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1.0 INTRODUCTION

The Department of Energy’s Office of Environmental Restoration and Waste Management (EM)
is responsible for remediating its contaminated sites and managing its 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’s Office of Environmental Restoration and
Office of Waste Management. The purpose of the Technology Catalogue is to provide performance
data on OTD-developed technologies to scientists and engineers assessing and recommending
technical solutions within the Department’s clean-up and waste management programs, as well as
to industry, other federal and state agencies, and the academic community.

OTD'’s applied research and demonstration activities are conducted in programs referred to as
Integrated Demonstrations (IDs) and Integrated Programs (IPs). The IDs test and evaluate systems,
consisting of coupled technologies, at specific sites to address generic problems, such as the
sensing, treatment, and disposal of buried waste containers. The IPs support applied research
activities in specific applications areas, such as in situ remediation, efficient separations processes,
and site characterization. OTD works with industries, universities, and other federal agencies, in
conjunction with the federal laboratories, to access and advance the best available technologies.
Many of the technologies have been successfully demonstrated in the field and now are sufficiently
mature to be transferred. The Technology Catalogue is a means for communicating the status of
the development of these innovative technologies.

The FY93 Technology Catalogue features technologies successfully demonstrated in the field
through IDs and sufficiently mature to be used in the near-term. Technologies from the following
IDs are featured in the FY93 Technology Catalogue:

e Buried Waste ID (Idaho National Engineering Laboratory, Idaho)

e Mixed Waste Landfill ID (Sandia National Laboratories, New Mexico)

*  Underground Storage Tank ID (Hanford, Washington)

*  Volatile organic compound (VOC) Arid ID (Richland, Washington) , and

e VOC Non-Arid ID (Savannah River Site, South Carolina)
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 the technology. The primary source of information for the FY93 Technology Catalogue

was the ProTech Prospective Technology Database developed by Battelle Seattle Research Center
for the DOE. ProTech is a prototype electronic system that describes innovative technologies that



are part of IDs. Additional sources of informa-
tion included technical task plans, conference
proceedings, technical journals, environmental
permit applications, and data supplied by prin-
cipal investigators.

Forty-three technologies are featured in the
FY93 Technology Catalogue. Of the 43 tech-
nologies, 22 are characterization/monitoring
technologies and 21 are remediation technolo-
gies. Technology entries are three to four pages
long and include the following topical areas:

*  Technology title and description
*  Technical performance and cost data

*  Projected near-term performance (1 to
3 years)

*  Applicable waste types and forms
*  Development status

*  Key regulatory considerations regard-
ing the application of the technology

*  Potential non-DOE applications
*  Baseline comparison technology
* Intellectual property rights, and

e  Points-of-contact and references for
more information.

The information in each category above intro-
duces the technology to the reader and provides
an annual “snapshot” of its status with respect to
performance and availability. More detailed
information can be obtained from the sources
cited in each profile.

HOW TO USE THE DOCUMENT

The Technology Catalogue attempts to match
applications with specific technologies in addi-
tion to providing profiles on each technology.
Section 2 describes the development process
utilized to select and prepare technology pro-
files. Section 3 contains waste applicability
tables developed to aid the user in matching
applications with each technology. These tables
include: Table A which addresses Site Charac-
terization and Monitoring Technologies; Table
B which addresses Site Remediation Technolo-
gies; and Table C which in the future will
contain Waste Management Technologies.
Section 4 contains Site Characterization and
Monitoring Technologies and Section 5 con-
tains Site Remediation Technologies. Waste
Management Technologies will be added in
FY94.

For more information,
please contact:

The DOE/OTD Environmental

Technology Information Service
1-800-845-2096



FUTURE EDITIONS/UPDATES

As illustrated in figure A, future editions of the
Technology Catalogue will include updated in-
formation, additional technologies being devel-
oped under IDs (such as waste management
technologies) and information from a broader
range of OTD programs. For example, tech-
nologies being developed under OTD’s Inte-
grated Programs (IPs) may be incorporated.
Additional examples include technologies de-
veloped under Research Opportunity Announce-
ments (ROAs) and Program Research and
Development Announcements (PRDAs).

