting of similar heteroge-
neous ores for many years, providing a related
applications experience base from which to proceed.
The glass/ceramic final waste form will likely be
suitable for disposal anywhere and may not need to
be disposed at a deep geologic repository, such as the
Waste Isolation Pilot Plant (WIPP). Further, it would
produce a much safer and more compact material to
ship.

TECHNICAL PERFORMANCE
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The glass/ceramic (crystal-
line rock) final waste form
productwill bethe mosttech-
nically effective waste-form
for long-term encapsulation
of TRU. Hazardous organ-
ics and materials capable of
hydrogen generation willbe
eliminated from the final
waste-form material. Bur-

ied wastes can be processed
essentially asreceived, along
with contaminated soils,
with minimal separations,
additives, characterization,
and pretreatment. However,

Electric Arc Melter
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feed systems will not handle
all wastes. Volume of waste




and contaminated soils will be reduced. Selected
metals may be separable for reuse.

IR A T
PROJECTED PERFORMANCE

Arc-furnace applications for pyrometallurgical pro-
cessing ofheterogeneous materials (ores) areaproven
industrial-base technology, the operation of which is
routinely accepted by the public. Proceeding to de-
sign and develop an arc-smelter system for mixed-
waste processing from a strong existing
technology-experience base should provide a better
performing and more publicly acceptable process
technology. The cost of developing and implement-
ing a melting process for the encapsulation of TRU
willbeasmall fraction of the total costof retrieval and
processing. Extensiveengineering development will
be required for the implementation of a reliable,
effective process. A pilot facility will require 3 to 5
years to examine and solve such problems as sealing,
remote maintenance, process optimization, fume
handling, and encapsulation issues.

A well designed melting process will incorporate all
the TRUs and selected metals into a durable slag and
eliminate organics. All TRU elements are expected
to be dissolved and retained in the glass/ceramic
material formed upon cooling of the molten slag.
Volume will bereduced substantially by vitrification
(two to five times, depending upon waste soil mix).
Selected clean structural metals (such asiron) maybe
reduced and tapped. All organics will be pyrolized or
combusted, and combustion will be completed in a
secondary chamber, possibly in the off-gas system.
Fume from the high-temperature melter will require
processing by the air-pollution-control system. De-
pending upon waste composition, fume may contain
acid gases, chlorides, heavy metals, and sulfides.
Collected residues from the Air Pollution Control
System will require further processing for final dis-
posal.

Buried-waste materials and soils are expected to be
processable with a minimum of separation, sizing,

and precharacterization using a soils-buffering ap-
proach to ensure a high-integrity final waste-form
material.

Existing arc-melter technology has not been de-
signed for radioactive service; therefore, modifica-
tions will be necessary for radiation-contamination
control.

Cost. The costtodevelop andbuild asystem that will
process 5 ton/h is estimated at $50-100M.

WASTE APPLICABILITY

Arc-melter vitrification is applicable to the treatment
and immobilization of TRU wastes, toxic metals,
hazardous organics in buried wastes, heterogeneous
mixed wastes, and soils.
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STATUS

Arc-melter technology exists but requires extensive
engineering development for alpha-controlled pro-
cessing and optimization.

The American Society of Mechanical Engineers
(ASME) and the U.S. Bureau of Mines (USBOM)
had been pursuing the evaluation and demonstration
of commercial arc-melter-furnace technology to the
vitrification of municipal incinerator-waste ashes.
Analysis of this effort in 1992 led to the development
of the present technical task plan to evaluate and
demonstrate application of this technology to mate-
rials typical of buried mixed wastes. A test series on
commercial-incinerator waste ash was completed in
late 1992 by the USBOM/ASME, showing generally
favorable results and identifying some problems to
be considered. These results were factored into the
test plan for the baseline series of tests for buried-
waste-representative materials in April/May 1993.
In parallel with this effort on a three-phase AC melter
system, Electropyrolisis Inc., in cooperation with
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Pacific Northwest Laboratory and Massachusetts
Institute of Technology, is evaluating a direct current
(DC) arc-melter system of somewhat different pro-
posed configuration. Integration of these projects is
in progress.

REGULATORY CONSIDERATIONS

The melter system is part of an overall treatment
system. All output materials from the process system
will either be clean and suitable for reuse or release
to the environment (meeting all environmental stan-
dards) or will be in a material form suitable for
permanent long-term disposal.

High-temperature processing carries with it inherent
hazards requiring thorough safety design and analy-
ses. Alpha-contamination control and hazardous-
materials control require further extensive safety
considerations typical of any radioactive-materials-
processing facility. Remote operation will protect
workers. Potentjal for pressurization transients, e.g.,
steam explosion or combustibles explosion, requires
thorough treatment.

APPLICATIONS

Potential commercial applications for the arc-melter-
furnace technology include vitrification of munici-
pal-incinerator-waste ashes.

BASELINE TECHNOLOGY

There is no accepted baseline technology for treat-
ment of mixed TRU-contaminated buried wastes.
Preliminary systems-design studies forburied wastes
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identified and compared the most likely treatment
options. The highest-ranked process options were
those which involved ex situ vitrification in a high-
temperature melter. Repackaging of untreated bur-
ied waste for disposal storage at WIPP (present
baseline plan for stored TRU wastes) is not a prob-
able option. Various arc-melter-furnace configura-
tions are possible. The baseline configuration for arc
melters is standard commercially available three-
phase graphite-electrode furnace technology. This
pilot test system is representative of that baseline
electric-arc-furnace configuration. A number of other
similar thermal-treatment systems are also under
development.

INTELLECTUAL PROPERTY

Patents: None.

For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282

DOE Program Manager
Jaffer Mohiuddin
EM-542

U.S. Department of Energy
Washington, DC 20585

(301) 903-7965

Principal Investigators

G.L. Anderson and A. Donaldson
EG&G Idaho, Inc.

P.0.Box 1625

Idaho Falls, ID 83415

(208) 526-4669 and (208) 526-2627
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Industrial Partners

U.S. Bureau of Mines

American Society of Mechanical Engineers
Lectromelt

Electropyrolisis, Inc.
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BIO-IMMOBILIZATION OF HEAVY METALS ™

University of New Mexico

DESCRIPTION

Bio-Immobilization of Heavy Metals (BIHM)
is a process that uses bacteria to.transform
heavy-metal ions into a chemical form that is
insoluble and less toxic. The BIHM technology
integrates microbiology, waste-water and
groundwater treatment, and environmental en-
gineering. The BIHM process can be employed
either as an in situ treatment for groundwater or
as a continuous-flow system that would be
appropriate for surface water.. BIHM could be
employed in conjunction with standard pump-
and-treat systems where the final treatment of
the contaminated site would be completed by
bioremediation activities. In certain condi-
tions, the BIHM process can be applied to
groundwaters without previous chemical treat-
ment. Of particular importance is that this
system can be used on surface water or deep
groundwater contaminated with toxic metals.
The adaptability of the BIHM system to a
variety of environmental settings indicates a

great versatility of this technology. A sche-
matic of the process is shown below.

Bacteria resistant to heavy metals are cultivated
either in situ or in a reservoir at the site. The
bacteria ‘employed are present naturally and
have not been genetically engineered. With the
interaction' of bacteria and toxic cationic or
anionic metals, granules or colloids -are pro-
duced. The Dbiologically produced
metallo-colloids are -granules of the elemental
form of the metal, insoluble heavy-metal sul-
fides, or metals bound into bacterial cellular
matrices, and all have surface properties similar
to bacteria. Therefore, flocculation and pre-
cipitation procedures that are employed in man-
agement of wastewater can be used to collect
these metallo-colloids. The insoluble
metallo-compounds generated in situ resemble
ores, and deposition of insoluble metal reduces
the concern for toxicities attributed to these
metals. . . .
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In laboratory experiments, it was determined
that bacteria present in groundwater containing
1 mM of U(VI) could be stimulated to reduce the
level of soluble U(VI) by over 80 percent within
a few weeks. Pure cultures of sulfate-reducing
and nitrate-respiring bacteria were observed to
reduce the level of U(VI) from 1 mM to <0.1mM
in only a few days. The formation of U(IV) from
U(VI) by both sulfate-reducing and
nitrate-respiring bacteria was verified by En-
ergy Dispersive X-ray Spectroscopy, as well as
by X-ray analysis associated with transmission
electron microscopy.

Bio-colloid formation with metals. The trans-
formation of selenate or selenite to elemental
selenium or the production of insoluble lead
from soluble inorganic lead has been examined
in laboratory studies. In both of these bacteri-
ally catalyzed reactions, 99.9 percent of the
toxic metal was removed from solution when
supplied at the 1 mM level. This formation of
bio-colloids of lead or selenium was accom-
plished within two days. The bacterially cata-
lyzed reaction with chromate produced cationic
chromium which was rapidly bound to the cell
walls of bacterial or fungal cells. Rates of this
chromium removal by bacterial reduction
(coupled to fungal adsorption) are being final-
ized. While the bacteria can tolerate 10 mM
lead, selenium, or chromium salts, it is envi-
sioned that the most appropriate use of this
BIHM process would be in final remediation
efforts.

PROJECTED PERFORMANCE

For uranium-mill-tailing sites in arid regions,
the bioremediation of contaminated groundwa-
ter with the formation of U(IV) would be a

desirable event. Treatment of surface streams
containing various heavy metals could occur,
provided that the design of a collection facility
for the bio-colloids would appropriately fit the
environment.

WASTE APPLICABILITY

BIHM is applicable to surface waters contain-
ing salts of heavy metals including chromate,
seleno-oxy anions, and lead. This process may
follow conventional chemical treatments to pro-
vide final removal of toxic metals from solu-
tion. Groundwater contaminated with uranium
as U(VI) may be appropriately treated with
BIHM toimmobilize the reduced-uranium prod-
ucts in the saturated zone.

STATUS

Laboratory-based demonstrations have been
conducted for ions of lead, chromium, sele-
nium, and uranium. Application of this process
at a uranium-mill-tailings site began in the Fall
of 1994.

REGULATORY CONSIDERATIONS

Appropriate permits for treatment of liquid ef-
fluents for specific contaminants must be con-
sidered, i.e., the Clean Water Act, the Resource
Conservation and Recovery Act (RCRA), and
the Comprehensive Environmental Response
Compensation and Liability Act (CERCLA).
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POTENTIAL COMMERCIAL
APPLICATIONS

Examples of some commercial applications are
streams from abandoned mines, uranium-mill-
tailing sites, agricultural waters high in sele-
nium, waste streams from ongoing chemical-
processing plants, and contaminated groundwa-
ter. The process is ideally suited for contamina-
tion attributed to selenate, selenite, lead salts,
chromate, and oxidized forms of uranium but
can be employed for numerous other toxic met-
als.
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BASELINE TECHNOLOGY

The baseline technology is electron microscopy
coupled with energy-dispersive X-ray spectroscopy
and metal analysis by atomic absorption or induc-
tive-coupled emission spectroscopy.

R ‘ A

INTELLECTUAL PROPERTY

Contact principal investigator for information on
intellectual-property rights.
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For more information, please
contact:

Principal Investigator
Larry L. Barton

Professor

Laboratory of Microbial Chemistry
Department of Biology

University of New Mexico
Albuquerque, NM 87131
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(505) 277-2537 FAX (505) 277-0304

Ricardo B. Jacquez, Ph.D., PE.
Associate Director
Waste-management Education & Research
Consortium (WERC)

New Mexico State University

Box 30001/Dept. WERC

Las Cruces, NM 88003

(505) 646-2397; (505) 646-4149 FAX
Secretary (505) 646-7821
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BIOLOGICAL DESTRUCTION OF TANK WASTE

Idaho National Engineering Laboratory

DESCRIPTION
Biological Destruction of Tank Waste (BDTW; also
known as Biodenitrification) is a separation and
volume-reduction process for supernatant and sluiced
salt-cake waste from underground storage tanks.
These wastes are usually composed of various radio-
nuclides and toxic metals in a concentrated nitrate-
salt solution. A BDTW system would be located
adjacent to storage tanks and applied to the superna-
tant and sluiced salt-cake effluents. The bacteria act
as metal and radionuclide adsorbers and also as
denitrification catalysts that reproduce themselves at
ambient temperature and pressure. Some degrada-
tion of organic contaminants may also occur during
the process.

The liquid waste flows into a biosorption/precipita-
tion tank where it is mixed with arecycle stream from
the bioreactor to a pH~ 10. Sodium carbonate and
some metals (Al, etc.) form chemical precipitates,
while other metals and radionuclides adsorb onto the
biomass (biosorption). These solids, together with
any suspended solids in the waste, are separated by
settling and filtration, washed to remove nitrate,
dried, and ashed to produce a low-volume (approxi-
mately 80 kg/m?® of waste), radioactive, biomass/
metals waste that is sent for vitrification or other
suitable disposal method. The filtrate containing the
nitrate, organics, and very low levels of metals flows
into the bioreactor, where it is mixed with acetic acid
as acarbon source for bacterial growth. The nitrate is
reduced to innocuous nitrogen gas that is released to
the atmosphere after being HEPA filtered. The
effluent from the bioreactor, after filtration, is a
concentrated solution in which nitrate has been re-
placed by bicarbonate. This waste is carefully moni-
tored (subject toregulatory approval) and evaporated
toproduce anonhazardous, non-radioactive saltwaste.
The process uses a mixed culture of natural halo-
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philic denitrifying bacteria, isolated from the Great
SaltLake and Dealth Valley, that are able to grow and
reduce nitrate at up to 4 M sodium. The high
radioactivity and metals concentration in the
biosorption/precipitation tank may kill the bacteria,
butthis does not matterbecause dead bacteriabiosorb
equally well. The removal of metals and radionu-
clides by biosorption and precipitation protects the
growing bacteria in the bioreactor from their effects.
Agitation of both tanks is provided by recyclying the
N, and CO, generated by the bacteria. Dissolved-
sodium concentration in the bioreactor is limited to ~
2 M by the solubility of bicarbonate, but precipitate
isalso present. Control of pH and salinity around the
process is accomplished by adjusting the recycle
flow rate, the venting of CO, from the process, and
the volume of wash water employed.

TECHNICAL PERFORMANCE

Design. The field-demonstration bioreactor-tank size
is about 100 m? which corresponds to a waste-
treatment rate of 2 gal/min, sufficient to treat a one
million gallon tank in one year. Atthe 2 gal/min size,
the BDTW system is transportable. Power usage is
estimated at 20 kW for pumping and agitation.

Laboratory-Scale Testing. In 1992, halophilic bac-
teria capable of operating at salt concentrations of
hundreds of grams per liter were isolated.

In 1993, a mixed culture of these bacteria was grown
in 1 I continously stirred tank bioreactors on various
simulated bioreactor feeds at salinity up to 4 M
sodium, pH up to 8.9, and temperature of 35°C.
These reactors operated as selection cultures, allow-
ing the fastest growing strains to dominate.




During 1994, the central idea of combining denitrifi-
cation with metals/radionuclide removal by
biosorption was tested by building a complete large-
laboratory-scale unit capable of treating 10 gal/day
of simulated waste.

Cost. Accurate start-up costs will not be available
until developmental experiments are complete. Op-
erational costs should be minimal because of the
nature of biological processing.
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PROJECTED PERFORMANCE

The volume and status of the biomass sludge product
depends on the metals content in the waste and the
effectiveness of biosorption (which is currently un-
der study). In most cases, the biomass product would
be a low-level radioactive waste that is ~10% of the
feed volume. In some cases, the biomass product
would be a high-level waste requiring vitrification.
The salt-solution waste will have approximately the
same volume as the feed, but the nitrate salts would
be replaced by bicarbonate.

WASTE APPLICABILITY

This biological process is applicable to the highly
saline supernantants in the underground storage tanks
of the Hanford Site, which contain various radionu-
clides, transuranic and toxic metals, and organic
materials in a concentrated sodium-nitrate solution.
The salinity of the waste is not a problem (simulant
used for development work is 6.6 M sodium), al-
though more concentrated wastes would produce
relatively more biomass sludge waste that must be
sent to vitirification. Bench-scale treatibility studies
are needed for each new tank because some may
contain high concentrations of microbial inhibitors
that cannot be removed (e.g., flouride), metals that
will not biosorb well, orinadequate concentrations of
essential microbial nutrients (e.g., Ca, PO,). Similar

supernatants at other tank farms can also be treated,
as can liquid solutions resulting from removal of salt
cake by "sluicing."

STATUS

The process has been demonstrated in the laboratory.
The technology is currently in scale-up design for a
field demonstration and is expected to be ready when
Hanford tank waste becomes available in 1997. The
possibility of using an existing storage tank as the
bioreactor is under investigation.
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REGULATORY CONSIDERATIONS

No ecological impacts are anticipated. Operation at
ambient temperature and pressure enhances worker
safety. Full secondary containment is provided to
contain leaks. Nitrogen-gas release is through high-
efficiency particulate air (HEPA) filters to prevent
anyradiationrelease. Concentrated acetic acid brought
to the site by tanker trucks is subject to Department
of Transportation regulations. The process uses only
natural bacteria; no mutant or recombinant strains are
used. Consequently, there are no biohazard issues.
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POTENTIAL COMMERCIAL
APPLICATIONS

This process is versatile and can also treat waste
streams from metals-reprocessing facilities in addi-
tion to those waste streams from nuclear-fuels-pro-
cessing and reprocessing facilities. Biosorption is a
process that has been commercialized recently for
removal of metals from dilute aqueous solutions. It is
being used to recover uranium at the Dennisor Mine
in Canada at a scale of 90,000 Ib/day.
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BASELINE TECHNOLOGY Industrial/University Partners
None at present.
The standard technology consists of ion exchange to
remove the radionuclides, followed by calcination [~~~ . T Faeee g v S A e BT T
and achromium-separation step. The demonstration
of this biological process will increase thenumberof REFERENCES
options available for treating supernatants and salt

cakes. It is likely that biological treatmentisacost- 1,  DOE-ID, “Technology Information Profile (rev.

effective alternative for volume reduction and deni- 2) for ProTech, Technology Name: BioIogical

trification of tank wastes. Destruction of Tank Wastes,” DOE ProTech
Database, TTP Reference Number: ID-121204,

LS , td July 15, 1993.

INTELLECTUAL PROPERTY { s AN RN

A patent hasbeen applied forunder the names of G.F.
Andrews and A.J. Tien that would be owned by
DOE, Idaho National Engineering Laboratory.

For more information,

please contact:

Center for Environmental
Management Information
1-800-736-3282

DOE Program Manager
Sherry Gibson

EM-542

U.S. Department of Energy
Washington, DC 20585
(301) 903-7258

Principal Investigator
Graham F. Andrews

Idaho National Engineering Laboratory
EG&G Idaho, Inc.

P.O. Box 1625

Idaho Falls, ID 83415-2203

(208) 526-0174; (208) 526-0828 FAX
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BIOREACTORS FOR BIOREMEDIATION

Westinghouse Savannah River Company

DESCRIPTION

Organic xenobiotic chemical contamination of
groundwater has become the most important pollu-
tion problem of industrialized nations of the world.
More than 15% of community drinking-water sup-
plies in the United States is contaminated with carci-
nogenic, chlorinated hydrocarbons (Craun, 1986;
Patrick et al., 1983). The major organic contaminant
of waste sites at DOE facilities is chlorinated sol-
vents. In response to this problem, bioreactors are
being developed by The Savannah River Technol-
ogy Center which utilize methanotrophic microor-
ganisms in an above-ground fermentor (bioreactor).
Methanotrophs are microbes which utilize methane
as a primary metabolite. This bioreactor technology
is based on the concept that methanotrophic bacteria
can be immobilized through adsorption in a porous
substrate (providing a high surface area) so that
contaminated groundwater or waste water can be
passed through the porous medium and be conse-
quently purified.

Methanotrophs have been demonstrated to degrade
more than 256 organic compounds and to also adsorb
metals. In particular, methanotrophs have been
isolated which effectively degrade the otherwise
recalcitrant chlorinated solvents such as trichloroet-
hylene (TCE) and tetrachloroethylene (PCE). Al-
though this class of microorganism does not degrade
TCE or PCE by direct consumption, the TCE and
PCE solvents are degraded nonetheless through an
ancillary mechanismreferred to by some researchers
as co-metabolism. The population of microorgan-
isms in the bioreactor is sustained through the injec-
tion of low concentrations of methane (<5% v/v), but
the degradation of chlorinated solvents occurs due to
a unique primary enzyme named methane
monooxygenase type I, or MMO. This powerful
oxidizer has been shown to induce the formation of
TCE-epoxide from TCE. The resultant compound,
TCE-epoxide, is extremely unstable and therefore
breaks down to simpler more degradablecompounds
like formate, etc. All the daughter compounds are
either unstable or small and easily
metabolized by the microbes in

the bioreactor.
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substrate that allows themto adsorb

and degrade the contaminants as
they pass by. The principal source

Above-Ground Methanotrophic Bioremediation
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of carbon and energy for the




bacteriais methane. Thus, methano-trophic organisms
dominate in this optimized environment.
Methanotrophs have been demonstrated to degrade
trichloroethylene completely to carbon dioxide and
chloride. The input to the bioreactor is contaminated
groundwater, methane/air, and trace amountsof phos-
phorus and nitrogen as additional nutrients. The
subsequent output is decontaminated water with
trace amounts of nutrients and bacterial biomass.

Bioreactor destruction of chlorinated hydrocarbons
in groundwater will provide a cost-effective and
moreenvironmentally acceptable method of ground-
water remediation. This has very wide application
since chlorinated hydrocarbons are the most com-
mon contaminants found in U.S. drinking water.
This bioreactor technology provides a method for
remediating groundwater not only as part of the
remediation of contaminated sites, but also for the
cleanup of waste water before discharge, and for
destroying chlorinated solvents present in the raw-
water sources that are used for community supplies.
Concerning waste abatement, this technology has
been demonstrated for hydrocarbons other than TCE
and PCE, such as toluene, xylene, and benzene.
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TECHNICAL PERFORMANCE

Laboratory-Scale Testing. Biodegradation of TCE
by methanotrophs (methane-oxidizing bacteria) has
been demonstrated in microbiological studies and in
methanotrophic laboratory-scale bioreactors. Little
et al. (1988) at Oak Ridge National Laboratory
(ORNL) isolated a mixed methanotrophic culture
from a TCE-contaminated well on the Oak Ridge
Reservation. This culture was subsequently used in
a prototype lab-scale continuous-flow bioreactor at
ORNL (Donaldson et al., 1988). Fliermans et al.
(1988) at Savannah River Laboratory isolated con-
sortia and species capable of aerobic degradation of
TCE with methane as the primary nutrient from
TCE-contaminated soil and groundwater from the
Savannah River Site (SRS). These organisms have

also been successfully used in laboratory-scale fluid-
ized-bed bioreactors to treat TCE/PCE-contaminated
groundwater (Phelps et al., 1990).

Pilot-Scale Studies. In addition to the laboratory
bioreactor studies at ORNL, the University of Ten-
nessee, and elsewhere, one pilot-scale bioreactor
system has been operated by Battelle Columbus at
Tinker AirForce Base, Oklahoma (Wickramanayake
et al., 1990). This project was funded by the Air
Force Engineering and Services Center, Tyndall Air
Force Base, Florida. This pilot-scale study demon-
strated that actual TCE-contaminated groundwater
can be treated in atrickle-bed bioreactor. The culture
used in this test was provided by ORNL. Tyndall
AFB is continuing to support development of TCE
bioreactor technology at ORNL, the University of
Tennessee, and SRS. The bioreactors used at Tinker
Air Force Base are being provided by the Air Force
for further field tests at Oak Ridge and Savannah
River. This process has proven to be very reliable in
pilot-scale systems, with unattended operation, 24
hours a day for more than 1 year. This technology is
being demonstrated at SRS. Specific results fromthe
recent SRS pilot-scale testing should be available in
the near future (FY94-95).

This technology can only achieve ppb clean-up
levels if the subsurface source is homogeneous, non-
adsorbing matrix (e.g., gravel, sand). At many sites,
this technology will be most effective as a contain-
menttechnology forcontaminated groundwater, since
it is limited by pumping of the water to the surface.
Contaminants adsorbed to the biomass and bioreactor
matrix are the only potential process wastes, and
these will probably be insignificant.

Costs. The initial capital-equipment investment is
$800K and 500 man-hours forssite preparation, setup,
and assembly. The operations and maintenance
costs are dependent on the labor costs for one techni-
cian(25% time) and electricity and natural-gas costs.
The life-cycle cost is dependent on the frequency of
sampling and type of sampling required.
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PROJECTED PERFORMANCE

Projected performance data not available.

WASTE APPLICABILITY

This technology is targeted to degrade TCE, PCE,
vinyl chloride (VC), dichloroethane (DCE),
trichloroethane (TCA), and benzene, toluene, ethyl
benzene, xylene (BTEX) as either a component of a
pump-and-treat effluent treatment or waste-water
treatment technology.

STATUS

This technology is in the pilot-scale testing phase of
development. The schedule for scale-up to full-scale
groundwater or waste-water remediation bioreactor
will be determined after pilot-scale testing results
have been analyzed (FY94-95).

]

REGULATORY CONSIDERATIONS

The basic concepts of this technology are expected to
be applicable to other sites having TCE-contami-
nated soils and water. However, the particular pro-
cess designs will be site-specific. This remediation
technology may not be compatible with some sites if
local geologic structures hinder contaminated-water
recovery via pumping, which would subsequently
hinder attainment of ppb concentrations in the aqui-
fer. In some states, this technology may require a
treatment-facility permit and an NPDES discharge
permit. Important regulatory drivers are RCRA (40
CFR 264 & 265 Subparts F& G), CERCLA (40CFR
300 1986 Amendments Section 122), and SDWA
(40 CFR 141).

POTENTIAL COMMERCIAL
APPLICATIONS

This technology is potentially applicable to indus-
tries which have groundwater-contamination prob-
lems. Specific industries include the electric utilities,
refineries, fuel-storage facilities, and manufacturing
industries which use or produce chlorinated solvents.

BASELINE TECHNOLOGY

The comparable baseline technologies include air
strippers, soil venting, and pump-and-treat technolo-
gies such as carbon adsorption from water and air
streams. The principal existing technology for
remediation of TCE-contaminated groundwater is
pumping followed by air stripping. Unsaturated
sediment contamination can only be remediated by
vapor extraction. Neither of these are TCE-destruc-
tion technologies; in both cases, the TCE is either
discharged to the atmosphere or captured on acti-
vated carbon for subsequent disposal.

Preliminary economic evaluations have shown that
while air stripping without emissions control is the
least costly technique, biodegradation will be very
competitive with air stripping with emissions con-
trol. Cost analysis of methanotrophic bioreactors
compared with air stripping combined with carbon
adsorption of the air stream and direct carbon adsorp-
tion from the water have suggested for several TCE
concentrations and flow rates thatthe methanotrophic
system would save 40% to 60% over conventional
technologies. We expect that these observations will
also be the case for in situ bioremediation of TCE
alone or in combination with bioreactors.

The principal uncertainties for this bioremediation
technology concern the rate of TCE removal/degra-
dation—how long it will take. The permeability of
the soil will influence the recovery of contaminated




the soil will influence the recovery of contaminated

water. Similarly, heterogeneities in a stratum may
cause some regions to be bypassed. For some sites,
this technology may only be used as a containment
strategy, not a cleanup strategy.
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INTELLECTUAL PROPERTY

There are no specific patents or rights to this technol-
ogy. Other intellectual property includes “biodegra-
dation of halogenated aliphatic hydrocarbons,” and
“water purification using microorganism-capable of
aerobic degradation of low molecular weight al-
kanes.” The demonstration will also use this process;
however, since the assignee for this patent is U.S.
EPA, nolicenseis necessary since DOEisalsoaU.S.
government agency.

For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282

DOE Program Manager
Kurt Gerdes

EM-541

U.S. Department of Energy
Washington, DC 20585

(301) 903-7289

Principal Investigator

Terry C. Hazen

Westinghouse Savannah River Company
Savannah River Technology Center

P.O. Box 616, Bldg. 773-42A

Aiken, SC 29802

(803) 952-7517; FAX (803) 725-7673

Industrial/University Partners

Radian, Gas Research Institute, Michigan
Biotechnical Institute, and Envirex. GRI has funded
more than $4.8 million over the last 5 years in the
Methanotrophic Treatment Program in collabora-
tion with WSRC. GRI is also supplying all of the gas
in the current demonstration. Envirex has donated
vessels, and MBI has provided scale-up tests for the
current demonstration.
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BIOREMEDIATION OF HIGH EXPLOSIVES BY PLANTS

Nitroaromatic compounds including 2,4,6-trinitro-
toluene (TNT) and dinitrotoluenes are found as soil
contaminants at bombing ranges and blast sites,
explosives-manufacturing sites,andloading and pack-
ing plants. Dinitrotoluenes are also used as interme-
diates inthe manufacture of plastics like polyurethanes
and other products derived from diisocyanates. Be-
cause of high toxicity and potential carcinogenicity,
contamination of soils and waste streams with
nitroaromatic compounds is a serious environmental
problem, particularly where the contamination of
underlying aquifers is a concern.

New Mexico State University

TECHNICAL PERFORMANCE

Plants can be used to remove nitroaromatics from
surface-contaminated soils. Initial studies with plant
cells in suspension culture showed that TNT is
removed rapidly from the nutrient medium. Concen-
trations up to 150 ppm were reduced to <1 ppm
within 24 hours by growing cultures of Datura
innoxia (Jimson weed). A more detailed investiga-
tion using radiolabeled TNT and gas chromatogra-
phy/mass spectrometry demonstrated that the TNT is
translocated across the cell wall into cultured cells of
Datura or Lycopersicon peruvianum, a wild tomato
species. In the cell, TNT is rapidly metabolized by
nitro-reduction, deamination, and oxidation of the
methyl group, resulting in a variety of biotransforma-
tion products leading to aminobenzoic acids.

After the metabolic fate

PPM in Plant Tls_sue

PPM (soll)

of TNT had been charac-
terized in plant-cell cul-
tures, the feasibility of soil
decontaminationby plant
uptake was studied under
greenhouse conditions.
Plants of D. innoxia and
L. peruvianum were
growninsoils containing
radiolabeled TNTincon-
centrations ranging from
100 to 1,000 ppm. All
plants grew well in sandy
soilscontainingupto 500
, ppm  TNT. The
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Lycopersicon plants
showed signs of slight

Figure 1. Concentration of TNT and metabolites in
plants of Lycopersicon peruvianum grown in soil con-

taining TNT.
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(750 ppm) to moderate
(1,000 ppm) phytotoxic-
ity at the highest concen-
trations, while the plants




of D. innoxia did well even in soil containing 1,000
ppm TNT. During a growth period of two weeks, all
plants concentrated radioactive material to levels
exceeding the soil concentrations up to 30-fold. At
soil concentrations up to 250 ppm, much of the
recovered labeled material was found in stems and
leaves; at the higher soil concentrations, the roots
contained most of the radioactivity. In stems and
leaves, all radioactive material consisted of TNT
metabolites. Only in the roots of plants grown in soils
containing 500 to 1,000 ppm TNT, small amounts of
unmetabolized TNT (<1% of radioactivity) were
found by HPLC analysis. At the end of the 2-week
growth period, the soils were analyzed for residual
TNT and metabolites by HPLC and radioactivity
counting. Both methods indicated that less than 10
percent of the applied total quantity remained in the
soil. It is likely that under the greenhouse conditions
of this study with high temperatures and daily irriga-
tion, part of the TNT applied to the soils was volatil-
ized or photodecomposed at the soil surface. Further
investigations under field conditions are needed to
clarify this aspect of the remediation process.

PROJECTED PERFORMANCE

The greenhouse studies have shown that higher
plants are capable of extracting TNT from soil and
breaking it down by biotransformation reactions. For
large-area surface-contamination sites such as blast-
ing areas or bombing ranges, the growth of accumu-
lator plants offers a low-cost approach to removal of
TNT (and probably other high explosives). As the
plants accumulate only TNT metabolites and not
TNT itself, there is no explosion hazard associated
with this bioremediation method.

WASTE APPLICABILITY

Direct extraction of TNT from soil by accumulator
plants such as Datura or Lycopersicon is applicable
to surface-contaminated areas only because of the
shallow root zone of these plants. By using deep-
rooted plants, the treatable zone could be extended to
adepthof several meters, butthe slow growthof such
plants may mean an unacceptably long time-frame
for the bioremediation of some sites. Pump-
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and-treat systems coupled with irrigation
(where necessary) can be used to decontami-
nate deeper soil layers by using the pumped
water to irrigate a field of accumulator plants
or sending it through a constructed wetland
filter with appropriate plant species.
Bioremediation by plants will then be fea-
sible also for industrial-contamination sites,
ammunitions loading and packing plants, and
disposal sites with deeper subsurface con-
tamination.

STATUS

Laboratory and greenhouse work for two

Figure 2. Concentration of TNT and me- plant species has been completed. Field

tabolites in Lycopersicon peruvianum
grown in soil containing TNT.

evaluationis pending. The bioremediation of
explosives in surface-contaminated soils by
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plants like Datura or Lycopersicon is ready to be
field-tested in the next growing period. Selection of
other accumulator plants and the development of
pump-and-treat systems using constructed wetland
filters will require more laboratory and greenhouse
testing,
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REGULATORY CONSIDERATIONS

Direct bioremediation of surface-contaminated sites
by accumulator plants will produce no off-gas or
contaminated run-off water. Pump-and-treat ap-
proaches can be set up as closed-loop systems which
will not produce any waste water; if under conditions
of high water production effluents are generated,
permits under the Clean Water Act (NPDES permit
or pretreatment standards) have to be considered.

Lm - T @}%
POTENTIAL COMMERCIAL
APPLICATIONS

In addition to direct applicability to contaminated
sites under the administration of the Departments of
Energy and Defense, bioremediation of soils or
liquid-waste streams containing nitro-aromatic con-
taminants would be useful for chemical industry and
for plants using nitrotoluenes as intermediates in the
manufacture of end products such as polyurethanes.
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BASELINE TECHNOLOGY

The baseline technology is bioremediation of
nitroaromatic compounds by higher plants.

[
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INTELLECTUAL PROPERTY

Flexible. The PI, WERC Administration, university
administration, and industrial partners work in con-
junction to discuss individual cases.

