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OFFICE OF TECHNOLOGY DEVELOPMENT
OVERVIEW

The Department of Energy (DOE) established the Office of Technology Development (OTD;EM-
50) as an element of Environmental Restoration and Waste Management (EM) in November,
1989 (see Figure A). The organizational structure of EM-50 is shown in Figure B.

EM manages remediation of all DOE sites, as well as wastes from current operations. The goal
of the EM program is to minimize risks tc human health and the environment, and to bring all
DOE sites into compliance with Federal, state, and local regulations by 2019. EM-50is charged
with developing new technologies that are safer, faster, more effective and less expensive than
current methods.
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Figure A. DOE Organizational Structure as of June 1993.




In an effort to focus resources and address oppertunities, EM-50 has developed Integrated
Programs (IPs) and Integrated Demonstrztions (IDs).

An Integrated Program focuses on technologies to solve a specific aspect of a waste manage-
ment or environmental problem and it can be either unique to a site or common to many sites.
An Integrated Program supports applied research to develop innovative technologies in key
application areas organized around specific activities required in each stage of the remediation
process (e.g., characterization, treatment, and disposal).

An Integrated Demonstration is a cost-effective mechanism that assembles a group of related
and synergistic technologies to evaluate their performance individually or as a complete system
in solving waste management and environmental problems from cradle to grave.

The Volatile Organic Compounds in Non-Arid Soils ID (the subject of this report) is part of
EM-55, the Demonstration, Testing, and Evaluation (DT&E) Division.
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Figure B. Office of Technology Development Organizational Structure as of June 1993.




VOLATILE ORGANIC COMPOUNDS IN NON-ARID
SOILS INTEGRATED DEMONSTRATION
OVERVIEW
IR R T s

PURPOSE

The Volatile Organic Compounds (VOCs) in
Non-Arid Soils Integrated Demonstration (ID)
was initiated in 1989. Objectives for the ID
were to test the integrated demonstration con-
cept, demonstrate and evaluate innovative
technologies/systems for the remediation of
VOC contamination in soils and groundwater,
and to transfer technologies and systems to
internal and external customers for use in full-
scale remediation programs. The demonstra-
tion brought together technologies from DOE
laboratories, other government agencies, and
industry for demonstration at a single test bed.
This approach allowed additional validation
of the various technologies through side by
side comparisons. Specific goals for the
technolgies are:

» Significant cost reduction for cleanup
by minimization of excavation, trans-
portation, and waste disposal;

Reduction of the health impacts on
workers and the public by minimiza-
tion of exposure to wastes during the
remedial process;

Remediation of inaccessible areas such
as deep subsurface or in, under, or
around buildings;

Supplement existing or baseline tech-
nologies to achieve regulatory compli-
ance with the Clean Water Act (CWA),
Clean Air Act (CAA), Comprehensive
Environmental Response, Compensa-
tion and Liability Act (CERCLA), and

vii

Resource Conservation and Recovery
Act (RCRA).

The first step in the ID approach was to iden-
tify technology needs and data gaps. This
required an interactive relationship with the
customers, regulators, and stakeholders. The
ID team then recommended technology and
system solutions that would meet the needs
and fill the data gaps. The technologic solu-
tions entailed the modification of existing
technologies/systems in addition to the devel-
opment of new technologies and systems.

R
TECHNOLOGY NEEDS

More than 15 percent of the community drink-
ing water supplies in the United States are
contaminated with chlorinated hydrocarbons.
The major organic contaminants at waste sites
at DOE facilities are volatile chlorinated sol-
vents that were used as cleaning and degreasing
agenis in the nuclear weapons component pro-
duction process. The Savannah River Site
(SRS) was chosen as the location for this ID as
the result of having soil and groundwater con-
taminated with VOCs. The primary contami-
nants, trichlorethylene (TCE) and
tetrachloroethylene (PCE), originated from
an underground process sewer line servicing a
metal fabrication facility at the M-Area. The
soil and sediments at the SRS consist of
interbedded sands, silts, and clays, with sands
predominating. The groundwater table is at a
depth of approximately 135 feet.
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Figure C. Volatile Organic Compounds in Non-Arid Soils Integrated Demonstration Program

Elements.

SOLUTIONS

The current baseline technologies for the
remediation of VOC-contaminated soils and
groundwater, primarily variations on pump-
and-treat or excavation, are both inefficient
and expensive. Pump-and-treat groundwater
remediation, while proven as an effective
method for hydraulic plume control and for
removal of significant contaminant mass
(300,000 pounds of VOCs have been removed
at the site since 1984), is inadequate for clean-
ing up groundwater to drinking water stan-
dards. Existing characterization and
monitoring methods are time consuming, ex-
pensive, and often inexact.

In addition to the need for innovative
remediation systems, changes to the CAA
(1990 revisions), precluded the atmospheric
venting of gases recovered by a variety of
extraction processes. This brought on the

need for inexpensive and effective off-gas
treatment technologies.

The VOCs in Non-Arid Soils ID was char-
tered with addressing the cited deficiencies by
focusing on the demonstration, testing and
evaluation of innovative methods for:

* in situ air stripping (sparging) using
horizontal wells;

* thermaily enhanced vapor extraction
of VOCs from low permeability clay
horizons in the unsaturated zone;

* in situ bioremediation of VOC con-
taminated sites;

* characterization of contaminated sites,
and monitoring of contamination trans-
port and effectiveness of remedial ac-
tivities;

viii



+ treatment of off-gases from a variety
of remedial activities.

Characterization and monitoring and
remediation activities were directed toward
VOC-contaminated sites; however, many of
the demonstrated technologies and method-
ologies are readily applicable to other types of
contaminants. The technologies evaluated as
part of this ID are shown in Figure C, with
more detailed summaries of their status ap-
pearing in the following pages.

I
ACCOMPLISHMENTS

The VOCs in Non-Arid Soils ID served as the
model for the ID approach to remedial tech-
nology/system development. Major program-
matic accomplishments for the ID are as
follows:

» Established national criteria for imple-
mentation of the ID concept for devel-
opment of innovative environmental
remediation solutions.

» Transferred numerous technologies and
systems to EM’s Office of Environ-
mental Restoration (EM-40), other
government agencies, and industry.
Outlined approach for ID closeout.

Some of the major technical accomplishments
for the ID include the successful demonstra-
tion of the following:

* Insitu air stripping coupled with hori-
zontal wells to remediate sites through
air injection and vacuum extraction,

* Crosshole geophysical tomography
(both seismic and electrical resistiv-
ity) for mapping moisture content and

lithologic properties of the contami-
nated media;

* Insitu radio frequency (via horizontal
wells), and ohmic heating (through
vertical wells), to increase mobility of
the contaminants, thereby speeding
recovery and the remedial process;

* High-energy corona destruction of
VOC:s in the off-gas of vapor recovery
wells;

* Application of a Brayton cycle heat
pump to regenerate carbon adsorption
media used to trap VOCs from the off-
gas of recovery wells;

* Insitu permeable flow sensors and the
colloidal borescope to determine
groundwater flow;

* Chemical sensors (fiber optic TCE,
Halosnif, direct sampling) to rapidly
quantify chlorinated solvent contami-
nation in the subsurface;

* In situ bioremediation through meth-
ane/nutrient injection to enhance
degradation of contaminants by
methanotrophic bateria.