Also, the Technology Catalogue currently serves
as a source of information for DOE’s
EnviroTRADE Information System. Future
plans include applying the Technology Cata-
logue to the DOE International Technology
Exchange Program to enhance the competitive-
ness of U.S. businesses. In addition, discus-
sions are continuing with the U.S. Department
of Defense and the U.S. Environmental Protec-
tion Agency to provide information on DOE’s
emerging technologies for federal environmen-
tal databases and other commercially available
databases.

L3
Iindex of I
Emerging .
Technologies FYs4
Technology L
» Technology Name Entries FY95 i
« Description
* Applicability Technology
» Point of Contact * DOE Entries
* Schedule - IDs
- PRDAs
- ROAs * DOE
-IPs -IDs
I - PRDAs
l - ROAs
L - IPs
C -
FY94 Catalogue ‘
As technologies mature, an entry to
the catalogue will be developed.
FY95 Catalogue

Figure A. Future Development of the DOE-OTD Technology Catalogue.
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2.0 DEVELOPMENT PROCESS

The methodology applied for selecting technologies to be included in the FY93 Technology
Catalogue began with alist of approximately 30 technologies developed by EM-52 in October 1992.
Approximately 17 of the 30 technologies are featured in the FY93 Technology Catalogue. The
methodology for selection of the remaining technologies featured in the FY93 Technology
Catalogue began with a review of the ProTech Prospective Database technology profiles. ProTech
developed by Battelle Pacific Northwest Laboratory for DOE is a prototype electronic system that
describes innovative technolpgies of the IDs and was developed for use by the general public. The
review was performed to determine which profiles were on the original list developed by EM-52.
Those selected were mature (available currently or within the next 2-3 years) and contained
sufficient technical detail (performance, cost, etc.). Of approximately 100 technology profiles
reviewed, 34 were selected for inclusion in the FY93 Technology Catalogue.

The methodology utilized to prepare the technology entries is illustrated in Figure 1. While the
primary source of information and data featured in the Technology Catalogue was ProTech, a
number of other sources were utilized. Some of these sources include technical task plans (TTPs),
conference proceedings, technical journals, environmental permit applications, and readily avail-
able technical documentation.

Once sufficient information was gathered, it was reviewed for clarity, consistency, and quality of
technical information. The entry was then technically edited and revised. All entries were then
consolidated into the FY93 Technology Catalogue for publication and distribution.



Figure 1. FY93 Technology Catalogue Deveiopment Process
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Table A. Site Characterization and Monitoring
Technologies by Waste Contaminant

TECHNOLOGY MEDIA WASTE DESCRIPTION SPEED PAGE
CONTAMINANT NO.
METALS
On-Site Analysis of Soils,  Al, Ay, Ca, Cd, Co, Anin-field analytical Total Cr 69
Metals in Soils Using  Sediments  Cr, Cu, Fe, Mo, method capable of analysis
Stripping Voltammetry Pb,Pd, Pt, Ni, Ru,  measuring concen- 8 minutes
Sn, Te, Th, Tij, trations of selected per sample.
U Va,Y,Zn trace metals. Other elements
to be determined.
Rapid Geophysical Soil  Ferrous contaminants  Provides high Can collect 81
Surveyor resolution geo-  magnetic data
physical data. atrates up to
25,000 data
points per hour.
X-Ray Fluorescence  Arid soils  Heavy metals, Cr, Measures Spectrum takes 109
Spectroscopy Ni, Cu, Zn, Hg, Pb concentrations about 5 min
of heavy metals depending
in soils. on what is being
looked for and
ORGANICS
Cone Penetrometer Soil Hydrocarbons, A truck mounted Pushes at a 35
chloro-hydrocarbons, device that rate of 30-40
carbon tetrachloride  rapidly penetrates  feet per half
the ground to hour except in
collect site data. mixed waste
environments.
Fiber-Optic Sensors Groundwater, VOCs, Optic fibers Not available. 43
vadose zone, carbon transmit probe signals
vapor extraction tetrachloride to remotely located
off-gases sensors to provide a
real-time multipoint
monitoring capability.
HaloSnif Fiber-Optic  Air, gases  Volatile chlorine A real-time Real-time results. 49
Spectro-chemical containing compounds  compound class
Sensor TCE, PCE, CFCs specific sensor.
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Table A. Site Characterization and Monitoring
Technologies by Waste Contaminant