For more information, please
contact:

Principal Investigator
Wolfgang F. Mueller

Toxicology Program

Department of Chemistry and Biochemistry
New Mexico State University

Box 30001/Dept. 3C

Las Cruces, NM 88003-0001

(505) 646-1823 FAX (505) 646-2649

Co-Investigators
Glenn W. Bedell
Saeed Shojace
Toxicology Program

New Mexico State University

Paul J. Jackson

Los Alamos National Laboratory

Box LS-3 MS M886

Los Alamos, NM 87545

(505) 667-2775 FAX (505) 665-3024

Ricardo B. Jacquez, Ph.D., P.E.
Associate Director
Waste-management Education & Research
Consortium (WERC)

New Mexico State University

Box 30001/Dept. WERC

Las Cruces, NM 88003

(505) 646-2397 FAX (505) 646-4149

. Secretary (505) 646-7821




REFERENCES

None.

172




CHELATORS FOR APPLICATION IN RADIOACTIVE
ACTINIDE WASTE REMEDIATION

New Mexico State University

DESCRIPTION

Theoverall goal of this programis todesign, develop,
and synthesize organic chelators for the selective
removal of radioactive and highly toxic actinides
ions such as plutonium from process-waste streams
and soils. The selective removal of actinides from
large amounts of nontoxic metals would signifi-
cantly reduce the volume of waste requiring long-
term storage. Reducing the concentration of the
target metal to extremely low levels requires the use
of a chelator with a high binding strength for that ion
as well as substantial selectivity over other compet-
ing ions. The project objectives can be divided into
the following major tasks:

e Identification and synthesis of cost-effec-
tive chelators for the selective binding of
actinides in the presence of a number of
other competing metal ions expected to be
present in waste streams or soils.

»  Development of a series of polymer-sup-
ported extraction systems for the selective
removal of actinides from wastewater
streams.

»  Evaluation of the ability of these chelators
to remove actinides in a variety of relevant
situations.

Also proposed is the development of water-soluble
chelating polymers for the separation of actinides
from waters using ultrafiltration as the mode of
metal-ion separation. Such polymers have the poten-
tial to provide rapid-exchange kinetics in compari-
son to traditional ion-exchange resins due to the
homogeneity of the system. These polymers will
have a backbone that is hydrophilic and carry ligand
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moieties previously shown tobeeffective for binding
actinides.

TECHNICAL PERFORMANCE

Efficient separation methods are needed to remove

actinides from groundwater and -soils to meet in- - - - -

creasingly stringent regulatory standards. There is
also a need for methods to remove actinides (TRU
elements) selectively from other toxic and nontoxic
metal ions. New technologies must be applicable
under a wide range of conditions ranging from acid-
process waste streams to the alkaline supernates
present in storage tanks at Hanford and other DOE
sites. The removal of TRU elements from solid
wastes is also a significant problem.

The chelators being developed must, in addition to
high selectivity and binding for the target metal ion,
possess chemical stability and desirable solution
characteristics. Ideally, the sequestrated actinide can
be liberated from its ligand complex under mild
conditions ina highly concentrated form. Apartfrom
traditional insoluble polymeric supports, the devel-
opment of water-soluble chelating polymers is also
of relevance for use with ultrafiltration membranes
as a mode of metal-ion separation.

PROJECTED PERFORMANCE

A number of tetrahydroxamate chelators have been
synthesized in the laboratory which exhibit much
promise for the selective binding of actinide ions in
solution. These polyhydroxamates were chosen as
potential chelating structures based on computer
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modeling, solubility properties, and other important
features including ease of synthesis. Studies show
that some members of this class of chelators are
capable of binding plutonium strongly and selec-
tively.

BASELINE TECHNOLOGY

The baseline technology is the development of novel
and cost-effective chelators for application in radio-
active actinide waste remediation.

WASTE APPLICABILITY

This technology is applicable to radioactive-waste
management at Los Alamos National Laboratories
and other DOE facilities.

INTELLECTUAL PROPERTY

Flexible. The PI, WERC administration, university
administration, and industrial partners work in con-
junction to discuss individual cases.

STATUS

The synthesis of a number of analogs has been
completed and their evaluation has been initiated.

Promising structural features of the ligandsidentified
in the study have been incorporated into a variety of
polymeric matrices. A number of polymers have
been synthesized and are currently under evaluation.
Some of these polymers are water-insoluble while
others are water-soluble. Preliminary results clearly
indicate that this class of polymers has promise for
the remediation of actinides in waste waters.
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REGULATORY CONSIDERATIONS

The technology is yet to be field tested.
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POTENTIAL COMMERCIAL
APPLICATIONS

The technology has potential for the cleanup of
radioactive toxic waste in a variety of situations.

For more information, please
contact:

Principal Investigator
Amudhu Gopalan

Assistant Professor

Department of Chemistry and Biochemistry
New Mexico State University

Box 3C

Las Cruces, NM 88003

(505) 646-2589 FAX (505) 646-2649
email: agopalan@praseo.nmsu.edu

Dx. Gordon Jarvinen

Dr. Paul Smith

Los Alamos National Laboratory

Los Alamos, NM 87545

(505) 665-0822 FAX (505) 665-1780
(505) 667-1604 FAX (505) 665-3688
email: gjarvinen@Ilanl.gov

email: psmith@lanl.gov
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Waste-management Education & Research Consor- ration of Some Polyhydroxamic Acids: Michael
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New Mexico State University Derivatives," Tetrahedron] ett., 1994, (inpress).

Box 30001/Dept. WERC

Las Cruces, NM 88003

(505) 646-2397 FAX (505) 646-4149
Secretary (505) 646-7821
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COMPACT PROCESSING UNITS FOR
RADIOACTIVE WASTE TREATMENT

Pacific Northwest Laboratory and Savannah River Laboratory

DESCRIPTION

Compact Processing Units (CPUs), or “Modular
Waste Treatment Units,” are relatively small mobile
equipment modules that would be located near the
waste-storage tanks or in a conveniently located
diversion box in the Hanford waste-transfer system.
They performunitchemical-process operations. The
CPUsallow rapid deployment of technologies for the
treatment of radioactive wastes in underground stor-
age tanks. The modules would be manufactured off-
site by commercial vendors and moved into place
using trucks or special transports. The CPU is
designed to permit relocation using a construction
crane and a transport trailer. The concept of having
standardized modules is based on the notion that
various radioactive-waste-treatment subsystems
could be standardized to match the CPU hardware
package, leading to more rapid, cost-effective de-
ployment. The cost benefits are realized even when
multiple units are deployed to achieve greater pro-

cessing rates. The modular design concept will also
allow for reuse of CPU components for different unit
processes or process deployments. The CPU con-
sists of four major subsystems: the containment
system (safety), the process system (e.g., ion ex-
changers), the control system, and the process-inter-
face subsystem (which includes solid/liquid
separations and waste-stream routing).

The ion-exchange CPU will pump undiluted liquid
tank waste from an underground storage tank or
receive liquid waste from a waste-retrieval system
for treatment. The CPU will filter this waste to
remove solids. The solids removed will be trans-
ferred to a holding tank for further analysis and
processing. The filtered tank waste will be adjusted
to optimize the waste composition and temperature
for maximum efficiency of the ion-exchange pro-
cess. The waste will then be pumped through three
ion-exchange columns in series to remove the ce-
sium from the waste. The waste will be returned to
the tank farms after the ce-
sium is removed. The ion-ex-

Operations
Trailer,

Double-shell
Tank 75-ft
Inside Diameter

Compact Processing Unit

Diversion Processing

change columns will use a
new formaldehyde resorcinol
ion-exchange resin formula-
tion developed at Savannah
RiverLaboratory. The loaded
ion-exchange resin will be re-
generated, using nitric acid to
removethecesium. Thishigh-
concentration cesium waste
will be neutralized and trans-
ferred to the tank farms as a
waste-feed stream for the vit-
rification process. The waste
stream with the cesium re-
moved will be suitable for dis-

Compact

Box Unit

Compact Processing Unit
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TECHNICAL PERFORMANCE

Design Specifications. The CPU is a compéct
volume approximating a cube with 15-ft sides. The
process flow rates are restricted by the size of equip-
ment that can fit into a CPU module. The CPU is
designed to process tank waste at up to 19 I/min (5
gpm) with an average rate of 9.5 I/min (2.5 gpm).
Staffing of the unit for continuous operation is ex-
pected to require 18 operators, 12 engineers, and 6
support personnel.

Feasibility Study. In FY92, Westinghouse Hanford
Company (WHC) investigated the practicality of
using CPUs as an alternative to acentralized pretreat-
ment facility. This investigation consisted of devel-
oping the concept to sufficient detail that a cost
estimate for deployment could be made.

Cost. Thecostestimate performed by WHC showed
that deployment of a group of CPUs as areplacement
for the initial pretreatment system could result in a
capital cost savings of $300M to $500M. The
developmentcostof this technology, including safety,
environmental documentation, and construction of
the prototype system, is estimated to be $50M. The
annual operating cost of this technology is estimated
to be $9.5M/year of operation.
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PROJECTED PERFORMANCE

The CPU is designed to treat 1 Mgal of Hanford
Double Shell Tank Waste in one year. This would be
accomplished at an average process flow rate of 2.5
gpm. The CPU for cesium removal is expected to
treat waste streams with concentrations up to 1 Ci/l
cesium. Itisexpected to remove the cesium to levels
below the Nuclear Regulatory Commission (NRC)
Class A low-level waste standards (1 Ci/m?). The
cesium-removal factor is projected to be 10,000.
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WASTE APPLICABILITY

This waste-treatment technology is targeted for ra-
dioactive-process liquids, sludges, and slurries. The
CPUs are designed to incorporate waste-treatment
modules that could potentially have application toall
Department of Energy (DOE) radioactive liquid tank
wastes. The CPU waste-treatment hardware system
isapplicable to high-level, low-level, and transuranic
chemical separations technologies. The prototype
CPU includes a process module of cesium-specific
ion-exchange resin columns that are selective to
cesiumions.

Pacific Northwest Laboratory developed the com-
pact or modular processing unit concept in FY91.
WHC performed a detailed feasibility study with
further development in FY92. Deployment of the
cesium ion-exchange CPU technology is scheduled
for the 1996 calendar year. A radioactive waste-
treatment demonstration in scheduled for FY97.

REGULATORY CONSIDERATIONS

This process is completely contained and automated,
which minimizes worker exposure to hazardous
materials and process hazards. No special physical
requirements are anticipated for operations person-
nel. This process will meet or exceed all regulatory
requirements imposed by the Environmental Protec-
tion Agency and the NRC.
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POTENTIAL COMMERCIAL
APPLICATIONS

Potential commercial applicationsinclude waste treat-
ment, separation, and volume-reduction operations
for reclamation of radioactive-waste liquids, slud-
ges, and slurries stored in underground storage tanks,
and processing of effluent pretreatment before ap-
propriate disposal.

BASELINE TECHNOLOGY

The baseline technologies are large, centralized fa-
cilities for supernate waste treatment. The advan-
tages of CPUs over the baseline technology are in
four areas: cost reduction, schedule improvement,
reduction of technical uncertainty, and reduction of
process-deployment uncertainty.

INTELLECTUAL PROPERTY

Patents: None.

For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282

DOE Progtam Manager
Sherry Gibson

EM-542

U.S. Department of Energy
Washington, DC 20585

(301) 903-7258
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Principal Investigator
William G. Richmond
Pacific Northwest Laboratory
Battelle Boulevard

P.O. Box 999

Richland, WA 99352

(509) 376-8195

Industrial/University Partners
NORCUS

Seattle University

Seattle, WA
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CRYOGENIC RETRIEVAL OF BURIED WASTE

Idaho National Engineering Laboratory
and Pacific Northwest Laboratory

DESCRIPTION

Cryogenic Retrieval (CR) of buried waste is a tech-
nology that relies on liquid nitrogen (LN,) to freeze
soil and buried waste in order to immobilize hazard-
ous waste and reduce the spread of contamination
while the buried material is retrieved with a series of
remotely operated tools. CR is proposed for applica-
tion to any type of radionuclide or hazardous con-
taminant that may be contained in transuranic (TRU)
buried waste. CR has the potential to be used at any
buried-waste site within the Department of Energy
(DOE) complex.

To freeze the soil for the CR process, a series of
carbon or stainless-steel small-diameter freeze pipes
(approximately 10 to 12 ft in length) are driven into
an area of soil and buried waste to be frozen and
removed. LN, is delivered into the pipes and small
quantities of water are injected to promote cohesion
of the soil and waste particles in the frozen area.

While the pittobe excavated is frozen, the perimeters
of adjacent pits are also frozen. Once the area to be
removed is frozen, an access pit in clean soil is
excavated.

The access pit serves to create a dig face from which
excavation of the waste can proceed. A gantry with
remotely operated tools such as a jackhammer, a
hydraulic jack, shears, and a grapple is moved over
the frozen area to be retrieved. With the gantry tools
in place, the tools are remotely operated, and the
frozen soil and waste is broken, chipped, cut, and
loaded intotransportboxes. The jackhammer chisels
and breaks up soil and debris that fall into the access
pit. The shears are used tocut and size material, while
the grapple picks up the debris and loads it into the
transport boxes. The hydraulic jack is used to pry or
bend the freeze pipes away from the dig face. During
the excavation process, a series of air monitors
detects the dispersal of rare-earth tracers. The output
of the process is the excavated soil and waste mate-

rial. The principal benefit of

Control Traller

Contaminants are removed
using remote tools
_ - Liquid Nitrogen
. Tanks

this technology is contami-
nant mobility reduction, since
by freezing the soil both air-
borne and liquid contaminants
are immobilized.

Freeze plpes
(Soll is frozen using liquid nitrogen and
water to prevent the spread of
contamination)

A weather shield (alarge por-
table cover or tent) is used
with this technology to mini-
mize waste distribution by air
motion and to permit opera-
tion in all weather conditions.
Waste If the freeze pipes cannot be
Transport
Box extracted and reused they
would require treatment as
another buried waste type. If

Cryogenic Retrieval
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waste volume, the drilling of injection pipes might
rupture the containers, causing an initial spread of
contamination. Furthermore, injection of water to
help the freeze process may also contribute to some
contamination spread if it were to flow out of the
retrieval column.

The major technical challenges for this technology
are developing a method for placement of freeze
pipes in all types of soil and waste; conservation of
LN,; dispersion of water evenly through the soil and
waste matrix; reduction of secondary waste created
by the freeze pipes; selecting or developing more
productive tools for the removal and handling of
frozen waste; and improving methods for the mea-
surement of thermal characteristics and for the detec-
tion of moisture migration.
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TECHNICAL PERFORMANCE

Field Demonstration. A demonstration was con-
ducted at Idaho National Engineering Laboratory
(INEL) during the summer of 1992 at a cold test pit
(i.e.,simulated waste). The technology was shownto
function as intended. Refinements will be necessary
to develop the technology for full-scale, hot-produc-
tion use. Eight field personnel were used to conduct
the demonstration. A detailed estimate of the energy
demands has not been made for full-scale produc-
tion; however, during the field demonstration, a400-
kW generator was used to service all field power
needs, including running up to three tools simulta-
neously, plus the hydraulic power unit and the con-
trol trailer. The estimated cost for large-scale

application is $1,250/yd® of frozen excavated mate-
rial.
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PROJECTED PERFORMANCE

The production goal for this technology is 80 yds¥
day. It is estimated that 25 to 30 field personnel

would be required to set up and operate the Cryo-
genic Removal equipment in a Jarge-scale applica-
tion. Itis further estimated that an additional 10to 15

management, safety, engineering, quality, and re-
lated technical support personnel would be needed.

WASTE APPLICABILITY

This technology is applicable to the retrieval of TRU
buried waste and other types of hazardous buried
waste. The technology was developed to mitigate
contaminant migration whileexcavatingburied waste.
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STATUS

Thetechnology has been demonstrated in a full-scale
field demonstration in the summer of 1992. The
components of this CR technology exist within cur-
rent industry and have been integrated for the pur-
pose of developing a new method for exhuming
buried waste. Approximately four more years are
required to develop this technology to a usable level
for full-scale hot production. If this technology is
developed by 1998, it will be incorporated into the
Record of Decision (ROD) for Buried Waste Pits and
Trenches at INEL.

REGULATORY CONSIDERATIONS

Minimal ecological impacts are anticipated from use
of the proposed technology. LN, is notahazard to the
environment. However, while working with LN,,
caution must be used to prevent human contact.
Good ventilation is required to ensure adequate
oxygenconcentration. There are nounusual physical
requirements for worker safety because the concept
relies on remote operation of tools to extract the
buried waste.
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POTENTIAL COMMERCIAL Principal Investigator
APPLICATIONS Dave Valentich
EG&G Idaho, Inc.

Potential commercial applications include retrieval ~ P.O. Box 1625, MS 3755
of buried wastes that are extremely hazardous and/or ~ Idaho Falls, ID 83415

radioactive. (208) 526-2984

Industrial Partner

Mr. Chuck Yemington
BASELINE TECHNOLOGY Sonsub Services, Inc.

10905 Metronome

A baseline technology has not been established for  Houston, TX 77043-2202
the retrieval of TRU buried waste. However, a  (713)984-9150

reasonable comparison might be excavation without
cryogenic pretreatment to minimize contaminant
dispersal during removal with or without remote

operation, REFERENCES

1. DOE-ID,“Technology Information Profile (rev.
2) for ProTech, Technology Name: Cryogenic

INTELLECTU. PERTY Retrieval (CR),” DOE ProTech Database, TTP
ALFRO Reference Number: ID-121203, March 29,

1993.

A patent has not been filed for CR.

2. “Cryogenic Retrieval,” FY92 Technical Task
Plan Summary, TTP Reference Number: ID-
121203, January 24, 1992.

For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282

DOE Program Manager
Jaffer Mohiuddin
EM-542

U.S. Department of Energy
Washington, DC 20585

(301) 903-7965
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DECISION SUPPORT SYSTEM TO SELECT
MIGRATION BARRIER COVER SYSTEMS
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DESCRIPTION

A Decision Support System (DSS) is being devel-
oped to integrate the knowledge of experts from
scientific, engineering, and management disciplines
to help in selecting the “best capping practice” for a
landfill site. Containment technologies, including
surface caps, reduce the potential for contaminant
migration from the landfill by an alteration of the
surface and/or subsurface soils. The process of
selecting containment cover technologies for mixed-
waste landfills requires consideration of many com-
plex and interrelated technical, regulatory, and
economic issues. The DSS uses an EPA-recom-
mended hydrologic model and a recent soil-erosion
model along with decision software (a knowledge-
based expert system) to give an objective remedial
action decision forradioactive, hazardous, or mixed-
waste landfills. Possible options for remedial-action
range from no action (or monitoring only) to physi-
cally removing the waste.

The DSS provides a scientific method for choosing
between several engineered-landfill cover designs.
The EPA-recommended landfill cover is the RCRA
Cap. However, in certain geologic and climate
situations, there may be other capping technologies
which are equally suited and possibly less expensive
than this baseline technology. The DSS software
provides modeling and decision capability to choose
among appropriate technologies considering regula-
tory problems, long-term performance, cost, and
risk. The long-term performance of multifarious
remedial options is determined by the intrinsic
hydrogeologic and soil-erosion models. The deci-
sion component of the software subsequently calcu-
lates several dimensionless decision variables. The
remedial alternatives are ranked according to acom-
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posite score based on a weighted combination of
several decision variables. The actual default deci-
sion variables and additional variables used are given
in Table 1.

Table 1. Decision Variables
Considered by DSS

Default Decision Variables Input Source
Surface Runoff HELP
Lateral Drainage HELP
Evapotranspiration HELP
Deep Percolation HELP
Erosion CREAMS
Materials Cost User Supplied
Construction Cost User Supplied

Additional Decision Variables (optional)

Remediation Cost User Supplied
Maintenance Cost User Supplied
Risk User Supplied
LANL lateral drainage! User Supplied
SNL lateral drainage2 User Supplied

1. Los Alamos capillary barrier; 2. Sandia dry barrier.

The objective of this DSS software is to provide risk
managers with a defensible, objective way to select
capping alternatives for remediating radioactive and
mixed-waste landfills. This goal is being achieved
through a joint project between Los Alamos National
Laboratory (LANL) and the U.S. Department of
Agriculture, Agricultural Research Service. The
DSS is being developed as a multi-objective deci-
sion-making software system, withembedded simu-
lation models, to design and/or evaluate engineered
surface barriers for mixed-waste landfills. The em-
bedded simulation models include HELP (Hydro-
logic Evaluation of Landfill Performance), which is
the EPA-recommended model for hydrologic per-
formance evaluation,and CREAM (Chemicals, Run-




off, and Erosion from Agricultural Management
Systems), which is useful for modeling erosion and
runoff. The data collected from the migration barrier
covers will be used to evaluate the DSS.

The DSS software ensures that the risk manager uses
the best scientific information on barrier design and
performance along with other criteria to select the
best remediation practice within the constraints of
technical performance, regulatory requirements, and
cost. The use of the program to design and evaluate
barrier-cover remediation technology will reduce the
likelihood of selecting a barrier-cover technology
that does not meet performance objectives and the
attendant costs of fixing mistakes. Candidate
remediation technologies can be evaluated with the
DSS beforehand to identify technical and regulatory
problems inherent in the technologies. It can also be

used to evaluate projected long-term performance
and the practicality of the designs from aconstruction
and economic viewpoint. The general structure and
methodology of the DSS is shown in Figure 1.

Since the software is UNIX-workstation-based, it is
compatible with many types of computer systems. A
PC-based prototype DSS software package, running
under Windows 3.1, is being developed. It will be a
user-friendly coupling of symbolic processing and
numerical near-surface hydrologic modeling. The
embedded Knowledge Based System (KBS) will
integrate confidence limits and exceedence prob-
abilities from stochastic conjectural analyses of hy-
drologic variables in space and time and the symbolic
objects that influence landfill technology. The inte-
gration will resultin a DSS that should improve long-
range predictability of migration-barrier performance

by incorporating complex

Action Levels
Dose Limits &

Integration
and

Scoting

Decision Score
Scenario-2

Decision Score
Scenario-1

000

(Deﬁning the Decision Problem )

NEPA Risk Limits

environmental processes,
along with the manage-
ment issues, into the deci-
sion-making process.

2 Political, Soctal, and
Economic Input

The DSS will use dimen-
sionless scoring or utility
functions parameterized
from the quantitative KBS
output and expert judg-
ment to convert the range
of thedecision variables to
a unitless common range.
This process allows one to
combine the decision vari-
ables and rank the alterna-
tive designs. A major task
is to integrate a new deci-

sion-making methodology

into the existing DSS to

= eliminate much of the sub-
Decision Score . . e . .. .
jectivity in existing multi-

—» Best Risk-Based Cleanup Decision

objective methods. Since
the DSS requires data to

Figure 1. Decision process in managing risks to hu-

mans and ecosystems.

initialize and parameter-
ize the embedded simula-
tion models and the
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consensus of technical experts in developing the
heuristic and scoring function information, there is
some inherent subjectivity in the program.

TECHNICAL PERFORMANCE

Field Demonstration. The DSS has been tested at
Hill Air Force Base (AFB) in Utah and was found to
performremarkably well. The program is extremely
fast and can parameterize and score a site in five
minutes. The default input parameters for the hy-
draulic conductivity (HC) model are given in Table
2, and the observed results of four decision variables
are presented in Table 3. ‘ )

Table 2. Default Input Parameters for
the HC Model.

Parameter Source

Soil Texture
Vegetation zone

Curve number
Vegetation type

Table 3. Observed Results from Hill
AFB: Average annual values and
range for four decision variables.

1 N . 2

Cap Desien Runoff ™ Sed. yidd ET Percolaion
PUSIEN [ em) ®gha) @) (em)
min: | 0.04 0.00 17.53 | 2.60
Contrdl Cap | ave: | 1.40 11870 27.37 | 14.74
max: | 3.98 390.31] 35.66 | 29.43
min: | 3.63 0.00 | 23.3¢ | 0.00
EPARCRA lave: | 12.05 | 76.70 | 28.80 | 0.13
max: | 20.90 | 187.82] 35.33 | 0.51
min: | 0.34 0.00 18.00 | 0.34
Los Alamos 1] ave: | *5.18 450 | 24.25 | 6.82
max: | 8.21 19.98 28.00 13.15
min: | 1.39 000 | 2292 | 1.25
Los Alamos 2| ave: | 3.50 4.80 33.99 | 7.28
max: | 4.28 18.81 44.58 | 17.45

1. percolation out of trench cap and into waste-storage layer
2. includes lateral flow where applicable

Table 4. Estimated 1992 costs of
remediation alternatives for landfills
at Los Alamos, NM.

Costs. Software costs have not been estimated.
Startup costs include computer hardware and a
person to utilize the program. The maintenance cost
will be minimal (less than $1,000/yr to maintain and
update the software as improvements are made). A
comparison of remedial alternatives for landfills at
Los Alamos is presented in Table 4.
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Initial soil water content Climate
Leakage fractions for liners Liner type
Porosity Soil texture
Saturated HC Soil texture .
173 bar soil water Soil texture Alternative Cost ($M/ha)!
15 bar soil water. Soil texture

- - Excavate 80
Bare soll evaporative depth Soil texture RCRA cap 4.9
Cover erosion factor Soil, vegetation Soil/capillary barrier cover 3:7
Conservation erosion factor Soil surface Bio-engineered soil/veg. cover 0.24

, characteristic Surface management w/erosion

Manning's n parameter Soil, vegetation control 0.12
Rooting depth Vegetation

1. hectare (ha) = 10,000 m? (2.471 acres).

PROJECTED PERFORMANCE

The DSS technology will be adapted and tested for
remediation of waste-disposal sites with migration-
barrier-cover technology using the designs and data-
base from the existing cover-barrier field




demonstration at Hill AFB. The multi-objective
decision-making capability, incorporating a KBS (or
expert system) with embedded simulation models
and using Hill AFB monitoring data, will be demon-
strated.

WASTE APPLICABILITY

Since this technology is specifically used for aiding
environmental restoration personnel in the selection
of the best capping method for a given waste site, the
technology is waste-independent. This technology is
applicable to landfill remedial-action decisions. The
landfill could have radioactive, hazardous, or mixed
wastes.

ORGSRy X R AN AR D et

STATUS

A UNIX workstation-based DSS software package
will be available in FY94. A PC-based prototype
DSS software package, running under Windows 3.1,
isunderdevelopment. On completion of the technol-
ogy, software and documentation will be made avail-
able to user groups.

2o e X

REGULATORY CONSIDERATIONS

Currently, the EPA recommends the Resource Con-
servation and Recovery Act (RCRA) cap, but does
not exclude the use of alternative designs if equiva-
lency can be shown. There currently is no objective
way to develop and evaluate alternative designs.
EPA guidance to permit applicants (EPA-530-SW-
84-004) recommends that an analysis of the final
cover design be presented in the closure plan. The
analysis of the final cover design should describe
how the design addresses six performance criteria: 1)
minimizes liquid migration, 2) promotes drainage
whilecontrolling erosion, 3) minimizes maintenance,

4) has a permeability equal to or less than the perme-
ability of natural subsoil, 5) accounts for freeze/thaw
effects, and 6) accommodates settling and subsid-
ence so that the cover's integrity is maintained. From
a technical point of view, the DSS is particularly
valuable in supporting a selected design that meets
performance criteria. The DSS will include intrinsic
software such as HELP (which is the only model
currently sanctioned by the EPA for design and
evaluation of landfill covers). With the addition of
CREAMS erosion component and the decision soft-
ware, the DSS will be a powerful tool for other
agencies that are concerned with the design and
evaluation of landfills.

POTENTIAL COMMERCIAL
APPLICATIONS

Since the objective of the DSS technology is to
provide risk managers with a defensible, objective
way to select the best capping method for a given
waste site, all environmental-restoration personnel
considering the use of capping technologies could
potentially be customers.

BASELINE TECHNOLOGY

The alternative to a formal decision-support system
istoattempt to integrate the large and diverse sources
of information in an ad hoc manner, with the atten-
dant risks of omitting key information needed to
make aquality decision. Many examples of selecting
cover-remediation strategies thatexacerbated, rather
than resolved, contaminant-migration problems at a
waste site exist. There is currently no objective way
toselect landfill-capping designs. Current practiceis
to use EPA guidance for the RCRA cap regardless of
the level of risk associated with the site. This resuits
intheuseof acostly capping design that often greatly
exceeds requirements based on real risks and that has
very little field-performance data.
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INTELLECTUAL PROPERTY REFERENCES

Patents: None. 1. DOE-AL,*“Technology InformationProfile (rev.
2) for ProTech, Technology Name: A Proto-
type Decision Support System to Select Migra-
tion Barrier Cover Systems,” DOE ProTech
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U.S. Department of Energy
Washington, DC 20585
(301) 903-7248

Principal Investigator

Tom Hakonson

Los Alamos National Laboratory
Group EES-15

P.O. Box 1663

Los Alamos, NM 87545

(505) 667-3331; FAX (505) 665-3866

Federal/University Partners
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DRY BARRIERS FOR CONTAINMENT AND
REMEDIATION AT WASTE SITES

Sandia National Laboratories, University of New Mexico,
and Daniel B. Stephens & Associates

DESCRIPTION

A “dry barrier” may be formed by circulating dry air
through a soil layer above or below a waste-disposal
site which reduces the soil-moisture content to very
low values. Drying a horizontal soil layer creates a
barrier to vertical water movement in three ways.
First, the drying removes water from the system,
intercepting water infiltrating down fromthe surface.
Second, drying a soil layer increases its water-stor-
age capacity so the soil will tend to retain rather than
transmit water. Third, as a soil layer dries, moisture
is removed from progressively smaller and smaller
interstitial pores, and the hydraulic conductivity of
the formation for liquid flow decreases. For ex-
ample, the hydraulic conductivity of a typical sand
may decrease three orders of magnitude as its mois-
ture content is reduced from 20 to 10 percent. The

more coarse a soil layer is, the greater the reduction
in its hydraulic conductivity as it dries; therefore, an
ideal application would consist of a stratigraphic
section with sand or gravel materials interbedded
with finer-grained silts or clays. This is the funda-
mental concept behind the development of capillary
barriers, the principal difference being the circulation
of dry air through the barrier to remove moisture.
Because a dry barrier functions by increasing the soil
tension, it has also been called a tensiometric barrier.
A schematic diagram of adry barrier for containment
of a contaminant plume is shown in Figure 1.

In afield application, itis likely that dry air would be
circulated through the formation through a combina-
tion of air-injection and extraction wells. In a cover
application, the barrier would be used to augment
performance of a conventional impermeable zone,
and air circulation would be achieved using perfo-
rated pipe placed during construction of the cover. In

asubsurface applica-

tion, the injection and
extraction wells
would be placed us-
ing either horizontal-
drilling technology

DISPOSAL
FACLITY

DRY BARRIER

(shown) or systems
of vertical wells.

BLOWER

In addition to provid-
ing containment be-
neath a waste-source
term, air circulated to
create the dry barrier
would enhance sub-
surface remediation
processes. First, air

PERFORATED PIPE
PLACED BY HORIZONTAL
DRILLING

Figure 1. Schematic of a Dry Barrier for a Contaminant

Plume
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circulation would
provide removal of
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volatile constituents (i.e., VOCs) analogous to the
familiar vacuum-extraction process. Second, at
many sites contaminated with high concentrations of
organic compounds (such as leaking underground
gasoline storage tanks), biodegradation of the pollut-
ants is limited by the lack of oxygen for aerobic
microbial metabolism. Air circulation through the
subsurface environment would increase the oxygen
content of subsurface soils and thus would enhance
microbial degradation processes.
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TECHNICAL PERFORMANCE

The technical viability of a dry barrier depends
principally upon two factors: 1) the ability to circu-
late air througha porous medium, eitheracoverorthe
soil beneath a contaminated site; and, 2) atmospheric
conditions which provide sufficiently dry air to en-
able removal of soil moisture through evaporation.
Atnormal flow rates, air flow through porous media
is governed by Darcy’s Law and, due to its low
viscosity, is able to flow through all but the tightest
soils. The principal atmospheric condition of interest
is the specific humidity of the air which is the ratio of
the mass of water vapor (m ) to the mass of moist air
(m,) in the mixture:
W= m /m

The actual specific humidity (W_ ) of air can be
calculated from measured relative humidity and tem-
perature. The maximum specific humidity (W__)
depends on the vapor pressure of water and is there-
fore a function of air temperature and atmospheric
pressure. The difference betweenthe W _andW__
represents the drying potential of the air (W

DP)'

W =W -W

DP max act

Thesoil associated with a dry barrier will have alarge
thermal mass that will affect the subsurface air tem-
perature, and therefore its drying potential. Asa first

Maxunum Soectc Humiclty of Scit Alr g 13°C

&5

Drying Potentlal

Spociic Hhumidity (g 1120/&q air)
S

Averzge Spoecic Humidity

o : . . . . . . . . .
Jan  Fed Mar Apr Mgy Jun  Jul Aug Sz Ca Nev Cec
Marzh

Figure 2. Drying Power of Albuquer-
que, NM Air Adjusted to 13°C to Re-
flect Subsurface Drying of Soils.

approximation, aconstant soil temperature of 13°Cis
used whichis the temperature of soils near Albuquer-
que, New Mexico. Figure 2 is a plot of the drying
power of Albuquerque air adjusted to 13°C to reflect
subsurface drying of soils. The drying potential of
the air is the vertical difference between the lines
representing atmospheric specific humidity and the
maximum specific humidity. Itis interesting to note
that even though winter months have the highest
atmospheric relative humidity, the air can hold very
little moisture due to the low ambient air temperature
so that when the temperature is adjusted to the 13°C
of the subsurface environment, the drying potential is
very large.

PROJECTED PERFORMANCE

Feasibility analyses have been conducted for appli-
cation of dry barriers both in landfill cover systems
and in subsurface barrier systems. These analyses
developed preliminary designs for dry barriers and
estimated capital and operating costs for both appli-
cations. Due to the dependence on dry air, it appears
that the dry-barrier concept is most suitable for arid
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regions of the country. Therefore, the focus of the
studies was on systems located in New Mexico and
Utah. Similar atmospheric conditions are present at
major DOE facilities in Idaho and Washington.

The design of adry barrier system s predicated upon
removal of all of the moisture migrating through the
barrier region. In a cover application, this moisture
flux would occurduring conditions ofhighest monthly
precipitation. In Albuquerque, NM, this design
criterion is 1.3 cm/month. In a deeper subsurface
application, the design moisture flux will be the
annual average infiltration rate which is about 2.3
cm/year. The drying potential of the air can then be
used to determine the required air flow rate through
the soil to remove this amount of moisture.