TECHNOLOGY
IMPLEMENTATION/TRANSFER

An integral part of the ID process is the imple-
mentation of the demonstrated technology.
The transfer of successful technologies to EM-
40, other governmental agencies, and industry
was accomplished using several mechanisms,
including:



» outreach activities (tours, presenta-
tions, publications);

e licensing activities;

o direct information transfer to EM-40,
other agencies, and industry;

* joint demonstrations with industry;

* training, including student programs;
and

technology commercialization plans.

Emphasis has been placed on industrial part-
nerships throughout this ID, whereby costs
are shared with corporate partners and the
resulting benefits are shared by DOE and
these partners. Many of the technologies listed
beforehand have been brought from the con-
ceptual phase to operable, commercially-avail-
able technologies by this Integrated
Demonstration.

Implementation of innovative remediation
systems that have been demonstrated as part
of this ID will potentially save DOE and other
Federal agencies several hundred million dol-
lars. Following successful demonstration of a
new technology or system, their performance
and cost-effectiveness are evaluated against
that of existing baseline technologies. Appli-
cation to industrial sector problems will add
significantly to overall cost savings. For ex-
ample, the cost analysis report (LA-UR-92-
1927) that evaluates the cost and performance
of the in situ air stripping system, relative to
conventional cleanup technologies, such as
soil vapor extraction and pump-and-treat for
the removal of VOCs, has estimated that
cleanup cost at applicable sites could be re-
duced by 50-60 percent. Assuming that the
technology is suitable at 10 percent of DOE

sites, this represents potential cost savings of
over $140 million.

A number of innovative characterization tech-
nologies have been successfully transferred to
the Savannah River Site (SRS) Environmental
Restoration and have been used at other SRS
waste sites. Atleastthirteen licenses for the in
situ air stripping horizontal well patent have
been granted to or filed by commercial ven-
dors. Licenses for the Sandia National Labo-
ratory (SNL) fluid flow sensor, Lawrence
Livermore National Laboratory (LLNL) TCE
sensor, and Pacific Northwestern Laboratory
(PNL) Halosnif sensor, have been granted.
The cone penetrometer fluorescence sensor
has also recently been patented. The use of
horizontal wells for environmental applica-
tions has flourished over the last year as a
result of DOE’s involvement in promoting
this innovative technology.

AR
FUTURE DIRECTIONS

As the ongoing work is completed, the inte-
grated demonstration is being phased out.
Technologies developed as part of the ID are
being transferred to EM for use in remediation
of sites within the DOE Complex. Corporate
partners continue to implement the developed
technologies on a commercial basis.

When this ID is completely closed out at the
end of FY94, the emphasis will be shifted to
other environmental problems of greater com-
plexity, e.g., Dense Non-Aqueous Phase Liq-
uids (DNAPLSs). In addition, the ID test site
may provide a unique opportunity to establish
an education, training, and continued demon-
stration facility for testing of environmental
characterization, monitoring, and remediation



technclogies by private industry and other
interested parties.

For further information,
please contact:

Kurt Gerdes

Program Manager

Office of Technology Development
U.S. Department of Energy
Washington, DC 20585

(301) 903-7289

John Steele

Integrated Demonstration Coordinator
Westinghouse Savannah River Company
Aiken, South Carolina 29802

(803) 725-1830
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1.0 CHARACTERIZATION AND MONITORING

Characterization of contaminated sites and monitoring of changes in the site that occur through
time, either as the result of contaminant migration or remedial actions, are time consuming,
expensive, and often inexact. Because of the expense involved in gathering characterization and
monitoring data, the amount of data gathered is often not adequate to provide a coherent
evaluation of the spatial distribution of the contaminant. The characterization and monitoring
subprogram seeks to develop methods that are less costly, provide results in “real time”, and
provide data not previously available for the more complete characterization of sites. This is
accomplished through the development and demonstration of non-invasive or minimally-
invasive technologies that allow characterization without the installation of monitoring wells.

One of the important advantages of gathering real-time characterization is that the characteriza-
tion and remediation activities can be modified in response to these data, avoiding standby costs,
and additional phases of unnecessary characterization. This allows a prompt definition of
remedial alternatives and should ultimately result in the site being cleaned up earlier. The
remedial alternatives can be focused because of the improved data, which will result in lower
costs in the remedial process.

Innovative sensors, samplers and real-time analytical measurement technologies that have been
developed include depth discrete water, sediment, and gas samplers (SEAMIST, arrayed
sampler, membrane sampler, etc.); fiber optic sensors; groundwater flow sensors (thermal and
microphotographic); real-time field analytical equipment (ITMS, Halosnif, PAWS); and seis-
mic and resistivity crosshole tomography.

The mobile cone penetrometer, capable of rapidly penetrating the ground for collection of real-
time geologic, geophysical, and geochemical data, has been demonstrated as a cost-effective
subsurface characterization tool. Traditional methods to access the subsurface require drilling
and boring operations, whereas this technology literally pushes the probe through the soil and
subsurface sediments using high-pressure hydraulic rams. Grouting the hole provides a seal to
eliminate a potential route for contaminant movement. The cone penetrometer can deploy state-
of-the-art sampling and instrument devices, such as a basic screening detector for soil resistivity
and a fiber-optic fluorometric sensor that detects petroleum hydrocarbons. New sensors, such
as TCE and DNAPL Raman spectroscopic sensors, have been incorporated into the cone
penetrometer for demonstration. This characterization technique can improve design of
monitoring well networks. The cone penetrometer has been linked with vapor phase sampling
systems, to provide concentration-depth profiles, leading to a better understanding of the
subsurface.






1.1

CHEMICAL FIBER OPTIC SENSOR

TASK DESCRIPTION

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

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

TECHNOLOGY NEEDS

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

\ Cone

Penetrometer
drilling
truck

Sensor Pipe for cone ]

N/ Penetrometer
et ‘drilling’

Disposable tip

Fiber optic cables

Motor

Used chemicals
are stored in
waste syringe

Delivery System
and Sensor

Syringe for

small amounts
of chemicals
used by sensor

Sensor

Figure 1.1. Chemical Fiber Optic Sensor.



ACCOMPLISHMENTS

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

COLLABORATION/TECHNOLOGY
TRANSFER

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

For further information,
please contact:

Fred Milanovich
Lawrence Livermore National Laboratory
(510) 422-6338

Ann Heywood

Technical Program Manager

Lawrence Livermore National Laboratory
(510) 422-8203



1.2

COLLOIDAL BORESCOPE

TASKDESCRIPTION

This is an innovative technology used to de-
termine groundwater flow and direction
through observation of the movement of col-
loidal particles suspended in water. This in-
strument consists of a charge coupled device
camera, an optical magnification lens, an illu-
mination source, and a downhole compass in
a watertight stainless steel housing (see Fig-
ure 1.2). The borescope is lowered into bore-
holes to determine the direction of
depth-discrete groundwater flow within the
borehole. After calibration, the instrument
should be capable of yielding data that will
provide the magnitude of the groundwater
flow. The instrument is approximately 60 cm
long, with a diameter of 4.4 cm. The elec-
tronic image is transmitted to the surface by a

cable. The images are viewed on a high reso-
lution monitor and recorded on VHS tape for
further analysis. The magnified image corre-
sponds to a 1.0 x 0.4 x 0.1 mm field of view.
The flow of groundwater in the borehole is
quantified by observation of the movement of
colloidal particles suspended in the water.
Flow direction is determined by comparison
with the downhole compass, and velocity by
timing the movement of particles across the
field of view.