TECHNOLOGY MEDIA WASTE DESCRIPTION SPEED PAGE
CONTAMINANT NO.
ORGANICS (continued)
Portable Acoustic Soil, vapor, VOCs, TCE Monitors changes Rapid (2 73
Wave Sensor water Carbon in the speed and  seconds) and
tetrachloride, power of a wave continuous
as it travels analysis possible.
across the sensor.
Unsaturated Flow  Soil, vadose VOCs Simulates Can achieve 105
Apparatus zoné migration of results in 3
Centrifuge contaminants of days.
subsurface
environments of arid
sites to obtain transport data.
RADIOACTIVE
Cone Penetrometer Soil Radionuclides A truck mounted Pushes at a 35
device that rapidly  rate of 30-40
penetrates the feet per half
ground to collect  hour except in
site data. mixed waste
environments.
Prompt Fission Soil and rock Fissile Provides a near-  Approximately 77
Neutron Logging surrounding materials continuous profile 3 hr are neces-
System a cased borehole U-235, of contaminants  sary to iog and
Pu-239 as a function of  analyze a typical
position alonga 100 ft borehole.
borehole.
Rapid Transuranic  Soil, smears, Pu, Am, Provides rapid Can analyze 85
Monitoring fallout coupons, alpha emitters in-field 100 samples
Unit filters, air, liquids and entire gamma monitoring per day.

spectrum from X-rays
to Co-60 and Cs-137
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Table A. Site Characterization and Monitoring

Technologies by Waste Contaminant

TECHNOLOGY MEDIA WASTE DESCRIPTION SPEED PAGE
CONTAMINANT NO.

OTHER/SUPPORT

Advanced In Situ Arid soils, rock N/A Measures moisture Varies. 23

Moisture Logging content and soil  Typically 15 min

System density around per 100 ft of tube.

Broadband Electro-
magnetics for Three
Dimensional Site
Characterization

Colloidal Borescope

access tubing.

Soil N/A Three dimensional A survey 27
characterization  requiring detail
of buried waste.  coverage over
1/2 acre can be
performed in one day.

Groundwater N/A Direct observation 30 min to 31
of colloidal size obtain a
particlesand  measurement.
subsequent ground-
water flow direction and rate.

Crosswell Seismic Soil or rock N/A Imaging of goelogy Data collection 39
Imaging "between 1-3 wk.
borgholes non-  Interpretation
intrusively. 1-2 mo.
Hybrid Directional ~ Wide range of N/A Provides direc- Dependent 53
Boring and Horizontal geologies tional access in on geology.
Logging desired Clays - 200 ft/d
locations.  Alluvial fills - 100 ft/d.
In Situ Permeable Saturated, N/A Measures full Velocity 57
Flow Sensor permeable three dimensional measurements
unconsolidated flow velocity vector.  in 24-48 h.
materials
Light Duty Utility Arm N/A Underground Provides the N/A 61
System for storage capability to gather data
Tank Characterization tank wastes  on chemical and physical

Microbial Monitoring

characteristics in
undergroundstorage tanks.

Soil, N/A Monitors microbial ~ Analysis in 65
groundwater population changes complete in 2
bioreactors in soil and ground daysto 1

water samples. month depending
on technique used.
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Table A. Site Characterization and Monitoring
Technologies by Waste Contaminant

TECHNOLOGY MEDIA WASTE DESCRIPTION SPEED

PAGE
CONTAMINANT NO.
OTHER/SUPPORT
(continued)
Rapid Geophysical Soil Buried ferrous Provides high Can collect 81
Surveyor containers ’ resolution geophysical magnetic
data. data at rates
up to 25,000 data
points per hour.
Remote Soil N/A Vehicle remotely  Vehicle can 89
Characterization System delivers several travel 1 to 6 ft/s.
geophysical sensors
to a buried waste
site to obtain data.
SEAMIST Borehole  Soil, vapor N/A Provides multiple Up to 30 ft/min. 93
Instrumentation and vapor sampling/
Fluid Sampling System monitoring locations
in a single borehole
for unsaturated zone
and air permeability
measurements.
Slant Angle Sonic Soil, rock N/A A method of rapid Varies depending 97
Drilling access to the on the type of
subsurface for  formation. 1 ft/s
installation ofa  to 0.5 ft/min.
sloped well using  for loose to
resonant drilling. compact
formations
respectively.
Sonic Drilling Vadose zone, N/A An advanced Drills holes 101
groundwater and improved at double the
drillingtechnology . rate of a
cable tool.
Unsaturated Flow Soil Wide range of Simulates Can achieve 105
Apparatus Centrifuge contaminants, water, migration of  results in 3 days.

microbial nutrients contaminants of
subsurface envi-
ronments of arid

sites to obtain

transport data.
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Table B. Site Remediation Technologies by Waste Contaminant

TECHNOLOGY MEDIA WASTE DESCRIPTION PAGE

CONTAMINANT NO.