Preliminary designs were prepared for dry barriers of
1 ha (10,000 m?) located in Albuquerque, NM. The
capital costs foralandfill coversystem were $65,000,
and projected annual operating costs were approxi-
mately $130,000. The high operating costs reflect
the power requirements for a blower large enough to
remove infiltrating moisture under worst-case condi-
tions. In practice, it is likely that the power require-
ments could be substantially reduced by using
variable-speed motors operated at low power during
most of the year. The capital costs for a 1 ha
subsurface barrier design are dominated by the cost
of the horizontal-drilling process. Unit drilling costs
ranged between $108/ft and $218/ft. Using one
injection and one vacuum well results in drilling
costs from $130,000 to $262,000. Equipment costs
were estimated at $26,000. Annual operating costs
were projected to be $10,000/year.

Animprovement to the dry-barrier concept for appli-
cation to landfill covers can be made by using a
coarse-layer material which has internal pores. Ma-
terials with highinternal porosity include non-welded
tuffs, scorias, and some sandstones. Forexample, the
primary porosity of scoria is about 30 percent, while
the secondary porosity (i.e., interstitial porosity be-
tween grains of media) of loosely packed coarse
gravel may approach4Qpercent. Inthis design, water
which moves from the fine layer into the coarse layer
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is principally held in place by the primary storage
associated with the internal pores. Air flow through
the system will be principally determined by the
secondary porosity. The dry barrier can then remove
water over a greater time than if the water were held
only in the interstitial pores. This makes it possible
to use smaller blowers with correspondingly lower
capital and operating costs. Two criteria are of
special interest in identifying material for a landfill
cover: 1) the material should be coarse, nominally of
one-inchdiameter, withless than 5 percent fines (i.e.,
material with diameter of less than 1 mm); and 2) the
primary porosity should be greater than 20 percent
and should be well connected.

One of the objectives of current research is to deter-
mine the feasibility of using passive atmospheric
conditions to provide air circulation through the dry
barrier which would significantly reduce the operat-
ing costs. Examples being considered include use of
wind turbines and pumping by atmospheric pressure
changes.
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WASTE APPLICABILITY

Dry barriers are applicable to any site where vertical
migration of water or other volatile liquid may present
a containment problem. In addition, air circulated in
a subsurface environment to create a dry barrier will
also assist in remediating unsaturated soils contami-
nated with volatile constituents such as petroleum
fuels or volatile solvents.

|

STATUS

A testing program for the dry-barrier concept for
landfill covers is in progress at Sandia National
Laboratories (SNL). Two tests are underway using
a large tank through which air can be circulated, and
another test is being conducted with a 20m X 2m
cover. Funding is being sought fora “cold test” of the
subsurface dry-barrier application for 1995.
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REGULATORY CONSIDERATIONS

Appropriate permits for management of off-gases
subject to regulations under the Clean Air Act must
be obtained if VOCs are present. However, since
subsurface dry barriers are principally acontainment
system, itis not anticipated that any other permits will
be required.

Landfill covers will require regulatory approval prior
to closure; therefore, it will need to be demonstrated
to be comparable to a RCRA cover.

POTENTIAL COMMERCIAL
APPILICATIONS

Dry barriers as landfill covers offer an alternative to
conventional cover technologies for landfills. Of
particular merit is the ability of a dry barrier to
recover from a failure such as might occur during a
particularly heavy precipitationevent. Conventional
covers using capillary barriers are much less forgiv-
ing in this respect.

Establishment of a dry barrier beneath a contaminant
plume in a subsurface setting offers a method of
containment that is difficult to achieve with any other
technology. Potential applications may be as a
barrier beneath a leaking landfill or as part of a
containment and remediation system beneath a leak-
ingunderground storage tank. Recognizing the need
for continuing power costs, it is suggested that the
dry-barrier concept may have its most immediate
applicationas atemporary containment system which
will function until a permanent remediation strategy
can be developed and implemented.

BASELINE TECHNOLOGY

The baseline technology for landfill covers is the
RCRA multi-layer cover. One version of this cover
designincludes provisionofacapillary barrier. There
is no established technology for containing pollut-
ants migrating through a deep vadose zone for com-
parison to the subsurface dry-barrier concept.

INTELLECTUAL PROPERTY

Contact the principal investigator for intellectual
property rights information.

For more information, please
contact:

Center for Environmental

Management Information
1-800-736-3282

Principal Investigator
John C. Stormont

Division 6621

Sandia National Laboratories

P.O. Box 5800

Albuquerque, NM 87185

(505) 845-9347 FAX (505) 844-0543

University Partner

Bruce M. Thomson

Associate Professor

Department of Civil Engineering
University of New Mexico
Albuquerque, NM 8713]

(505) 277-4729 FAX (505) 277-1988
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Daniel B. Stephens & Associates
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Albuquerque, NM 87109

(505) 822-9400; (505) 822-8877 FAX

Ricardo B. Jacquez, Ph.D., P.E.
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DYNAMIC UNDERGROUND STRIPPING OF VOCS

Lawrence Livermore National Laboratory

DESCRIPTION

Dynamic Underground Stripping (DUS) is an inno-
vative method for rapid cleanup of localized, under-
ground toxic-chemical spills. DUS integrates the
technologies of steam injection, vacuum extraction,
direct electric heating, and tomographic geophysical
imaging for the remediation of saturated and unsat-
urated soil zones. Fluid-injection wells surround the
concentrated contaminant plume. Groundwater and
soil-vapor extraction wells are centrally located in
the contaminant region. High-pressure steam at
about 50-60 psi is injected into soil surrounding a
contaminant plume. The resulting dynamic steam-
condensate pressure front drives groundwater with
aqueous-phaseand separate-phasecontaminants, such
as nonaqueous phase liquids (NAPLs), toward the
extraction well. The dynamic underground steam
cloud heats and strips soil of organic contamination
by volatilization. The resulting soil behind the
moving steam front is dry with a significantly re-

duced toxic-chemical contaminant concentration. A
schematic of the process is shown below.

To enhance DUS, electrical current is applied to
dense soil zones where steam does not easily pen-
etrate. Steam injection is a cost-effective in situ
heating method, and when combined with joule
heating of dense formations, the entire subsurface
can be remediated by this dynamic process, includ-
ing clay and siltlayers. Electrical resistance heating
of intermittent or interspersed, low-steam permeable
zones will increase volatilization and contaminant
mobility in these regions, driving chemical contami-
nation into steam-stripped, highly permeable soil
regions. Vacuumextraction and groundwater pump-
ing are continuous. Electrical heating may be fol-
lowed by one or more additional steam-injection
phases for contaminant removal and to keep perme-
able zones “hot.”

Applicable geophysical techniques for process moni-
toring and engineering analy-

sis include temperature-
measurement techniques,
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The DUS Process

This test was completed in
1991 at the Sandia National
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Laboratories, Livermore Site. Approximately 10,000
yd® of soil were heated to the steam temperature
(~100° C). A 10-million-BTU, portable, propane-
gas-fired boiler was used to heat water. Saturated
steam at 50 psi was injected at a rate of 8.5 gpm (as
water) to a depth of 135 to 155 ft. Vapor and
groundwater were extracted from a well 65 ft away.
It took approximately 150 h for the initially injected
steam to reach the extraction well. Electrical heating
at the Clean Site emphasized electrode design and
verification of heating-rate predictive models. A six-
electrode pattern was used, passing a 480-V current
at up to 1,000 A per electrode.

(electricheating). The superior performance overthe
baseline method is shown in the figure below.
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PROJECTED PERFORMANCE

For arid-zone spills with an NAPL core, DUS can
reduce operating costs for removal by approximately
50%, principally through the shortening of opera-
tional time by the removal of free-phase contami-
nants. Well-to-well stripping would occur for 1 to 3
months for interwell distances of 60 to 100 ft. The

LLNL Gasoline Spill
Remediation. Approximately
17,000 gal of gasoline were
spilled at the LLNL gas pad,
with an estimated 5,000 gal
existing in free phase from
below the water table. The
first pass was completed in
March 1993, and these results
are given below. During 34
days of operation, 8.6 million
kg of steam were injected into
the ground. Steam that was
injected below the water table

7000

3000

2000

Gallons

1000

Spill total
~7400 Gallons

Experimental
Uncertanty

xraction (est)

broke through in 10 days. 0
Large quantities of gasoline

Pump and Treat (est.)
)

Time 1 Month

were removed, mostly in the
vapor state. Fourteen hun-
dred and fifty gallons of gaso-
line were removed and recycled; between 250 and
1,200 gal were destroyed in the treatment system.
The gasoline removal rate reached the 100 gal/day
limit of the treatment system. The initial removal rate
of the DUS system is 25 to 40 times greater than
pump-and-treat alone and 7 to 13 times faster than
pump-and-treat with vapor extraction. Clay layers
were heated to a maximum of 70° C. The initial test
heated over 85,000 yd? (65,000 m®) of soil by both
steaminjection and electrical heating. Theestimated
remediation costs are approximately $40 to $70/yd;
the energy cost is $2/yd? (steam heating) and $5/yd®

Performance by Cumulative Gasoline Removed

application of dynamic steam stripping is being
studied for future application to mixed wastes. A
pilot test of a mixed waste application may be per-
formed in the future at the Rocky Flats Site.

Estimated cost savings. Potential cost savings using
DUS over pump-and-treat for 19 DOE sites are
estimated as follows:

*  Estimated cost to pump-and-treat LLNL
site (30-60 years) $20-$60M

e  Cost to remediate LLNL site using DUS
(6 months) $6-$8M
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*  Cost savings using DUS at LLNL site
$12M minimum

»  Estimated potential savings for DOE Com-
plex (19 site) for applicable spills 60-85%,
$200-$900M

Assumptions/Basis for estimate.

«  Estimates based on 100,000 yd® gasoline
plume at LLNL

*  Minimum cost savings based on 30-year
pump-and-treat (experience at other sites
indicates 60 years or more may actually be
required)

. DUS costs based on actual LLNL demon-
stration cost, reduced by nonrecurring costs

National Projections. If the projections for 19 DOE
sites are extended to 3,200 national sites, the estimated
savings are as follows:

Total savings on 30 year pump-and-treat is $37B.
Total savings based on 60 year pump-and-treat is
$160B.

at the LLNL gasoline-spill site. Continuing process
operations will begin in May 1993.

REGULATORY CONSIDERATIONS

Appropriate permits for treatment of off-gases and
liquid effluents for specific contaminants must be
considered (i.e., the Clean Air Act, Clean Water Act,
Resource Conservation and Recovery Act (RCRA),
and Comprehensive Environmental Response Com-
pensation and Liability Act (CERCLA)).

In 1988, LLNL received permission from the Envi-
ronmental Protection Agency (EPA), the Depart-
ment of Health Services, and the Regional Water
Quality Control Board for conducting a full-scale
pilot study at the gasoline-spill site. Requirements
include Occupational Safety and Health Administra-
tion (OSHA) worker safety regulations for boiler/
steam injection operations and for in situ electrical-
heating operations. The Environmental Restoration
Programrequires National Pollutant Discharge Elimi-
nation System (NPDES), Section402 of the Federal
Water Pollution Control Act, Clean Water Act, wa-
ter-discharge permits, and thermal-oxidizer discharge
permits.

WASTE APPLICABILITY

Dynamic stripping is applicable to free-phase or-
ganic plumes below 20-ft depths (beyond excava-
tion). Itisamenabletoall types ofliquid contamination
including NAPLSs and dense nonaqueous phase lig-
uids (DNAPLSs), and potentially to mixed wastes.

STATUS

The DUS method was demonstrated in March 1993;
however, process optimization is continuing, based
onexperience gained from the first-pass remediation
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POTENTIAL COMMERCIAL
APPLICATIONS

Dynamic steam stripping has application for rapid
remediationof deep, concentrated, organic-contami-
nant plumes. Examples of some commercial appli-
cations  are power plants, fuel pipe lines, chemical
plants, refineries, and other fuel, chemical, or solvent
storage and dispensing operations. The Electric
Resistance Tomography (ERT) monitoring technol-
ogy is able to detect surface leaks, as well as soil
moisture and temperature.

This technology is potentially applicable to 3,200
national sites for remediation of volatile organic
compound leaks into soil and groundwater.




BASELINE TECHNOLOGY

The baseline technology is vacuum extraction with
pump and ex situ treatment of groundwater.

INTELLECTUAL PROPERTY

Contact principal investigator for intellectual prop-
erty rights information.
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For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282

DOE Program Manager
John Mathur

EM-541

U.S. Department of Energy
Washington, DC 20585

(301) 903-7922

Principal Investigator

Roger Aines

Geochemical Group

Earth Sciences Department

P.O. Box 808, Mail Stop L-219
Lawrence Livermore National Laboratory
Livermore, CA 94550

(510) 423-7184; (510) 422-0208 FAX

University Partner

KentS. Udell

Environmental Restoration Laboratory
Department of Mechanical Engineering
University of California at Berkeley
Berkeley, CA
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ELECTROKINETIC REMEDIATION OF HEAVY METALS AND
RADIONUCLIDES

Sandia National Laboratories

DESCRIPTION

Electrokinetic Remediation (EKR) is a developing
technology for in situ removal of heavy metals and
radionuclides. The application of direct current in a
porous medium leads to two transport phenomena;
ionic species in the soil-water solution will migrate to
the oppositely charged electrode (electromigration),
and accompanying this migration, abulk flow of soil-
water is induced, usually toward the cathode (elec-
troosmosis). The combination of these two transport
phenomena leads toa movement of contaminantions
towards one or the other electrode, illustrated by the
figure below. The direction and rate of movement of
an ionic species will depend on its charge, both in
magnitude and polarity, as well as the magnitude of
the electroosmosis-induced flow velocity. Non-
ionic species will be transported along with the
electroosmosis-induced water flow.

The electrokinetic transport phenomena pertinent to
in situ remediation include electroosmosis (move-
ment of water in response to an electric field), elec-

trophoresis (movement of a charged particle or col-
loidin anelectric field), and electromigration (move-
ment of solute ions in the electric field).

Electrokinetic remediation is accomplished by im-
planting electrodes in the soil whereby a relatively
small directelectrical currentis supplied between the
electrodes. Ions in solution will migrate toward an
electrode by electromigration. Experimental results
indicate significant dependence of the
electromigration rates on the soil pore water current
density. The process efficiency is not as dependent
on the fluid permeability of soil as it is on the pore
water electrical conductivity and the path length
through the soil, both of which are functions of the
soil-moisture content. Removal of contaminants at
theelectrode may be accomplished by several means,
among which are: electroplating at the electrode;
precipitation or co-precipitation at the electrode;
pumping of water near the electrode; or complexing
with ion-exchange resins. An alternate method
suggested is adsorption into the electrode because
some ionic species will change valence near the
electrode (depending on the
soil pH), making them more

Electrophoresis
movement of particles

Anode
cro
Electrical g
Double Electromigration
Layer movement of ions

Electroosmosis
movement of water

likely to adsorb.

The direction and quantity of
contaminant movement is in-
fluencedby contaminantcon-
centration (anions versus
cations), soil type and struc-
ture, inter-facial chemistry,
and current density in the soil
pore water. For the process to
work, the soil-moisture con-
tent must be above a mini-
mum value. This minimum
moisture content required for

Cathode

Electrokinetic Phenomena
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electromigration is related to,
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and can be estimated from, the residual moisture
content of a soil, also called “immobile water.”
Preliminary results indicate that the optimum soil
moisture content for electromigration is less than
saturation due to competing effects of tortuosity and
pore water content.

TECHNICAL PERFORMANCE

EKR is being studied at Sandia National Laborato-
ries (SNL) by means of laboratory bench-top experi-
ments. Separate experiments were performed using
an anionic dye (FD&C Red No. 40) and chromate.
The electrokinetic behavior of the dye was found to
be similar to that of the chromate. The dye is used as
a surrogate for the hazardous chromate ion. The
initial goals of the benchtop study were to determine
the effects of moisture content and soil grain size on
the electromigration rate.

Experimental results indicate that the minimum
moisture content for which electromigration can take
place was 3.5 wt% for the prepared medium-grit sand
(50-100 mesh) test bed. Optimum moisture content
was determined to be between 14 and 18%.

PROJECTED PERFORMANCE

The EKR technology is a developing technology.
Projected performance will be determined after a
predictive model for migration rates is developed.
The migration rate is a function of moisture content,
sand-grain size, ionic mobility, pore water current
density, contaminant concentration, and total ionic
concentration. Others have projected the total
remediation cost to be in the range of $50 - $150/yd®>.
The cost of EKR is dependent on specific chemical
and hydraulic properties present at the site.
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WASTE APPLICABILITY

This remediation technology is applicable to heavy
metals and radionuclides which are mobile as ions in
the aqueous phase. EKR has the potential to be used
with other groundwater remediation technologies
such as dynamic steam stripping to remove both
organic and metallic contamination in one hybrid
process.

STATUS

This is a developing technology. Laboratory bench-
scale tests have been conducted, and the results will
be used to develop a predictive model of the migra-
tion rates. A pilot-scale test is being conducted in
FY94, first in a sand-box with chromate and then on
clean soil. A field test at the chromic acid pit at SNL
will be conducted in FY95. A system to remove
contaminants collected at the electrodes is currently
under development.

REGULATORY CONSIDERATIONS

For use of EKR in unsaturated soils, the addition of
water is a concern because of the potential of hydrau-
lically washing contaminants out of the range of
capture. SNL’s unsaturated soil extraction electrode
system is designed to minimize this problem, and its
in situ performance will be demonstrated in a FY94
field test.
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POTENTIAL COMMERCIAL
APPLICATIONS

EKR has many applications for remediation of in-
dustrial-process ground contamination. There are
many commercial sites where toxic metallic con-
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tamination may be mixed with other chemical con-
tamination in unsaturated or saturated soils.

One example of an important application is near
dated steel processing plants, such as in Poland
where lead contamination in soil and groundwater is
asignificant problem. In addition, there are locations
in the U.S. where soil has been contaminated after
paint-stripping operations on comparatively old struc-
tures where the paint contained high concentrations
oflead. EKR has beenused by both the former Soviet
Union and India in applications in unsaturated soils
for mining exploration.

BASELINE TECHNOLOGY

The conventional technology to remediate heavy-
metal-contaminated soils is excavation and solidifi-
cation. There have been some field-scale attempts to
use EKR methods to remove heavy metals from
saturated soils in the Netherlands. A field-scale trial
funded by the Environmental Protection Agency for
removal of chromium contamination from soils has
met with partial success, but the success was limited
by inadequate site characterization.
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INTELLECTUAL PROPERTY

A patent application for SNL’s unsaturated soil
electrode system is being prepared.
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For more information, please
contact: '

Center for Environmental

Management Information
1-800-736-3282
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EM-541

U.S. Department of Energy
Washington, DC 20585

(301) 903-7248
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EricR. Lindgren

Sandia National Laboratories, Org. 6622
P.O. Box 5800

Albuquerque, NM 87185

(505) 844-3820; (505) 844-1480 FAX

Industrial/University Partners

Electro Petroleum Inc., Wayne, PA

United Technologies Corp., East Hartford, CT
University of Washington, Seattle, WA

New Mexico Institute of Mining and Technology,
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ENCAPSULATION OF HAZARDOUS WASTES

New Mexico State University

DESCRIPTION

Studies in the 1980s found uses for fly ash in com-
mercial construction as afiller. Its natural pozzolanic
activity allows the fly ash to form a chemically
bonded matrix when water is added. The strength of
the matrix can be increased using additives such as
ordinary Portland cement or lime. Recently, a varia-
tion on the process was developed that utilized low-
pressure compaction of a homogeneous mixture of
waste, fly ash, and water to form the encapsulating
solid. The initial operating space for the process
depended on the waste type used, but for an aqueous
solution of nitric salts, it was between 12.5 wt% and
17.5 wt% waste.

This research uses statistical procedures to examine
the effects of additives on the waste-fly ash encapsu-
lation process. Obviously, maximizing the waste
contentin the monolith is desired. The effects oflime
and bentonite on the process are studied. The four
components were modeled as a three-dimensional
tetrahedron simplex space. At the present time, the
work has determined the manufacturability of the
monoliths while maximizing the waste content.

To create a monolith, initially the dry components
were blended together and then the liquid added.
However, the process has been modified to add the
lime as the final ingredient, allowing the fly ash and/
or bentonite to act as a heat sink for the exothermic
reaction converting quicklime (CaO) to hydrated
lime (Ca(OH),). The liquid waste is added slowly
until balls (5 to 10 mm) are formed from the dry
materials. In most cases, this fairly dry mixture can
be compressed intoamonolith. Additional wastecan
be added until the ball size exceeds 15 mm or
becomes shiny (wet surface). The compression
feature of the process is accomplished using a hy-
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draulic press. The piston cylinder is approximately
25 mm (1.0 in) in diameter, and a gauge pressure of
14.0MPa(2,000psi)is possible. The piston connects
to a rectangular press of 7 cm by 12.5 cm; the
equivalent maximum pressure is 2.4 MPa (350 psi).

The mixture is compressed to the maximum pressure
for approximately one second then released. If the
monolith is properly formed, the brick can be re-
moved without much difficulty. Some monoliths
with a clayey consistency need to remain on the
piston for several minutes to decrease the likelihood
that the monolith will fracture and stick to the piston
head. If the mixture is too liquid to form a monolith,
the material is squeezed out of the press around the
piston. When this occurs, the hydraulic gauge pres-
sure does not typically reach 14.0 MPa. The brick is
cured for a minimum of 24 hours prior to any testing.

Since monoliths of purecomponents cannot be manu-
factured (much less pass the extraction test), aregion
of interest inside the simplex space is defined by
manufacturability, indicating that the mixture does
notsqueezeoutof the mold (wet) or doesnot fall apart
when removed from the press (dry). Experiments
were performed to create monoliths of maximum
and minimum waste content along a line of constant
fly ash to filler ratio. In the event that no monolith
could be formed along typical fly ash-to-filler ratio
lines, a constant waste-to-fly ash ratio greater than
the maximum waste content for brick production was
selected. Lime, for example, was added until a
maximum or minimum waste content was achieved.
Other variations from the brick-making process in-
cluded using a drier-than-normal mixture when ben-
tonite was used as a filler. Bentonite-based mixtures
tended to squeeze out of the press even when appear-
ing dry. This is probably a function of bentonite
particle size and/or morphology.




It is interesting to note that the quicklime addition
does not immediately dry the mixture. Instead, the
mixture must be blended for an additional one to two
minutes. The mixture heats up and evolves steam
and ammonia. When the 15 mm balls begin to have
a dry exterior, the mixture is compressed. Eventu-
ally, any mixture will dry; however, since the
exothermic hydration of the quicklime is proceeding
rapidly during the mixing process, steam evolution
was assumed a part of the reaction and not ambient
drying, which disqualified other formulations.
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TECHNICAL PERFORMANCE

The original applications of this technology exam-
ined encapsulation of alead-contaminated slurry and
an aqueous solution of nitric salts simulating a waste
stream from a metals-processing operation. Inboth
cases, only the waste, fly ash, and an inert filler (if
needed) were used in the formulations.

The first encapsulation study used a slurry that was a
by-product of a soil-washing operation. It contained
70 percent moisture with a total lead content of
15,600 mg/kg. The TCLP lead of the slurry was
measured to be 206,000 Fg/L.. Samples withup to 20
wt% waste were made, and the TCLP results on all
samples were below the detection limit of 35 Fg/L.

The second encapsulation study used a waste stream
that contained chromium, cadmium, and lead in an
aqueous solution of nitrate salts. This waste was
encapsulated with 15.5 wt%to 17.5 wt% waste in fly
ash, resulting in a heavy-metal concentration of
15,000-20,000 ppm in the monolith. Again, the
results of the TCLP test on all the samples were
below the EPA threshold limits.

To examine interactions of the four components and
expand the maximum waste content, the process was
modified using combinations of waste, fly ash, lime
and bentonite. First, the fly ash and bentonite were
blended 50/50. This blend was added to the waste

along constant ratio lines (32%, 40%, and 50%
waste). The lime was added to produce a maximum
(wet) and minimum (dry) waste content. A maxi-
mum waste content of 35 percent was achieved.

The region of maximum waste content was explored
further by selecting test points which contained final
waste composition of 40 percent. A large region of
manufacturability was noted at 40 percent waste,
and, therefore, this procedure was repeated at 45
percent waste. Only one formulation (45% waste,
11% fly ash, 28% lime, and 17% bentonite) formed
a suitable monolith.

Having identified the appropriate operating space,
preparations to conduct TCLP tests on formulation
within the space are underway. The high waste
concentration formulations may be less capable of
passing the TCLP test since the high Ca(OH), con-
centrations in the matrix may result in a porous
matrix when subjected to the leaching acid in the
TCLP test. Thus, there may be formulations thatcan
be used to make a monolith but will not pass the
TCLP test. This has not been observed before.
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PROJECTED PERFORMANCE

Prior work has indicated that this technology is
capable ofencapsulating a variety of waste forms and
passing TCLP test requirements for chromium, lead,
and cadmium contaminants. The current work is
improving the economics of the process by increas-
ing the waste content in the monolith. It must be
determined how high a waste content can be accom-
modated.
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WASTE APPLICABILITY

Work todate indicates that this technology is suitable
fortheencapsulation of liquid, slurry, and solid waste
contaminated with metals and other inorganic com-
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pounds. It has not been tested on organic-contami-
nated, radioactive, or mixed wastes.

STATUS

This technology is in the development phase and has
not yet been demonstrated on a commercial scale.

REGULATORY CONSIDERATIONS

This technology does involve the use of hazardous
materials, and the necessary precautions must be
followed. However, the productis benign and should
not present a hazard to workers or the environment.

POTENTIAL COMMERCIAL
APPLICATIONS

The potential commercial applications of this tech-
nology include the solidification/stabilization of haz-
ardous liquids, slurries, and solids. The most
promising appears to be the encapsulation of inor-
ganic contaminants; however, a study of organic
contaminants has not been conducted.
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The baseline technology is the pozzolanic chemistry
of c-grade fly ash in conjunction with quicklime in
the presence of water to form a matrix capable of
encapsulating the waste material.

INTELLECTUAL PROPERTY

An initial patent has been awarded on this technol-
ogy. A subsequent improvement patent is being
applied for.

For more information, please
contact:

Principal Investigator
Stuart H. Munson-McGee
Associate Professor

Chemical Engineering, Dept. 3805
New Mexico State University

Las Cruces, NM 88003

(505) 646-6439 FAX (505) 646-7706

Ricardo B. Jacquez, Ph.D., PE.
Associate Director
Waste-management Education & Research
Consortium (WERC)

New Mexico State University

Box 30001/Dept. WERC

Las Cruces, NM 88003

(505) 646-2397 FAX (505) 646-4149
Secretary (505) 646-7821
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ENGINEERED SYSTEM FOR IN SITU BIOREMEDIATION OF
GROUNDWATER

Pacific Northwest Laboratory

DESCRIPTION

In situ bioremediation, as applied in this project, is
based on the principal of supplying nutrients to
indigenous microorganisms to stimulate their meta-
bolic activity and subsequent degradation of con-
taminants. A field demonstration at the U.S.
Department of Energy's (DOE) Hanford Site will
implement in situ bioremediation of carbon tetra-
chloride and nitrate. This demonstration is spon-
sored by the U.S. DOE, Office of Technology
Development.

There are three overall objectives for the field dem-
onstration project:

1. In Situ Contaminant Destruction
2. Improved Volumetric Treatment

3. In Situ Design Tool

The third objective is to develop and demonstrate a
design tool for designing, deploying, operating, and
monitoring in situ bioremediation processes for chlo-
rinated hydrocarbons.

Because of the difficult technical issues and the
ambitious goals associated with the demonstration, a
rigorous approach to the problem was implemented.
For this approach, a computer model was used to
simulate the important interactions of the process.
Site characterization provided parameters for the
flow and transport expressions in the process model.
Kinetic expressions for the microbial reactions were
developed in laboratory experiments for use as the
reaction component of the process model. Because
the process operates in situ, flow-cell experiments in
porous media were used to examine relevant bacte-
rial transport rates and to confirm the process model.
Laboratory experiments and model refinement were
iterated until an acceptable description of the process
was obtained. The final process model is both a

The first objective is focused on
demonstrating in situ biological
destruction of CCl, and nitrate in
the Hanford groundwater with
sufficient control such that
byproducts are either non-hazard-
ous, or, for potential byproducts

Maonitoring
System

such aschloroform and nitrite, are
below the regulatory drinking-
water limit. Demonstrating im-
proved volumetric treatment
involves utilizing nutrient addi-
tion and operating strategies that
minimize the effects of biofouling

AEAR

and provide maximum distribu-
tion of nutrients and microbial

activity around the injection well.

In Situ Biological Treatment
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process simulator and a design tool that was em-
ployed for field design and optimization of operating
strategies.

TECHNICAL PERFORMANCE

In the bioremediation process for the field demon-
stration, acetate is utilized as a carbon and energy
source by indigenous bacteria that employ nitrate as
a terminal electron acceptor. While the primary
cellular metabolism is directed at acetate utilization
through denitrification, carbon tetrachloride is con-
currently dechlorinated. This dechlorination results
primarily in the formation of carbon dioxide and
chloride ions, while biomass, water, carbon dioxide,
and nitrogen gas are produced from acetate utiliza-
tion and denitrification. Under some conditions of
cellular activity, chloroform is produced as a
byproduct. Chloroform production canbe controlled
in the laboratory, and implementing byproduct con-
trol in situ is an objective of this demonstration.

In the field, in situ bioremediation requires ground-
waterrecirculation and distribution of nutrients tothe
aquifer. Abiologically active zone is created around
the injection well where nutrient utilization and
contaminantdestructionoccurs. The size of this zone
is dependent on the ratio of reaction rates to transport
rates. In this field demonstration, the extent of this
zone will be controlled by using nutrient pulses
designed to move the active zone away from the
injection well and provide a relatively large uniform
biomass distribution. This is necessary to avoid
plugging of the aquifer due to extensive biomass
buildupnearthe well. Techniques otherthan nutrient
pulses may be necessary to produce very large (10s
of meters) active zones for true "volumetric treat-
ment.” Identifying potential techniques for inducing
volumetric treatment is part of the scope of the
technology development effort and will be important
to future full-scale applications of in situ
bioremediation for co-metabolically degraded con-
taminants.

Cost. In situ bioremediation was compared to ex situ
bioremediation and ex situ air stripping/activated
carbon (AS/AC) in a cost/benefit analysis (Skeen, et
al., 1993). Becauseex situ AS/AC and bioremediation
bothrely onextracting contaminant from the aquifer,
the duration of remediation for these technologies is
twice aslong asthe duration forinsitu bioremediation.
In situ bioremediation present-value costs ($250/m®)
were found to be less than half of the cost for ex situ
bioremediation ($690/m?). This difference is due
primarily to the much shorter treatment time associ-
ated withinsitu treatment. The present-value costfor
in situ bioremediation was comparable to ex situ AS/
AC ($260/m®) because operating costs are much
lower for AS/AC. However, in situ bioremediation
has the added advantage over AS/AC of destroying
the contaminant in place. Thus, AS/AC has risks
associated with transport and handling of hazardous
secondary waste that are not present with in situ
bioremediation. As well, AS/AC is only applicable
to the volatile contaminants in the groundwater, and
further processing may be necessary before dis-
charge of the extracted groundwater. In situ
bioremediation can destroy some non-volatile co-
contaminants such as nitrate, and, since groundwater
does not need to be discharged on the surface,
treatment requirements may be less stringent.

PROJECTED PERFORMANCE

Destruction of contaminantsto theirregulatory drink-
ing-water standard concentrations is possible with in
situ bioremediation. Carbon tetrachloride concen-
trations of 2 ppm have beenreducedto less than 5 ppb
in laboratory tests using Hanford groundwater and
indigenous microorganisms. In situ bioremediation
is particularly effective compared to pump-and-treat
technologies for remediating contaminants sorbed to
aquifer solids.
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WASTE APPLICABILITY

The field demonstration is focused on remediation of
carbon tetrachloride and nitrate. However, the in situ
bioremediation technology and design methodology
being developed is applicable, in particular, to co-
metabolically degraded contaminants such as chlori-
nated solvents and, in general, to most biodegradable
contaminants,

STATUS

A field demonstration for bioremediation of carbon
tetrachloride and nitrate in Hanford groundwater is
planned to startin October 1994. The duration of the
field test will be 1 year. A field demonstration of in
situ bioremediation for TCE was performed at the
U.S. DOE Savannah River Site. However, imple-
menting in situ bioremediation for TCE at the Savan-
nah River Site was significantly different than the in
situ bioremediation process to be implemented in the
Hanford Site demonstration. In addition, a research
effort is determining the process requirements for in
situ bioremediation of mixtures of chlorinated sol-
vents such as mixtures of TCE (an aerobically-
degraded contaminant) and PCE or carbon
tetrachloride (anaerobically-degraded contaminants).
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REGULATORY CONSIDERATIONS

Approval for injecting appropriate substrates and
electron acceptor into the groundwater must be ob-
tained to implement in situ bioremediation. Typi-
cally, benign compounds are used for injection and
are not aregulatory issue. The technique for recircu-
lating the groundwater may be of regulatory concern.
Additional concerns about the long-termeffectof the
process on the aquifer must be addressed. These
concerns are primarily related to the large numbers of
bacteria that grow in the aquifer during the process
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and their potential effect on water quality as they
decompose. Adequately monitoring the success of
the remediation is also an important issue for all in
situ processes.

POTENTIAL COMMERCIAL
APPLICATIONS

The remediation technology is applicable to in situ
destruction of chlorinated solvents. Remediation of
chlorinated solvents is a significant need for many
contaminated sites, but other technologies are not
sufficient for many of these applications. The in situ
bioremediation design tools and methodology being
developed are applicable to a wide range of
remediation applications.

BASELINE TECHNOLOGY

The comparative baseline for remediation of chlori-
nated solvents in groundwater is pump-and-treat
technology. This may consist of several different
remediation techniques on the surface such as acti-
vated carbon, air stripping, or oxidation processes,
but all rely on extraction of small amounts of con-
taminants in large volumes of water.

No single patent exists for the technology. Elements
of the technology are the intellectual property of
various organizations. Stanford University has ap-
plied for a patent on the mixing-well designs. Rice
University has the rights to the design simulation
software. Treatability study equipment was devel-
oped by Pacific Northwest Laboratory,and an inven-
tiondisclosurehasbeen filed. Specificenhancements
to the technology have also been described in inven-
tion disclosures.
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Other Owners: Owners of various patents that apply
to this technology include Stanford University, Rice
University, and possibly IEG, owners of the German
UVB technology for vacuum stripping of VOCs in
groundwater.