TECHNOLOGY NEEDS

The baseline technology is the standard tech-
nique used to measure hydraulic gradient to
determine flow velocity. Four holes are usu-
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Figure 1.2. Colloidal Borescope.



ally required for a measurement using this
standard technique as compared to one hole
using the Colloidal Borescope. With the stan-
dard technique, information about the hydrau-
lic conductivity of the medium is required and
is generally determined using a pumping test
in which large quantities of water are pumped
from the well. Disposal of this purge water can
be difficult and expensive. The standard tech-
nique measures a velocity that is averaged
over a broad region, one whose dimensions
are characterized by the separation of the
boreholes.

The borescope is an in situ instrument capable
of directly observing the movement of colloi-
dal size particles within boreholes to quantify
groundwater flow rate and direction. Current
applications include: site characterization by
determining preferential flow paths and frac-
tures; assessing heterogeneities associated with
porous media; establishing the existence of
immiscible contaminant layers and their asso-
ciated flow properties; zssessing the efficiency
of groundwater remediation programs by de-
termining the effective radius of influence of
groundwater extraction systems; and evaluat-
ing the effects of sampling on colloidal con-
centrations. Potential applications include
providing physical observation .capabilities
necessary to develop and confirm new, more
accurate theoretical models of porous media
flow process, and assessing the effect of water
sampling techniques on natural colloidal con-
centrations.

I
ACCOMPLISHMENTS

This instrument has been successfully tested,
and proven as capable of determining the
vertical and spatial distribution of local ground-

water velocity, both in magnitude and direc-
tion. The instrument can assess local flow
velocities up to 15 mm/sec. Results were
corroborated by baseline technique (aquifer
pumping test). Presently the rate of flow
cannot be determined as a real-time measure-
ment in the field, and work is on-going to
develop this capability.

COLLABORATION/TECHNOLOGY
TRANSFER

This technology was developed by Oak Ridge
National Laboratory (ORNL) in partnership
with R.J. Electronics. A prototype instrument
was procured by Westinghouse Savannah
River Company and is being used in environ-
mental restoration activities on-site.

For further information,
please contact:

Peter Kearl

Oak Ridge National Laboratory
Oak Ridge, Tennessee

(303) 248-6211

Anthony Malinauskas
Technical Program Manager
Oak Ridge National Laboratory
Oak Ridge, Tennessee

(615) 576-1092



1.3

IN SITU PERMEABLE FLOW SENSOR

TASK DESCRIPTION

This in situ flow sensor technology uses a thin
cylinder heater buried vertically in the ground
at the point where the groundwater flow is to
be measured (see Figure 1.3). The tempera-
ture distribution over the surface of the cylin-
der will vary as a function of the magnitude
and direction of the groundwater flow past the
cylinder. In the absence of any flow past the
device, the temperature on the surface of the
probe will be independent of azimuth and
symmetric about the vertical midpoint of the
probe.

In essence, relatively warm temperatures will
be observed on the downstream side and rela-
tively cool temperatures on the upstream side
of the probe. If the groundwater flow has a
vertical component then the temperature will
no longer be symmetrical about the vertical
midpoint. The magnitude and direction of the
three-dimensional flow velocity vector are
determined from the magnitude and the pat-
tern of the temperature variations on the sur-
face of the probe. The sensor should be
sensitive to groundwater flows as low as a few
meters per year.

j / |

TECHNOLOGY NEEDS
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Figure 1.3. In Situ Permeable Flow Sensor.

Groundwater flow past the device perturbs the
surface temperature distribution of the sensor,
with the pattern and magnitude of the tem-
perature variations reflecting the direction and
magnitude of the groundwater flow velocity.

The primary, currently accepted method of
obtaining flow velocity information is to make
water level measurements in screened bore-
holes to determine the hydraulic gradients in
the subsurface. With hydraulic conductivity
data the velocity field between the boreholes



can be modelled. The shortcomings of this
technique are:

* to obtain detailed knowledge of the
hydraulic conductivity distribution in
the subsurface, a pump test must be
performed, and the extracted contami-
nated water must be disposed of as
hazardous waste;

a relatively large number of boreholes
(four or more) are required to make
one, three-dimensional flow velocity
vector measurement; and

the velocity determination is an aver-
age value characteristic of a broad re-
gion.

In contrast, in situ permeable flow sensors
require only very crude estimates of the hy-
draulic conductivity, only a single hole needs
to be drilled to measure the full three-dimen-
sional groundwater flow velocity vector, and
the flow velocity that is measured is character-
istic of aregion with scale lengths on the order
of one meter.

I
ACCOMPLISHMENTS

This system has been successfully demon-
strated and the technology has been licensed
for use at other sites. Currently, temperature
differences of about 0.010C can be measured.
At this level, flow velocities as low as a few
meters per year can be resolved. The probe
design needs to be improved to assure long-
term reliability of electronics and sensors in
groundwater conditions. Currently, the life-
time of the sensors is on the order of one year.

10

COLLABORATION/TECHNOLOGY
TRANSFER

This technology was developed by SNL. While
the technology is not patented, SNL has ap-
plied for copyrights for the interpretation soft-
ware used in the probe. A number of private
companies have expressed interest in the probe
and SIE, Inc., of Ft. Worth, Texas is engaged
in discussions with plans to commercialize
the technology.

For further information,
please contact:

Sanford Ballard

Sandia National Laboratory
(505) 844-6293

Dennis Berry

Technical Program Manager
Sandia National Laboratory
(505) 844-0234



1.4 CROSSWELL SEISMIC IMAGING

TASK DESCRIPTION

This technology utilizes seismic imaging to
gain a better understanding of remediation
system performance. Seismic images provide
a means to image geologic conditions non
intrusively. By placing the seismic source and
receivers downhole (in boreholes) on the sides
of the area to be imaged, travel distance is
reduced; this preserves higher seismic fre-
quencies resulting in better resolution. Seis-
mic travel times are measured among a great
number (over 300) of source and receiver
locations in the two boreholes (see Figure
1.4). These travel times are then inverted into

a two-dimensional velocity through a method
known as tomography.

Shear wave and compressional wave sources
were used. Both sources are pneumatic de-
vices and operate on a compressed gas line
from gas cylinders at the surface. The shear
wave source is a controlled vibrator while the
compressional wave source is an impulse
source. Comparison of the velocity structures
for the compressional and shear waves pro-
vides information about rock properties and
fluid content.

Control

R Borehole
equipment

< Inert gas cvlinders \

Sensors connected to computer

(Air, nitrogen, etc —
used to operate transmitters) CET =

™~

Shock waves

Transmitters

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

Receivers

e

Figure 1.4. Crosswell Seismic Imaging.
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TECHNOLOGY NEEDS

For all remediation technologies, a coherent
image of the subsurface geology must be ob-
tained to understand contaminant transport
and to devise the proper remediation strategy.
Much of this geologic input is presently de-
rived from well log data, which may be scarce,
especially in contaminated areas where drill-
ing must be kept to a minimum. Seismic
imaging provides a means to image the geo-
logic conditions between boreholes non-in-
trusively. Some of this imaging can be done
with surface seismic data. However, placing
both the source and receivers downhole re-
sults in shorter travel paths, which preserves
higher seismic frequencies resulting in better
resolution.

For remediation processes where the proper-
ties of the subsurface are changed (e.g., air
sparging, steam flooding, or in situ vitrifica-
tion), comparison of seismic velocity images
before, during, and after the process can pro-
vide needed information on where technology
is being effective and to what degree the de-
sired changes are being effected in the subsur-
face.