METALS

Arc Melter Vitrification  Soil Toxic metals Vitrification 115

Barriers and Post Arid soils Scoluble metals  Containment/ 119

Closure Monitoring Treatment

Biological Destruction ~ Supernatents, Toxic metals Biosorption 123

of Tank Waste aqueous streams

In Situ Vitrification of Soil Heavy metals Destruction/ 163

Contaminated Soils Immobilization

Polyethylene Encap Aqueous salt and Toxic metals, Encapsulation 173

sulation of Radio- concentrate, saitcake, Cr, Pb, Cd

nuclides and Heavy sludge, ash, ion

Metals exhange resin in tanks

MIXED WASTE

Arc Melter Vitrification  Soil Mixed waste Vitrification 115
(TRU)

Dynamic Underground  Soil, groundwater Mixed waste Enhanced 139

Stripping of VOCs Removal

Fixed Hearth DC Soil, stored waste Mixed waste Waste Form 143

Plasma Torch Process Enhancement

In Situ Vitrification of Soil Mixed waste Immobilization 163

Contaminated Soils

ORGANICS

Arc Meiter Vitrification  Soil Organics Vitrification 115

Barriers and Post- Arid soils VOCs, Containment/ 119

Closure Monitoring organics Treatment

Biological Destruction Supernatents, Organics Biosorption 123

of Tank Waste

aqueous streams
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Table B. Site Remediation Technologies by Waste Contaminant

TECHNOLOGY MEDIA WASTE DESCRIPTION PAGE
CONTAMINANT NO.
ORGANICS (continued)
Dynamic Underground  Soil, groundwater VOCs Enhanced 139
Stripping of VOCs Removal
Fixed Hearth DC Soil, stored waste Organics Waste Form 143
Plasma Torch Process Enhancement
High-Energy Corona Gas, aqueous VOCs, halogenated Destruction 147
liquids, non- solvents TCE, PCE,
aqueous liquids  carbon tetrachloride,
chloroform, diese! fuel,
gasoline
In Situ Air Stripping of Permeable soils, VOCs, light hydro- Enhanced 159
VOCs groundwater carbons, chlorinated Removal
solvents, TCE, PCE
In Situ Vitrification of Soil VOCs Destruction/ 163
Contaminated Soils Immobilization
Methane Enhanced Soil, groundwater Halogenated aliphatic Cometabolic 167
Bioremediation for organics, TCA, TCE, PCE  Destruction
the Destruction of
Trichloroethylene
Six- Phase Soil Heating  Soil VOCs, SVOCs Extraction 185
Steam Reforming Offgas of soil Halogenated solvents, Destruction 189
carbon tetrachloride,
chloroform adsorbed
on granular activated
carbon beds
Thermal Enhanced Arid soils VOCs, SVOCs, VOC -0il  Extraction 193
Vapor ExtractionSystem mixtures, chemicals with
vapor pressures
<0.002 atm @ 20°C
VOC Off-gas Membrane Gas stream VOCs, halogentated Membrane 199
Separation solvents carbon- Separation

tetrachloride, chloroform
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Table B. Site Remediation Technologies by Waste Contaminant

TECHNOLOGY MEDIA WASTE DESCRIPTION PAGE

CONTAMINANT NO.
RADIOACTIVE
Biological Destruction  Supernatant, Various Separation 123
of Tank Waste aqueos streams radionuclides, Volume Reduction

TRU
Complact Processing  Liquids, sludges, High-level, Biosorption 127
Units for Radioactive  slurries low-level, TRU
Waste Treatment
Cryogenic Retrieval Soil TRU Freezing/Retrieval 131
of Buried Waste Containment
In Situ Vitrification of Soil Various radio- Immobilization 163
Contaminated Soils nuclides, TRU
Polyethylene Aqueous salt Various radio- Encapsulation 173
Encapsualtion of and concentrate, nuclides, TRU
Radionuclides and saltcake, sludge,
Heavy Metals ash, ion exchange

resin in tanks

Resorcinol-Form Cs supernate Cs lon Exchange 181

aldehyde lon
Exchange Resin
for Cesium Removal

salt streams

17




Table B. Site Remediation Technologies by Waste Contaminant

TECHNOLOGY MEDIA WASTE DESCRIPTION PAGE
CONTAMINANT NO.