Patent Number: The patent numbers are not known.
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For more information, please
contact:

Center for Environmental

Management Information
1-800-736-3282

DOE Program Manager
David Biancosino
EM-541

U.S. Department of Energy
Washington, DC 20585

(301) 903-7961

Principal Investigators
Daniel B. Anderson and
Michael J. Truex

Pacific Northwest Laboratory

P.O. Box 999

Richland, WA 99352

(509) 376-9428; (509) 376-1867 FAX
and (509) 372-1220

University Partners

Rice University, University of Idaho, Washington
State University, Stanford University, University of
Washington
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HIGH-ENERGY CORONA

Pacific Northwest Laboratory

DESCRIPTION

Most Department of Energy (DOE) sites have been
contaminated with volatile organic compounds
(VOCs). Techniques forretrieving these VOCs from
soils are being developed and demonstrated at vari-
ous sites. These techniques generally remove VOCs
as vapors (off-gas) from contaminated soil. These
vapors must, in most cases, be treated prior torelease
totheenvironment. The High Energy Corona (HEC)
technology is one of many approaches toward decon-
taminating soil off-gases prior to atmospheric re-
lease. The objective of the HEC technology is to
provide a stand-alone, field-portable means of treat-
ing soil off-gases produced during soil treatment
operations. Contaminants that can be treated include
most or all volatile and semivolatile organic com-
pounds. The potential also exists for treating inor-
ganic compounds, such as oxides of nitrogen and
oxides of sulfur.

The HEC process uses high-voltage electricity to
destroy VOCs at room temperature. As shown in
the figure below, the equipment consists of the
following: an HEC reactor in which the VOCs are
destroyed; inlet and outlet piping containing pro-
cess instrumentation to measure humidity, tem-
perature, pressure, contaminant concentration, and
mass flow rate; means for controlling inlet flowrates
and inlet humidity; and a secondary scrubber.

The HEC reactor is a glass tube filled with glass
beads through which the prefiltered contaminated
off-gas is passed. Eachreactoris 2-in. in diameter,
4 ft long, and weighs less than 20 Ib. A high-
voltage electrode is placed along the centerline of
the reactor, and a grounded metal screen is attached
to the outer glass surface of the reactor. A high-
voltage power supply is connected across the elec-
trodes to provide 0 to SO0mA of 60-Hz electricity at
30 kV. The electrode current and power depend
upon the type and concentration of contaminant.

Head Space

Power
Power [I:]__m ‘

100kV 3 Caustic Scrubbers
I0mA 1
AC Suppl;
PPy Borosilicate Tube
= L]
“/
Grounded Screen
Packed Bed of
Glass Beads

Thetechnology is packaged
in a self-contained mobile
officethatincludes gas-han-
dlingequipmentand on-line
analytical capabilities. Site
power is not absolutely re-
Trap quired. Installationconsists
of connecting inlet and out-
let hoses to the HEC pro-
cess trailer. Training in the
use of the equipment can
usually be accomplished
well within one hour. Fail-
ure control is provided by a
combination of automated
and manually activated

Flow Meter

Low-Temperature Plasma Reactor
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means, addressing electri-




cal failure, loss of flow, and loss of VOC containment
caused by breakage of the glass reactor vessel. The
HEC process can be operated with little, if any,
maintenance required. Neither catastrophic failure
nor any diminishing in levels of performance have
been observed through months of periodic operation
in the laboratory. The on-line gas chromatograph
and process instruments do require periodic
recalibration to ensure data quality.

TECHNICAL PERFORMANCE

The HEC technology appears to destroy more than
99.9% trichloroethylene (TCE). The technology
destroys tetrachloroethylene (PCE) to alevel of 90to
95%. In preliminary tests with heptane, destruction
levels appear to be extremely high, but have not been
quantified. When chlorinated VOCs are treated,
water containing either sodium hydroxide or baking
soda is recirculated in a scrubber to remove acid
gases from the reactor effluent (hydrochloric acid
and bleach). It should also be noted that further
contaminant destruction appears likely in this wet
scrubber. This is presumably because of strong
gaseous oxidants that exit the HEC reactor. Typical
outlet properties would be nondetectable concentra-
tions of TCE, ozone, hydrochloric acid, phosgene,
and chlorine, with up to I ppmv NOx (below regula-
tory limits). Air exits the HEC process at tempera-
tures of 100° C or lower (or slightly above ambient
temperature if a wet scrubber is used). A scrub
solution (containing less than 10-wt% table salt in
water)is produced whenchlorinated VOCs are treated.

Onereactorprocessesupto S scfmofsoiloff gas. The
HEC field-scale process that will be demonstrated
early in 1993 at Savannah River uses 21 HEC reac-
torsin parallel totreatup to 105 scfm of contaminated
soil off-gas. A typical application will involve an
inlet stream containing 1,800 ppmv of TCE in humid
air at 10 to 20° C. Power input is typically 50 to 150
W/scfm being processed. For dry inlet streams,
deionized water is added as steam to produce an inlet
humidity (hr) of 60 to 80%. Less than 20 ml/min of

water is required to humidify a bone-dry stream at a
flow of 105 scfm. For water-saturated inlet streams,
the stream is preheated (using electric heaters) to
lower the inlet humidity (hr) from 100 to 80%. In
many cases, the vapor-extraction blower associated
with retrieving the VOCs from soil will sufficiently
preheat the soil off gas to 80% hr or lower so that no
further preheating is required.

Cost. Initial outlay for a 105 scfm process, the
prototype field treatment system, is $50K. As with
any other technology, large-scale production and
customization would significantly reduce costs, per-
haps to as little as $20K. Labor requirements are
projected as ~0.25 fulltime equivalent (FTE). En-
ergy requirements are $27/day, or roughly $0.35/1b
of contaminant. Total cost is roughly $10.00/b
contaminant, including a 25% contingency to ac-
count for any unknown additional costs. Although
maintenance costs are minimal, the total cost figure
assumes 8% downtime and a capital payback period
of 6 months.
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PROJECTED PERFORMANCE

Continuedresearch & development(R&D)is planned
to accomplish the following: fully characterize the
reactor emissions to complete mass balances; adapt
the HEC process tocomplete real-time control; better
understand the physical and chemical phenomena
that make the HEC process work; develop larger
reactors; and optimize the hardware and packaging
associated with the technology for specific, as well as
modular or generic, treatment applications.

e

WASTE APPLICABILITY

This technique is specifically useful for destroying
organics and chlorinated solvents suchas TCE, PCE,
carbon tetrachloride, chloroform, diesel fuel, and
gasoline. Both gas- and liquid-phase contaminants
are treatable.
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STATUS

Discussions with manufacturers/licensees have been
initiated with the belief that HEC is now ready for
commercial availability. The 105-scfm field proto-
type is available now for commercial testing and
evaluation. Pacific Northwest Laboratory (PNL) is
continuing R&D to improve and scale the technol-
ogy. Scaleup to 50 scfm per reactor seems feasible
for extremely large applications.

REGULATORY CONSIDERATIONS

Compliance with the Occupational Safety and Health
Administrafion regulations is required for hazard-
ous-waste operations and protection of occupational
workers from high-voltage electricity.

i o i

POTENTIAL COMMERCIAL
APPLICATIONS

Since this technology is applicable to treating pro-
cess off-gases and liquid contaminants in govern-
ment or industrial settings, the potential commercial
applications are very broad. Any remediation or
manufacturing process that produces off-gases and/
or liquid contaminants that contain organic com-
pounds could possibly be treated with this technol-

ogy.

[ i
BASELINE TECHNOLOGY

The most ubiquitous baseline technology is carbon
sorption, in which off-gas contaminants are absorbed
ontocontainerized activated carbon. Once “spent,” the
carbon is shipped off-site and incinerated, which par-
tially reactivates the carbon for reuse. In many or most
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cases, thespentcarbon mustbe treated as Mixed Waste
because of radon contamination, even if the soil being
cleaned has not been contaminated with radioactive
wastes. This further increases the cost of baseline
carbonsorption use. Some otherbaseline technologies
involve thermal treatment, such as incineration and
high-temperature catalysis. Ionizing radiation
sources, such as X-rays and electron beams, are also
used.

INTELLECTUAL PROPERTY

Pacific Northwest Laboratory has applied forapatent.

For more information,

please contact:

Center for Environmental
Management Information
1-800-736-3282

DOE Program Manager
David Biancosino

EM-541

U.S. Department of Energy
Washington, DC 20585
(301) 903-7961

Principal Investigator
William Heath

Pacific Northwest Laboratory
P.O.Box 999

Richland, WA 99352

(509) 376-0554

Industrial/University Partaers
None at present.
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HYDRAULIC IMPACT END EFFECTOR

Lawrence Livermore National Laboratory
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DESCRIPTION

The Hydraulic Impact End Effector (HIEF) is a
remote tool attached to the end of a robotic manipu-
lator arm. HIEF is used to break up monolithic or
large pieces of hard cake into smaller fragments.
(Hard cake is a solid waste form, typically sodium
nitrate or sodium nitrite salts, that has been precipi-
tated out of radioactively contaminated process slud-
ges and stored in underground storage tanks.) After
the HIEF tool breaks up monoliths and large waste
boulders, the product can be easily handled by other
effectors for further size reduction or for pneumatic
conveyance out of the waste tank. The HIEF tool has
also been called a water cannon or rubblizer. Using
brief blasts of ultra-high-pressure (UHP) water, the
water cannon has been shown to be effective in
breaking up large monoliths. The HIEF is a benefi-
cial meanstodislodge hard waste adhering to various
vertical structures within an underground storage
tank. Presently, there is no other technology pro-
posed that can break up the monoliths around the
risers in a tank as effectively as the HIEF. Another
possible means is the water-jet technology, but posi-
tioning of the device is much more complex and
unforgiving,

The HIEF provides a means for continuous high-
pressure pulse generation capable of fracturing hard
salt cake. The system consists of the end effector
tool, the UHP power unit, and the control console.
The system uses the energy stored in a volume of
water compressed t0 40,000 psi to generate a power-
ful hydraulic shock to fragment monoliths of hard
saltcake. The current tool uses water as the working
fluid, but evaluation of alternate fluids is in progress.
The use of an alternative fluid that vaporizes at
ambient temperature would be very beneficial. The
control console monitors the pressurization and con-
trols the discharge through the control valve assem-
bly. Fragmentatibn with the hydraulic impact end
effector is comparable to that-achieved by explosive
charges without the hazards of “fly” rock or toxic
fumes. The HIEF system has been designed for
either automatic or manual operation. In the manual
mode, the operator charges and discharges the tool at
his discretion. In the automatic mode, the time
intervals forcharging and discharging are selected by
the operator, and the tool then operates at these
settings until shut off. Aiming ofthe tool is as simple
as shooting arifle. No close tolerances are required.

A IS ARG Ao X

TECHNICAL PERFORMANCE

The HIEF discharges 200 ml volume of
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water compressed to 40 kpsi. The end
effector can be fired repeatedly with 5 s
between blasts. The UHP power unit is
located 100 ft from the end effector and
requires480-VACelectrical power, 7-gpm
cooling water, and 90-psi compressed air.
The UHP hose has been designed to have a

Impact End Effector
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minimum fatigue life of 30,000 cycles.
The flexible high-pressure hose is sur-
rounded by asafety shield and has a typical




burst pressure of 105 kpsi and a minimum blast
pressure of 95 kpsi.

Laboratory Testing. The hydraulic impact end
effector was successfully demonstratedin FY92 asa
tool capable of fracturing hard salt cake. The hydrau-
licend effector was effective on anumberof different
strength simulated hard salt-cake compositions. De-
pending upon the brittleness, cohesiveness, and den-
sity of the target, varying degrees of fragmentation
result from complete fragmentation with one blast to
penetration through the sample. HIEF was very
effective in removing salt cake encrusted around
pump shafts and pipes. The rubblizer will not
damage the steel tank liners, although the hydraulic
impact end effector may be limited in use to those
tanks known to be structurally intact. Test results
have shown that the end effector can be discharged
directly into a solid-steel, unsupported plate without
noticeable deformation of the plate.

Cost. The cost of the end effector is approximately
$90K, including design, and the cost of the UHP
power source is $50K.

PROJECTED PERFORMANCE

Currently, the control valve assembly islocated at the
rear of the effector. In the near term, the control
valves will be distanced 75 to 100 ft from the end
effector. The rubblizer is expected to break up waste
at rate of 12 gpm. Fragments should not exceed a
maximum dimension of 14 in. High-pressure, liquid
carbon dioxide is being considered as an alternative
fluid.

I
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WASTE APPLICABILITY

HIEFis applicable to monoliths and large boulders of
the sodium nitrate and the sodium nitrite hard-cake
form of plutonium-processing waste byproduct. The

systemisdesigned for applicability to waste stored in
underground storage tanks (0.5 to 1 Mgal in size) that
may have limited access ports. Hydraulic impact
methods have been used to break up natural geologic
boulders and rocks in mining applications.

STATUS

The HIEF unit is a modified off-the-shelf commer-
cial unit that has been modified to match the manipu-
lator arm interface. The prototype has been

demonstrated on simulated hard cake in 1992. The
system with remote maintenance features and alter-
nate fluid usage should be completed in FY95.

REGULATORY CONSIDERATIONS

The HIEF unit was initially developed for use at the
Three Mile Island Nuclear Power Plant. The design
met all water-jet and decontamination regulations, as
well as Environmental Protection Agency (EPA)
and Occupational Safety & Health Administration
(OSHA) requirements. The HIEF is being designed
fordeploymentby thelong-reach manipulatorarmin
the single-shell tanks at Hanford. This technology
complies with all regulations governing tank-farm
technologies at Hanford.

POTENTIAL COMMERCIAL
APPLICATIONS

A hydraulic impact end effector unit is commercially
available for use in rock fragmentation to provide
powderless gun propulsion shock processing of ad-
vanced materials, or for use as a versatile underwater
sound source for geophysical applications.
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BASELINE TECHNOLOGY

There is currently no baseline technology to breakup 1.

monoliths around risers in underground storage tanks.
The water-jet scarifier is the only reasonable competi-
tion to this technology.

INTELLECTUAL PROPERTY

The patent is owned by QUEST Integrated, Inc.

For more information,
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Principal Investigator

Scott Couture

Lawrence Livermore National Laboratory
P.O. Box 808

700 East Avenue

Livermore, CA 94550
(510) 423-3304

Industrial Partnership
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Kent, Washington
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IN SITU AIR STRIPPING OF VOCS USING HORIZONTAL WELLS

DESCRIPTION

Insitu air stripping (ISAS) is a mass-transfer process
thatutilizes horizontal-injection and vacuum-extrac-
tion wells to remediate sites contaminated with vola-
tile organic compounds (VOCs) within the vadose
zone and soil/groundwater in the saturated zone. Air
is injected into the saturated zone via horizontal
injection wells placed below the water table. As the
air passes through the contaminant plume, it volatil-
izes the chemical constituents. The amount of vola-
tilization and movement of the solute mass into the
air stream is a function of the contaminant concentra-
tion, temperature, pressure, and Henry’s Law con-
stant of the particular solute. Vapors are collected by
upper horizontal gas-extraction wells. Theextracted
air stream is then processed to remove or destroy the
liquid and vapor toxic chemicals.

Westinghouse Savannah River Company
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ISAS performs best inhomogeneous soil conditions,
while heterogeneities such as formations, fractures,
clay layers, and partial clay lenses hinder perfor-
mance. Clay layers often have high contaminant
concentrations, while stratigraphy can cause prefer-
ential flow paths and limit the process' efficiency.
ISAS has been shown to be effective when some
interbedded thin and/or discontinuous clays are
present.

TECHNICAL PERFORMANCE

Afielddemonstration of ISAS was conducted during
FY90 at the Savannah River Site (SRS). The site
featured a pre-existing line source of soil- and ground-
water-based contamination. The soil geology con-
sisted of interbedded soils,
silts,and clays, withsands pre-

dominating. Vertical-well
groundwater and sediment

Alr Gas Surface sampling was used to collect
e Extracion . ] | multiple samples at various
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contaminant-degrading organ-
isms have flourished at the site
during airinjection. Geophysi-

Schematic Diagram of Horizontal Well In Situ Air

Stripping

cal tomography was used to
map water-saturation distribu-
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tions in the subsurface; three different geophysical
techniques wereemployed using cross-borehole tech-
niques.

During field testing, two horizontal wells were used,
including a 300-ft injection well (165 ft deep, 35 ft
below the water table) and a 175-ft long extraction
well (75 ft deep). Air was extracted from the upper
well at a rate of 55 to 600 scfm for a period of 139
days. Air injection began on day 16 at a rate of 65
scfm. On day 28, the air-injection rate was increased
to 170 scfm, and on day 69, it was increased again to
270 scfm. Injection stopped on day 113. A total of
16,000 1b of VOC contamination (trichloroethylene,
tetrachloroethylene, and others) wasremoved through
the extraction well.

Soil core samples revealed that an even larger quan-
tity of contamination was destroyed by aerobically
activated microorganisms in the soil than was ex-
tracted by ISAS. The extraction rate of contaminant
removed from the subsurface without air injection
(Soil Vapor Extraction or SVE alone) was about 109
Ib/day, and the extraction rate increased to approxi-
mately 130 Ib/day when air was injected through the
lower well.

The total cost of VOC removal for the ISAS field
experiment at SRS was $15.59/1b. In comparison, an
equivalent base technology extraction system, con-
sisting of four vertical vacuum extraction/injection
wells and one pump-and-treat well and processing
system, costs approximately $27.07/1b of VOC re-
moved. Although the capital costs are higher for the
ISAS system, the higherrate of VOC removal makes
it comparatively more cost effective.
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PROJECTED PERFORMANCE

ISAS performance with different geometries and/or
heating and/or bioremediation nutrient injection is
likely to be improved over earlier testing. Future
developments will include other geometries, mul-

tiple wells, combinations of horizontal wells and
vertical wells (giving hydraulic control),and orienta-
tion of horizontal injection wells perpendicular to the
direction of groundwater flow. The fundamental
problems for ISAS are the physical limits of volatil-
ization and requirements of the mass-transfer pro-
cesses. Remaining issues are how to remove the
contaminant effectively from the clays and the expo-
nential tail recovery curves. Using heating, steam
injection, and alcohol flooding are possible options
to increase volatilization in the clay zones and tight
soil pores.
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WASTE APPLICABILITY

Geologic Setting. For ISAS to be effective, the
geologic setting should have a moderate-to-high
saturated soil permeability, homogeneous saturated
zone, and sufficient saturated thickness. The vadose
zone should have high permeability and homogene-
ity; coarse-grained soil is mosteffective. Claylayers
have alow permeability, so they are the most difficult
to remediate with air stripping.

Contaminant Requirements. Airstripping involves
transport among soil, groundwater, and sparged air,
so contaminants must be mobile for all phases.
Contaminants must have a Henry’s Law constant
>0.01, vapor pressure >0.1 mm Hg, and soil/water
partition coefficient <1,000 to be physically remov-
able by air stripping. Most light hydrocarbons and
chlorinated solvents satisfy these conditions.

Plume Geometry. Horizontal wells provide better
contact with linearly shaped contaminant plumes.
Thin plumes are probably more amenable to the air-
stripping process. The plume depth affects the cost
effectiveness of ISAS.
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STATUS

A field demonstration was performed in FY90. A
full-scale demonstration, including 4% methane en-
hancement as a bioremediation nutrient in the injec-
tion well, was conducted during FY92, withresults to
be available in FY93. Better under-ground transport
modeling and bioremediation modeling are needed.

REGULATORY CONSIDERATIONS

A state Underground Injection Control (UIC) permit
is required because of the active injection of air into
the subsurface. ISAS application requires an air
permit for discharge of processed off-gases at the
surface. This is required to meet Clean Air Act
Regulations. The demonstration work at SRS falls
under the Resource Conservation and Recovery Act
(RCRA) groundwater corrective-action permit.

POTENTIAL COMMERCIAL
APPLICATIONS

Potential commercial applications include
remediation of leaking underground process lines
(especially those where chlorinated solvents or other
VOC wastes are present), and remediation of VOC
contamination (or semi-volatile organic chemical con-
tamination) where the contaminant plume has a linear
geometry in the soil or where the contamination covers
a large area. In remedial action applications where
there is a very large volume of soil contamination
spread outoveralarge areaat greatdepths, both vertical
and horizontal wells could be properly used to
remediate the contamination zone.

{ > H A ) %
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BASELINE TECHNOLOGY

ISAS is an improvement over the vertical-well SVE
technology or the vertical-well air-sparging technol-
ogy. Broad application of ISAS is possible because
of the placement of the lower injection well below the
water line, which can remediate both groundwater
and soil in the saturated zone. Consequently, ISAS
is also an improvement or alternative to a vertical-
well pump-and-treat process of groundwater
remediation.

INTELLECTUAL PROPERTY

U.S. patent 4660639, “Removal of Volatile Con-
taminants from the Vadose Zone of Contaminated
Ground,” was issued on April 28, 1987. The vapor
extraction from the upper horizontal well is covered
by this patent, and Westinghouse Savannah River
Company has paid a one-time license with the as-
signee, the UpJohn Company, for the use of this
process with horizontal wells. U.S. patent 4832122,
“In-Situ Remediation System and Method for Con-
taminated Groundwater,” was issued May 23, 1989.
This patent is assigned to the Westinghouse Savan-
nah River Company and the Department of Energy

(DOE).

Thirteen license applications have been issued, and
one full-scale system has been implemented at a
commercial remediation site.

{ ‘ ' i

For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282




DOE Program Manager 5. Angell, K. G, “Air Sparging, an Innovative

Kurt Gerdes Technique for Site Remediation,” Proceedings:
EM-541 First Annual Hazardous Materials and Environ-
U.S. Department of Energy mental Management Conference, Atlanta, GA,
Washington, DC 20585 October 1991, PP 92-116.

(301) 903-7289

Principal Investigator

Brian B. Looney

Westinghouse Savannah River Company
P.O0.Box 616

Aiken, SC 29802

(803) 725-3692; (803) 725-7673 (FAX)

Industrial/University Partners
Contact principal investigator for industrial/univer-
sity partnership information.
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IN SITU GROUNDWATER REMEDIATION USING
COLLOID TECHNOLOGY

University of New Mexico

KU SOMES Sl

DESCRIPTION

Facilitated migration of radionuclides in groundwa-
teris a problem observed at numerous DOE facilities.
The mechanisms for facilitated transport are not well
understood. Researchers suggest that radiocolloids
may be a potential factor. Radioactive colloids in
groundwater are fine particles of soil or macro or-
ganic molecules that contain radionuclides. At Los
Alamos National Laboratory’s (LANL) Mortandad
Canyon site, researchers have shown that plu-
tonium-contaminated colloidal particles are

New Mexico State University

in situ immobilization of colloids is illustrated in the
figure below.

To date, a state-of-the-art radiocolloid characteriza-
tion laboratory has been established, and colloids
contained in water samples from three Mortandad
Canyon wells have been characterized. A team of
researchers atNMSU has completed numerical simu-
lations of the groundwater and contaminant transport
for Mortandad Canyon. These findings strongly

present in well-water samples, and they sug-
gest that these radioactive colloids are respon-
sible for the facilitated transport of actinide
waste material in the Canyon’s perched aqui-
fer. Similar findings of facilitated plutonium
transport by colloids have been reported at
several other DOE facilities(e.g., Idaho Na-
tional Engineering Laboratory, Nevada Test
Site, and Maxey Flats). On an international
scale, a review of reported field observations,
laboratory column studies, and carefully col-
lected field samples provide compelling evi-
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: Colloids

Injection
well ——

-a—— Surface

Contaminated Site
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dence that colloidal particles enhance both
radioactive and toxic waste migration. Since
the migration of radioactive waste by ground-
water colloids is poorly understood, a team of
researchers from the University of New Mexico
(UNM) and New Mexico State University
(NMSU) has investigated the problem. The
objective of this three-year study was to under-
stand and predict colloid-contaminant migra-
tion through fundamental mathematical models,
water sampling, and laboratory experiments.
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<% O 'n")q
K
......... e
SfaaadliBin,  ———

* Adsorbing clay/zeolite colloids are added to remove dissolved radionuclides from solution

Colloids are attached
Polymer attaches  to rock; clay adsorber

Both types of colloids
are attached to the

RRRRRRK

Polymer Injection

Injection of adsorbing
particles *

Second Injection Stage
(if desired)

Injection Stage Binding Stage

Using this information, the team was to de-
velop an effective and scientifically based col-

loid immobilization strategy. This strategy for

227

Colloidal Waste Immobilization Process

A
0




suggest facilitated transport of plutonium at
Mortandad Canyon by colloid transport (though it is
not possible with field sites to guarantee the exact
transport mechanism at this time).

Laboratory studies were performed to develop an in
situ colloid immobilization process. The experimen-
tal results showed that natural inorganic colloids
from the Mortandad Canyon site are electrostatically
stabilized in groundwater and were likely produced
from the surrounding rock matrix since the colloids
and rock exhibited similar composition. As part of
the laboratory studies, column experiments were
performed to simulate actual field conditions, to
investigate colloid transport in porous media, and to
test the proposed polyelectrolyte colloid remediation
concept. Tests were performed under simulated
conditions using both silica colloids and Mortandad
colloid/water samples flowing through quartz sand
packed columns. The experiments were very suc-
cessful showing that colloids could be readily cap-
tured and removed from flowing groundwater using
a  standard  cationic polyelectrolyte
(polydiallyldimethyl ammonium chloride,
CATFLOC) coating on the column packing.

TECHNICAL PERFORMANCE

Results from this study provided fundamental under-
standing about the nature of the radiocolloids at
Mortandad Canyon but did not fully determine the
role of colloidsin transporting actinidesin the perched
aquifer at Mortandad Canyon. The study verified
and quantified the presence of groundwater pluto-
nium-containing colloids at the Mortandad Canyon
site. Numerical calculations showed that plutonium
was migrating in a facilitated manner. Our studies
have confirmed the presence of plutonium on the
groundwater colloids at LANL’s Mortandad Can-
yonsite and inconcentrations about 100 times greater
than for surrounding soils. The chemical composi-
tion of the colloids matched the soil’s composition,
1.e., feldspar, quartz, and clay. The Mortandad col-

loids are electrostatically stabilized in the groundwa-
ter, and their measured zeta potential is -19 mV. In
laboratory column experiments with a simulated soil
packing of crushed quartz, Mortandad colloids passed
readily through the 0.8 cm x 20 cm packed columns.
The polyelectrolyte (polydiallyldimethyl ammonium
chloride — CATFLOC) was demonstrated to be
effective in retarding Mortandad colloid transport in
quartz packed columns. However, we were success-
ful in fully retarding colloid migration when using
columns packed with core sample material. This
unconsolidated non-welded tuff continued to release
abundant quantities of colloids even after many
washings with de-ionized water and treatment of the
core packing with CATFLOC. Microscope (ESEM)
photographs of the core material verified the pres-
ence and abundance of free colloidal-size grains.
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PROJECTED PERFORMANCE

The technology of in situ colloid remediation of
groundwater is in the early stages of development.
The technology is currently being extended to the in
situ bioremediation of uranium mine tailings ground-
water sites.

WASTE APPLICABILITY

The new technology will be applicable to in situ
remediation of groundwater conatminated with ra-
dionuclides, heavy metals, and pesticides absorbed
on clay or silica.

TRy 4 P PR L e T
! o Ry . 7 sg P - ’a /. N >’I‘~"¢

STATUS

The concept has been laboratory tested and is await-
ing opportunities for field demonstration.
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REGUILATORY CONSIDERATIONS

This technology does not involve hazardous chemi-
cals or physical hazardsto workers. Itisenvironmen-
tally safe.

POTENTIAL COMMERCIAL
APPLICATIONS

This new technology will be applicable to certain
contaminated groundwater sites within the DOE
complex and may be applicable to other sites as well.
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The baseline technology is in situ vitrification for
plume containment.

INTELLECTUAL PROPERTY

Flexible. The PI, WERC Administration, university
administration, and industrial partners work in con-
junction to discuss individual cases.

For more information, please
contact:

Principal Investigator

HLE. Nuttall

Professor

Chemical and Nuclear Engineering
University of New Mexico
Albuquerque, NM 87131

(505) 277-6112; (505) 277-5433 FAX
email: nuttall@unmb.unm.edu
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Richard L. Long

Associate Professor

Chemical Engineering

New Mexico State University

Las Cruces, NM 88003

(505) 646-2503; (505) 646-7706 FAX

Ricardo B. Jacquez, Ph.D., PE.
Associate Director
Waste-management Education & Research
Consortium (WERC)

New Mexico State University

Box 30001/Dept. WERC

Las Cruces, NM 88003

(505) 646-2397; (505) 646-4149 FAX
Secretary (505) 646-7821

REFERENCES

1. McCarthy,]J.F. andJ. M. Zachara, " Subsurface
Transport of Contaminants (Mobile Colloids in
the Subsurface Environment May Alter the
Transport of Contaminants)," Environmental
Science and Technology, 23(5), 1989, pp. 496-
502.

2. Buddemeier,R.-W.andJ.R. Hunt, "Transportof
Colloidal Contaminants in Groundwater: Ra-
dionuclide Migration at the Nevada Test Site,"
Applied Geochemistry, 3:5, Sept-Oct 1988, pp.
535-548.

3. Nuttall, HE., "Colloid Transport Update-Mile-
stone R528," LA-UR-87-3742, 1989.

4. Nyhan,J.W,, B.J.Drennon, W.V. Abeele, M.L.
Wheeler, W.D. Purtymun, G. Trujillo, W.J.
Herrara, and J.W. Booth, " Distribution of Plu-
tonium and Americium Beneath a 33-year-old
Liquid Waste Disposal Site," J. Environ. Qual.,
14(4), 1985, pp. 501-508.



mailto:nuttall@unmb.unm.edu

Travis, B. J. and H. E. Nutall, "A Transport
Code for Radiocolloid Migration: With an As-
sessment of an Actual Low-Level Waste Site,"

Scientific Basis for Nuclear Waste Manage-
ment, Vol. III, 44, 1985, pp. 969-976.

Nelson, D.M. and K.A. Orlandini, "Environ-
mental Research Division Technical Progress
Report," ANL-86-15, Ed., T.M. Beasley, Divi-
sion Director, Argonne National Laboratory,
May 1986, pp. 3.8-3.14.

Penrose, W. R., W.L. Polzer, E. H. Essington,
D.M. Nelson, and K. A. Orlandini, "Mobility of
Plutonium and Americium through a Shallow
Aquifer in a Semiarid Region," Environ. Sci-
ence. Technol., Vol. 24, No. 2, 1990, pp. 228-
234.

Barton, L., H.E. Nuttall, W.C. Lindemann, and
R.C. Blake II, "Bicolloid Formation: An Ap-
proach to Bioremediation of Toxic Metal
Wastes," Chapter in Handbook of
Bioremediation — Remediation of Hazardous
Waste Contaminated Soil, Marcel Dekker, 1994,
pp. 481-496. ’

Nuttall, H.E., S. Rao, R. Jain, R. Long and Ines
R. Triay, "Colloid Remediation in Groundwa-
ter by Polyelectrolyte Capture," American

Chemical Society Symposium Series, Chapter
6, 1992, pp. 71-82.

10.

Barton, L.L., F.A. Fekete, E.V. Marietta, H.E.
Nuttall, and R. Jain, "Potential for Bacterial
Remediation of Waste Sites Containing Sele-
nium or Lead,” American Chemical Society
Symposium Series. Chapter 8, 1992, pp. 99-
107.

11. Nuttall, H.E. and R. L. Long, "Mobility of

13.

14.

230

Radioactive Colloidal Particles in Groundwa-
ter," Radioactive Waste Management and the
Nuclear Fuel Cycle Journal, Vol. 17:3-4, 1993,
pp- 237-251.

Nuttall, H.E. and LR. Triay, "Removal of Ac-
tinides from Waste Water by Flocculation,"

Published Proceedings of the Fourth World

Congress of Chemical Engineering, 1992, pp.
468-472.

Jain, R. and H. E. Nuttall, "CTC-Colloid Trans-
port Code and Simulation," Manipulation of
Groundwater Colloids for Environmental Res-
toration, Lewis Publishers, 1992, pp. 247-252.

Nuttall, H.E.andR. Kale, " Application of ESEM
to Environmental Colloids," Microscopy Re-
search and Technique, 25, 1993, pp. 439-446.

T SRR B e R e A,




IN SITU VITRIFICATION OF CONTAMINATED SOILS

DESCRIPTION

In Situ Vitrification (ISV) is a patented thermal-
treatment process for the in-place destruction and
immobilization of contamination in soil. Tempera-
tures of about 1,600 °C are achieved using a square
array of four graphite electrodes. To initiate the
process, a path of conducting material (graphite) is
placed on the surface of the soil so that current can
flow in the soil beyond the boiling temperature of
water (dry soil is not conductive after the conduction
path in soil pore water is boiled off) to the melting
point of the soil. The joule heating of the starter path
achieves temperatures high enough to melt the soil
(value is dependent on the soil’s alkali metal-oxide
content), at which point the soil becomes conductive.
The molten soil zone grows downward and outward.
New designs incorporate amoving-electrode mecha-
nism to achieve a greater process depth. A vacuum
pressurized hood is placed over the vitrification zone
to contain and process any contaminants emanating

Pacific Northwest Laboratory

from the soil during vitrification. The vitrification
product is a chemically stable, leach-resistant, glass
and crystalline material similar to obsidian or basalt
rock. The process destroys and/or removes organic
materials. Radionuclides and heavy metals are re-
tained within the molten soil.

TECHNICAL PERFORMANCE

Soil Type. ISV is applicable to contaminated soils
and sludge, including rocks, sand, silt, or clay. Va-
por-pressure buildup above the static pressure head
of the molten soil is a problem when vitrifying “silty
or nonswelling clays” that have low permeabilities
(<103 cm/s) even after drying.

Soil Moisture Content. ISV is applicable regardless
of moisture content. Soils and sludges that had
moisture contents of 4 to 50 wt% were successfully
vitrified. Groundwater diver-
sion during processing may

be necessary in permeable
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] | collectio
ollection - o, -
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The achievable depth is lim-
ited under certain heteroge-
neous conditions.
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Radionuclides. 1SV is extremely effective in immo-
bilizing radionuclides, including transuranics and
fission products. Criticality limits are conservatively
placed at 30-kg plutonium/setting. Typically, there
is no volatilization of *Sr, 2'Am, or 2Py, and
measurements indicate greater than 99.993% reten-
tion of theseisotopes. Rare-earth tracers (Ce, La, and
Nd) were used as surrogates for transuranic isotopes
in an Oak Ridge National Laboratory (ORNL) field
test with greater than 99.9995 wt% retention in the
melt. Cesium is more volatile than most radionu-
clides and has been measured with volatilization of
0.029% up to 2.4 wt% of '*’Cs, in some cases.