I
ACCOMPLISHMENTS

This technology has been successfully dem-
onstrated at SRS. In addition to providing
valuable data in the characterization of the
geological conditions that existed prior to re-
medial activities, the method was also able to
identify saturation changes associated with
the in situ air stripping tests at the site. These
changes in saturation ranged from a few per-
centup to 22 percent. The spatial resolution of
the present system is approximately 1 m in
size and saturation changes of about 5% can
be seen.

The major technical challenges include: in-
creasing the frequency and power output of
the sources to increase resolution, improving
the imaging and inversion codes to handle
problems such as anisotropy, and decreasing
the survey time through development of more
rapid fielding sources and multi-station re-
ceiver strings. Times for fielding and inter-
pretation should decrease significantly as the
method develops further.

COLLABORATION/
TECHNOLOGY TRANSFER

This project is being performed by SNL in
cooperation with Santerra Corporation.
Santerra plans to develop the process for both
environmental and oil and gas applications. A
patent, “Advanced Downhole Periodic Seis-
mic Generator”, is co-owned by DOE, SNL,
and Richard Hills.

For further information,
please contact:

Greg Elbring
Sandia National Laboratory
(505) 844-4904

Dennis Berry

Technical Program Manager
Sandia National Laboratory
(505) 844-0234



1.5

ELECTRICAL RESISTANCE TOMOGRAPHY

TASK DESCRIPTION

Electrical resistance tomography is used to
create a 3-D visualization of in situ remediation
processes, such as air stripping, bio-
remediation, and subsurface heating.

The task involves inducing an electrical cur-
rent in the ground and measuring the potential
distribution that results from the current flow-
ing in the conductive subsurface. Pairs of
electrodes are buried with some pairs acting as
current source electrical dipoles and others
acting as potential measuring dipoles (see
Figure 1.5).

Electrical Resistance Tomography (ERT) in-
version process involves solving both the for-
ward and inverse resistivity problems.

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

process, 3-D subsurface satura-
tion changes can be inferred.

Electrodes

I
TECHNOLOGY NEEDS

—

Many remediation processes can
interact with a contaminated area
in ways that are difficult to pre-
dict; therefore, it is advantageous

Boreholas

to be able to monitor this interac-

tion so that the effectiveness of
the remediation process can be
assessed and process parameters

/

Figure 1.5. Electrical Resistance Tomography.

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

can be modified to improve the
effectiveness of the remedial pro-
cess. There are no alternative
methods currently available to image the fluid
saturation distributions in two- and three-di-
mensional cross-sections of the subsurface.
Point sampling of fluid saturation can be per-
formed by acquiring core samples, and line



measurements of fluid saturation along bore-
holes can be performed by using well-logging
techniques.

Electrical resistance tomography is being de-
veloped as a tool to allow the 3-D visualiza-
tion of underground processes such as those
used in remediation. This technology, when
used either separately or in conjunction with
other geophysical, hydrologic, or geochemi-
cal methods, is a powerful tool in defining the
initial conditions and the interactions between
the remedial process and the contaminated
environment.

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

R R
ACCOMPLISHMENTS

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

Several companies are currently negotiating
with LLNL to obtain licenses to use the tech-
nology and to cooperate in further develop-
ment. British Petroleum has received a
non-exclusive license to use the algorithm for
the data inversion process.

For further information,
please contact:

Abelardo Ramirez

Principle Investigator
Lawrence Livermore National Laboratory
(510) 422-6909

Ann Heywood
Technical Program Manager

Lawrence Livermore National Laboratory
(510) 422-2803



1.6

MICROBIALMONITORING

TASK DESCRIPTION

This task involves the monitoring of micro-
bial populations in soil and groundwater
samples to evaluate the viability of in situ
bioremediation. Microbial biomass is evalu-
ated using measurements of colony forming
units, Most Probable Number (MPN) tech-
niques for methanotroph and methyltroph
population, Phospholipid Fatty Acid (PLFA)
analysis, and fluorescent antibody probes (FA).
Microbial activity is assessed using acetate
incorporation techniques and by measurement
of TCE degradation in enrichments. DNA
probes are used to enumerate specific groups
of bacteria such as methanotrophs, toluene
degraders, etc. Several new probes have been
developed as part of this work.

R
TECHNOLOGY NEEDS

Many technologies designed to remediate sites
contaminated with organic compounds either
lead to an increase in the populations of bac-
teria that can degrade the compounds or in-
crease in degradative populations as a
secondary result of non-biological remediation
(such as the biological benefits of venting-
bioventing). This technology is nc 2ded to dem-
onstrate the effectiveness of bioremediation
and for demonstration of additional
bioremediation benefits from other techniques.
The various advanced monitoring techniques
developed and applied as part of this task
(DNA probe analysis, lipid analysis, activity
and biomass measurements) all contribute to

15

documenting the necessary changes in micro-
bial populations. In addition, these techniques
afford the opportunity to give feedback during
the remediation operation so that procedures
may be changed to increase the effectiveness
of the remediation.

.
ACCOMPLISHMENTS

New DNA isolation and preservation methods
were developed and used during the program
(based on ion exchange resins) to allow for
long term archiving of site DNA for future
analysis. DNA probes were successfully used
to detect the densities of specific functional
groups important to the bioremediation pro-
cess at the Savannah River Site. PLFA analy-
ses were used to indicate the activity of the
organisms present. FA tests provided key in-
formation about microbial community struc-
ture and function.

COLLABORATION/
TECHNOLOGY TRANSFER

This technology has been developed by Oak
Ridge National Laboratory in conjunction with
the University of Tennessee and the Univer-
sity of Minnesota. Presently there are no
industrial partnerships involved in this task.



For further information,
please contact:

Terry Hazen

Principal Investigator

Westinghouse Savannah River Company
Savannah River Technical Center

(803) 952-7515

John Steele

Technical Program Manager
Westinghouse Savannah River Company
(803) 725-1830
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2.0 DIRECTIONAL DRILLING OVERVIEW

Directional drilling was developed by the petroleum and utility industries for resource recovery
and utility and pipeline installation. Four directional drilling technologies were evaluated at the
Savannah River Site for use in environmental restoration. These tests demonstrated the effect-
iveness of directionally drilled horizontal wells for air stripping, bioremediation and soil heating
techniques (see Figure 2.0).

Ground Surface

Vertical Depth of
Installed Well

Screen

e ML T T LL LT L

Figure 2.0. Continuous (Open) Horizontal Environmental Well Construction Diagram.
The four technologies that were tested as part of the ID are:

« Short Radius Drilling: This technology is a direct adaptation of petroleum industry
methods and materials. Boreholes are deviated by downhole placement of a solid wedge
to deflect the drill bit.

+ Modified Petroleum Industry Drilling: This technology uses a standard petroleum
industry drilling rig, but employs a steerable downhole motor, which allows greater
flexibility to direct the borehole, and installs the casing during the drilling process.

« Utility Industry Compactional Drilling: This technology uses a set of hydraulic rams to
drive the drill string, and a wedge shaped bit to direct the borehole.

+ River Crossing Industry Drilling: This technology uses an inclined rotary drilling rig
with a steerable hydraulic jet assembly. With this technology, a pilot well is installed and

the final casing is installed through an overwash process.

The use of four different technologies to drill seven wells in the same area has provided a unique
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opportunity to assess the advantages of each technology, and develop criteria for matching
technologies with specific sitc conditions.