OTHER or WASTE INDEPENDENT

Biological Destruction Supernatents, Nitrate Separation 123
of Tank Wastes aqueous streams Volume
Reduction

Cryogenic Retrieval Soil, buried waste =~ Hazardous waste  Freezing/ 131
of Buried Waste Containment

Decision Support Arid and humid Multi-objective 135
System to Select soils N/A Decision Making
Migration Barrier Software System

Cover Systems

Dynamic Underground  Soil, groundwater NAPLs, DNAPLs  Enhanced 139
Stripping of VOCs Removal

Fixed Hearth DC §oi|, stored waste  Wide variety of Waste Form 143
Plasma Torch solid and liquid Enhancement

wastes, inorganics

High Pressure Supenatent, sludge, N/A Confined Sluicing 151
Waterjet Dislodging saltcake in tanks
and Conveyance End

Effector Using Confined

Sluicing

Hydraulic Impact Hard waste forms ~ N/A Fracturing 155
End Effector in'tanks

Remote Excavation Soil Buried waste Retrieval 177
System

18




TABLE C. SITE REMEDIATION TECHNOLOGIES BY WASTE
CONTAMINANT

RESERVED
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ADVANCED IN SITU MOISTURE LOGGING SYSTEM

Sandia National Laboratories

DESCRIPTION

The Advanced In Situ Moisture Logging Sys-
tem measures moisture content and soil density
around access tubing within the soil/rock me-
dium. These measurements determine the
changes in fluid potential that, in turn, are in-
dicative of leakage/contaminant movement from
a waste site. The device is self-contained and
programmable, making the application faster
and easier, with longer access tubing capabili-
ties than are available in conventional technol-
ogy. The device provides an alternative for
vadose zone monitoring scheme, instead of
costly monitor well networks.

The conventional means of deploying such a
probe is to lower a logging tool down an access
tube to a depth of several meters or possibly tens
of meters. The electronics to operate and pro-
cess data fromthe 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 cabling and to provide electronic
communications. The signal/noise ratio may be
impaired withthe increasing cable length. There-
fore, a practical limitation on hole depth exists.

The new Troxler Probe is self-contained. In
other words, the electronics required to take a
reading and to program subsequent readings of
moisture content and soil 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 com-
munications 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. Such a

Access Tubing

system has recently be-
come available from
Mount Sopris Instrument

Co., Inc., Golden, CO.
Other devices exist to
monitor in situ moisture
content and soil density;
however, they are gen-
eral pointsource devices.
The advantage of a
downhole logging device
isits continuous data col-
lection along the length
of the access tubing.
Therefore, a greater spa-
tial coverage is obtained.

Moisture Logging System

23



With the advent of the horizontal/directional
drilling technologies, the applications of the
downhole self-contained monitoring devices
are significantly enhanced. One could envision
a network 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 log-
ging devices is essential in evaluating the per-
formance of such remedial alternatives as
capping or soil venting strategies and serving as
input to risk assessment modeling methodolo-
gies. In deep vadose zone regimes, this type of
device/monitoring system may be used instead
of expensive monitor well installations.

TECHNICAL PERFORMANCE

The neutron scurce/detector consists of an am-
ericium/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 indus-
tries, where the source and detector are widely
spaced and the probe counts “fast” neutrons.
This device’s countratio is generally linear with
respect to percent moisture. Its configuration
allows for quantification of the moisture con-
tent 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.

24

The neutron source/detector can be used in
vertical as well as horizontal access tubes. Ex-
isting vertical and/or horizontal access tubes are
necessary, but beyond that, the device is self-
contained.