Hazardous Inorganic Chemicals. ISV isextremely
effective for immobilizing heavy metals and other
hazardous inorganics from 70t0 99.99 wt% retention
in the vitrified block. Chromium and lead retention
at the Hanford Site field test was greater than 99.99
wt%. Nitrates are decomposed, and mercury is re-
moved and collected by the off-gas system.

Hazardous Organic Chemicals. High process tem-
peratures destroy organics by pyrolysis. Concentra-
tions up to 7 wt% in the soil can be processed. The
small percentage that is not destroyed, 0.01 to 1 wt%,
isremoved and collected by the off-gas system. ISV
is not applicable to reactive or explosive materials.
Limited empirical data suggest that VOCs can be
effectively treated; however, treatability studies on a
site-specific basis are recommended.

Scrap Metals. Up to 25 wt% has been processed,
forming a molten pool at the bottom of the melt.
However, electrical short-circuiting problems can be
avoided by electrode retraction.

Debris and Rubble. Inclusions of high concentra-
tions of concrete rubble, rock, and other debris (up to
50 wt%) can generally be processed by ISV. Mono-
lithic structures that trap moisture should be avoided.

Combustibles. Based on heat-removal capabilities
of existing equipment, combustible inclusions of up
to 7 wt% can be processed.

Sealed Containers. Sealed containers and other
confined spaces are not processable by ISV due to the
potential for sudden pressure release through the
melt into the off-gas hood. Similar concerns exist
with pocketed liquids and void spaces which should
be carefully evaluated.

Power and Energy Requirements. These require-
ments will vary with soil geologies and conditions.
Maximum current delivery to the melt for the 3,750
kVAlarge-scale ISV systemis 4,000 A oneach phase.
Energy requirements can be conservatively estimated
at 1 KWh per kg of soil melted.

Cost Data. Geosafe Corporation offers the following
general costestimates; actual values must be determined
on a site-specific basis: Treatability tests of all types
$25K +analytical, PCBs and dioxins $30K +analytical,
Remedial Design - varies with design firm; Equipment
Mobilization and Demobilization - $200K to 300K
combined; Vitrification Operation varies with electric-
ity costs, quantity of water, and depth of process.
Hazardous Waste - $350 to $450/ton; Radioactive
Waste $400 to $550/ton.

PROJECTED PERFORMANCE

Improved performance includes application to bur-
ied waste and underground storage tanks, application
to nonalkali soils, increasing the process depth to 30
ft (~9 m), control melt shape, VOC transport model-
ing, and VOC migration control.

WASTE APPLICABILITY

ISV is applicable to soils containing radionuclides,
transuranics, fission products, organic chemicals,
metals and inorganic chemicals, and mixed waste.
Amenability and achievable depth may be limited by
the presence of rock or gravel layers where heat
transfer is less efficient.
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STATUS

Field-scale demonstrations of contaminated soils have
been performed at the Hanford and Oak Ridge Sites.
Large-scale demonstrations have been completed at
the Hanford Site. Demonstration in acidic soil is
planned for the Savannah River Site. The technology
is being evaluated for future application to buried
wastes and underground storage tanks. Commercial
operations for full-scale hazardous-waste-site
remediation began during the summer of 1993.
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REGULATORY CONSIDERATIONS

Regulatory issues include determination of Compre-
hensive Environmental Response Compensation and
Liability Act (CERCLA)/Superfund Amendments
and Reauthorization Act (SARA) and Resource
Conservation and Recovery Act (RCRA) require-
ments, as well as state and local requirements.

g R

POTENTIAL COMMERCIAL
APPLICATIONS

Geosafe Corporation is offering the technology for
commercial applications.
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BASELINE TECHNOLOGY

ISVisanew technology to replace retrieve-and-treat
technologies. ISV replaces the excavation of soil and
above-ground treatment for decreasing toxicity and
mobility of hazardous constituents. Other alterna-
tives include grouting and chemical fixation.

L i
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INTELLECTUAL PROPERTY

The ISV process was invented by Battelle, Pacific
Northwest Laboratory (PNL) for the U.S. Depart-
ment of Energy (DOE) in 1980. The patent is
assigned to DOE, is licensed to Battelle, and is
sublicensed to Geosafe Corp. for world-wide rights.
Patent No. 4,376,598 was issued March 15, 1983.

For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282

DOE Program Manager
Jef Walker

EM-531

U.S. Department of Energy
Washington, DC 20585

(301) 903-7966

Principal Investigator
John Tixier

Pacific Northwest Laboratory
P.0O. Box 999, MS P734
Richland, WA 99352

(509) 376-8732

Industrial Partner

James E. Hansen

Geosafe Corporation

Port of Benton Building

2950 George Washington Way
Richland, WA 99352

(509) 375-0710; (509) 375-7721 FAX
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IN-WELL VAPOR STRIPPING

Stanford University
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DESCRIPTION

During the last decade, over 1,200 hazardous waste
sites in the U. S. have been placed on the National
Priorities Listof the Environmental Protection Agency
(EPA) for remedial investigation and cleanup. The
U.S.EPA estimates that there are more than 2 million
underground tanks in the United States and that 20%
of them leak and contaminate groundwater. Such
tanks leak benzene, toluene, and their derivatives
which become dissolved in groundwater. Another

important group are the Volatile Organic Com-
pounds (VOCs), notably trichloroethylene (TCE)
and its degradation products. However, current
remediation methods are often very expensive, and
alternative concepts and techniques are needed. In-
Well Vapor Stripping (IVS) is an effective and
efficientprocess of removing VOCs fromthe ground-
water. The IVS method involves a combination of
the technique of air-lift pumping with a form of vapor
stripping.

The IVS system creates a groundwa-
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ter recirculation and VOC reduction
zone by utilizing a well-within-well
design that is screened at two inter-
vals. A lower screened interval is
located at depth beneath the water

VADOSE ZONE

Outer Well 1

— Packer in Inner Well

* Upper Screened Interval

table and allows contaminated ground-
water to enter the well. An upper
screened interval is located above the
water table and allows water depleted
in VOC:s to be returned to the aquifer.
An eductor pipe is installed inside the
well casing creating a well-within-a-
well. Inside the inner well, an air line
is introduced into which air is in-
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KEY jected. The airis released beneath the

water table, creating bubbles that rise.
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Duetothe density difference between
the water column outside the well and
the water-bubble mixture within the
inner well, a lift is created. Water and
air rise within the inner well, forcing
additional waterto flow from the aqui-
fer into the well through the lower
screened interval. The water-and-
bubble mixture flows upward in the
annular space around the air line.

In-Well Vapor Stripping System
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A simple separator plate is located within the inner
well at an elevation above the water table. As the
water-bubble mixture hits this separator plate, the
water is forced laterally into the outer well and exits
into the unsaturated zone through the upper screened
interval. From there, the water freely infiltrates back
to the water table. The air bubbles are released into
the outer well and are extracted to the ground surface
under a vacuum. Because the water enters the well
atthe lower screened interval and returns to the water
table, a groundwater circulation cell is developed in
the vicinity of the well. The radius of this circulation
cell canbe hundreds of feet or more depending on the
pumping rate, the depth of the lower screened inter-
val, and the aquifer properties.

Simultaneously, an air-stripping "chamber" is cre-
ated within the eductor pipe. During the period in
which the air bubbles flow through the water in the
inner well, VOCs are transferred from the water to
the gas phase due to the concentration gradient. The
air bubbles, including the VOC vapor, are collected
using vapor-extraction techniques at the top of the
well. The organic-rich vapor is treated using existing
methods such as sorption onto activated carbon or
incineration.

As this process continues, water circulates from the
aquifer to the well and then back to the water table.
The concentration of VOC:s is reduced, and after a
sufficient number of circulation cycles, it will reach
the permitted standards.

TECHNICAL PERFORMANCE

Monitoring-well installation and baseline studies
will be conducted during the summer of 1994 to
gather data to enable updating of the design features
for the test well and updates of the injection require-
ments. Operation for the initial 90-day demonstra-
tion commenced in the early fall of 1994 at the 200
West Area at the Hanford Site. Results from the
demonstration will guide sensitivity studies for the
following two-year period.

Costs. Specific costs have notbeen determined. The
primary cost components are the well installation,
the compressor and packer, monitoring, and the
GAC system. Because all VOC removal is accom-
plished in situ, the primary cost savings component
over a pump-and-treat system is that there is no need
for a vapor stripping tower and a separate reinjection
well.
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PROJECTED PERFORMANCE

The IVS process is expected to be an efficient and
effective method of removing VOCs from the ground-
water. Once the tests are completed, statistics will be
available and work on improving performance can
begin.
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‘WASTE APPLICABILITY

This technology is applicable for extracting VOCs
(suchascarbon tetrachloride, chloroform, and trichlo-
roethylene) from the aquifer and the vadose zone.

STATUS

Demonstration is currently in progress. This technol-
ogy should be available in 1995.

i

REGULATORY CONSIDERATIONS

Drilling and subsurface-access regulations may vary
depending on the waste-site characteristics. Precau-
tions must be taken to prevent spills during transpor-
tation of the activated charcoal used to remove the
VOCs. All local, state, and federal regulations must
be satisfied.
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POTENTIAL COMMERCIAL
APPLICATIONS

This technology can be applied to any VOC contami-
nation that is beyond the stage of soil removal
(greater than twenty-feet deep). This includes any
industry that may have soil and groundwater VOC-
contamination problems.

BASELINE TECHNOLOGY

This technology, when compared to conventional
VOC-removal schemes (which involve pumping out
many gallons of water and treatment above ground),
is much more effective and efficient.
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INTELLECTUAL PROPERTY

U.S. patents for the IVS technology are held by
Stanford University.

Patent number: 5,180,503 (January 19, 1993)

Licensing of this technology has been transferred
from Stanford to NoVOCs, Inc.

N
2
s

For more information, please
contact:

Center for Environmental

Management Information
1-800-736-3282
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DOE Program Manager
Skip Chamberlain
EM-541

U. S. Department of Energy
Washington, DC 20585

(301) 903-7248

Principal Investigator

Steven M. Gorelick

Stanford University

Department of Geological & Environmental

Sciences
Stanford, CA 94305-2115
(415) 725-2950

Industial Partner
NoVQOCs, Inc.
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MEDIUM PRESSURE WATERJET DISLODGING AND
CONVEYANCE END EFFECTOR USING CONFINED SLUICING

DESCRIPTION

The Confined Sluicing End Effector (CSEF) is a
remotely operated tool attached totheend of arobotic
manipulator arm. Confined sluicing is applicable for
dislodging, mobilizing, and removing all waste forms
(hard cake, sludge, and bulk supernate) stored in the
Hanford Underground Storage Tanks (USTs). The
confined-sluicing device is attached as an end effec-
tor to an articulated arm that enters the tank through
an existing access riser. The CSEF is lowered into a
tank containing hazardous waste and is used to cut,

Pacific Northwest Laboratory

ing shroud, which leads to an aspirating, high-pres-
sure jet pump. Water expelled by the jets and all
debris excavated by the process are caught and
pumped out of the tank before they can flow into the
main body of the tank. Therefore, the injected water
and fragmented debris are removed without signifi-
cant water loss to the tank, and the excavations of
mixed waste are carried out of the tank as an aqueous
slurry. Conveyance of the waste in a slurry pipeline
facilitates feed to downstream waste processors and
separators. Although waste processing is external to
this waste-removal system, the slurry water is cap-

tured and separated and then

oy e High-Pressure
Robot Water

recycled back to the waterjet
feedtank, forming an approxi-
mate closedloop. Somemake-

Rotating up water may be necessary.

Wasie S

Nozzle

Assembly Recycling the water results in

waste minimization because

H the volume of waste water

generated by the sluicing pro-
cess is minimized. At theend
o of the entire tank farm reme-
diationprogram, the waste wa-
ter would be treated and
reclaimed or suitably dis-
posed.

{

Waterjet Cutter

dislodge, and remove waste material. It is also used
to clean and decontaminate the walls of the tank and
any residual hardware that remains in the tank.
Confined sluicing uses high-pressure (10,000 psi or
70 MPa) waterjets to cut the material in the tank into
small pieces, and then sucks the material out using a
high-pressure (around 7,000 psi or 50 MPa) jet
pump. The cutting operations take place in aconfin-
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TECHNICAL
PERFORMANCE

Design Specifications. The waterjet operates at 10
kpsi, and the jet pump for the pneumatic conveyor
develops a 7 kpsi pressure head. The CSEF system
is designed to remove all excavated tank waste at a
steady flow of 30 gpm or higher. Confined sluicing
will break the waste down into a slurry of small
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particles that are easily processed. It is anticipated
that the water-to-solid ratio will be between 2:1 and
4:1. The system will probably require less than 500
hp, but exact requirements are yet to be defined.

Feasibility Study. A feasibility study wasconducted
in 1992. Feasibility studies have shown that targeted
waste-removal flow rates of 30 gpm are achievable.

Cost. The cost of this item has not been estimated
because of the ongoing refinement of the technology.
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PROJECTED PERFORMANCE

It is projected that CSEF will be able to excavate and
remove all types of tank waste, including hard cake,
sludge, and bulk supernate. The projected removal
rate is 30 gpm with a water-to-solid ratioof 2:1 to4:1.
Itis projected that the water expelled by the waterjets
and retrieved by the pneumatic conveyor will be
“close-looped” and recirculated throughout the en-
tire tank farm reclamation process.

WASTE APPLICABILITY

Confined sluicing provides a means to empty and
decontaminate the USTSs currently used to store
radioactive waste. The CSEF is designed for in situ
application in the Hanford USTs. The confined-
sluicing method is applicable for excavation, mobi-
lization, and removal of all the hazardous radioactive
material stored in the Hanford USTSs, including hard
salt cake, sludge, and bulk supernate.

-

STATUS

Preliminary feasibility studies were conducted in
FY92. Itis anticipated that this system will be fielded
in FY97. Much of the equipment and support
systems are commercially available now. However,

much of the specific design of the waterjet head
required for this application must be developed and
validated.

RN

REGULATORY CONSIDERATIONS

No significant environmental impacts are antici-
pated by the use of this technology. The “closed
loop” processing of the waterjet feed water may
make this technology more acceptable than other
alternatives.
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POTENTIAL COMMERCIAL
APPLICATIONS

This technology is potentially applicable to radioac-
tive or hazardous excavations in remote settings
(such as an underground storage tank). The waterjet
cutting technology has applications in advanced
manufacturing, material research, and in the mining
industry.

R Lt L, Mt g et s

BASELINE TECHNOLOGY

There is presently no baseline technology that can
break up and remove all types of tank waste. One
possible alternative to confined sluicing is flooding
of the tanks with water and continuously pumping
the water out; such a method is referred to as general
sluicing. General sluicing requires large quantities of
water, cannot be used in leaking tanks, and cannot
deal with hard, insoluble materials.

INTELLECTUAL PROPERTY

Patents: None.
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For more information,

please contact:

Center for Environmental
Management Information
1-800-736-3282

DOE Program Manager
Sherry Gibson

EM-542

U.S. Department of Energy
Washington, DC 20585
(301) 903-7258

Principal Investigator
Dr. David A. Summers
Rock Mechanics Facility
University of Missouri-Rolla
1006 Kings Highway

Rolla, MO 65401

(314) 341-4311

University Partner
University of Missouri-Rolla
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METHANE ENHANCED BIOREMEDIATION FOR THE
DESTRUCTION OF TRICHL.OROETHYLENE USING
HORIZONTAL WELLS

DESCRIPTION

Methane Enhanced Bioremediation (MEBR) using
horizontal wells is an in situ method to stimulate
cometabolic destruction of halogenated aliphatic
chemical contamination in the sub-surface, such as
trichloroethylene (TCE) and tetrachloroethylene
(PCE). This destruction is achieved by enzyme-
catalyzed reactions brought on by the methane
monooxygenase enzyme (MMO) of indigenous
methane-utilizing bacteria (methanotrophs). The
process has the capacity to degrade the contaminants
into carbon dioxide, water, and soluble chlorine.

Horizontal wells provide better contact for nutrient
delivery and more efficient aerobic stimulation of the
subsurface microflora. A methane-and-air mixture
(<5 vol %) is injected through a horizontal well into
an aquifer below the contaminant plume to stimulate
microbe biomass growth above the well. One strat-

Westinghouse Savannah River Company
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egy to optimize growth and degradation is pulsing of
the methane/air mixture and another is injection of
nitrogen- and phosphorous-rich nutrients with con-
comitant methane treatments. The gaseous nutrients
will flow upward through the contamination plume
to an upper-duty vacuum-extraction well. The upper
parallel, horizontal, vapor-extraction well is located
in the vadose zone above the linear contamination
plume. A thermal catalytic oxidation (CatOx) sys-
tem, operated at 825 °C, is used to treat extracted soil
vapors. The figure below is a general schematic of
the process.
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TECHNICAL PERFORMANCE

Pilot-Scale Demonstration. Performed at the Sa-
vannah River Site, M area, abandoned seepage basin
and process sewer line employed for disposal of

solvents used to degrease

nuclear fuel target elements.

o, Ml Contaminationis mostly TCE

and PCE with concentrations

Catalyst 0f 10,000 ppbinsoiland 1,000

e meihane. ppb in groundwater. Exten-
Vacuum Catalytic Oxidizer

Compressed
Natural Gas |

Heating Elements

=L bbb

sive soil and groundwater
monitoring has demonstrated

that methanotrophdensitiesin-
Compressor .
Extraction of air containing volatile compounds creased 5 orders ofmagmtude
—~ i d concentrations
| }_7\ ‘ \ 4 \ Slotted Liner an TCF/PCE )

Cl+C 1 declinedtoless than2 ppb; the

TC Water -
0 o Tuble current drinking water stan-

Contaminated Zone dard is 5 ppb.
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A Capital investment costs are

$150K and 200 man hr for site

Nutrient Enhanced Bioremediation System
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preparation, setup, and assem-
bly. The operation is low




maintenance, requiring only one technician at 25%
time (10 hr/wk); other operational costs are for
electricity, natural gas, and equipment maintenance.
In 429 days of operation, 12,096 Ibs of VOC were
extracted and treated with the CatOx system; less
than 726 1bs were emitted, and the remaining amount
was destroyed by the CatOx system. Biodegradation
was indicated by increased concentrations of carbon
dioxide in the extracted vapors and increased con-
centrations of soluble chlorine in groundwater moni-
toring wells.

There were four consecutive stages to the demonstra-
tion, not including the baseline tests that are vacuum
extraction-only (240 scfm) and vacuum extraction
coupled with 100% air injection at 84% of the extrac-
tion flow rate (202 scfm).

The first stage, lasting 3 months, was with 1% (vol)
methane added to the injected air flow. Helium
conservative tracer tests indicate that more than 50%
of the 1,392,774 scf of injected methane was con-
sumed by the indigenous microbes, contributing to
biomass growth and contaminant degradation. Ini-
tially, biomass grew at an approximate average rate
of an order of magnitude every 2 wks. Growth
slowed after two months because of the reduction of
naturally occurring nitrates and othernutrients. Tech-
nical-grade methane was also found to be growth-
inhibiting because it contains small amounts of
acetylene, which is poisonous to methanotrophs.

The second injection campaign was 4% methane
added to the injected air stream. Populations of
methanotroph bacteria increased while TCE/PCE
concentrations decreased. The third stage used puls-
ing of the injected methane at a rate of 8 hr every 2
days to minimize nutrient competition and optimize
growth. However, it was realized that more rapid
pulsing produced a more optimum growth rate. Ul-
timately, the growth and degradation efficiency of
the methanotroph bacteria is limited by the paucity of
other essential nutrients. The final stage of the
demonstration included pulsing of methane with

continuous injection of a confluence of air, nitrous
oxide at 0.007%, and tri-ethyl phosphate at 0.07%.
Rates of mineralization and physiological activity
increased dramatically, although nutrient injection
had only minor effects on the total biomass. It was
concluded that there must be a further deficiency in
some other necessary nutrient.

PROJECTED PERFORMANCE

The knowledge gained will enable future applica-
tions to have a high-quality nutrient-injection sched-
ule, approaching an optimum. The results expected
are rapid biomass growth, metabolism, contaminant
mineralization, and site restoration.

WASTE APPLICABILITY

This technique is specifically useful for destruction
of halogenated aliphatic compounds and chlorinated
solvents (TCE, PCE etc.); furthermore, the non-
specific MMO enzyme has been demonstrated to
degrade more than 250 different compounds. It is
applicable where the subsurface does not contain
significant amounts of copper or azide compounds
that either poison the methanotrophs or limit their
growth.
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STATUS

This is an emerging technology, but it is available for
application now. The knowledgebase gained willbe
applied to future designs for full-scale demonstra-
tions and applications at the Savannah River Site
(SRS) and other sites.
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REGULATORY CONSIDERATIONS

Resource Conservation and Recovery Act (RCRA)
permits and compliance with the Clean Air Act and
Clean Water Act for injection control may be re-
quired. Comprehensive Environmental Response
Compensation and Liability Act (CERCLA), as
amended by the Superfund Amendments and Reau-
thorization Act (SARA), provides the mandate for
implementing the demonstration tests to remediate
the contamination of soils and aquifers at the SRS.
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POTENTIAL COMMERCIAL
APPLICATIONS

The use of horizontal wells for microbial stimulation
makes restoration of soils and aquifers in otherwise
inaccessible areas (e.g., under structures) possible. It
is applicable for remediation of organic chemical
spills, chemical-process sewer leaks, and storage-
tank leaks. The enhanced bioremediation technol-
ogy is useful for timely remediation of contaminant
plumes that are attributable to the transportation fuel
industry, chemical industry, uranium purification,
and otheractivities that may produce, utilize, store, or
dispose of chlorinated solvents.
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BASELINE TECHNOLOGY

The baseline technology is vacuum extraction alone
with effluent treatment or in situ air stripping with
effluent treatment but without biomass or nutrient
injection. Incontrast, the MEBR technology isbased
on biological destruction of contaminants in situ.
Nutrient injection for enhanced bioremediation has
the potential to enhance the performance of in situ air
stripping, as well as offering stand-alone remediation.
The use of horizontal wells gives an increased sur-
face area and contact efficiency for better delivery
and distribution of nutrients, for easier recovery of
soil-gas and water, and for minimization of forma-
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tion clogging and plugging phenomena. This tech-
nology is capable of decreasing contaminant con-
centrations to drinking water standards (5 ppm) in
heterogeneous environments. Few pump-and-treat
technologies are comparable.

INTELLECTUAL PROPERTY

The Department of Energy (DOE) applied for a
patent for methane and gaseous nutrient injection
through horizontal wells. Patent US 4713343 was
issued December 15, 1987, for biodegradation of
halogenated aliphatic hydro-carbons and for water
purification using micro-organisms capable of aero-
bic degradation of low-molecular-weight alkanes;
the assignee is U.S. EPA. Patent US 4832122 was
issued May 23,1989, forIn Situ Remediation System
and Methodology for Contaminated Groundwater;
the assignee is U.S. DOE.
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For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282

DOE Program Manager
Kurt Gerdes

EM-541

U.S. Department of Energy
Washington, DC 20585

(301) 903-7289

Principal Investigator

Terry C. Hazen

Westinghouse Savannah River Company
P.O.Box 616, Bldg. 773-42A

Aiken, SC 29802

(803) 952-7517; FAX (803) 725-7673




Industrial Partners
ECOVA, Gas Research Institute, Auigas, Heritage
Environmental, and Groundwater Technologies.

! R A R AR

REFERENCES

1. Hazen, T.C., “In Situ Bioremediation Progress
Report (4/12/93 to 4/30/93),” Savannah River
Technology Center (SRT-ESS-93-0436) sub-
mitted to South Carolina Department of Health
and Environmental Compliance, Fourteenth and
Final Progress Report, May 18, 1993.

2. Hazen, T.C., “Test Plan for In Situ
Bioremediation Demonstration of the Savan-
nah River Integrated Demonstration Project,”
Revision 3, WSRC-RD-91-23, Westinghouse
Savannah River Company, April 23, 1993.

3. Hazen, T.C., B.B. Looney, M. Enzien, M.M.
Franck, C.B. Fliermans, and C.A. Eddy, “In
Situ Bioremediation Via Horizontal Wells,”
Preprint Extended Abstract, presented at the
I&EC Special Symposium, American Chemi-
cal Society, Atlanta, GA, September 27-29,
1993.

4. McCarty, P.L., “Engineering Concepts for In
Situ Bioremediation,” BioRemediation Con-
ference, Western Region Hazardous Substance
Research Center, Stanford University, Stanford,
CA, 1990, pp. 3-13.

5. Shah, N.N,, S. Park, R.T. Taylor, and M.W.
Droege, “Cultivation of Methylosinus
trichosporium OB3b: III. Production of Par-
ticulate Methane Monooxygenase in Continu-
ous Culture,” Biotechnology _and
Biocengineering, Vol. 40 (1992), pp. 705-712.

10.

I1.

12.

246

Thomas,J.M.,C.H. Ward, “Insitu Biorestoration
of Organic Contaminants in the Subsurface,”

Environmental Science and Technology, Vol.
23, No. 7 (1989), pp. 760-766.

Wilson, J.T., B.H. Wilson, “Biotransformation
of Trichloroethylene in Soil,” Applied and En-

vironmental Microbiology, January 1985, pp.
242-243.

“In Situ Bioremediation: Biodegradation of
Trichloroethylene and Tetrachloroethylene by
Injection of Air and Methane,” Innovative Re-
medial Technology Information Request Guide,
Environmental Protection Agency, 1993.

“Modeling of BioRemediation Experiments at
SRS ID,” FY92 Technical Task Description,
TTPNo.AL 1211-02,DOE-AL, December 18,
1991.

“SRS Integrated Demo: Remediation Tasks,”
FY92 Technical Task Description, TTP Refer-
ence Number: SR 1211-06, May 11, 1992,

DOE-SR, “Technology Information Profile, rev.
2, Technical Name: Methanotrophic In Situ
Bioremediation Using Methane/Air and Gas-
eous Nutrient Injection via Horizontal Wells,”
DOE ProTech Database, TTP Reference Num-
ber: SR-1211-06, revised February 25, 1993.

“VOCs in Non-Arid Soils Integrated Demon-
stration, Analysis & Evaluation Task,” FY92
Technical Task Summary/ Description, TTP
Reference Number: SF 2111-01, August 8§,
1991.




MIGRATION BARRIER COVERS

Los Alamos National Laboratory
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DESCRIPTION

The subject technologies focus on remedial options
for landfills which can be rapidly implemented such
as engineered landfill capping (near-surface barri-
ers), other subsurface barriers, contained bio-treat-
ment, and post-closure monitoring technologies. The
scope of this technology profile includes imperme-
able and permeable capping technologies, gel-barrier
materials, enhancement of natural biologic commu-
nities, chemical-tracerapproaches, and remote moni-
toring of the hydrologic systems. Two different
potential applications of barriers are being evaluated.
The first is the use of impermeable barriers for
chemical containment for future remedial action
includingin-trenchleaching orinsitubioremediation.
The second is the integration of permeable reactive
barriers and petroleum-reservoir gel/foam/polymer
technology with grout or clay slurry walls to direct
horizontal surface and subsurface water flows around
a contaminated area.

Barrier and post-closure monitoring tests are being
conducted in field-scale demonstration plots and are
being designed for actual contaminated sites. The
range of materials available for augmenting existing
barrier practice is broad. The initial focus has been
the design and demonstration of capping technolo-
gies which modify the water balance of a landfill to
minimize or eliminate percolation which leads to
leaching and cap erosion which could lead to waste
exposure and migration. The most recent demonstra-
tion results are presented for landfill-capping tech-
nologies and techniques for remote monitoring of
soil moisture. The landfill capping demonstration
evaluated hydrologic performance of a conventional
soil cap, a modified EPA-RCRA cap, a Los Alamos
(LA) capillary barrier, and an LA capillary barrier
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with an enhanced vegetation cover. This demonstra-
tion was benefited by aconcomitant remote monitor-
ing evaluation which compared neutron-probe and
time-domain reflectometry techniques for soil-mois-
ture analysis.

The remediation technology area for which capping
isapartisreferred to as “containment” (Figure 1) and
involves leaving all or some of the contaminant
source in place and controlling the processes that
cause the waste to migrate using appropriate barrier
technology. Thesebarriers take advantage of the fact
that there are strong interactions among the various
components of the water balance of a site. The fate
of meteoric water falling on the surface of a landfill
is referred to as the water balance (Eq. 1).

9B _9p_Q-ET-1L)
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The term on the left-hand side is the rate of change of
soil moisture, P is a precipitation term, Q is the runoff
term, ET is the evapotranspiration term, L is the
percolation below the root zone, and t is the time
variable. The reduction or elimination of the runoff
term (Q), increases infiltration of water into the soil,
resulting in increased moisture storage followed by
an increase in ET and/or percolation. Likewise,
reducing percolation necessitates that more of the
precipitation bepartitioned among soil-moisture stor-
age, ET, runoff, or that it is diverted laterally using an
appropriate barrier technology (e.g., LA capillary
barrier). The coupled nature of the process compris-
ing the water balance can be used to an advantage in
designing landfill caps that minimize or eliminate
process in Eq. 1 which contribute to contaminant
migration (i.e., percolation) while enhancing other




eliminate process in Eq. 1 which contributes to
contaminant migration (i.e., percolation) while en-
hancing other terms (i.e., ET).

ers could be designed: (1) to remain in place as
permanent or semi-permanent installations; (2) to be
removed and replaced periodically, thus serving as a
component of the remediation process; and/or (3) to

be used as part of the post-

PRECIPITATION

INFILTRATION

EVAPOTRANSPIRBATION

closure monitoring system
in which the appearance
of a contaminant in the
barrier would then serve
towarn of impending con-
taminant migration.

RUNOFF/EROSION

In-Place Bioreactors.

BARRIER TYPES

This technical approach
uses the capabilities of
native bacteria for degrad-
ing hazardous organic
compounds in a cost-ef-
fective, publicly accept-
able manner. The
capability canbe managed
toprovide prolonged treat-
ment, as well as treatment
of relatively shortduration.
Inadditionto full-scalesite

IMPERMEABLE PERMEABLE
CLAYS GEOCHEMICAL remediation, biodegrada-
CAPILLARY BIOLOGICAL tion has significant near-
MEMBRANES .
GROUTS term potential as an

effective containment

Figure 1. Overview of Migration Control Barriers and

the Water Balance Concept.

Permeable, Reactive Barriers. These barriers allow
the passage of water while prohibiting the movement
of contaminants by employing such agents as chela-
tors (ligands selected for their specificity for a given
metal), sorbents, microbes, and others. In Depart-
ment of Energy (DOE) sites where multiple contami-
nants are ubiquitous, multicomponent barriers need
to be evaluated. Field-scale experiments were con-
structed using natural sand with the permeable barri-
ers consisting of zeolite + silica gel + sand, bentonite
+ Al crosslink polyacrylimide + sand, and peat + Al
crosslink polyacrylimide + sand. The reactive barri-

strategy. Thus, evaluation
of approaches to manag-
ing biologic communities
on the margins of a site, in
combination with other
barrier approaches, will provide significant informa-
tion for both limitation of contaminant transport and
full-site cleanup.

Post-closuremonitoring. The field experiments have
focused onevaluation of water saturation and chemi-
cal transport. Comparison of established neutron-
probe measurements of water saturation in arid soils
with developments in Time Domain Reflectometry
probe systemsis being used to evaluate opportunities
for automated and more detailed characterization.
Chemical transport is being evaluated through the
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use of contaminant and chemical-tracer materials.
Application of tagged tracers allows evaluation of
both barrier-system effectiveness and potential con-
taminant-transport pathways or imminent arrival.
Tracers for the permeable-barrier experiments in-
cluded low concentrations of common anions (e.g.,
bromide), soluble organic acids, semi-volatile or-
ganic acids, fluorescein, chromium, and EDTA. The
tracer/pseudo-contaminant for the bio-barrier ex-
periments focused on toluene, labeled with carbon-
13, to allow specific characterization of transport and
biodegredation processes as a function of plant cover
and fertilization.

TECHNICAL PERFORMANCE

The permeable barriers are being designed to operate
unattended with minimal maintenance for long peri-
ods of time (i.e., years). However, periodic inspec-
tions will be required because theseenhanced barriers
might fail because of cracking. Since the barriers are
passive, no power is required for their operation.
Demonstration results are not currently available for
the advanced Permeable/Reactive Barriers nor are
results available for the Contained In-Place
Bioreactors.

Impermeable/semi-permeable landfill covers were
installed and monitored for 45 months (Jan. 1, 1990
to Sept. 20, 1993) at Hill Air Force Base and results
became available in 1994. Four field-scale landfill-
cap designs were installed in modular swimming
pools at a finished dimension of 5 x10m. One cap
was aconventional soil cap which consisted 0f 90cm
oflocal Hill AFB soil over 30 cm of a gravel drainage
layer to promote rapid collection of leachate. The
top-soil in this and the other plots was a sandy loam
compacted to a density of 1.86 g/cc or 97% of the
optimum based on Proctor tests and in situ gamma
density measurements. The hydraulic conductivity
ofthissoil was 2.8 x 104 cm/s+0.3x 104 (measured
in the laboratory). Complete saturation of the top-
soil occurred at 30% volumetric water content.

The EPA-recommended RCRA cap was also dem-
onstrated in a modified configuration. EPA recom-
mends installing a Flexible Membrane Layer (FML)
between the sand drainage layer and the compacted
clay layer (Fig. 2) which is likely to fail after an
unspecified period of time. Therefore, the RCRA
cover was studied in a configuration after the FML
would have failed. The modified RCRA cap con-
sisted of 120 cm top soil over 30 cm of a sand
drainage layer over 60 cm of compacted clay loam

MODIFIED RCRA COVER
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Figure 2. Comparison of EPA-RCRA Cap and the LLos Alamos Capillary Cap.
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emended with bentonite. The clay layer was com-
pacted to 1.76 g/cc (96% of optimum) with a satu-
rated hydraulic conductivity of 3.4 x 10% cms.
Complete saturation of the clay occurred at 50%
volumetric water content.