Using directional drilling technology, a borehole can be placed horizontally through a contami-
nated zone to allow a greater volume to be remediated than could be achieved with vertically
drilled wells. Directional drilling also allows for the remediation of areas generally inaccessible
by vertical drilling technologies (such as beneath buildings, ponds, lagoons, or landfills). The
entire lateral section of the horizontal well is screened to allow for a broader distribution of gas
or liquid injection or extraction. The positioning of horizontal wells can be planned to conform
to the distribution of subsurface contamination, optimizing the remediation system design by
providing more surface area to contact the contaminant plume. Because most water-bearing
formations are deposited in relatively thin but extensive zones, and their transmissivity in the
horizontal direction normally exceeds their capability to transmit fluids vertically, horizontal
wells provide niore efficient fluid delivery and hence improve contaminant recovery.

Because the borehole in the horizontal section of directionally drilled wells is unstable,
particularly in unconsolidated sediments, the borehole must be stabilized in some manner. The
traditional methods for borehole stabilization are to use high density drilling fluid or to drive
casing behind the drill bit as it advances. Because the drilling fluid used in drilling in
contaminated sites must often be treated as hazardous waste, it is desirable to use drilling
methods that do not require the use of fluids. Because of the curvature of the drilling assembly
in directional drilling, casing driven after the drill bit can be damaged or ruined. To address
these problems, cryogenic drilling is being developed in order to stabilize boreholes penetrating
unconsolidated sediments. This technology freezes the moisture in the vicinity of the borehole
to form an ice stabilized borehole while drilling is occurring.
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2.1

DIRECTIONAL DRILLING TECHNOLOGIES

TASKDESCRIPTION

This task involves the adaptation of four pe-
troleum and utility industries directional drill-
ing methods for application to environmental
restoration activities. The use of directional
wells allows the remediation of areas not gen-

erally accessible by vertical drilling
methodology and increases the effi-
ciency of a variety of remediation,
characterization, and monitoring ac-
tivities.

In addition, it allows remediation
activities to be performed without
generating new contaminant path-
ways into unperturbed groundwater-
bearing horizons. Tech-nologies that
were also demonstrated and evalu-
ated utilizing the seven horizontal
wells that were installed during this
task include in situ air stripping,
bioenhancement for in situ
bioremediation through injection of
nutrients, and in situ radio frequency
heating. They are described in sepa-
rate sections. The four tested drilling
technologies are:

such that it deflects the drill bit to the
desired direction and inclination (see
Figure 2.1a). The radius of curvature
can be smaller than 150', but the rela-
tively high cost encountered during
the demonstration ($1255/foot) may
hinder future application.

CSRCRREN S
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Whipstock

Ground Surface

Inflatable Packer
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Figure 2.1a. Short Radius Environmental Horizontal Well

(not to scale).

Short Radius Drilling (SRD). The ba-
sic equipment for this type of direc-
tional drilling is essentially the same
as would be used for the installation of
a vertical recovery or monitoring well.
The borehole is drilled vertically using
a non-steerable drill bit to the point
where it needs to be deviated to achieve
the desired configuration. Atthis point
a wedge shaped block, referred to as a
whipstock, is installed in the borehole
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Modified Petroleum Industry Drilling
(MPID).The basic equipment for this
type of directional drilling is essen-
tially the same as would be used for the
installation of a vertical well, except
this system is modified to use a
downhole motor assembly that can be
inclined in order to deviate the bore-
hole. The borehole isdrilled vertically
until it needs to be deviated to achieve
the desired configuration. At this point



the downhole motor assembly is in-
clined, through the use of eccentric
stabilizers, to achieve the desired di-
rection and inclination (see Figure
2.1b). While drilling two wells at the
demonstration site, the MPID method
was further modified to drilling in shal-
low, unconsolidated sediments.

method is advantageous in two re-
spects: it generates a minimum of sec-
ondary waste, and requires a small
amount of drilling fluids, minimizing
the prospects for interference with soil
vapor extraction.

River Crossing Industry Drilling
(RCID). The river crossing drilling

CONCENTRIC CASING
STABILIZERS

s st s b 85I IIIIIIILIIIILIIIIS 7 5 s

ECCENTRIC
MOTOR STABILIZERS

ECCENTRIC
STABILIZERS

MITIITIITILSIIY " 7

EXPANDABLE WING-TIPPED

DRILL BIT

technology demon-
strated used a slant rig
and a steerable hydrau-
lic jet drill bit. The bit
consists of an off-cen-
ter jet through which
mud is pumped. The
jet of mud cuts through
unconsolidated sedi-
ments and the bit ad-
vances in the direction

the jet is pointed, or
the drill string is ro-
tated to advance in a
straight line. A mud

BIT OF FSE‘I’——f

Figure 2.1b. Schematic of Down Hole Motor with Stabilizers

Used in Modified Petroleum Industry Technology.

Utility Industry Compactional Drill-
ing (UICD). The basic equipment for
this type of directional drilling is es-
sentially the same as would be used for
the installation of utility lines or pipe-
lines. The borehole is advanced from
an inclined platform using hydraulic
rams and a wedge shaped bit. When
the bit is rotated the borehole is ad-
vanced in a straight line. When the bit
is advanced without rotation the bore-
hole is deviated toward the untapered
side of the bit. This technique allows
the borehole to have multiple points of
curvature and to be brought back to the
surface after traversing the areathrough
which the well is to be placed. Well
casing is installed by pulling the cas-
ing back through the boring. The UICD

rotary bit can be used
to advance through
consolidated rock.
Drilling proceeds by alternately ad-
vancing the drill string and then ad-
vancing a washover pipe over the drill
string. When drilling is completed, the
drill string is withdrawn leaving the
washover pipe to provide a conduit to
facilitate screen and casing installa-
tion. When the well is installed the
washover pipe is removed. This tech-
nology allows drilling of long holes in
a range of geologic conditions. In ad-
dition, borehole cave-in is much less
of a problem with the use of the
washover pipe.
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TECHNOLOGY NEEDS

The major organic contaminant of waste sites
at DOE facilities is chlorinated solvents. For
instance, at the Savannah River Site, approxi-
mately 70 percent of the waste units are con-
taminated by VOCs.

In order to remediate these areas of VOC
contamination, new drilling methods need to
be developed that are more efficient, faster,
and more cost effective than existing tech-
nologies.

The use of directional drilling technologies
for environmental applications has significant
advantages over remediation systems designed
with conventional vertical wells. Specifically,
the use of directionally drilled wells allows
access to contaminated zones that are not
otherwise accessible, and the amount of time
to remediate sites can be reduced due to in-
crease in extraction efficiencies when com-
pared to vertical extraction wells. Additionally,
directionally drilled wells can be used for
fluid delivery, thereby expanding treatment
options.

I
ACCOMPLISHMENTS

Four directional drilling systems have been
successfully demonstrated at the Savannah
River Site. The placement of horizontal bore-
holes was a requisite supporting technology
for other demonstrations at the Savannah River
Site. Using horizontal wells, significant im-
provements in remedial performance was
achieved over baseline technologies in the air
sparging/air stripping phases of this demon-
stration. Drilling costs of the MPID and UICD
technologies were demonstrated to be gener-
ally on par with the corresponding costs in-
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curred by industry for non-environmental well
installation ($160-299/foot). The use of hori-
zontal wells showed a five-fold increase in
contaminant removal rate over that of vertical
wells; further information is provided in Sec-
tion 3.1.