If the tool becomes stuck inside a hole, there are
a number of options to dislodge it. If a surface-
to-surface hole is being used, the tool may be
dislodged by pulling it from either end. If that
fails, the Ditchwitch technology may be em-
ployed to retrieve the tool. In the event that 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,
subsequent testing showed it to work as in-
tended. The tool is quite reliable and easy to
use, but there is always a need for caution when
using adevice containing nuclear material. There
are no user-serviceable parts, but the user can
recalibrate the tool if needed.

Cost. The start-up costs are $18,000 for the
probe and $16,000.for the winch. Because of
these high costs, Troxler Electronics Laborato-
ries, Inc., will lease this tool. No routine main-
tenance costs are expected.

PROJECTED PERFORMANCE

One major technical challenge is to increase the
reproducibility of the results. A second major
challenge is to define adequately the accuracy
and precision of the method, as well as to further
develop the delivery system.




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.

STATUS

The technology is currently in the field demon-
stration and testing stage and will be available at
the end of FY93. To date, there are no logging
tool manufacturers that have developed a similar
tool.

ing of the vadose zone is needed to detect the
potential for contaminant movement from waste
sites. Such information is critical to the charac-
terization of waste sites and the monitoring of
waste remediation activities and post-closure
performance of remediated waste sites. It offers
an alternative 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 tubing applications.

REGULATORY CONSIDERATIONS

Compliance with the Occupational Safety and
Health Administration regulations is required
for hazardous waste operations and for the pro-
tection of occupational workers from electrical
power, winch operation, and radiation expo-
sure. In addition, permits 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 require-
ments for nuclear materials.

POTENTIAL COMMERCIAL
APPLICATIONS

This technology can be used at a wide variety of
sites with several different remediation pro-
cesses. It can be used at any site where monitor-

25

INTELLECTUAL PROPERTY RIGHTS

The patent owner is Troxler Electronics Labo-
ratories, Inc., #5155356, “ Apparatus and Method
for Detecting Subterranean Leakage from a
Large Storage Vessel.”

For more information,
please contact:

DOE/OTD Environmental
Technology Information Service
1-800-845-2096

DOE Program Manager
S. Chamberlain

EM-551, Trevion II

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



Principal Investigator
Robert Knowlton

Sandia National Laboratories
P. O. Box 5800, Org. 7053
Albuquerque, NM 87185-5800
(505) 844-5777

Industrial Partnership

EPA Environmental Monitoring Systems
Laboratory

Las Vegas, NV

Troxler Electronics Laboratories, Inc.

Research Triangle Park, NC

Mount Sopris, Inc.
Golden, CO

University of Santa Barbara
Santa Barbara, CA
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BROADBAND ELECTROMAGNETICS FOR THREE DIMENSIONAL
SITE CHARACTERIZATION

DESCRIPTION

Broadband Electromagnetic Induction (BBEM)
is an advanced geophysical technique applied
for three dimensional characterization of a bur-
ied waste site. BBEM uses measurements of a
secondary magnetic field that is induced in the
subsurface following the linear decay of asource
magnetic field. Time domain measurements
are taken of the secondary magnetic field tran-
sient response at various time intervals over a
broadband frequency range to locate, identify,
and characterize buried waste areas, buried waste
forms, buried waste contaminants, underground
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-reso-
lution problems. Performance assessment of
BBEM will continue as part of the Buried Waste
Integrated Demonstration (BWID).

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

RUST Geotech, Inc.
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surements indicate the depth, the geologic fea-
tures, and the apparent conductivity of buried
conductors in the medium under excitation.
The time domain measurements are useful to
delineate between the conductivity and penetra-
tion depth of a received signal. By using the
system in various configurations (transverse,
profile, or vertical electric expander), the BBEM
system can be used to describe three dimen-
sional subsurface geometries. Collected
numerical data is used to generate three-dimen-
sional graphical descriptions of subsurface ma-
terials and buried waste.

TECHNICAL PERFORMANCE

Field Demonstration. Performed in 1992 as
part of the BWID indicates the utility of this
technique. 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 requir-
ing detail coverage over 1/2 acre can be per-
formed 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. Itis roughly estimated that 5 h of mainte-
nance is required to operate BBEM 50 h/wk.
The electrical energy usage is minimal, less
than 100 w. The presently available candidate
system may be purchased for $75K from
Geonics, Ltd. of Mississauga, Ontario, Canada.
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 hard-
ware and software system for waste character-
ization; (2) developing field procedures to
improve target definition; and (3) developing
methods of analysis that optimize the interpre-
tation 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 electri-
cally conductive objects, materials, geologic
structures, and brine liquid wastes. Examples
include ferromagnetic buried material, metal
objects, drums, and other containers with con-
ductive contents (saline solutions and other
high-ionic content liquids or solids) that may be
buried in subsurface soils.