Los Alamos Capillary Barriers which contain ero-
sion-control measures were demonstrated in two
configurations. One LA Capillary cover had en-
hanced vegetation cover for improved evapotranspi-
ration (ET) and the other had standard vegetation
cover equivalent to the other plots. The LA Caps
consisted of 150 cm topsoil over 30 cm of ~1 cm
diameter washed gravel to serve as a capillary break.
A geotextile fabric, highly permeable to water, was
placed between the soil and gravel layerstoretard the
rate of soil penetration downward into the gravel
capillary break. A final 30 cm of gravel at the bottom
of the profile served as a drainage layer for any
leachate produced from the cap profiles. Both of
these latter designs also included a thin gravel cover
on the soil surface that past studies have shown to be
very effective in controlling erosion. The gravel
cover had the added benefit (though non-intuitive) of
increasing biomass by increasing infiltration, and
thus, availability of waterin the soil. All plotshad4%

slope on the cap surface and on all subsurface barri-
ers. Table 1 gives water-balance estimates based on
neutron-probe moisture logging for the Hill AFB
Cover Demonstration.

The 45 month demonstration results show that the
RCRA cap was the most effective in preventing soil-
water movement completely through the cap (Fig-
ures 3 and 4). Break-through occurred 27 months
after the demonstration began. The ability to control
percolation was strongly related to the cap design
with very good protection being provided by the clay
barrier in the RCRA design.

The clay barrier was approaching saturation near the
end of the study; therefore, evaluation of the long-
term performance of the clay barrier in diverting soil
water laterally or in preventing leachate production
will require additional monitoring. Since the RCRA
cap had greater interflow and more soil-moisture
storage in the clay layer, the cumulative leachate was
much less than the conventional soil cap. The LA
Caps had average performance on limiting leachate
but had excellent performance in limiting erosion
(Figures 5 and 6). Erosion is a key contributor to
contaminant migration when exposure occurs and

Table 1. Water Balance Estimates, Hill AFB Cover Demonstration (Jan90-Sep93)

--Plot Design--
LA-2 (Grass

Parameter LA-1 (Grass) | & Shrub) RCRA Control
Precipitation (cm) 173 173 173 173
Initial (CY90) Soil Water 20
Storage (cm) 32 31 35
Net Change in Soil Water - -
Storage (CY90-10/93) 17 (-10%) -15 (9%) +11 (6%) -11 (-6%)

Léachate (em) - - | 20 (16%) |- 28(16%) | 0.5(03%)* | 59.34%) ...

Interflow (cm) 20(11%) 12 (7%) 43 (25%) 0 (0%)
Runoff (cm) 1.4 (0.8%) 2.2 (1.3%) 5.5 (3.2%) 5.8 (3.4%)
ET (cm) 142 (82%) 146 (84%) 113 (65%) 119 (69%)
Sediment (g) 102 95 1,534 2,374

* Breakthrough began March 20, 1992 (27 months elapsed time)
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Figure 3. Cumulative barrier lateral
flow as a function of time for all cap
designs at Hill AFB.

has the potential for catastrophic migration. In all
plots, however, the erosion rates were less than the
EPA limit of 4.4 Tonnes/hectare-yr.

It is important to note that although capping tech-
nologies will be useful in remediating radioactive,
hazardous, and municipal-waste landfills, there is no
one cap that will work universally across all sites.
Many questions about the performance characteris-
tics of capillary and clay barriers advise caution in
their use for landfill remediation. For example, little
is known about how to optimize barrier design to
enhance lateral flow, the limits on the slope length in
diverting flow, the influence of type, seasonality and
amount of precipitation, and the effects of biological
intrusion through the capillary break on barrier per-
formance. Anissueseldomaddressedrelativetoclay
or capillary barriers is the provision for disposing the
lateral-flow water generated by the barriers in a way
which prevents the water from reentering the waste
environment. '
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Water (cm)

Figure 4. Cumulative leachate flow
as a function of time for all cap de-
signs at Hill AFB.

Cost. The field tests atL.os Alamos National Labora-
tory (LANL) which were completed in early 1994
had a start-up cost of $1.2M and an operations/
maintenance cost of $670K in FY93. The operating
and maintenance costs realized in the experimental
demonstration may or may not be reflective of the
costs of a full-scale installation, as the covers are
intended to be low maintenance with automated
monitoring. Life-cycle costs for operational systems
have not been estimated, but are expected to be 5 to
10 times less than excavation. Table 2 gives repre-
sentative costs taken from the literature for excava-
tion compared to various capping remedial options.

- !

PROJECTED PERFORMANCE

Quantified performance data have not been esti-
mated for production systems. However, significant
improvements are anticipated in both operational
costs and acceptance by public and regulatory com-
munities.
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Figure 5. Cumulative runoff from the
Landfill Capping Demonstration
plots as a function of time for all cap
designs at Hill AFB.

Table 2. Cost Comparison: Esti-
mated 1992 costs of landfill remedial
alternatives at Los Alamos, NM.

Alternative Cost ($M/ha)!
Excavate 80
RCRA cap 4.9
Soil/capillary barrier cover 3.7
Bio-engineered soil/veg. cover 0.24
Surface management w/erosion 0.12
control

1. hectare (ha) = 10,000 m? (2.471 acres).

WASTE APPLICABILITY

These barrier technologies are primarily intended for
in situ treatment/containment of soluble metals and
organics in arid soils. Potential landfill applications
includeradioactive, hazardous and mixed-waste land-
fill applications where the level of containment is
compatible with determined risk. A decision Sup-
port System is being developed which considers

Cumuative Sediment (g

Figure 6. Cumulative sediment from
the Landfill Capping Demonstration
plots as a function of time for all cap
designs at Hill AFB.

hydrologic,erosion, remediation cost, and risk factors
to determine suitability and assist in containment
design. According to this subject technology, the
contaminants will either be contained within the
landfill volume, biologically degraded, or retained in
a concentrated form by the barrier material. The
barrier could provide permanent containment for the
relatively benign residues or provide a decreased
volume of the more toxic contaminants for subse-

quent treatment.

STATUS

Evaluation of the currently installed (CY89) landfill
cover systems was completed early in CY94. The
first reactive barrier and monitoring systems were
installed in 1992. The tracer tests, which would
include the effects of seasonal changes in the envi-
ronment, were scheduled for completion in 1993.
Approximately two additional years would be re-
quired to test and evaluate each additional barrier
system.
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REGULATORY CONSIDERATIONS

Closure and post-closure monitoring will be required
under Resource Conservation and Recovery Act
(RCRA), Comprehensive Environmental Response
Compensation and Liability Act (CERCLA),
Superfund Amendments Reauthorization Act
(SARA), and Department of Energy (DOE) Order
5820.2A. For hazardous chemical sites, the required
post-closure monitoring period is 30 yrs. For radio-
activesites thathavebeenclosed, DOE Order 5820.2A
requires monitoring and maintenance of the site for
100 yrs. According to EPA closure regulations, cap
erosion must be less than 4.4 metric tons/hectare-yr.
(EPA/530-SW-89-047, July 1989).

L i

POTENTIAL COMMERCIAL
APPLICATIONS

The landfill cover systems presented in the technical
performance section have important potential appli-
cation for municipal- and industrial-waste landfills.
The components of the barrier and monitoring sys-
tems thatare currently being field tested have all been
obtained from commercial vendors. Thus, these
technologies can lend to full commercialization.
Furthermore, chemical and petroleum companies
are now actively applying the proposed types of
permeable barrier and bio-technological technolo-
gies in enhanced oil-recovery operations.

! , ]

BASELINE TECHNOLOGY

The conventional landfill cover system is a regional
soil cover. On the other hand, the baseline technol-
ogy for hazardous- or radioactive-waste landfills
must be defined as the RCRA cap since it is the EPA
standard cover system. If a landfill cover can be
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shown to perform equivalent to the RCRA cap, it
would be accepted as a closure option. Baseline
materials currently being used by the DOE for barrier
emplacement include grouts, clay slurries, and ce-
ments for pure hydrologic barriers. Landfill caps are
baselined for the biotreatment systems, and the neu-
tron probe is baselined for soil-moisture and post-
closure monitoring. By design, landfill barriers and
cover systems restrict water transport through the
contained area but may often require active biologi-
cal treatment and/or reactive systems to maintain a
stability.

Z SR PPN ‘z
L o vm sy 5

INTELLECTUAL PROPERTY

Patent Ownership: To be determined.

For more information,
please contact:

Center for Environmental

ManagementInformation
1-800-736-3282

DOE Program Manager
Skip Chamberlain
EM-541

U.S. Department of Energy
Washington, DC 20585

(301) 903-7248

Principal Investigator

Ken Bostick

Mail Stop J495, Organization EES-15
Los Alamos National Laboratory

Los Alamos, NM 87545

(505) 667-3331; FAX (505) 665-3866




Industrial/University Partners
Dupont Chemical Co., Wilmington, DE

Pfizer Chemical Co., New York, NY
University of Houston; Houston, TX
University of New Mexico; Albuquerque, NM

REFERENCES

1. DOE-AL,“Technology Information Profile(rev.
2), Technical Name: Barriers and Post- Closure
Monitoring," DOEProTech Database, TTP Ref-
erence Number: AL-1211-25, February 26,
1993.

2. Hansen, W., K. Bostick, and D. Janecky, “Bar-
riers and Post-Closure Monitoring, TTP No.
AL-1212-25," Briefing Chart, L.os Alamos Na-
tional Laboratory, Los Alamos, NM, October
10, 1992,

3. Hakonson, T.E., K.V. Bostick, G. Trjillo,
K.L. Manies, R.'W. Warren, L.J. Lane, J.S.
Kent, W. Wilson, “Hydrologic Evaluation of
Four Landfill Cover Designs at Hill Air Force
Base, Utah," Report to meet Milestone A-1 on
TTP AL1212-11, Los Alamos National Labo-
ratory, LA-UR-93-4469, 1993.

4, Hakonson, T.E., “Capping as an Alternative for
Remediating Radioactive and Mixed Waste
Landfills," Milestone Report Submitted to DOE,
Los Alamos National Laboratory, LA-UR-94-
593, 1994.

5. Schofield, T.G., G.J. Langhorst, G. Trujillo,
K.V. Bostick, W. R. Hansen, “Comparison of
Neutron Probe and Time Domain
Reflectrometry Techniques of Soil Moisture
Analysis," Los Alamos National Laboratory,
LA-UR-94-981, 1994.

254




PLASMA HEARTH PROCESS

Science Applications International Corporation

EORINAEER
DESCRIPTION

TR L

The Plasma Hearth Process (PHP) is an ex situ,
vitrification process that can convert nearly all forms
of mixed waste into astabilized, leach-resistant form.
The objective of the PHP project is to develop, test,
and field-demonstrate a technology that will convert
full drums of waste materials directly to an enhanced
waste formin a one-step process with little ornoneed
for pretreatment or characterization, The systemcan
be used to treat both the uncharacterized, heteroge-
neous waste streams resulting from buried-waste-
site remediation as well as entire drums of stored
waste that might otherwise require extensive pre-
treatment with existing technologies.

The Plasma Hearth Process uses a transferred arc-
plasma torch to convert full drums of unprocessed
waste material into a vitreous final formin a specially
designed refractory hearth. The PHP design was
based on concepts developed for vacuum metal-
lurgy, and the result is a highly sealed system. The
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waste materials are fed into the plasma chamber,
where any volatile materials vaporize. These mate-
rials are sent to the secondary combustion chamber,
where they react at high temperatures to form in-
nocuous products. Solids are retained in the plasma
chamber, where they are incorporated into a molten
bath. The material in the molten bath forms separable
metallic and vitreous phases. Transuranic compo-
nents have the tendency to incorporate into the
vitreous slag rather than the metallic phase, which is
beneficial. When cooled and solidified, the vitrified
material forms an extremely durable, leach-resistant
slag.

Components of PHP include the primary plasma
chamber, waste-material feed system, plasma torch,
power supply, hydraulicequipment, refractory hearth,
secondary combustion chamber with a natural gas
burner, off-gas cleaning equipment, off-gas monitor-
ing equipment, a control system, and an operator
interface. During operation, the PHPrequires plasma-
torch gas, electricity to run the torch, fuel for the

secondaryburner, air, water, and waste-
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feed materials. The outputs from the
system are heat, solidified metal, vitri-
fied slag, salts from the off-gas system,
and clean off-gas. The system will
process hazardous, transuranic, and
mixed wastes without extensive pre-
treatment and characterization. The
ability toprocess aheterogeneous waste
stream without pretreatment or char-
acterization is important because both
activities are extremely expensive and
time-consuming and require hands-on
involvement by workers. The current
development activities are for the ma-
terial-feed systems, product-removal

Fixed Hearth DC Plasma Process
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and handling systems, off-gas system




design, and control-system design to handle un-
known heterogeneous feeds.
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TECHNICAL PERFORMANCE

PHP is designed to vitrify 250-1,000 kg/h of con-
taminated soil and waste material. The plasma
chamber achieves a molten-bath temperature of ap-
proximately 1,650 °C. The secondary combustion
chamber for destruction of volatilized organic com-
ponents is designed to maintain reaction tempera-
tures between 1,000 and 1,200 °C to ensure
EPA-required destruction efficiencies are maintained.
The PHP operates under a vacuum.

Pilot-Scale Testing. Test indicators have shown an
extremely high destruction efficiency for organics
(99.99%). Residuals from PHP testing have been
analyzedusing EPA’s Toxicity Characteristic Leach-
ing Procedure (TCLP) and DOE’s Product Consis-
tency Test (PCT) leachability protocols. All PHP
residuals analyzed to date have exceeded the Re-
source Conservation and Recovery Act (RCRA)
land-disposal restrictions and have shown the slag to
be extremely durable.

Cost. Complete procurement, development, con-
struction, testing, and evaluation for a full-scale
(1,000 kg/h) system is expected to cost about $5SM.
The largest development cost is expected to be
associated with Environmental Protection Agency
(EPA) quality trial-burn testing and radioactive dem-
onstration testing.

I N Y N RS

PROJECTED PERFORMANCE

Initiating and maintaining the plasma-arc column for
the full-scale PHP system is expected to require
nominally 1.5 MW of power. It is anticipated that
PHP will operate reliably and with minimal down

time. The full-scale melter system is expected to
process soil and waste material at a rate of 1,000

kg/h.

WASTE APPLICABILITY

The PHP can process virtually all types of solid and
liquid waste, including such diverse materials as
paper, plastic, wood, soil, concrete, steel, aluminum,
and copper. However, it would not be economical to
process large volumes of low-heating-value liquid
wastes such as waste water. The PHP is not designed
for the processing of gaseous wastes.

STATUS

The final system has not been established. Design,
construction, and testing of a full-scale, continuous-
operation, prototype system was underway in FY94.
Radioactive development testing and evaluation
(DT&E) ofabench-scale PHP systemis scheduled to
begin in FY94 and to be completed in FY97. Design
and construction of the production system is sched-
uled to begin in FY95 and to be demonstrated on a
DOE site in FY98.

REGULATORY CONSIDERATIONS

Pilot-scale analysis has shown the residual slag to be
highly durable and leach-resistantaccordingto TCLP
and PCT. The implementation of PHP is expected to
have negligible environmental impact. Best Avail-
able Control Technology (BACT) guidelines will be
employed to control stack emissions. The PHP is
being designed to process transuranic-contaminated
materials; therefore, under theregulations governing
radioactive processes, no fugitive emissions will be
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allowed. Residuals from PHP testing have all met the
RCRA Land Disposal Restrictions (LDRs).

{ ‘ d

POTENTIAL COMMERCIAL
APPLICATIONS

The PHP system is potentially applicable to indus-
trial process wastes and buried radioactive wastes. It
could be used as a component system along with
criticality considerations to decommission spent
nuclear-fuel rods. Commercial hazardous, munici-
pal, and hospital waste treatment by the PHP is an
alternative.

L i

BASELINE TECHNOLOGY

The baseline technology is vitrification of waste
materials after extensive treatment and characteriza-
tion. PHP will process entire unopened drums of
stored waste material and the heterogeneous waste
materials resulting from buried-waste-site
remediation. The system will process hazardous,
radioactive, transuranic, and mixed wastes with mini-
mal pretreatment or characterization.

| i . H

INTELLECTUAL PROPERTY

Patent: None.

For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282
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DOE Program Manager
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U.S. Department of Energy
Washington, DC 20585

(301) 903-7695

Principal Investigator
Ray Geimer

Science Applications International Corp.
Waste Management Technology Division
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Grant C. McClellan or

Carla C. Dwight
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Industrial Partners

SAIC has teamed with Argonne National Labora-
tory-West at theIdaho National Engineering Labora-
tory (INEL) to demonstrate the application of the
PHP technology to treat large volumes of mixed
wastes at the INEL containing alpha-emitting radio-
active species.

The PHP uses a Retech, Inc. plasma torch in a large
process chamber to destroy organic materials and
meltnon-organic materials into separate, stable metal
and slag phases for disposal.
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POLYETHYLENE ENCAPSULATION OF
RADIONUCLIDES AND HEAVY METALS

Brookhaven National Laboratory
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DESCRIPTION

Polyethylene Encapsulation of Radionuclides and
Heavy Metals (PERM) is a waste-treatment and
stabilization technology for low-level mixed waste.
Specifictargeted contaminantsincluderadionuclides
(e.g., cesium, strontium, cobalt), and toxic metals
(e.g., chromium, lead, cadmium). A polyethylene
encapsulation process was developed several years
ago at Brookhaven National Laboratory (BNL) for
solidification of low-level radioactive waste (LLW)
such as evaporator concentrate salts and ion-ex-
change resins. Recently, it has been successfully
applied for treatment of hazardous and mixed-waste
streams such as sodium-nitrate salts and sludges.
Polyethylene, which has a processing temperature of
about 150°C, is an inert thermoplastic; as such, it is
not susceptible to chemical interactions between the
waste and binder matrix, which could adversely
impact solidification. In general, polyethylene en-

capsulation can be accomplished with greater effi-
ciency (more waste encapsulated per volume of
product) and with better waste-form performance
than is possible using conventional cement-based
grout encapsulation technologies.

The PERM process begins by optimizing the poly-
mer matrix for the given waste stream by adjusting
property parameters such as the density, molecular
weight, and melt index. Aqueous salts, sludges and
salt cake are pretreated to remove residual moisture
efficiently and prepare the waste for polyethylene
processing by extrusion. The dehydrated wastes and
polyethylene binder are then precisely metered at
predetermined ratios by a loss-in-weight/volumetric
feed system. The process extrudes a molten, homo-
geneous mixture of waste and polyethylene binder
into a suitable mold (e.g., large metal drum or cube),
where it cools to form a monolithic solid-waste form.
It can then be removed from the mold for transport
and disposal or disposed us-
ing the mold as a storage/dis-

posal container. The PERM
Dry Waste Polycthylene systemcan be operated incon-
St St :
___Hopper Hopper tinuous or batch mode.

Waste Polyethylene v To .

Feeder Feeder acuum HEPA PERM has an integrated sys-
(1,260 Ibs/hr) (540 Ibs/hr) Pump Filter . :
tem control, including com-
Serew Vent puterized feed control with an
Speed: port Extruder
m output feedback loop that re-
OQutput: duces the demand on the
1,800 Ibs/hr 5 :
Melt Temp: operator’s attention. Key pro-
o -
l:] J00°F cess parameters aremonitored
Zone I: constantly, including feed
Temp: 325°F . .

Press: 1240 psi ’I‘enzngzngt)26°F T zomes L T rates for waste and binder,
Press: 2000 psi Tormp: 300 Temp: 300°F * Temp: 300°F extruder-zone temperatures
Press: Opsi  Press: 380 psi and pressures, final-melt tem-
peratureand pressure, extruder

Polyethylene Encapsulation System
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rate. A Transient Infrared Spectrometer (TIRS)
system developed by Ames Laboratory will be used
to provide real-time monitoring and confirmation of
waste loading. All controls can be operated remotely
to minimize operator exposure. Key processsystems
are connected to an audible alarm and can trigger
automatic, efficient, and orderly shutdown of the
system under failure conditions.

i\

TECHNICAL PERFORMANCE

Production-Scale Feasibility Study. Scale-up from
bench-scale tests has demonstrated the feasibility to
process waste at approximately 2,000 Ib/hr. The
scale-up feasibility tests have successfully demon-
strated the potential to encapsulate at least 60 wt%
nitrate salt in polyethylene. A production-scale
system would fit on a pad about 3 m x 6 m and would
be about 4 m high. Polyethylene waste forms have
been demonstrated to exceed Nuclear Regulatory
Commission, Environmental Protection Agency, and
Department of Transportation waste-form criteria.
Waste forms containing up to several thousand parts
per million of toxic-metal contaminants have passed
the EPA’s Toxicity Characteristic Leaching Proce-
dure (TCLP).

Cost. The extrusion processing system would cost
$250K, and the integrated treatment system (including
pretreatment) would cost $1,000K. Operation costs
are associated with energy costs for the required ther-
mal input, the salaries for the operator technicians and
engineers, and the polymer binder feed material costs.

T A

PROJECTED PERFORMANCE

PERM is projected toachieve production-scale waste
processingratesbetween 1 to 3 metric tons/hour with
60 wt% nitrate-salt loading in the polymer matrix.
Theuseofrecycled polyethylene is being considered
for material cost savings and petroleum resource
conservation.

WASTE APPLICABILITY

PERM is applicable for stabilization of low-level
radioactive and heavy-metal waste components that
may be in media such as aqueous salt concentrates,
salt cake, sludge, fly ash, and ion-exchange resins.
Some specific contaminants this technology is de-
signed to encapsulate and stabilize are radioisotopes
of cesium, strontium, cobalt, and toxic heavy metals,
including chromium, lead, and cadmium.

. e e 1

STATUS

The process should be ready for implementation by
FY95. Following “cold” pilot testing at BNL and
“hot” testing at a DOE facility, the PERM process
will be ready for implementation. Full-scale imple-
mentation is anticipated by the end of FY95. Instal-
lation, start-up, and testing of the prototype facility
can be accomplished by FY94.

REGULATORY CONSIDERATIONS

No ecological impacts are anticipated because no
gaseous or liquid effluents will be released as a
result of this process. Extensive waste-form per-
formance testing has been completed, including
compressive strength, water immersion, thermal
cycling, radioactive and hazardous constituent leach-
ability, radiation stability, and biodegradation. In
each case, waste-form performance exceeded regu-
latory criteria by a wide margin.

POTENTIAL COMMERCIAL
APPLICATIONS

Potential commercial applications include waste sta-
bilization in the nuclear power industry and other
commercial nuclear-waste generation sites. Devel-
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opers are working with several U.S. companies
interested in commercializing this technology.

BASELINE TECHNOLOGY

Cementation by grout is the current baseline treat-
ment technology for low-level waste. Vitrification
into a glass form is the baseline for stabilization of
high-level, concentrated waste streams. Although
glass processing is an excellent waste-stabilization
option, itis not compatible with some waste constitu-
ents and requires sophisticated off-gas capture and
secondary-waste treatment. For low-level waste, a
PERM provides 5 times greater volume reduction,
while reducing contaminant mobility by more than
100 times compared with baseline grout formula-
tions. Microencapsulation of individual contami-
nant particles results in leachabilities measured 100
to 1,000 times lower than the equivalent grout waste
form.
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INTELLECTUAL PROPERTY

A patent application is being prepared for submis-
sion.

’ Bl . 4 AL
NPT R oo geegh e S ,

For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282
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POLYMER GEL AS A BARRIER FOR GROUND SPILL
CONTAMINANTS

University of New Mexico
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DESCRIPTION

Three basic approaches can be used to control con-
taminants in soil. These are removal, chemical or
biological modification, and retention.

Removal is most desirable as far as the site is con-
cerned, but is always costly, and in many cases
almost impossible. Further, unless the removed
material is treated chemically or biologically to re-
move the contaminants, this merely moves the prob-
lem elsewhere. Chemical and/or biological
modification of the contaminant in situ is attractive,
but is critically dependent on the nature of the con-
taminants and the chemistry of the site. Currently, it
is only applicable to small and well characterized
shallow sites with certain specific contaminants and
is not technologically well developed. Retention or
plume steering is a temporary measure, certainly on
geological time scales, and often on human time
scales too. It basically relies on engineering a barrier
to contaminant transport and diffusion. But if no
horizontal shallow impermeable stratum exists, at-
tempts to engineer horizontal barriers by grouting
techniques have generally proven to be ineffective or
prohibitively expensive.

There are four major classes of retention barriers:
cement-based, lime-based, thermoplastic, and or-
ganic polymer.

Cement-based barriers are the most common, de-
spite the high costs of pumping to inject cements into
the ground. The advantages of cement-class barriers
are that the materials set hard and are water resistant.
But transport of some kinds of metals can be en-
hanced by a cement barrier, as can dissolution prod-
uctsofhumic acid complexes. The setting of cements
canbe retarded by organic solvents and oils, sulfates,
and halides. Lime-based barriers are very similar in
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behavior to cement-class. Also, the pozzolanic ma-
terials behave in similar fashion. Thermoplastic
barriers require heat for injection, thus being limited
by cost for pump power and heating. Further,
organics can be vaporized from the heating source
and pollute the air. Also oxidizers, sulfates, or
halides from the contaminant source can undergo
undesirable reactions with these thermoplastic mate-
rials.

The technique proposed herein is the polymer-gel
barrier which has many distinct advantages over
more conventional slurry-wall techniques. The fluid
gels in situ in controlled fashion, forming a strongly
cross-linked gel that is highly impermeable to many
chemicals. The wall-forming fluid that will be
injected via drill holes has a viscosity and density
close to that of water; hence, pump power is greatly
reduced. The low viscosity and controllable gelation
of the proposed barrier material will allow the use of
larger numbers of deeper drill holes than has been
used to date, and the polymer will penetrate much
further into soils and fractured rock while ungelled.
Hence, the engineering of particular barriers with
specific shapes and other characteristics will be far
easier than with conventional costly and limited
techniques.

i . i

TECHNICAL PERFORMANCE

This technique should either completely immobilize
or at least significantly retard the migration of con-
taminants in the soil. Stopping or slowing the migra-
tion of contaminants will allow remediation of the
source of the contamination or at least provide more
time for the required remediation technology to be
developed and applied. The polymers to be em-
ployed have already been developed and applied for




different applications. The barrier will be formed by
injectioninto the ground of ungelled polymers which
will then be gelled in controlled fashion in sifu. The
importance and innovation of the technique lie in the
use of “ungelled” polymer which will reduce pump-
ing cost.

Cost. Cost estimates are not yet available because
this technology is still under development, but it is
obvious that the cost of pumping a water-like mate-
rial will be significantly less than for gel-like materi-
als which are far more viscous than water.
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PROJECTED PERFORMANCE

Because the transport of a contaminant involves two
mechanisms, convection and diffusion, the ideal
polymer-gel barrier (combined with soil) should be
resistant to water (i.e., permeability less than 107
cm/s, a criterion for evaluation). The diffusivity of
contaminants through the gel barriers should also be
much less than that in saturated soil. On the other
hand, the polymer should have controllable gelation
time (two hours or more) and have a specific viscos-
ity near that of water before injection, and the gel
barrier should have high stability under long-term
condition. The results of this work will provide the
technology to at least significantly retard or even
prevent migration of contaminants in soil while the
site is remediated, or even while the required
remediation technology is being developed.

Surface

Gel Barrier Soil

Figure 1. Gel Barrier for In Situ Use.

Figure 1 shows the use of a gel as a barrier to the
transport of nuclear wastes because of corrosion of a
waste tank.

The first objective of the polymer barrier develop-
ment is toidentify a few potential polymers out of the
hundreds possible based on established criteria. Five
different polymers have been identified to form good
gels. Tests have been performed to evaluate the
effectof pH, concentration of cross-linking agent and
concentration of polymeron the gelation time, the gel
strength, and the amount of gel formed. Several
cross-linking agents were also studied to optimize
the gel. Figure 2 shows the effect of pH on the
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Figure 2. The Effect of pH on Gela-
tion Time.

gelation time for PAA gel. Also, some rheological
properties of the barrier material such as swelling due
to moisture adsorption, viscosity, density, etc. have
been evaluated in order to perform stability analyses.

The next step is the characterization and develop-
ment of a few selected polymer barriers. Permeabil-
ity of the gel barrier (combined with soil) and the
diffusivities of contaminants in the barriers will be
tested. It has been found that the diffusivities of
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several metal ions in the gels are much lower than
those in water. The end result will be one or more
barrier polymers tailored to the particular contami-
nants and soils under consideration.

The third step is to apply the developed barrier
polymer to a particular and well characterized site.

i : }

WASTE APPLICABILITY

The main role of the gel barrier is permeability
reduction; hence, the barrier can be applied to retard
the migration of different types of contaminants that
will not react with the gel in the soil. Leakage of
radioactive material to the water table can be reduced
until remediation has taken place.

| i

STATUS

This technology is being studied and developed.

1 , : §

REGULATORY CONSIDERATIONS

The gel barrier does not involve any chemical or
physical hazards to workers, is inherently safe, and
poses no risk to the environment. It may also be
possible to remove the gel barrier when an appropri-
ate remediation technology is developed.

POTENTIAL COMMERCIAL
APPLICATIONS

This technology will be tested at Sandia National
Laboratories (SNL) using a large-scale ground-con-
taminant test site. Factors such as stability and per-
meability which have been described in this work
will be measured in cooperation with SNL. This is
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commercial-scale testing of this technology. The
data from these tests will enable modification of the
gel to meet the required criteria.

BASELINE TECHNOLOGY

The baseline technology is gel-and-soil technology.

INTELLECTUAL PROPERTY

Flexible. The PI, WERC Administration, university
administration, and industrial partners work in con-
junction to discuss individual cases.
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For more information, please
contact:

Principal Investigator
E. Wilkins
Professor

Chemical and Nuclear Engineering
Farris Engineering Ctr., Room 231
University of New Mexico
Albuquerque, NM 87131-1341

(505) 277-5906; (505) 277-5433 FAX
email: wilkins@unmb

Ricardo B. Jacquez, Ph.D., P.E.
Associate Director
Waste-management Education & Research
Consortium (WERC)

New Mexico State University

Box 30001/Dept. WERC

Las Cruces, NM 88003

(505) 646-2397; (505) 646-4149 FAX
Secretary (505) 646-7821
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REMEDIATION OF METALS CONTAMINATED SOILS USING
IIGAND-BASED EXTRACTION TECHNOLOGY
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DESCRIPTION

The treatment uses a combination of density classi-
fication and extraction to treat the contaminated soil.
Density classificationis used to separate lead particu-
late from the soil. Extraction is then used to remove
the remaining lead from the soil. The Pb:EDTA
complex is then flushed out of the soil, the complex
is broken, and the Pb is precipitated as a hydroxide.
Based on the experience with the small-scale pad
work, it is anticipated that this technology should
produce lead concentrations in the soil below back-
ground values (10-15 mg Pb/Kg of soil). The soil
should easily pass the TCLP test.

This technology involves the application of an aque-
ous-based ligand system to the soil. The ligand, or
chelator, dissolves the metal and removes it from the
soil. The metal is then removed from the ligand, and
the ligand is recycled back to the soil in a closed loop.
This technology is in various stages of development
for a number of metal contaminants, including lead,
mercury, uranium, and chromium.

There are two common soil-leaching technologies:
soil washing and heap leaching. Both of the tech-
nologies have strong and weak points. The “soil
washing” treatment technology can typically achieve
short treatment times, and it provides excellent pro-
cess control. Itis alsocommon for this technology to
require high liquid-to-solid ratios, 3 to 1 to as high as
100 to 1. This requires the treatment of a large
secondary waste stream and increases the difficulty
of treating the waste stream. The combination of
secondary waste-stream treatment costs, solid/liquid
separation costs, and the high energy (for agitation)
often makes “soil washing” uneconomical.
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Heap leaching is a process adapted from the mining
industry. The gold and silver mining industries use
sodium cyanide (NaCN) at high pH (10.5 to avoid
CN- off gassing), while the copper industry uses
sulfuric acid (H,SO,). The processes are equilib-
rium-driven and have shown high removal efficien-
cies (90 -100 percent), but do require some time to
complete. The process is as follows: (1) the matrix
(soil or crushed ore) is piled upon an impermeable
leach pad with specified drainage characteristics; (2)
the extractant is introduced at the top of the heap and
allowed to percolate down through the heap under
the force of gravity; (3) the solubilized metal solution
isthenseparated sothat the metal can be concentrated
(forresale or disposal) and the solvent can be reused.
The term ‘heap’ may inspire negative connotations
with the main concems being fugitive dust and
treatmentuniformity. Itispossible todesignthe heap
asaclosedsystemtocontrol fugitive dust. Treatment
uniformity is addressed in the section that follows.

— ‘ —

TECHNICAL PERFORMANCE

Technical performance data available through the
authors are small-scale batch data (5 g of soil), large-
scale column data (3 to 10 Kg of soil), and pilot-scale
data (500 to 1,000 Kg of soil). The batch-scale data
were used to select the solutions used in the other
tests. The column-scale data were used to evaluate
extraction solution/soil interactions. The column, as
used in this study, mimics the inside of a soil heap.
The complexation reaction between Pb and EDTA is
greater than zero order (i.e., concentration depen-
dent); thus, reaction efficiency is optimized in a
“flow through” column reactor. A large amount of
column-scale data is available. Typical data are
presented in the following paragraph and plots.




Asolutionof 0.01Mdi-K EDTA was applied atarate
of approximately 250 ml/hour to a 7.5 cm diameter
column. Once the column was completely wetted,
hydraulic loading rates as high as 400 ml/hr were
used. The flow rate averaged around 325 ml/hour.
Because the removal of the lead from the soil is
concentration-dependent, the highest quantities are
removed in the first one-third of the run. For this
column, 50 percentlead removal was achieved within
1.25 bed volumes (approximately 2.5 pore volumes)
and 80 percent at 2.1 bed volumes. The last 20
percent of removal is characteristically asymptotic.
Asthelead concentration in the soil drops, sodoesthe
driving force for chelation. This column was shut off
at 92.26 percent removal achieved in 9.18 bed vol-
umes, resulting in 0.5 grams of Pb left in the soil
column.

In addition to the column tests, a number of pilot-
scale tests have been performed with both Pb and
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Cr(VI). According to the soil-mass balances, all of
the pilot-scale tests on lead contaminated soils have
removed more than 95 percent of the lead. The
liquid-mass balances show better than 89 percent
removal for all tests. The process removal efficien-
ciesforall of the tests conducted with both hexavalent
chromium- and lead-contaminated soils are shownin
Table 1. These data are all for 1/2 cubic meter soil
volumes (760 Kg soil/test) treated in the conical heap
and enclosed box configurations.