COLLABORATION/
TECHNOLOGY TRANSFER

The horizontal drilling methods tested and
modified in this demonstration were initially
developed by the petroleum and utility indus-
try. The application of the Short Radius and
Modified Petroleum drilling technologies to
the remediation of environmental contamina-
tion was carried out in partnership with
Eastman Christensen Environmental. The ap-
plication of the Utility Industry and River
Crossingdrilling technologies was carried out
in partnership with Charles Machine Works
and Cherrington Environmental Corporation,
respectiveiy. As a result of their successful
demonstration, two new systems are currently
commercially available for environmental
applications, and over 30 environmental di-
rectional wells were installed by petroleum
and chemical companies and by the Depart-
ment of Defense (Tinker and Williams Air
Force Bases).

Further utilization by the commercial sector is
anticipated, as a result of information ex-
change in workshops hosted by the University
of Wisconsin, Hanford, Wright-Patterson
AFB, and the National Ground Water Asso-
ciation.



For further information, please
contact:

Brian Looney

Principal Investigator

Westinghouse Savannah River Company
(803) 725-3692

John Steele

Technical Program Manager
Westinghouse Savannah River Company
(803) 725-1830
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2.2

CRYOGENIC DRILLING

TASK DESCRIPTION

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

In cryogenic drilling, horizontal or vertical
holes are drilled using super-cooled air as the
drilling fluid, allowing holes to be stabilized
by freezing a ring of soil around the borehole
during the drilling process (see Figure 2.2). It
results in a minimum alteration of the soil as
well as minimization of surface wastes, due to
the fact that liquid and volatile contaminants
are frozen in place and the returns are limited
to air and the volume of soil excavated from
the hole. This method also precludes the need

for the use of drilling liquids or hole stabiliza-
tion additives.

I
TECHNOLOGY NEEDS

Many DOE and industrial sites are contam-
inated with toxic substances that have leaked
into the near surface soils. In order to charac-
terize and remediate these sites, boreholes
must usually be drilled. One of the difficulties
that arises in the drilling of near-surface bore-
holes in unconsolidated formations is the poor
stability of the borehole. This can be an acute
problemindrilling horizontal boreholes, which
may be advantageous for economic reasons as
well as necessary when surface obstacles pre-
vent direct access. The problem is compli-
cated further by the fact that it is desirable or
required by en-
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Figure 2.2. Frozen Borehole Test Apparatus.
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ACCOMPLISHMENTS

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

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

COLLABORATION/TECHNOLOGY
TRANSFER

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

George Cooper

Principal Investigator

University of California at Berkeley
(510) 642-2996
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3.0 IN SITU AIR STRIPPING OVERVIEW
I N N

Remediation of contaminated soil and groundwater has traditionally meant the bulk removal of
the contaminated media for treatment or controlled disposal. In situ air stripping focuses on the
development of innovative solutions that can be used to replace the traditional pump-and-treat
or excavation systems. Using air stripping, contaminants are extracted as vapor, reducing the
treatment facilities needed to handle the large bulk of groundwater removed by pump-and-treat,
and the energy requirements for pumping groundwater to the surface for treatment, and
alleviating the potential need to dispose of the pumped groundwater.

In situ air stripping, as demonstrated at the Savannah River Site, is based on a simple mass
transfer process using horizontal injection and vacuum extraction wells. Two subparallel
horizontal wells are used: air is injected under pressure into the lower horizontal well (below the
water table); air bubbles through the saturated zone, contacting dissolved, adsorbed, and/or
separate phase contaminants, and into the vadose zone (the zone above the water table). Finally,
the air and vapors are collected by the upper horizontal gas extraction well. During this process,
contaminants are volatilized into the air stream and exit the subsurface through the upper
horizontal well. The use of horizontal wells may prcvide better contact with contaminated
subsurface strata than vertical wells.
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3.1

VAPOR EXTRACTION/AIR SPARGING VIA

HORIZONTAL WELLS
A

TASK DESCRIPTION

This task involves the injection or air via the
deeper of a pair of horizontal wells and the
recovery of displaced vapor through the sec-
ond, more shallow well (see Figure 3.1). Uti-
lizing this technique VOCs such as TCE, PCE,
vinyl chloride, and Benzene, Toluene, and
Xylene (BTEX) and their daughter products
can be removed from the vadose zone. The
horizontal wells that form the basis for this
technology provide significant advantages
over conventional air sparging and/or vacuum
extraction with vertical wells or infiltration
galleries.

The increased surface area treated by this
method will allow more complete and more
rapid removal of adsorbed VOCs and better
recovery of the liberated vapor. Because of
the larger surface area being treated the clog-
ging of the formation, at or near the injection
and recovery wells, is also minimized. The
use of horizontal wells also allows remediation
of relatively inaccessible areas such as be-
neath buildings, ponds or lagoons.

) G /PR
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Figure 3.1. Schematic Diagram of Horizontal Well In Situ Air Stripping Concept.
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TECHNOLOGY NEEDS

Air stripping via horizontal wells combines
the functions of two baseline technologies:
soil vapor extraction (SVE), targeting the va-
dose zone, and pump-and-treat, targeting the
saturated zone. It is superior to the baseline
technologies by virtue of eliminating the need
for multiple vertical wells spread over several
acres of land for extensive cleanup operations.
It also significantly shortens the time required
to complete cleanup operations. By actively
injecting air (or other gas) to expel VOCs, it
addresses a major limitation posed by the
baseline technologies, where VOCs extrac-
tion declines over time due to diffusion-lim-
ited flow rates.

A
ACCOMPLISHMENTS

This technology has been successfully dem-
onstrated at the Savannah River Site. Signifi-
cant improvements in remedial performance
were achieved over baseline technologies in
the air sparging/air stripping phases of this
demonstration. The use of horizontal wells
showed a five-fold increase in contaminant
removal rate over that of vertical wells. Over
the 20 week test period, the horizontal wells
removed 16,000 pounds of chlorinated sol-
vents. This rate was equivalent to 11 pump-
and-treat wells pumping at a rate of 500 gallons
per minute. Analysis of groundwater samples
from monitoring wells showed a significant
drop of TCE and PCE concentrations in the
groundwater after the completion of the dem-
onstration. The use of horizontal wells for air
sparging/vapor extraction at the Savannah
River Site is predicted to result in a 40 percent
cost savings compared to the use of conven-
tional pump-and-treat technology.
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COLLABORATION/
TECHNOLOGY TRANSFER

So far, thirteen license applications have been
issued, and one full-scale system has been
implemented in acommercial remediation site.

For further information,
please contact:

Brian Looney
Principal Investigator

Westinghouse Savannah River Company
(803) 725-3692

John Steele

Technical Program Manager
Westinghouse Savannah River Company
(803) 725-1830



3.2

BAROMETRIC PUMPING

TASKDESCRIPTION

The objective of the technology is to use the
naturally induced pressure gradients between
the surface and subsurface to create a flow
path of contaminant laden air from the subsur-
face air in the vadose zone to the surface.

Barometric pumping is a subsurface technol-
ogy that exploits the difference in air pressure
between the surface and subsurface. If the two
zones are connected by a well, air flow results.
If the subsurface contains a volatile contami-
nant, this contaminant will be transported with
the air flow to the surface. Since the driving
force of this removal process (barometric pres-
sure fluctuations) is provided naturally, the

The

technology is inherently inexpensive.
key to this technology is to leverage the natu-
ral force to remediate contaminated areas by
understanding the pressure relations between
the surface and subsurface at a given site (see
Figure 3.2).

This knowledge can be used to accurately
install pathways (e.g. wells) to effect contami-
nant removal. The flow through these path-
ways can then be controlled using an intelligent
valving system, or enhanced by wind or solar-
powered pumping systems to optimize the
performance of the technology.