STATUS

The initial evaluation procedure is scheduled
for completion on September 30, 1993. The
components of the BBEM measurement system
are currently available through commercial ven-
dors, but 2 yrs will be required to complete the
evaluation of the candidate hardware and soft-

ware systems.
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REGULATORY CONSIDERATIONS

The regulatory considerations are minimal. As
BBEM represents a noninirusive technique, the
only input involves the momentary input of a
transient electromagnetic field beneath the prop-
erty surveyed. Nonintrusive BBEM surveys are
totally benign and should be completely accept-
able to the public.

POTENTIAL COMMERCIAL
APPLICATIONS

Commercial applications include geotechnical
mining applications and underground geologi-
cal survey studies.

BASELINE TECHNOLOGY

BBEM is a superior method to measure earth
conductivity because of its utilization and analy-
sis 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 foreach combination
of frequency and coil separation associated with
conventional, narrow-band, frequency-domain
electromagnetic systems. Although BBEM is
more sophisticated and gives a fuller, more
accurate description of the subsurface, it also
requires a greater investment for instrumenta-
tion and operator training.




INTELLECTUAL PROPERTY RIGHTS Principal Investigator
H. David MacLean

Development of the TDEM method for applica-  RUST Geotech, Inc.

tions in mineral exploration started in 1978, by  P.0. Box 14000

Newmont Mining and CSIRO in Australia. Itis  Grand Junction, CO 81502

not clear who owns the intellectual property  (303)248-6101

rights.

Industrial/University Partner

None at present.

For more information,
please contact:
REFERENCES
DOE/OTD Environmental
Technology 1. DOE-AL, “Technology Information Profile
Information Service (Rev. 2) for Protech, Technology Name:
1-800-845-2096 Three Dimensional Site Characterization
Using Broadband Electromagnetics
(BBEM)”; DOE ProTech Database, TTP
ﬁggfmmg“ lzl,efc;rge;ce Number: AL911201-G2, August

EM-552, Trevion II

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

DESCRIPTION

The borescope is used as in situ instrumentation
to directly observe colloidal size particles and
subsequent groundwater flow direction and rate.
Current applications include:

*  Site characterization by determining
preferential flow paths and fractures;

Assessing heterogeneities associated
with porous media;

Establishing the existence of immis-
cible contaminant layers and their as-
sociated flow properties;

Oak Ridge National Laboratory

develop and confirm new, more accu-
rate theoretical models of the porous
media flow process at the most basic
level and assessing the effects of water
sampling techniques on natural colloi-
dal concentrations. The instrument
could provide the basis for a stochasti-
cally based groundwater flow and trans-
port model that accurately describes
the movement of contaminants in the
subsurface. It could also provide in-
sight to heterogeneity, pore size distri-
bution, flow direction in flat gradient
areas, effective radius of pumping, and
pressure movement in aquifers.

Assessing the
efficiency of
groundwater re-
mediation pro-
grams by

Clamp

determining the
effective radius
of influence of
groundwater
extraction sys-
tems;

Fiber Optic
Cable

Top of
Screen

Determining
the amount of
biological ac-
tivity present in

Groundwater
Flow Direction
———————

-----------------------------

Connector and locking
ring to compass camera

Field of view
Colloid particles

Direction of
advective colloidal

a bioremedia-
tionsystem; and

Evaluating the effects of sampling on
colloidal concentrations. Potential ap-
plications include providing physical
observation capabilities necessary to
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Cross-Section of a Borescope in a Well

The borescope is inserted into a monitoring well
and fixed at the surface with a clamp. The
instrument consists of a charge coupled device
(CCD) camera, an optical magnification lens,



an illumination source, a downhole compass to
assess direction of natural flow, and a watertight
stainless steel housing. The instrument is ap-
proximately 60 cm long, with a diameter of 44
mm. The electronic image is transmitted to the
surface by a 33-m fiber optic cable. The image
is viewed on a high-resolution 25-cm monitor
and recorded on VHS tape for further analysis.
The magnified image correspondstoa 1.0x 0.4
x 0.1 mm field of view.