Table 1. Summary of Data for the
Field-scale Tests.

Percent | Percent Overall Final
Test: Removed | Removed | Bed TCLP
(All tests by by Volumes | (mg/})
contaminated to Soil Leachate | Used (Pass if
500 mg/kg) Mass Mass value
Balance | Balance <35 mg/l)
Pajarito Soil, Cr VI, 99.0 106.0 2.36 0.1
Box
Pajarito Soil, Cr VI, 99.1 93.6 2.61 0.02
Pile
Harkey Soil, Cr VI, 71.2 86.1 1.51 0.28
Box
Pajarito Soil, Pb II, 95.8 89.1 6.05 0.07
Pile
Pajarito Soil, Pb II, 97.8 93.0 2.88 0.18
Box. Rep. I
Pajarito Soil, Pb II, 98.1 90.1 4.03 1.14
Box. Rep. 2

Based on these data, it is anticipated that acceptable
soil-cleanup levels can be reached. There are also
data available from these tests which indicate the
uniformity of treatment is extremely good. The box
reactor was cored at a number of points, and soil
samples were taken from the top, middle, and bottom
of each core. These soils data showed very good
uniformity, with residual concentrations of lead in
the soilranging from 13-17 mg/Kg. These values are
below general background levels for soils from this
region.

If one is to recycle the extraction solution (EDTA), it
will be necessary to separate the Pb from the EDTA
and then put the EDTA back into service. The
authors have been successful in separating the Pb
from the EDTA by simply raising the pH to 12. At
this pH, the Pb is released and precipitates as a
hydroxide. Residual total lead levels as low as 200
mg/] have been achieved. Considering the initial Pb
concentration is 1,000 to 6,000 mg/], this residual is
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adequate for reuse of the extraction solution. A
higher pH with ion-exchange polishing or suifide
precipitation may be required for final polishing of
the extraction solution before disposal.

¢« EDTA is the extraction solution of choice.

» It appears that all of the Pb can be readily
extracted from soil.

» The exfraction solution can be easily rensed
with a simple pH adjustment and solid/ liquid
separation of the precipitate.
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PROJECTED PERFORMANCE

Based on the experience with the small-scale pad
work, it is anticipated that this technology should
produce lead concentrations in the soil below back-
ground values (10-15 mg Pb/Kg of soil). The soil
should easily pass the TCLP test. The total residence
time in a heap may range from 1 to 3 weeks. With
appropriately designed heaps, it is possible to treat
large volumes of soil. If it is desirable to treat small
volumes of soil (drum scale), it is likely the time
scales for treatment will be reduced to4 to 8 hours per
drum.
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WASTE APPLICABILITY

The technology is applicable to most metal-contami-
nated soils. Of special interest are soils with high
concentrations of metals near the surface. It is not
uncommon to have the top 6 inches of soil contami-
nated over a fairly large area. This would be an ideal
application for this technology. This does not mean
itis not also applicable on a small scale. The authors
have proposed a completely sealed, 55 gallon drum-
scale unit with the advantages of both vat leaching
and heap leaching. This unit is of particular interest
at DOE and DOD facilities where waste is often
stored in 55 gallon drums.
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The authors believe the applicability goes far beyond
soils contaminated with Pb. They are currently
working on a system for removal of Hg from con-
taminated soil. It is anticipated that the mercury
system will remove 90 to 95 percent of the mercury
in the metallic state using a gravity-separation tech-
nique. The remaining Hg will be removed using
hydrometalurgy.
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STATUS

Investigators with New Mexico State University
(NMSU) and the Waste-mangement Education &
Research Consortium (WERC) have applied the
technology at a pilot scale with success as demon-
strated in the Technical Performance section. In
addition, there have been two full-scale applications
that the authors are aware of, one performed by a
consulting firm in Colorado, and one by the U.S.
Bureau of Mines in conjunction with the Naval Civil
Engineering Laboratory. It is believed that all as-
pects of this technology, except one, are currently
available off the shelf for removal of lead from soil.
One aspect that is poorly understood is agglomera-
tion of soils when using EDTA. Standard agglom-
eration techniques raise system pH to levels where
EDTA does not bind Pb. The authors used manipu-
lation of the carbonate buffer system to overcome
this problem on a small scale, but large-scale data are
non-existent.

The system is currently being lab tested for Hg-
contaminated soils. The gravity-separation step is
off-the-shelf technology, and the extraction solution
is in laboratory-scale testing.

REGULATORY CONSIDERATIONS

Appropriate permits for on-site treatment of hazard-
ous waste, eventual discharge of the extraction lig-
uid, and for transportation and disposal of the final
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residuals must be considered. The legislation of
concern will be the Clean Air Act (fugitive-dust
issues), Clean Water Act (possible surface-water or
sewer discharge [City’s NPDES Permit] of spent
extraction solution), Resource Conservation and
Recovery Act (RCRA), and Comprehensive Envi-
ronmental Response Compensation and Liability
Act (CERCLA).

There are potential OSHA concerns with regard to
worker protection in the presence of airborne Pb
contaminant.

POTENTIAL COMMERCIAL
APPLICATION

This is a public-domain technology in the sense that
it has been widely used in the mining industry for 20
years. Itis applicable to all soils contaminated with
metals if the appropriate extraction agent can be
identified. There are a wide number of applications
for the Pb removal for soil, including historic auto
salvage yards, battery-cracking facilities, and firing
ranges.

BASELINE TECHNOLOGY

The baseline technologies are heap leaching and vat
leaching (which are hydrometalurgical mineral ex-
traction technologies from the mining industry).
Both are on-site, ex situ technologies.
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INTELLECTUAL PROPERTY

Contact the principal investigators for intellectual
property rights information.

For more information, please
contact:

Dr. Adrian T. Hanson, PE.
Associate Professor
Environmental Engineering

New Mexico State University

Las Cruces, NM 88003

(505) 646-3032; (505) 646-6049 FAX

Dr. Zohrab Samani, PE.
Associate Professor
Agricultural Engineering

New Mexico State University

Las Cruces, NM 88003
(505)646-2904; (505) 646-2904 FAX

Ricardo B. Jacquez, Ph.D., PE.
Associate Director
Waste-management Education & Research
Consortium (WERC)

New Mexico State University

Box 30001/Dept. WERC

Las Cruces, NM 88003

(505) 646-2397; (505) 646-4149 FAX
Secretary (505) 646-7821

DOE Collaborators
Dr. N. Sauer

D. Ehler

Los Alamos National Laboratory
CST-3
Los Alamos, NM 87545
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REMOTE EXCAVATION SYSTEM
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DESCRIPTION

The Remote Excavation System (RES) is a military
tractor, the Small Emplacement Excavator (SEE),
which has been modified for telerobotic operation by
the Oak Ridge National Laboratory (ORNL). The
primary applications for this remote excavation tech-
nology are buried-waste retrieval for the Department
of Energy (DOE) and unexploded ordnance retrieval
for the U.S. Army. The hazards of buried-waste
retrieval are significant if performed by conventional
manned operations. The potential hazards include
exposure to radiation, pyrophorics (capable of spon-
taneous ignition when exposed to air), toxic chemi-
cals, and explosives. Consequently, it is highly
desirable to excavate and retrieve these wastes by
using remotely operated equipment. The RES could
be used to excavate and remove buried waste and
contaminated soil for ex situ treatment.

The SEE is a multiuse vehicle developed for the U.S.
Army that has been configured with a backhoe and a
front-end loader. The backhoe is an adaptation of the
Case 580E commercial backhoe, and the vehicle is a
modified Mercedes Benz Unimog truck. The SEE is
not necessarily the excavator of choice for large-scale
waste-retrieval campaigns; however, the controls
technology developed for the RES/SEE is readily
transferable to other mechanical systems.

The ORNL alterations to the vehicle center around
modifying the hydraulic systems for computer con-
trol. High-performance proportional valves were
used to greatly improve the dexterity over the exist-
ing manual valves. Hydraulic pressure sensors pro-
vide limited indications of force and torque exerted
by the backhoe. The backhoe and front-end loader
have been outfitted with position encoders for use in
robotic operations. Remote viewing is provided by
twocolortelevision cameras with pan-and-tilt mecha-

nisms mounted on the truck
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the backhoe boom. A pair of
stabilizers can also be adjusted
remotely to lift the rear tires off
the ground during backhoe op-
eration. The vehicle drive sys-
tem has been modified for
remote driving. A hydraulic
motor system is used for steer-
ing while pneumatic actuators
are used to operate the clutch,
gear shift, and power-take off
unit (PTO). The PTO must be
engaged to enable backhoe
operation. The control system

includes ahighly intuitive hand
controller and a graphical user

Remote Excavation System
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interface for data display and
display of joint position.




The computer system for RES is composed of aSUN
workstation host (for the base station) networked to
VME-based Motorola 68040 target computer (on-
board the excavator truck) running the VxWorks
operating system. The communications system be-
tween the vehicle and base station consists of two
microwave video channels and an Ethemet data
radio. Current microwave systems perform well, but
are susceptible to multipath distortion and are poor in
over-the-hill performance. Digital radios are being
considered as a possibility for digitizing and com-
pressing video to deliver overadigital link. Technol-
ogy is advancing in this area, and it is anticipated that
digital video transmission will soon become practi-
cal at a lower cost. For military applications where
secure communications are required, a fiber-optic
communications link has been implemented.

Cost. The estimated cost to duplicate the RES is
$400K. Use of a common piece of construction
equipment rather than the SEE military tractor could
reduce the cost by about $100K.
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PROJECTED PERFORMANCE

The primary objective of the demonstration was to
evaluate the feasibility of remote excavation. The
supporting objectives were to determine digging
precision and accuracy, the system reliability, the
usability, the factors that affect the system perfor-
mance, and to develop knowledge based on remote
excavation to assist in future improvements.
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TECHNICAL PERFORMANCE

A 110/220 V, 25 kW power supply is required to run
the control station. The SEE operates on diesel fuel.
The 110 hp, 6-cylinder engine consumes approxi-
mately 30 gal of fuel/day. Monthly oil changes are
anticipated as part of a regular maintenance program.
The front-end loader has a 75 {t capacity, alift height
of 8 ft 2 in, lift capacity of 3,000 lbs, and a breakout
force of 6,000 Ibs. The backhoe has a bucket capacity
of 7 ft%, loading height of 11 ft, digging depth of 14 ft,
digging radius of 17 ft 8 in., a swing arc of 180°, and a
digging force of 10,000 lbs.

Field Demonstration. A field demonstration was
completed in July 1993 at an Idaho National Engi-
neering Laboratory cold-test site that included re-
mote controlled excavation and remote driving.
Information on the waste-retrieval rate, system reli-
ability, human-factors analysis, and operating cost
for the RES was determined during the demonstra-
tion. A Technology Assessment Report was issued
in September 1993.

‘WASTE APPLICABILITY

This technology is applicable to any buried waste,
excavation, or material-handling task.
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STATUS

The prototype has been completed and demonstrated
in the summer of 1993. The SEE currently has remote
digging and driving capabilities. The Technology
Evaluation Report was completed in September 1993,
In 1994, a grappling end-effector was being developed
forthe RES. A field demonstration was scheduled for
August 1994 at the ORNL Hill Cut Test Facility.

REGULATORY CONSIDERATIONS

The equipment should be acceptable to regulators
because it is teleoperated and removes the operator
from hazardous environments. Operation of the
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vehicle and excavator pose no hazard to personnel as
long as prescribed safety procedures are followed.
On-board sensors are available to monitor the safety
status of the system and to prevent accidents. Decon-
tamination of equipment may be required if the
excavator becomes contaminated during operation
in a hazardous environment. The use of this techriol-
ogy results in disturbance of buried wastes, as does
manual excavation, that may result in the spread of
contamination.

i T

POTENTIAL COMMERCIAL
APPLICATIONS

The RES could be used for excavation around bur-
ied-waste or decommissioning sites, for soil excava-
tion, and for handling of bulk hazardous materials.
The control technology being developed is adaptable
to other excavation and construction equipment.

{ : e i

BASELINE TECHNOLOGY

The primary alternative to the use of telerobotics in
excavation is to perform the operations using con-
ventional excavation techniques and equipment,
though the operator may be in a protective cab or
bubble suit. Teleoperated equipment allows the
worker tobe removed from the potentially hazardous
environments, increasing operator safety. Auto-
mated operator-assist functions increase productiv-

ity.

L ot

INTELLECTUAL PROPERTY

Patent ownership is assigned to DOE and the Depart-
ment of Defense.

{ i e {
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For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282

DOE Program Manager
Jaffer Mohiuddin
EM-542

U.S. Department of Energy
Washington, DC 20585

(301) 903-7965.

Principal Investigator
Barry Burks

Oak Ridge National Laboratory
P.O. Box 2008

Oak Ridge, TN 37831

(615) 576-7350

Industrial Partner
None at present.
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RESORCINOL-FORMALDEHYDE ION EXCHANGE RESIN
FOR CESIUM REMOVAL

Westinghouse Savannah River Company

{

DESCRIPTION

The Resorcinol-Formaldehyde Ion Exchange
(ReFIX)resinis applicable tohigh-level waste streams
containing cesium-supernate salt solutions. Radio-
active cesium is a fission product found in waste
produced by reprocessing fuels from nuclear-power
reactors. The highest concentrations of this isotope
are found in alkaline high-activity wastes, a mixture
primarily of sodium nitrate and sodium hydroxide
that is called the supernate. This technology is a
selective ion-exchange resin (specific sorption of
cesium ions) that has 10 times the capacity of the
baseline Duolite™ CS-100 phenol-formaldehyde
resin. Columns of ReFIX resins will be packaged in
astandardized module to fit the Compact Processing
Unit(CPU) waste-processing module specifications.
One specific benefit of ReFIX resin is that it is
essentially unaffected by changes in temperature.
However, high concentrations of competing sodium
and potassium ions reduce the cesium sorption ca-
pacity and diffusion efficiency of the ReFIX resin.

High-level supernate from a Hanford waste tank will
be processed through an appropriate number of ion-
exchange columnsin a CPU-processing module (see
the catalogue entry for CPU). Cesium will be re-
moved by sorption onto the ReFIX resin in the
processing columns. When acolumn becomes satu-
rated, it will be temporarily removed from service so
that the cesium can be eluted from the resin with acid
(most likely nitric acid) in a concentrated stream that
can be sent for vitrification. Once eluted, the newly
regenerated column will be placed in service when
another column is removed for elution. The treated
streams from these columns may have to be pro-
cessed with another series of columns containing
resinspecific for strontiumremoval before the stream
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can be incorporated in cement for final storage.
Spent resin can be subjected to rigorous elution
before disposal to lower its radionuclide content.
Carefully eluted resin can then be stored or disposed
of by incineration or chemical destruction before
incorporation into cement.

[ T
TECHNICAL PERFORMANCE

Design Specifications. The column volume is ap-
proximately 5,000 gallons. The ReFIX resin sup-
portsacesiumcapacity of approximately 200 column
volumes of throughput.

Laboratory Testing. Laboratory-scale test results
with Savannah River Site simulant were published in
1990. Elution of the filled resin columns with 20
column volumes of 0.1 M nitric acid removes 99% of
the sorbed cesium. After six feed-elute cycles have
been completed, approximately 20% of the resin
capacity islost, requiring either partial reconstitution
or replacement of the column resin. This resin
appears to be useful for a large variety of concentra-
tions of feed streams over a wide range of tempera-
tures. Preliminary results have shown that the
diffusion kinetics of Cs* to the sorbing medium are
quite slow (from Hanford 101-AW), and high con-
centrations of potassium cations may reduce the
throughput. Recent analysis suggests that ReFIX
resin may have a short shelf life. The tests with
Hanford 101-AW simulant were published in 1994.

Cost. The cost of ReFIX resin is estimated at $1,000/
ft.




PROJECTED PERFORMANCE

If operated properly with columns in series, the resin
is capable of removing 137 Cs to any level desired.
The ReFIX waste-treatment module for the CPU
system is expected to treat the liquid waste at an
average flow rate of 2.5 gpm. The ReFIX resin is
expected to have a shelf life for optimum perfor-
mance of one year, at which point the cesium capac-
ity and diffusion efficiency would have decreased by
a factor of 10 or more. Failure of the resin can be
averted by setting tight specifications on receipt of
the resin and distribution coefficient tests (diffusion
efficiency) before use.

WASTE APPLICABILITY

This technology is applicable for cesium removal in
high-level liquid-waste streams, such as the Hanford
Underground Storage Tank supernate salt solutions.
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STATUS

A prototype is being developed for demonstration at
the Hanford Site in FY97. A module of ReFIX resin
columns will be demonstrated and optimized with
waste from Hanford tank number241-101-AW. The
ion-exchange process equipmentcould use any resin,
should a better material be developed at a later date.

REGULATORY CONSIDERATIONS

Noecological impacts are anticipated from the use of
this technology. The only safety consideration is
radiolytic products, especially benzene derivatives,
that may be produced when the resin is placed in a
radioactive environment. However, preliminary ra-
diolysis studies indicate that no volatile organic
compounds (i.e., benzene derivatives) are formed,

but a small amount of hydrogen gas is formed in the
presence of organic materials. The hydrogen con-
centration in the ventilation system is expected to be
below the lower explosive mixture.

POTENTIAL COMMERCIAL
APPLICATIONS

The ReFIX polymer matrix resin could have appli-
cations in the nuclear-power industry with cesium
removal from both active coolant water and spent-
fuel storage-tank water. In addition, potential ap-
plications include decontamination and
decommissioning operations and domestic (U.S.
Department of Energy) or foreign spent-fuel repro-
cessing effluents.
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BASELINE TECHNOLOGY

The baseline technology is ion-exchange using
Duolite™CS-100phenol-formaldehyde resin, which
has approximately one-tenth the capacity of the
resorcinol-formaldehyde resin.

INTELLECTUAL PROPERTY

Westinghouse Savannah River Company applied for
a patent in the names of R.M. Wallace (now de-
ceased) and Jane P. Bibler. The DOE would also be
a patent owner. The patent is pending.

For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282
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DOE Program Manager 4. Bibler,N.E.and C.L. Crawford, "An Investiga-
Sherry Gibson tion of the Radiolytic Stability of Resorcinol-
EM-542 Formaldehyde Ion Exchange Resin,"
U.S. Department of Energy WSRC-RP-94-148, January 31, 1994,

Washington, DC 20585
(301) 903-7258

Principal Investigator

Jane P. Bibler

Westinghouse Savannah River Company
Savannah River Technology Center
P.0.Box 616

Aiken, SC 29802

(803) 725-5276

Industrial Partners
Boulder Scientific Co., Mead, CO
Rohm & Haas, France

Georgia Pacific Co.
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SELECTIVE EXTRACTION/LEACHING OF
URANIUM FROM SOIL

L

ohiaase

Oak Ridge National Laboratory

DESCRIPTION

Oak Ridge National Laboratory is conducting bench-
scale investigations of selective leaching of uranium
from soils from the Fernald Environmental Manage-
ment Project (FEMP) site in Ohio. Physical and
chemical processes were used in combination with
extractants to increase the rate of uranium release
from soils.

Selective Extraction/Leaching of Uranium from Soil
provides an efficient means of removing uranium
from contaminated soil without appreciably affect-
ing the soil properties. This technology improves on
current soil-decontamination techniques in that the
native soil can be reclaimed rather than disposed of
at a low-level-waste burial ground.

One approach to decontaminating soil is to use a
carbonate to leach the uranium out of the soil. The
first step of this process is to get uranium into its
hexavalent state (uranium (VI)). The reason is that
uranium forms a stable, water-soluble, anionic com-
plex with the carbonate radical if uranium (VI) is
used. In order to get uranium (VI), an oxidant must
be added to the uranium (IV). The oxidant (typically
potassium permanganate (KM O,)) is added to the
soil to oxidize any uranium that may be in the
tetravalent state (uranium (IV)) to uranium (VI) in
the hexavalent state. Finally, a complex which
contains the carbonate radical in solution (typically
sodium carbonate or bicarbonate) is added to the
mixture and forms the complex with uranium (VI)
which can be removed in a centrifuge or by other
means.

A process called attrition
scrubbing is used to speed

up the process of removal
of contaminants from the
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ticles. The overall effect of this process is toincrease
the extractability of the target contaminant.

The soil that remains, if enough uranium is removed,
canbereclaimed and returned to the site. Theleached
uranium can be separated from the carbonate and
either recycled or disposed.
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TECHNICAL PERFORMANCE

Initial Tests At Oak Ridge National Laboratory
(ORNL). Testing of soil washing/leaching utilizing
attrition scrubbing was completed at ORNL in Feb-
ruary 1993. Three soils and asediment sampled from
a storm-sewer sediment trap at the Oak Ridge Y-12
Plant were used in this study. Two of the soils were
from FEMP. The FEMP soils were sampled and
mixed by FEMP personnel. One of the samples was
taken from near the Waste Incinerator of particulate
contamination resulting fromincinerator-stack emis-
sions. The other sample from FEMP was taken from
a storage-pad area where contamination resulted
from spills of spent process solvents. The remaining
soil sample was a Y-12 landfarm sample. The
uranium concentrations in the Fernald soils ranged
from 450 to 550 pg U/g of soil, while the samples
from the Y-12 plant ranged from 150 to 200 pg U/g
of soil (air-dried basis).

Carbonate extractions generally removed from 70%
to 90% of the uranium from the Fernald storage-pad
soil. Uranium was slightly more difficult to extract,
from carbonate extractions, from the Fernald incin-
erator and Y-12 landfarm soils (extraction efficien-
ciesranged from=40% to 75%). Very smallamounts
ofuranium could be extracted (<8%) from the storm-
sewer sediment using sodium-carbonate extractions.
Increasing the temperature from 22°C to 40°C for the
sodium-carbonate extractions of the Fernald waste-
incinerator soil increased the fraction of uranium
leached from approximately 40% to 80%. However,
the increased extraction temperature did not appear
to increase extraction effectiveness for the soil from
the Fernald storage-pad area. Extraction with car-

bonate at high solution-to-soil ratios was as effective
at low solution-to-soil ratios, indicating attrition by
the paddle mixer was not significantly different than
that provided in a rotary extractor. Also, pretreat-
ments such as milling or pulverizing the soil sample
did not appear to increase the extraction efficiency
when carbonate extractions were carried out at el-
evated temperatures (60°C) or long extraction times
(23h). Adding KMnO, in the carbonate extraction
appeared to increase the extraction efficiency from
the Fernald incinerator soil but not from the storage-
pad soil. Also, additions of KMnO, to the carbonate
extractions appeared to be more effective in remov-
ing uranium from the silt and sand size fractions
(>2um) of soil than from the clay size fractions
(<2um). '

Results of the initial tests indicate that significant
quantities of uranium can be extracted from the
Fernald and Y-12 soils without seriously degrading
the soil’s physiochemical characteristics or generat-
ing a secondary uranium waste form that is difficult
to manage and/or to dispose of. Meeting the pro-
posed screening level (52 pg Ul/g of soil) will be
much easier with the storage-pad soil than the incin-
erator soil. For example, these levels were routinely
observed in the extractions of the storage-pad soil
using carbonate (2h at 40°C). Uranium in the incin-
erator soil is contaminated in the very top surface of
the soil and has mineralogical characteristics of a
low-temperature ash. The total volume of contami-
nated soil at the incinerator site is very low (<40 yd*),
and much of it has already been removed as part of a
removal action.

Cost. Costs are not available at this time.

PROJECTED PERFORMANCE

Futureresearch isexpected tobe directed at speeding
up the rates at which uranium is leached from the
soils. Residence times in conventional soil-washing
operations (based on physical-separation processes)
are characteristically <5 min. A soil washing/leach-
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ingoperation (based onchemical-leaching processes)
will require longer residence times; however, long
residence times, such as hours, will require unaccept-
ably large reaction vessels or very slow load factor (in
terms of yd*/hr, etc.). Work inFY 94 is focused onthe
establishment of acceptable engineering residence
times for asoil washing/leaching operationatFernald,
and the leaching-research aspect of the project will be
used in combination with elevated temperatures and
a variety of leaching media (based on carbonate and
citric acid).

Although research has centered on the use of sodium
carbonate/bicarbonate as extraction media, the use of
ammonium carbonate has certain advantages that
will be examined.
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WASTE APPLICABILITY

This technology is applicable to soil and sediment
contaminated with uranium.

STATUS

Research is ongoing, with the possibility of a full-
time facility being implemented in <3 years.

REGULATORY CONSIDERATIONS

Most sites will be regulated via the CERCLA pro-
cess. Inaddition, all SARA/OSHA regulations must
be met.

283

POTENTIAL COMMERCIAL
APPLICATIONS

Although federal and state govermnments are the
principal customers, this technology is potentially
applicable to industries having toxic-metal (chro-
mium, etc.) or radioactive contamination in soils (or
groundwater and sludges). Possible industries in-
clude steel-production facilities, nuclear-medicine
facilities and support industries, nuclear-fuel manu-
facturers, and chemical industries.

BASELINE TECHNOLOGY

The baseline technology is excavation and disposal,
which is expensive and eliminates the possibility of
reclamation.

INTELLECTUAL PROPERTY

Patents: DOE/ORNL for those processes developed
at ORNL.

For more information, please
contact:

Center for Environmental
Management Information
1-800-736-3282

DOE Program Manager
Mike Malone

EM-541

U.S. Department of Energy
Washington, DC 20585
(301) 903-7996
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Principal Investigator
Chet W. Francis

Oak Ridge National Laboratory

P. O. Box 2008

Oak Ridge National Laboratory
Environmental Sciences

Building 3504, MS-6317

Oak Ridge, Tennessee 37831

(615) 574-7257; (615) 574-7420 FAX

Industrial/University Partners

None at present.
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SIX-PHASE SOIL HEATING

Pacific Northwest Laboratory

DESCRIPTION

Six-Phase Soil Heating (SPSH) is an emerging tech-
nology for thermally enhancing the removal of vola-
tile and semi-volatile organic compounds from soils
via conventional soil-vapor extraction (SVE). By
increasing the temperature of the soil and contami-
nant, the contaminant's vapor pressure is increased,
increasing its removal rate. In addition, soils are
heated to the soil moisture's boiling point to create an
in situ source of steam that then strips out the less
volatile organic compounds that venting alone does
notremove. Removal of soil moisture (as steam) also
tends to increase the flow permeability of soils,
which can further increase the rate of contaminant
removal by simultaneous venting.

The six-phase soil-heating technique is based on the
ability to split conventional three-phase electricity into
six separate electrical phases. Each phase isconnected

to six separate electrodes placed in a circle. Because
eachelectrodeis ataseparate phase, each oneconducts
to all the others. Voltage gradients in the six-phase
array are relatively uniform, thus facilitating very
uniform heating throughout the volume bounded by
the six electrodes. A seventh, electrically neutral pipe
is inserted in the center of the hexagon and connected
to a vacuum blower in order to vent the soil.

TECHNICAL PERFORMANCE

Effectiveness and efficiency depend largely on uni-
formity of heating, the site's stratigraphy, and the
soil’s permeability. Other soil-heating methods,
such as steam or hot-air injection, require permeable,
unsaturated soil to be effective and therefore do not
work in clays or silts. Since electrical soil heating
heats the soil internally by passing current through
the indigenous soil moisture, clays and silts are

heated as effectively as sands.

Treatment of a broad range of

13.8kV

Instrumentation
Local Service d

Voltage Control

Heat Pattern

sites with complex stratigra-
phy is possible with SPSH.

Voltage Pattern|

Field Demonstration. Afield
demonstration of SPSH at a

Vacuum removes vapor (E

contaminated site was per-

System
[
i
'\E F\ I~
UL S|
iUl b
. » ~<—= |
/\ 1 X
> A

formed in November 1993 at
DOE's Savannah River Site.
The site consisted of a 10-ft

S =]

Vacuum System

Six-Phase Soil Heating

285

Electrically thick clay layer, 35 ft below
| R the surface, contaminated with
—— perchloroethylene (PCE) and

[ — trichloroethylene (TCE). The
[ Contaminated goal of the demonstration was
to determine the ability of
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low-permeability clay soils. The soil electrodes were
inserted to a total depth of 45-ft and were set outina
30-ft diameter hexagonal array.

Power was applied to the soil for approximately 25
days at an average level of 200 kW. Over a period of
approximately 7 days, soil temperatures uniformly
increased to 100°C and remained there for approxi-
mately 18 days while data were collected on mois-
ture-removalrates, soil temperatures, pressures within
the soil, and off-gas contaminant concentrations.
During this period, a total of 17,000 gallons of
moisture was removed from the soil pattern at a peak
rate of approximately 1,500 gpd. Pre- and post-test
soil samples were taken at various locations within
the soiltodetermine the overallincrease inremediation
rate. In the clay zone within the electrode array
(which was heated to 100°C), about 0.1% of the
initial PCE/TCE remained after heating, correspond-
ing to 2 99.9% removal of the contaminants. About
5% of the initial PCE/TCE contamination remained
in the clay zone outside of the electrode array where
the temperature rose toonly 60°C. This demonstrates
that six-phase heating accelerated the removal of the
PCE/TCE from the clay.

Laboratory Tests. Pacific Northwest Laboratory
(PNL) has developed extensive laboratory capabili-
ties for treatability testing of SPSH for any soil/
contaminant combination. Laboratory capabilities
include soil column, bench-scale, and pilot-scale
tests toevaluate the uniformity of heating and drying,
the effectiveness of contaminant removal, and the
performance of engineering systems to control the
process.

Cost. Treatment costs are dependent on soil type and
moisture content and range between $30 to $60/yd*
of soil. This is four to ten times less expensive than
traditional thermal-treatment technologies like in-
cineration and above-surface thermal volatilization.
Asaninsitu technique, SPSH avoids additional costs
for excavation and soil handling, as well as cost for
disposing the treated soil. The six-phase system
delivers significantly more power to the bulk soil and

less at the electrodes than other resistive-heating
techniques. This gives more uniform heating and
requires fewer electrodes compared to the volume of
soil being heated. The system also uses conventional
utility power transformers at a low capital cost esti-
mated between $200-$300K. This is one-fifth to
one-tenth of the capital cost of higher frequency soil-
heating systems (e.g., radio-frequency or microwave
heating). The SPSH equipment can be disposed of as
sanitary waste at the end of its useful life, which is
estimated at 5 years.

PROJECTED PERFORMANCE

An in situ destruction system will be developed to
buildup on the on-going in situ heating and off-gas
destruction tasks and will focus on effective produc-
tion of high-energy corona in the subsurface to
destroy organics, particularly carbon tetrachloride.

WASTE APPLICABILITY

Target contaminants are volatile organic compounds
(VOCGs) in soils. SPSH is being developed for
maximum applicability to complex stratigraphies,
impermeable soils such as clays and silts, and
semivolatile contaminants.

STATUS

The Six-Phase Soil Heating technique has been dem-
onstrated both in a sandy, arid soil and in a clay, humid
soil. A finite-element code has been adapted to calcu-
late spatial and temporal variations insoil temperature,
pressure, moisture content, and electrical properties
during combined SPSH and soil venting.
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REGULATORY CONSIDERATIONS

The 1990 Clean Air Act Amendments must be
considered for VOC emissions. Application of the
technology is covered under Resource Compliance
and Recovery Act (RCRA) Part A Interim Status and
a National Environmental Protection Act (NEPA)
categorical exclusion.

| ' o4

POTENTIAL COMMERCIAL
APPLICATIONS

This technology has wide-spread commercial appli-
cations, such as in cleanup of gasoline spills, etc. A
relationship is presently being developed with an
industrial firm that is expected to culminate in a
licensing agreement with PNL for use of SPSH at a
large number of their sites.

™ T

BASELINE TECHNOLOGY

The baseline technology is soil-vapor extraction.
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INTELLECTUAL PROPERTY

On November 14, 1991, a patent was obtained for
electrical soil heating (US 4,957,393). A second
patent has been allowed and will be issued shortly. A
third patent application has been submitted. Appli-
cations for foreign rights have also been completed.

For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282
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DOE Program Manager
David Biancosino
EM-541

U.S. Department of Energy
‘Washington, DC 20585

(301) 903-7961

Principal Investigators
William O. Heath/Theresa M.
Bergsman

Pacific Northwest Laboratory

P.O. Box 999, MS-P741

Richland, WA 99352

(509) 376-0554; (509) 376-3638
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SUBSURFACE BARRIER EMPLACEMENT DEVELOPMENT

Sandia National Laboratories

In the past, wastes were buried or dumped in unlined
pits with the idea that surrounding soil would act as
a natural barrier between the waste and the ground-
water. It is now known that some of these waste
forms are breaking through to the groundwater.
Today, additional precautions such as surface caps
and subsurface barriers are an integral part of every
waste-disposal site design, but the question still
remains: whatcanbe done with existing waste sites?
Inresponse to this problem, Sandia National Labora-
tories (SNL) is currently developing mitigation mea-
sures that can be employed in three years or less.

The Subsurface Barrier Emplacement development
program is directed at developing a systematic pro-
gram for installing an impermeable barrier beneath
waste sites. The development requires the integra-
tion of several subsystems including subsurface ac-
cess (drilling), barrier-material selection, barrier
injection, barrier-continuity verification, and post-

construction monitoring. The installation of the
horizontal-barrier lenses must not disturb the waste
above. Two emplacement techniques are currently
being evaluated, permeation grouting and jet grout-
ing. Permeation grouting injects a low-viscosity
grout into the soil at low pressures which fills the
voids without significantly changing the soil’s struc-
ture or volume. Jet grouting, in contrast, injects grout
at a high pressure and velocity, which completely
destroys the soil's structure while forming the subsur-
face barrier. The grout and the soil are intimately
mixed forming a homogeneous mass.

Initially, feasibility of each technique was evaluated,
followed by evaluation of design parameters such as
borehole separation, depth limitations, etc. Accom-
plishments to date include a completed field-scale
permeation-grouting experiment. Field testing con-
sisted of grouting in vertical and horizontal boreholes
using four different barrier materials. The barrier
materials used were two ultra-fine cements, a min-
eral wax/bentonite mixture, and a sodium silicate.
Numerous non-intrusive geo-
physical techniques were used
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surface barriers is standard prac-
tice in civil and mining




engineering, but methods for constructing horizontal
barriers in situ have notbeen developed. The benefits
of this emplacement program are:

* Directionally drilled boreholes provide ac-
cess without disturbing the waste above;

¢ Interim containment allows time for the
development of remediation options;

¢ In the interim, the volume of waste remains
fixed;

* Barriers may enhance the effectiveness of in
situ remediation actions; and

* Barrier systems may provide permanent
waste containment.