When Paum < Ps,air flows out of B.
When Pam < Paair flows out of A.
When Pam > Ps, air flows into B.
When Pam > Pa, air flows into A.
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TECHNOLOGY NEEDS

One of the most significant problems affect-
ing DOE sites is subsurface contamination by
chlorinated solvents. These solvents tend to
accumulate in the finer sediments of the unsat-
urated zone, where they serve as a continuing
source of contamination to the water in the
aquifers below. Barometric pumping technol-
ogy is applicable to the removal of residual
volatile contaminants in the unsaturated zone.
In using the baseline technology (active soil
vapor extraction) to remove contamination in
the unsaturated zone, a point of diminishing
returns is reached where a residual remains
that is resistant to the active extraction pro-
cess. At this point the baseline technology
becomes progressively less cost-effective be-
cause of the expense of running the active
extraction equipment (i.e., vacuum blowers)
over a long period of time.

Barometric pumping technology is comple-
mentary to active vapor extraction. When the
point of diminishing returns (because of mass
transfer limitations) using active vapor ex-
traction process is reached, the residual con-
taminant can be removed effectively and
efficiently by tailoring the removal process to
the physical and chemical limitations affect-
ing the situation. The passive vapor extraction
process using barometric pumping is a low-
cost method to remove the recalcitrant re-
sidual contamination.

R
ACCOMPLISHMENTS

The system is operational in its most basic
configuration. The dynamics of the process
are being studied to optimize removal rate, to
minimize plume dispersion, and to exploit the
geology and geometry of given situations.

Other barogradient-related technologies that
are being investigated include:

¢ Plume control;

* low cost, low maintenance off-gas
treatment; and

* passive bioenhancement.

COLLABORATION/
TECHNOLOGY TRANSFER

A CRADA has been established between
Westinghouse Savannah River Company and
JND Sterling, Inc., to enhance the natural
barometric pumping using a solar pumping
system. Other industry partners are expected
because the cost of the technology is low.
Collaborative efforts are also being planned
with developers of off-gas treatment tech-
nologies at the University of Wisconsin. The
lower flux rates of the barometric pumping
process result in less stringent operational
parameters required from the treatment tech-
nologies.

For further information,
please contact:

Joe Rossabi

Principal Investigator
Westinghouse Savannah River Company
(803) 725-5220

John Steele

Technical Program Manager
Westinghouse Savannah River Company
(803) 725-1830
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4.0 BIOREMEDIATION OVERVIEW
O

This subprogram element focuses on the development of innovative solutions that can be used
to enhance or replace the traditional pump-and-treat or excavation methods for remediation of
contaminated soils and groundwater. In situ bioremediation technologies can destroy contami-
nants in place from both the vadose zone and groundwater. This approach utilizes the capability
of indigenous microbial populations, once supplemented with injected nutrients, to decompose
the VOCs into a mixture of innocuous constituents.

A promising technology for enhancement of remediation system performance is horizontal
drilling, developed by the petroleum and utility industries and demonstrated at the Savannah
River Site (see Section 2.0). The entire lateral section of a horizontal well is screened to allow
for a broader distribution of injected nutrients. The use of horizontal wells provides more
efficient nutrient delivery and hence improved contaminant destruction.

Another promising technology, applicable to the remediation o shallow contamination, is the
selective planting of vegetation that enhances the native population of microbes that are capable
of degrading VOCs into innocuous components. The identification of specific vegetation
capable of stimulating VOC-degrading microbes and comparisons of the relative efficiencies of
these plants in remediation, was carried out as part of the VOC in Non-Arid Soils ID.

Bioreactors afford a method for treatment of VOCs in groundwater that have been recovered by
traditional pump-and-treat methodology. The VOCs in Non-Arid Soils ID includes develop-
ment of operable bioreactors for such groundwater remediation. This work included process
optimization in determining the most effective treatment rates and optimal nutrient levels for
maximizing the microbial population.

37



8¢




4.1

IN SITU BIOREMEDIATION VIA HORIZONTAL WELLS

TASK DESCRIPTION

This task involves the stimulation of indig-
enous microorganisms to uegrade TCE, PCE,
vinyl chloride, and BTEX and their daughter
products in situ by injection of air or a meth-
ane and nutrient mixture into the contami-
nated zone to facilitate in situ bioremediation
(see Figure 4.1). The horizontal wells that
form the basis for this technology provide
significant advantages over conventional in
situ bioremediation with vertical wells or in-
filtration galleries. This technology utilizes a

face area being subjected to treatment by this
method allows for better delivery of nutrients
and better recovery of gases and water, as well
as minimizing the effects of formation clog-
ging and plugging due to microbial over-
growth.

I
TECHNOLOGY NEEDS

In situ bioremediation coupled with air strip-
ping is expected to significantly reduce the

Calalytic Oxidizer

time required to com-
plete the remediation
because bioremediation
provides a second simul-
taneous pathway for re-
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Figure 4.1. In Situ Bioremediation.

pair of horizontal wells whereby air or an air/
methane/ nutrient mixture is injected into the
formation via the deeper well and exhaust
gases are recovered via the shallower well,
and treated if necessary. The increased sur-
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ogy is based on biologi-

cal destruction of the
contaminants at the site, risks normally asso-
ciated with handling, transporting, and treat-
ing contaminated residuals are avoided.



ACCOMPLISHMENTS

This technology has been successfully dem-
onstrated at the Savannah River Site. Signifi-
cant improvement in remedial performance
was achieved over baseline technologies in
both the air sparging/air stripping and
bioenhancement phases of this demonstra-
tion. Evidence of successful biostimulation at
the demonstration included:

* Complete consumption of the injected
methane at the 1 percent injection level;

* Increased density of methanotrophic
organisms by as much as five orders of
magnitude;

* Decreases in the groundwater VOC
concentrations in the same monitoring
wells that showed increases in
methanotrophic bacteria populations;

¢ Increased biomass, mineralization, and
enzyme activities in groundwater from
monitoring wells;

¢ Increased carbon dioxide concentra-
tions in the extraction well and vadose
zone piezometers; and

¢ Decreases in TCE and PCE concentra-
tions in sediments collected after the
initial methane injection campaign.

COLLABORATION/TECHNOLOGY
TRANSFER

This technology was developed in partnership
withECOVA, Gas Research Institute, Auigas,
Heritage Environmental and Groundwater
Technologies. ECOVA is negotiating with

the Japanese Research Institute to perform a
similar demonstration in Japan.

For further information,
please contact:

Terry Hazen
Westinghouse

Savannah River Company
(803) 952-7517

John Steele

Technical Program Manager Westinghouse
Savannah River Company
(803) 725-1830
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4.2

IN SITU BIOREMEDIATION OF ORGANIC

CONTAMINATED SURFACE SOILS VIA VEGETATION
ENHANCEMENT OF MICROBES IN THE RIZOSPHERE

TASK DESCRIPTION

Indigenous microorganisms are being stimu-
lated to degrade TCE, PCE, and their daughter
products in soils and groundwater by planting
and cultivating specific types of trees and
plants (see Figure 4.2). These bacteria and
fungi associated with the roots of these plants
fortuitously degrade contaminants in the soil.
The stimulation of these microbes by the roots
of the plants provides a solar nutrient source.
Methanotrophic organisms have been demon-
strated to degrade TCE completely to carbon
dioxide and chloride.