TECHNICAL PERFORMANCE

Operation of the borescope is not complicated.
The instrument is inserted into a well, and the
flow is observed on a surface video monitor.
The instrument can be used in a well as small as
5 cmindiameter. A measurement is obtained in
about 30 min. The stainless steel construction
allows for easy decontamination and little main-
tenance is required. The integrity of water-
proof seals 1s checked periodically.

The colloidal borescope is capable of determin-
ing the vertical and spatial distribution of local
groundwater velocity, both in magnitude and
direction. It is capable of these measurements
in low- and high-permeable material. The in-
strument also permits observation of flow pro-
cesses at the pore scale. The instrument can
assess local flow velocities ranging from Oto 15
mm/s. Colloidal density is greatly affected by
perturbations caused by instrument insertion. A
period of 30 min. is generally required for
transient turbulence to decline.

Cost. The borescope is more cost effective than
conventional methodologies. Since flow ve-
locities are measured directly under ambient
flow conditions, unlike measuring in conven-
tional methods, no water disposal is required,
thus minimizing water disposal costs. The
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instrument presently costs approximately $20K.
Costs should significantly decrease when pro-
duction begins.

o e e ]
PROJECTED PERFORMANCE

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

WASTE APPLICABILITY

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

STATUS

Prototypes are presently available. Anadvanced
version with associated software are expected
to be available in 1994.

REGULATORY CONSIDERATIONS

Compliance with the 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.




POTENTIAL COMMERCIAL
APPLICATIONS

The Colloidal Borescope can be used at any site
where information on colloidal size particles
and subsequent groundwater flow velocity is
necessary. The Colloidal Borescope can be
used for site characterization by determining
preferential flow paths and fractures. It canalso
be used for assessing heterogeneities associated
with porous media, establishing the existence of
immiscible contaminated layers and their asso-
ciated flow properties, assessing the efficiency
of groundwater remediation programs by deter-
mining the effective radius of influence of
groundwater extraction systems, determining
the amount of biological activity present in a
bioremediation system, and evaluating the ef-
fects 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 deter-
mine flow velocity. Four holes are required for
a measurement using this standard technique as
compared to using one hole with the Colloidal
Borescope. With the standard technique, infor-
mation about the hydraulic conductivity of the
medium is required and is generally determined
using a pump test in which large quantities of
water are pumped from the well. Disposal of
this purge water can be difficult and expensive.

INTELLECTUAL PROPERTY RIGHTS

The property rights are unknown or do not exist.
Contact the principal investigator for further
information.

For more information,
please contact:

DOE/OTD Environmental
Technology

Information Service
1-800-845-2096

DOE Program Manager
Kurt Gerdes

EM-551, Trevion 11

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

Principal Investigator
Peter M. Kearl
Environmental Science Division
Oak Ridge National Laboratory
P. O. Box 2567

Grand Junction, CO 81502
(303) 248-6211

Industrial Partnership
R. J. Electronics
Turner, OR
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niques,” prepared by the Integrated Program
for Characterization, Monitoring, and Sen-
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CONE PENETROMETER

DESCRIPTION

The cone penetrometer is a truck-mounted de-
vice that rapidly penetrates the ground to collect
site data. It has been used for approximately 50
yrs for geotechnical applications, but its use in
environmental restoration is relatively new. The
cone penetrometer rod has a conical tip of up to
2 in. in diameter. It is pushed hydraulically into
the ground with a maximum pressure of 80,000
1b. The hole generated by the cone penetrometer
retains the outside diameter of the rod and can
be grouted as the probe is withdrawn to seal the
hole and prevent the escape of contaminants. As
the rod progresses into the ground, a computer

Westinghouse Hanford Company

penetrometer is used to install characterization
and monitoring wells and may be able to pro-
vide chemical and radiological readings from
the subsurface. Successful development, dem-
onstration, and deployment of the system as a
source detection tool will provide more cost-
effective site characterization and remediation
by reducing the number of drill holes required,
minimizing secondary waste, and reducing poten-
tial worker exposure to contaminaied materials.

TECHNICAL PERFORMANCE

20-Ton Pushing Force
Hydraulic Ram

\ Computer Data

Acquisition System