TECHNICAL PERFORMANCE

Field-Scale Experiments. The Subsurface Barrier
Emplacement demonstration site is located in the
southeast corner of Technical Area III, Sandia Na-
tional Laboratories, Albuquerque, NM. The area
typically has a dry, semi-arid climate. The field-test
site is composed of alternating layers of unsaturated
soils which were deposited during flooding episodes.
Four vertical sample borings to a depth of 30 ft.
indicate that the soil consists primarily of unconsoli-
dated, unsaturated, silty-sand, withintermittent cobble
layers. The vertical boreholes in the vicinity of the
Mixed Waste and Chemical Waste Landfills reveal
the heterogeneity (horizontal and vertical) of the
near-surface deposits. The site is approximately 480
ft above regional groundwater.

Two horizontal boreholes were directionally drilled
and cased with tube-4-manchette (sleeve) pipe. This
sleeve-pipe design allows a temporary, brittle, annu-
lar grout to be installed and selectively fractured to
allow the permeation grout to flow radially outward
at selected intervals. The permeation grout is in-
Jected at a pressure less than or equal to 50 psi after
the temporary grout is fractured. The injection
pressure is less than the fracture strength of the local

geology. After grout injection and post-construction
non-intrusive testing (e.g., seismic tomography, neu-
tron logging, etc.), the overburden was excavated
and core samples were taken and compared to the
results of non-intrusive testing. In general, the radius
of penetration for permeation grouts is primarily a
function of the formation characteristics (e.g., hy-
draulic conductivity, porosity, etc.), grout viscosity,
and injection pressure. Due to the anisotropic nature
of site formations and the unpredictable nature of
grout set times, determination of the penetration
radius should be empirically derived. During this
experiment, the grout viscosity and injection pres-
sure were held relatively constant; therefore, the
variation in the soil matrix properties was the primary
contributor to the non-uniform grout flow. Excava-
tion also revealed variation radially in the soil within
the targeted strata. The grout permeated the soil
matrix in the coarse sand/gravel, but simply dis-
placed the soil in the more fine sand/silty soil. Table
1 gives an approximate relationship between hydrau-
lic conductivity and groutability of a stratum. Table
2 gives estimates of permeation radius in various
soils.

Costs. 1t is intended that this demonstration will
define the expected costs for emplacement. Most
likely it will cost around $500K initially to install and
evaluate a subsurface barrier in a landfill similar to
those at SNL.

PROJECTED PERFORMANCE

Future work will demonstrate the feasibility of high-
pressure jet grouting. The rate of injection for jet
grouting is expected to be approximately 20-50 crm/
min up to a one-half meter diameter. Future work
will include grouting multiple boreholes in a place
close enough for the grout to permeate the entire
space between and around neighboring boreholes in
order to form a continuous grout layer. Important
verification methods will also be tested. For ex-
ample, the barrier integrity would be evaluated by

290




Table 1. Approximate Relationship between Hydraulic Conductivity

and Groutability. (Karol, 1990)

Hydraulic Groutability (Ability of the Soil to Receive Grout)

Conductivity

(cm/sec)

<107 Ungroutable

105 to 106 Groutable with difficulty by grouts with viscosity <5 mPa e s and
0 ungroutable with grouts having a viscosity >S5 mPa e s

103 to 10-5 Groutable with low-viscosity grouts but difficult with grouts with a
to viscosity greater than 10 mPa e s

10-1 to 103 Groutable with all commonly used chemical grouts

>107! Requires suspension grouts or chemical grouts containing a filler

material

Table 2. Permeation Estimates in Various Soils

(Naudts, 1992)

Type of Soil Permeation Radius (meters)
Gravel 4-6
Coarse Sand 6-10
Medium Sand 4-6
Fine Sand 2-4
Silty Sand 1-2

testing the transmissibility to fluid flow across its
entire surface. Applicable verification technologies
include emerging 3-D seismic tomographic imaging
which has the potential for resolving the correct
spatial position of a shallow grout lens. However,
this technology may not provide sufficientresolution
to identify flaws such as a 1 ft? hole in the grout lens.

A

WASTE APPLICABILITY

This subsurface barrier-emplacement technology is
intended to be a near-term (3 yrs. or less) corrective
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or mitigating measure for unlined chemical-waste
pits and buried-waste landfills.

STATUS

This technology has been demonstrated in a field-
scale capacity forlow-pressure permeation grouting.
High-pressure jet grouting has not been demon-
strated, but should be demonstrated in the near future
(i.e., FY94-95). In general, more development and
demonstration is needed, but the technology may be
available for transfer in FY96 or 97.




Table 3. Cement Grout Particle Size and Viscosity

Borehol Average Particle Average Viscosity
orenole Size of 90% of Particles (mPa - 5)

I (WIPP - microfine 8.5um or less 45
cementatious grout)

2 (BNL - ultrafine 16
bentonite/cementatious Sum or less
grout)

REGULATORY CONSIDERATIONS INTELLECTUAL PROPERTY

This technology will aid in the achievement of regu-
latory cleanup milestones. This technology will use
chemically compatible grouts which are compatible
with the local ecology. Although there are not
specific regulations for barriers placed beneath exist-
ing waste sites, the standard for new installation of
waste impoundment liners (40 CFR Part 264 Subpart
N) will likely apply.

POTENTIAL COMMERCIAL
APPLICATIONS

This technology has been used in similar forms in the
civil construction and mining industries. The addi-
tional development made to adapt the concepts to
horizontal barriers and environmental applications
may well be applicable to these industries. The
micro-fine cement demonstrated in borehole 1 (see
Table 3) was developed to seal micro-cracks at the
WIPP site; therefore, there may be structural applica-
tions resembling the WIPP application.

BASELINE TECHNOLOGY

There is no baseline technology for emplacement of
horizontal grout lenses.

There are no patents pending at this time.
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For more information,

please contact:

Center for Environmental
Management Information
1-800-736-3282

DOE Program Manager
Skip Chamberlain

EM-541

U.S. Department of Energy
Washington, DC 20585

(301) 903-7248

Principal Investigators
Brian P. Dwyer

Sandia National Laboratories

P.O. Box 5800

Albuquerque, NM 87185

(505) 845-9894; (505) 844-0543 FAX

Ray E. Finley

Sandia National Laboratories

P.O. Box 5800

Albuquerque, NM 87185

(505) 844-8351; (505) 844-1218 FAX
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Industrial/University Partoers

There are no industrial partners sharing in develop-
ment costs at this time.
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THERMAL ENHANCED VAPOR EXTRACTION SYSTEM

Sandia National Laboratories

DESCRIPTION nants and soil water, electrical conduction between
the electrodes diminishes and uniform heating de-
The Thermal Enhanced Vapor Extraction System  clines. Soil heating by powerline frequency heating
(TEVES) combines conventional vacuum vaporex-  is limited to 100 °C. The second type of heating,
traction with both powerline frequency (PLF) soil ~ known as radiofrequency heating, is then initiated to
heating and radiofrequency (RF) soil heating to  heat the soil past 100 °C. Radiofrequency (RF)
accelerate the removal of contaminants typically  heating uses radiowaves to provide dielectric soil
found in hazardous waste landfills. heating. In contrast to electric-resistance soil heat-
ing, RF heating does not require the current-conduc-
TEVES will demonstrate and evaluate the effects of  tion path of soil water.
temperature on the waste-soil system. The principle
effects of temperature on the waste-soil system are ~ Testing will be performed in six phases at the Sandia
increased mass-removal rates, especially for lower ~ NationalLaboratories (SNL) Chemical Waste Land-
volatility constituents. fill (CWL) as follows: Phase I - Site Investigation;
Phase I - Off-Gas Treatment System Design; Phase
The two types of heating will be demonstrated in I - Vacuum Venting and In Situ Heating System
series. The first type of heating is powerline fre-  Design; Phase IV - Vacuum Venting and Off-Gas
quency heating that is characterized by resistive heat ~ Treatment Systems Operation; Phase V- Powerline
generation by 60Hz alternating current carried by the ~ Frequency Heatingand Venting Operation; and Phase
soil water between two electrodes. As the soil is VI~ Radio-Frequency Heating and Venting Opera-
heated and as vacuum extraction removes contami-  tion.

On-Site Vapor | ’ i
RF Excitor Electrode Rf’rcrgg;yeg?d TECHNICAL
Vapor Containment Cover PERFORMANCE
eg &) —_—
Waste Zone - Temperature Effects on Va-
- por Pressure. The vapor pres-
Comgrgiiln ated sureof mostorganicchemicals
— increases strongly with tem-
perature. The relationship
Guard Electrodes g |l between vapor pressure and
“ temperature is exponential.

Vapor Extraction ] Effects of Heat on Vapor
Extraction. The following
§ figure shows the effects over

time of soil heating on the soil
Artist's Rendition of the TEVES System contaminant mass remaining
during vacuum extraction for
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amixtureof volatile and semivolatile organics present
at the CWL. The slope is more precipitous for the
higher soil temperatures, indicating higher removal
rates.

Powerline Frequency Heating and Venting Opera-
tion. This process utilizes 60 Hz PLF heating up to
a maximum of 100 °C. Hardware includes a trans-
former, electrical-control equipment, cables, vapor-
extractionwells, and off-gastreatment system. System
operation is anticipated to occur for 14 to 35 days.
Parameters to be evaluated are mass-removal rate
and distribution of contaminant species.

Radiofrequency Heating and Venting Operation.
This process utilizes 2 to 20 MHz of radiofrequency
energy and can heat up to a maximum of 250 °C.
Additional hardware includes aradiofrequency gen-
erator, matching network, electrical control equip-
ment, and cables. System operation is anticipated to
be 10 to 30 days. Parameters to be evaluated are
increase in mass-removal rate and change in distribu-
tion of contaminant species (additional lower volatil-
ity species are expected to be removed).

Treatment Limitations. 1,000 to 3,000 yd®/treat-

ment. Large quantities of buried metal objects influ-
ence the efficacy of resistive and dielectric heating.

Cost. Costs of electricity for the soil heating are a
small part of the remediation effort. Forexample, the
CWL demonstration requires 85,000 kWhenergy at
anominal cost of $7,000 (at $0.10/kWh). Of the total
energy required, 61% is required to heat the subsur-
face volume to 90 °C (and evaporate soil water from
7% to 2% moisture) using PLF heating; whereas
39% of the total electrical energy is required for RF
heating to raise the temperature from 90 to 150 °C.
RFheating is less efficient because 6 Hz of electrical
energy must be converted to RF energy. RF genera-
tor efficiencies range from 40 to 60%.

PROJECTED PERFORMANCE

Soil cleanup of 95+% is possible depending on the
contaminant profile. Phase IIl of the TEVES demon-
stration will utilize the extent of contamination and
air permeability measurements from Phase I to esti-
mate the expected mass-removal rates with increased

40
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Effects of Soil Heat on Mass Removal by Vacuum
Extraction
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temperatures (seethe Table
that follows).
8 Percent of Initial Mass
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remove withambient-tem-
perature vacuum extrac-
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Component Mass Removal Rates for
TEVES Demonstration
Component Removal Rate
(Ibs/hr)
25°C |90°C }150°C

Trichloroethylene 028 | 097 | 097
(TCE)

1, 1, 1 -Trichloroethane 012 1033 | 033
(TCA)

Tetrachloroethylene 0.11 | 1.76 | 3.76
Freon 113 0.14 | 015 ] 0.15

STATUS

Thermal enhancement is a near-term technology.
There have been previous field tests at Volk ANG
Base, Rocky Mountain Arsenal, and Kelly AFB.
Phases I-II have been completed. Phases IV-VIare
expected to be initiated in the fall of 1993, pending
approval of the Resource Conservation and Recov-
ery Act (RCRA) Research Development and Dem-
onstration (RD&D) permit. Final data analysis,
applications analysis, and presentation of results are
scheduled for FY94.
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REGULATORY CONSIDERATIONS

The primary regulatory issues/requirements are for
the RF spectrum to be approved by the Federal
Communication Commission (FCC)and the Depart-
ment of Energy (DOE)/NTIA and for the off-gas
treatment system to meet the Clean Air Act require-
ments. The Comprehensive Environmental Re-
sponse Compensation and Liability Act (CERCLA)/
RCRA waste-treatment permits are also needed.
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POTENTIAL COMMERCIAL
APPLICATIONS

RF heating can be used near the surface, but PLF
heating can be used at almost any depth and has been
applied tooil-field stimulation projects at great depths
(several thousands of feet). TEVES can be used for
remediation of industrial-waste facilities with or-
ganic chemical contamination or other landfills with
organic chemical contamination, industrial-process
sewage leaks, storage-tank leaks, etc.
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BASELINE TECHNOLOGY

TEVES is an improvement over the ambient-tem-
perature vacuum vapor extraction technology. Am-
bient-temperature vacuum vapor extraction hasbeen
successful in pilot-scale demonstrations for com-
pounds with high vapor pressures (above 0.001 atm
at 20 °C, such as trichloroethylene, jet fuel, and
gasoline). Thermal augmentation of vacuum vapor
extraction will promote volatilization of a wider
spectrum of soil contaminants and increase contami-
nant mobility.

INTELLECTUAL PROPERTY

Patent Ownership: Bridges, J.B., Park Ridge, IL;
Harsh Dev, Chicago, IL; Richard H. Snow,
Bartlesville, OK; Allen Taflove, Willamette, IL.
Assignee: IIT Research Institute.

For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282




DOE Program Manager
Skip Chamberlain
EM-541

U.S. Department of Energy
Washington, DC 20585

(301) 903-7248

Principal Investigator
James M. Phelan

Sandia National Laboratories

P.O. Box 5800, Org. 6621
Albuquerque, NM 87185-5800

(505) 845-9892; FAX (505) 844-0543

Industrial Partner

G. C. Sresty

IIT Research Institute

10 West 35th Street

Chicago, IL 60616-3799

(312) 567-4232; FAX (312) 567-4286
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TUNABLE HYBRID PLASMA REACTOR

Massachusetts Institute of Technology
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DESCRIPTION

Researchers at the Massachusetts Institute of Tech-
nology (MIT) are investigating plasma chemical
processes relevant to the development of a versatile
mobile electron-beam driven plasma reactor for effi-
cient on-site decomposition of carbon tetrachloride
(CCl,) andothervolatile organiccompounds (VOCs).
The reactor uses a moderate-energy electron beam
(100-300 keV) that is injected into atmospheric air
containing the organic contaminants. The organics
are destroyed or oxidized to non-toxic chemicals
throughtheirinteraction withtheelectronsand plasma
generated from the electron beam. Since a plasma is
generated, use of either alternating current (AC) or
direct current (DC) electric fields allows a further
increase in the electron and gas temperatures to
optimize the treatment process. The high degree of
tunability of the reactor gave rise to the name tunable
hybrid plasma (THP) reactor. The capability for
varying electron density and electron temperature in
a highly controllable way and the provisions for the
introduction of auxiliary gases to the THP reactor are
expectedtoresultinefficientdecompositionof VOCs

over a wide range of conditions. The objective is a
versatile, low cost, on-site treatment system with
minimal environmental impact.

A drawing of the field-test unit is shown in the figure.
The system consists of an air dryer to remove water
vapor from the process stream (to the right of the
electronbeam), theelectronbeamand reactioncham-
ber, and a scrubber using an aqueous solution of
NaCOH to convert the acid gases produced by the
electronbeamto salt. The trailer will be located at the
Hanford site for preliminary trials; it will be moved
to other U.S. Department of Energy sites to establish
remediation criteria for other halogenated hydrocar-
bons.

Preliminary data show that the THP reactor can
provide a high degree of decomposition of CCl, at
low gas temperatures with only modest power re-
quirements. As an example, for 90% destruction of

|
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CCl, at an intake concentration of 26 ppm, the adia-
batic temperature rise is on the order of 15 °K in the
laboratory testreactor. For anintake concentration of
352 ppm, 99% decomposition was obtained with an
adiabatic temperature rise of about 140 °K. These
temperature increases are significantly lower than
obtained with typical incineration, which is around
1800 °K. A field-test systemhasbeen assembled and
tested at MIT. It has been used to demonstrate the
reduction in CCl, concentration from 760 ppm t0 0.6
ppm with a 99.97% removal efficiency. The THP
reactor, being a low-temperature process, may pro-
vide more control over the generation of decomposi-
tion products than  high-temperature
thermal-treatment processes.

For the case where CCl, is the main contaminant,
dissociativeelectron attachment initiates the breakup
of the CCl,. The reaction products (CL, HCI, CO,)
are passed through a conventional scrubber. All of
these gaseous products either dissolve in an aqueous
solution (Cl,, HCI) or are passed through the scrubber
and released to the atmosphere (CO,). The scrubber
can contain an aqueous solution with or without a
caustic such as NaOH. The caustic solution is
preferred since it produces NaCl and CO, gas, which
can easy be disposed.

Trichloroethene (TCE) has been tested with the
laboratory THP reactor. The destruction of TCE
requires less than 10% of the energy required to
destroy CCl,. The byproducts canbe dissolved in an
aqueous solution containing NaOH, producing a
non-toxic sodium salt. The air stream need not have

alow vapor pressure of water, negating the necessity
of the dryer required for CCl,.

Cost. Only projected cost information is available.
Forafull-scale THP reactor system (175 kW electron
beam that deposits 100 kW into the gas), the unit cost
is about $1 million. This cost includes the electron
beam and support equipment. The system is pro-
jected to treat about 10 pounds of CCl, per hour and
operate 90% of the time. Hence, the system should
be able totreat about 78,800 pounds of CCl, per year.

For a practical field device, the objective is to treat
one pound of CCl, for about $4.

The costs for destroying TCE are much lower. The
same system described above can destroy nearly ten
times as much TCE, resulting in a cost per pound of
TCE destroyed of less than 40 cents.

PROJECTED PERFORMANCE

This technology employs modest-voltage electron
beams (up to 300 keV) which lead to duct cross
sections with dimensions of the order of 10-30 cm.
This allows the construction of systems which can be
compact, portable, self-shielded, and capable of high
operational availability based upon a well estab-
lished commercial electron-beam technology.

Different-size devices have or will have different
throughputs. The throughputs forthe laboratory unit,
field test unit, demonstration unit, and full-scale
(practical) field unit are projected to range from 0.1-
1, 1-20,20-200, and 200-1,000 ft*/min, respectively.

WASTE APPLICABILITY

The THP technology is best suited for treatment of
gaseous streams with small concentrations of VOCs,
especially chlorinated compounds. The process is
very efficient in removing contaminant concentra-
tions lower than approximately 1,000 ppm.

T T

STATUS

The moderate-energy electron-beam technology,
which is being incorporated into the THP reactor
systems, is a well established commercial technol-
ogy with modest shielding requirements and high
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reliability. Laboratory-scale units have been tested
in treating carbon tetrachloride, dichloromethane,
and trichloroethylene, with initial results showing
the technology is competitive with current technolo-
gies. A field unit is currently being constructed that
will include a pre-processor for the system and
dryers, a post-processor for monitoring the system
and scrubber, and an automated control system. The
field unit will be demonstrated at asite in Washington
State in 1994,

and removal efficiency; (2) capability of eliminating
contaminants from high-volume waste gas streams
with end products of small volumes of solid precipi-
tates and toxic gases; (3) relatively low cost; (4)
minimum pre- and post-treatment requirements; (5)
ability to treat gases from solid-waste treatment
systems resulting in non-toxic emissions and small
volumes of solid non-toxic residues; and (6) versatile
operation that can be used to process a wide range of
substances and concentrations.

L i
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REGULATORY CONSIDERATIONS

Air with carbon dioxide and water will be exhausted
fromthe device. Small amounts of oxides of nitrogen
(NOx) may be present but are expected to fall below
regulatory limits. Compliance with the Occupa-
tional Safety and Health Act is required for hazard-
ous-waste operations, handling of heavy equipment,
and protection of occupational workers from electri-
cal power.

{ e

POTENTIAL COMMERCIAL
APPLICATIONS

Potential commercial applications include industries
with gaseous or liquid effluents or emissions from
remediation sites (e.g., semiconductor fabrication
plants).

{ i .

BASELINE TECHNOLOGY

The baseline treatment technology for gaseous efflu-
ents is granulated activated-charcoal adsorption with
off-site regeneration and disposal. The advantages of
the THP technology include: (1) on-site treatment of
toxic substances in gas streams with high destruction
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INTELLECTUAL PROPERTY

Patents have been filed.
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For more information, please
contact:

Center for Environmental
Management Information
1-800-736-3282

DOE Program Manager
David Biancosino
EM-541

U.S. Department of Energy
Washington, DC 20585

(301) 903-7961

Principal Investigators
Richard M. Patrick, Daniel R. Cohn,
and Leslie Bromberg

Plasma Fusion Center

Massachusetts Institute of Technology
Cambridge, MA 02139-8100

(617) 253-6919
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DOE Laboratory Partner

Pacific Northwest Laboratory is providing service in
kind.
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2), Technical Name: Tunable Hybrid Plasma,”
DOE ProTech Database, TTP Reference Num-
ber: RL-8566-PT, February 28, 1993.
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VOC OFF-GAS MEMBRANE SEPARATION

i

Westinghouse Hanford Company

i

DESCRIPTION

Vacuum extraction will remove the volatile organics
from the contaminated soil. A high-pressure system
has been designed to treat feed streams that contain
dilute concentrations of volatile organic compounds
(VOCs). The organic vapor/air-separation technol-
ogy involves the preferential transport of organic
vapors through a semi-permeable gas-separation
membrane (diffusion process analogous to putting
oil on a piece of waxed paper). In this system, the
feedstream is compressed and sent to a condenser
where the liquid solvent isrecovered. Thecondenser
bleed stream, which contains approximately 5,000
ppm of the VOC, is then sent to the membrane
module. The membrane module comprises spiral-
wound modules of thin-film membranes separated
by plastic-mesh spacers. The membrane and the
spacers are wound spirally around a central collec-
tion pipe. In the membrane module, the stream is

further concentrated to 3% VOC. The concentrated
stream is then returned to the compressor for further
recovery in the condenser.

TECHNICAL PERFORMANCE

Cost. Capital Equipment (1,000 cfm) is $850K;
Operations and Maintenance is $494K/yr (mem-
branereplacement every 3 yrs). Thisequates toacost
of $2.80/Ib of VOC removed (including disposal
costs).

No fouling of the membrane has occurred during the
6-month pilot operation. Radon will not affect the
functionality of the membrane separation unit.

b i

PROJECTED

o
e o © o o® e

e®

Condenser
(cools VOCs and
converts vapor into
liquid for removal)

Compressor
(150 pounds per
square inch)

Volatile

Organic =i
Compound

(VOC) Vapors

VOC Liquid (removed

PERFORMANCE

Based upon a VOC effluent
concentration of 1,000 ppm,
there is a 95% removal effi-
ciency. The remaining 5% is
polished using granulated ac-
tivated carbon (GAC).

Spiral-Wound
! Membrane (also
removes VOCs)

The system is ready for full-
scale deployment.

- - ' i

by condenser)

High-Pressure Gas Membrane Separation
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WASTE APPLICABILITY

The targeted contaminants are VOCs, carbon tetra-
chloride, and chloroform in gas streams.

INTELLECTUAL PROPERTY

Membrane Technology and Research, Inc. owns
several patents.

i«( GRS Ll oo o

STATUS

The field-ready system was placed at a contaminated
site at Hanford and operated for a period of 6 months.
The system operated as designed. This technology is
off-the-shelf and ready for deployment. It is being
used for a number of industrial applications.

REGULATORY CONSIDERATIONS

The 1990 Clean Air Act Amendments must be
considered when treating VOCs.

e A T ey

POTENTIAL COMMERCIAL
APPLICATIONS

This technology is applicable to the treatment of any
waste stream emitting VOCs and presents a cost-
effective alternative to treatment by GAC adsorption
currently used by industry.

BASELINE TECHNOLOGY

The baseline technology for treatment of VOCs is
GAC adsorption. GAC adsorption generates a sec-
ondary waste that requires disposal or regeneration
on a regular basis. The membrane system would
minimize the secondary waste stream while provid-
ing a recyclable product.

For more information,
please contact:

Center for Environmental

Management Information
1-800-736-3282

DOE Program Manager
David Biancosino
EM-541

U.S. Department of Energy
Washington, DC 20585

(301) 903-7961

Principal Investigator
Craig King

Westinghouse Hanford Company, S4-25
P.O. Box 1970

Richland, WA 99350

(509) 373-2967

Industrial Partner

Membrane Technology and Research, Inc.
Menlo Park, CA

(415) 328-2228

REFERENCES

1. DOE-RL,“TechnologyInformation Profile(rev.
3), Technical Name: VOC Offgas Membrane
Separation,” DOE ProTech Database, TTP Ref-
erence Number: RIL-9740, March 25, 1993.
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VOC RECOVERY AND RECYCLE

S e By

RN NS T T
DESCRIPTION

Many DOE sites have soil and/or groundwater that is
contaminated with organic compounds. These sites
will have to undergo remediation in the near future.
One method is vapor vacuum extraction, but air-
quality regulations will prevent the organics from
being simply vented to the atmosphere. Therefore,
some method of recovery or destruction will be
required. A Brayton-cycle heat pump (BCHP) can
condense volatile organic compounds (VOCs) from
an air stream, which offers the potential for both
recovery and either on-site or off-site recycle of a
wide range of VOCs. The VOC-laden air stream can
come from either vapor vacuum extraction of soil or
air stripping of contaminated groundwater.

Thetechnology consists of activated-carbon adsorbers
located at each extraction well, plus a truck-mounted
Brayton-cycle heat pump toregenerate the adsorbers

Idaho National Engineering Laboratory

onaperiodicbasis. The VOC-laden air from the well
is passed through the carbon bed, adsorbing the
VOCs. When the bed becomes saturated, hot nitro-
gen from the regenerator is used to desorb the VOCs
from the bed. The nitrogen passes through a chiller,
is compressed, and is then cooled in a recuperator,
where 50% to 80% of the organics are recovered.
The partially depleted nitrogen stream is then ex-
panded through a turbine, lowering the temperature
to as low as -150°F and condensing the temaining
organics. The now-clean nitrogen passesthrough the
recuperator to cool the VOC-laden nitrogen before
returning tothecarbonbed. A pilot-plantsystem will
be demonstrated on a single extraction well. The
input will be 250 scfm of vapor from the extraction
well. The only outputs will be the clean off-gas from
the well and a small amount of recovered organics.

TECHNICAL

Mobile Brayton
regeneration truck
(separates VOCs
from nitrogen gas)

VOC-laden

Liquid VOCs

nitrogen gas

PERFORMANCE

General. In terms of perfor-
mance, the BCHP would have
noeffectontheremaining con-
tamination in the ground; this
is an off-gas treatment/recov-
ery/recycle technology. The
process waste for the Savan-
nah River Site (SRS) demon-
stration will be a small amount
(less than one drum) of mixed
liquid trichloroethylene/

Notin use
while truck is
regenerating bed

laden air

adsorbs VOCs

PP
Stationary bed

Clean air

tetrachloroethylene (TCE/
PCE), recovered during the
demonstration. Liquid TCE/

Decoupled Brayton-Cycle Solvent-Recovery Heat

Pump for Small Emitters
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PCE recovered during the pi-
lot-plant demonstration will
require disposal according to




existing SRS regulations for organic waste. A full-
scale system would require an off-site solvent recy-
cler to pick up the recovered solvent on a periodic
basis. The pilot plantis mounted onalowboy trailer.
The full-scale regenerator is mounted on a 40 ft.
trailer (40-ft long x 8-ft wide x 13.5-fthigh). The pilot
plantrequires one technician for setup. However, the
operation is computer-controlled. A full-scale
decoupled system would require two operators to run
the regenerator. Adsorbers ateachsite wouldrequire
no additional labor.

Pilot-Plant Test Results. A pilot-scale study was
conducted at the SRS over a two-week period in
April 1993. Initial operation at 100 scfm showed that
the solvent concentration from the well was higher
than anticipated (7,000 ppm rather than 100 to 200
ppm). At this high concentration, breakthrough in
the carbon beds occurred very rapidly, making the
tests less representative of a full-scale system. There-
fore, a 75 scfm slipstream was taken from the extrac-
tion well for use in the tests. This resulted in an
adsorption cycle time of about 12 hours. With an
inlet concentration of about 7,000 ppm, the outlet
concentration was 100 to 200 ppm. The system
removed more than 97% of TCE/PCE from the
vapor-extraction stream and recovered solvent as a
liquid forrecycling or sale off-site. Single desorption
of one carbon bed required approximately 6 hours.
The total time for the pilot-scale application was
determined by the rate of vapor extraction and the
concentration of the contaminants. The pilot-plant
system required 50 kW of 480 V power. The full-
scale system would require 200 kW of 480 V power.
The system is suitable for a variety of VOC types,
volumes, and concentrations. The system is compat-
ible with most VOC-laden air streams and has the
appropriate interlocks in case of any malfunction.

Regeneration required about four hours. The time
would have been shorter; however, the nitrogen flow
from the vaporizer was low. The system was oper-
ated for a total of five regeneration cycles, with an
average of 93 lbs of solvent recovered per regenera-
tion. There were 200 lbs of carbon in each adsorber,

resulting in a working capacity of 47%. The total
solvent recovered was approximately 465 Ibs.

Cost. The pilot plant required less than $2K for
startup, including nitrogen supply. Full-scale system
capital cost would be approximately $1,500K for 10
adsorbers, plus installation and electrical connec-
tions. Adsorbers would either be purchased or leased
by SRS during the soil remediation. Ten wells would
be treated at a time, after which the adsorbers would
be removed to other wells. The pilot-plant demon-
stration will cost $7.5K. The full-scale system would
cost $4K/mo per well, assuming two regenerations
per day, five days a week. The operations cost
assumes a service company would own the regenera-
tor and would charge a fee (of about $1.4K) for each
regeneration.

PROJECTED PERFORMANCE

Based on successful operation of the pilot plant, a
decoupled carbon-adsorption/Brayton-cycle regen-
eration system has been designed for the SRS. Two
adsorbers,each containing 3,0001bs of carbon, would
be located at each well. The beds will be operated in
series, as demonstrated in the pilot plant, to provide
a greater working capacity in the bed. Assuming a
flow rate from a typical well of 500 scfm, the
adsorption time for each bed would depend on the
solvent concentration from the well. Adsorption
times are given in Table 1 for three concentrations.
The highest concentration (7,000 ppm) was taken
from pilot plant data but is likely to be very atypical.
Concentrations between 50 and 300 ppm are more
likely.

Table 1. Adsorption Times for Given
Concentrations.

Concentration (ppm) | Adsorption time (days)
7,000 3
300 10
50 30
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Each well will contain a sacrificial guard bed to
remove high-boiling components and other contami-
nants from the extraction-well air stream, which
could reduce the working capacity of the carbon
adsorbers.

At breakthrough, the saturated adsorber would be
transported to the regenerator (with the same general
configuration as the pilot plant). The regeneration
nitrogen flow rate would be 1,500 scfm, which is
sufficient to regenerate two adsorbers in parallel in a
total time of six hours. The trailer and skid-mounted
regenerator will contain a chiller, an air compressor,
and a motor control center. External needs include
200kW of 480 V power and nitrogen.

Costs. Capital costs for the full-scale decoupled
Brayton-cycle Savannah River heat pump are:
Adsorbers (20 total) - $700K; Regenerator - $850K.
Operating costs would depend on the value of the
recovered solvent and whether the system is vendor-
owned/leased. Atone lb/h per well, the total solvent
recovered would be approximately 90,000 1b/y.

If vendor-owned, there would be a fee of $1,800 per
regeneration or about $470K/y. If the system were
purchased, the primary operating costs relate to labor
and electricity. Assuming the solvent concentration
is in the range of 50 to 300 ppm rather than 7,000
ppm, the regenerator would need to be operated for
oneshiftperday, five days per week. It would require
one full-time operator for the regenerator, plus one
full-time helper to drive the truck for the adsorbers
and to help set up for each regeneration. Fully
burdened labor would then be approximately $125K/
y. At$0.04/kWh, this would result in approximately
$12.5K/y.

WASTE APPLICABILITY

This technology is applicable to ex situ (above-
ground) recovery of VOCs from carbon-adsorption
canister regeneration. The targeted contaminants
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include TCE, PCE, and trichloroethane (TCA). This
technology is also applicable for the regeneration of
carbon adsorbers in other applications.

STATUS

Based on successful operation of the pilot plant, a
decoupled carbon-adsorption/Brayton-cycle regen-
eration system has been designed for the SRS. The
technology is commercially available now. The
technology is currently being used successfully in
several locations, including one in Greenville, SC.

REGULATORY CONSIDERATIONS

The BCHP technology has been shown to meet
emission regulations in other areas of the country and
is expected to meet future regulations as they are
implemented. The system will achieve 95% recov-
ery and is available to meet near-term regulatory
milestones.

{

POTENTIAL COMMERCIAL
APPLICATIONS

Potential applicationsinclude regeneration of carbon
filters and adsorbers used in the chemical industry
and other industries. The technology has principal
applications where VOC vapors are removed from
an air stream (e.g., using carbon adsorption for
vacuum soil-vapor extraction off-gas treatment).
Other applications might be in the regeneration of
carbon adsorption filters in other chemical-process
off-gas treatment applications.
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BASELINE TECHNOLOGY

The baseline technology is activated-carbon canis-
ters with off-site disposal. The BCHP offers a less
expensive alternative to activated-carbon canisters.
Also, it is becoming increasingly difficult to dispose
of carbon canisters that have been loaded with chlo-
rinated organics. The BCHP suffers no limitations
compared with the carbon canisters. Few technical
challenges exist. The basic technology has been
demonstrated onseveral processesinindustry, though
the decoupled concept is still in the demonstration
phase.

§ \\ N N ‘: S ,:§

INTELLECTUAL PROPERTY

Patents are owned by the 3M company and NUCON
International, Inc. The patent numbersare: 4,295,282;
4,480,393; and 4,539,816. NUCON has an exclu-
sive license to market the BCHP technology for
solvent recovery.

For more information, please
contact:

Center for Environmental

Management Information
1-800-736-3282

DOE Program Manager
Kurt Gerdes

EM-541

U.S. Department of Energy
Washington, DC 20585

(301) 903-7289

Principal Investigator
Stephen Priebe

Idaho National Engineering Laboratory
P.O. Box 1625

Idaho Falls, ID 83415

(208) 526-0898

Industrial Partners
NUCON International, Inc.

ISR N
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