TECHNOLOGY NEEDS

Utilizing the existing vegetation to encourage
soil microorganisms to degrade TCE/PCE pro-
vides a method for remediating soils at mini-
mal costs and reduced health risk. To date,
studies have shown that TCE/PCE is not taken
up by vegetation; nor are these compounds
toxic to vegetation even at very high concen-
tration.

L
ACCOMPLISHMENTS

To date, this technology was demonstrated at
the SRS to double the rate of biodegradation
of TCE and PCE in the

<

Naturally occuring
bacteria and fungi at
roots of certain types of
vegetation break down

soil. It was docu-
mented that the TCE
and PCE were not taken
up by the vegetation
and that the microor-
ganisms associated
with the plant roots
completely mineralize
TCE and PCE to car-
bon dioxide and chlo-
ride.

contaminants

Figure 4.2. Vegetation Enhancement for Bioremediation.



COLLABORATION/TECHNOLOGY
TRANSFER

This process is being developed jointly with
the Gas Research Institute.

- - 13 R

For further information,
please contact:

Terry Hazen
Westinghouse Savannah River Company
(803) 952-7517

Barbara Walton

Martin Marietta

Oak Ridge National Laboratory
(615) 574-7839
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4.3 DNA EXTRACTION FROM SEDIMENTS, DNA
HYBRIDIZATION AND CULTURAL ENRICHMENT

H

TASKDESCRIPTION

This task involves both the assessment of the
performance of bioremediation activities, cor-
relation of DNA probe, and culture data (see
Figure 4.3). The tasks involved are enrich-
ment techniques to develop cultures better
capable of degrading specific contaminants
and testing a technique for the identification
of the amount of DNA homologous to the gene
being used as a DNA probe (where the gene is
for an enzyme known or suspected to degrade
TCE or PCE). For the enrichment task, plate
count enumerations, from water and sediment
samples, were performed for total heterotro-
phs on 10 percent peptone-tryptone-yeast ex-
tract-glucose agar. Selective enrichment for

actinomycetes and fungi were carried out on
actinomyces isolation agar and Rose-Bengal
agar, and selected colonies were inoculated to
headspace vials to determine if they could
degrade TCE or PCE. Enrichments for other
physiological groups were set up in headspace
vials with appropriate electron donors, elec-
tron acceptors, and 0.1 micromole of TCE and
PCE to enrich for methane-oxidizers, pro-
pane-oxidizers, ammonia-oxidizers, fermen-
tors, Iron(IIl)/manganese(VI)-reducers,
sulfur-reducers, and methanogens. Degrada-
tion of TCE and PCE was assayed by gas
chromatography, with degradation of greater
than 90 percent of the TCE and PCE relative to
a sterile control constituting a positive result.
For the DNA probe analysis task, there are

Sediment samples
from Bioremediation site

Traditi [ Method
Determine number by
Plating and Most
Probable Number (MPN)

Laboratory methods used to determine types and amount of bacteria present during bioremcdiation
I 1

Innovative Method
1. 'Feed' bacteria assumed to
be present to make them grow
2. Add contaminants (TCE/PCE) |

Determine if bacteria 'ate’
TCE/PCE using Gas
Chromatography (if more than
90% gone then result is positive

DNA extraction;
Provides data on how well

bacteria ‘'eat’ contaminants
(how much bacteria present

and what kinds)

Figure 4.3. Organism Characterization for Bioremediation Using DNA Probes.
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three cloned enzyme systems that are known
to degrade TCE and PCE; these are
soluble methane monooxygenase, toluene
monooxygenase, and dioxygenases. Haloalkane
dehalogenase and haloalkanoic acid
dehalogenase do not degrade TCE or PCE, but
may be able to degrade their metabolites. These
enzymes are used to identify organisms that may
be able to degrade TCE or PCE.

Community DNA is extracted directly from
the initial sediment and water. DNA is dena-
tured and bound to filter membranes for hy-
bridization with probe DNA. Plasmid DNAs
encoding the enzyme systems listed above are
purified, and DNA encoding the enzymes are
radiolabeled to produce probe DNA. The
denatured community DNA and denatured
probe DNA are allowed to hybridize to each
other under conditions that allow complemen-
tary strands to bind to each other. The radio-
active signal on the filter membrane is
quantified to determine the number of micro-
organisms in the environmental sample and
the enrichment culture that possess the genes
specified by the DNA probe.

TECHNOLOGY NEEDS

With the use of bioremediation techniques,
characterization of the microbial response to
these techniques is needed to assess and dem-
onstrate successful bioremediation. Classic
enumeration and enrichment techniques are
used to measure the density of certain physi-
ological types of microorganisms likely to
contain TCE or PCE degradative ability. These
techniques measure only organisms that can
grow in the laboratory. The techniques tested
under this task allow the assessment of organ-

isms that cannot grow under laboratory condi-
tions, allowing a better assessment of the mi-
crobial community in bioremediation
applications.

R
ACCOMPLISHMENTS

DNA probes have been demonstrated to di-
rectly detect specific functional groups of bac-
teria responsible for biodegradation of TCE in
the soil. This technology has also demon-
strated that cultural enrichment can be useful
to detect bacteria capable of degrading TCE.

COLLABORATION/
TECHNOLOGY TRANSFER

The described techniques were in part already
established. As part of this project, Washing-
ton State University developed and improved
DNA extraction protocol.

For further information,
please contact:

Fred Brockman
Principle Investigator
Pacific Northwest Laboratory
(509) 375-2831

John Slate

Technical Program Manager
Pacific Northwest Laboratory
(509) 376-3903
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4.4

METHANOTROPHIC BIOREACTORS FOR

BIOREMEDIATION OF CHLORINATED ORGANICS IN
GROUNDWATER AND WASTEWATER

TASK DESCRIPTION

Indigenous microorganisms are being stimu-
lated to degrade TCE, PCE and their daughter
products in groundwater by pumping the con-
taminated water through a ‘ermentor. The
bacteria in the fermentor are attached to a
substrate that allows ther: to adsorb and de-
grade the contaminants as they pass by (see
Figure 4.4). The principal source of carbon
and energy for the bacteria is methane; thus,
methanotrophic organisms dominate in the
optimum environment. Methanotrophs have
been demonstrated to cegrade TCE completely
to carbon dioxide and chloride.

TECHNOLOGY NEEDS

The 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 sol-
vents 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/PCE, e.g., toluene, xylene, and benzene.
Cost analyses of methanotrophic bioreactors
compared with air stripping that is combined
with carbon adsorption of the air-stream and
direct carbon adsorption from the water have
suggested that for several TCE concentrations
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the surface)

LWater Table

Groundwater

Methane
Air e=—is

=W ater

Clean
groundwater is
put back into

ground
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(Bacteria 'eat’ contaminants)

......

!
Flow
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Figure 4.4. Above-Ground Methanotrophic Bioremediation.
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and flow rates, the methanotrophic system
would save 40-60% over conventional tech-
nologies. Similar savings are anticipated for
in situ bioremediation of TCE alone or in
combination with bioreactors.

ACCOMPLISHMENTS

This technology has been successfully dem-
onstrated at pilot scale. These tests lasted
more than one year and operated 24 hours a
day with high reliability.

COLLABORATION/
TECHNOLOGY TRANSFER

Radian, Gas Research Institute, Michigan
Biotechnical Institute, and Envirex are all
partners in the development of this technology.

For further information,
please contact:

Terry Hazen

Westinghouse Savannah River
Technology Center

(803) 952-7517

John Steele

Technical Program Manager
Westinghouse Savannah River Company
(803) 725-1830
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5.0 IN SITU HEATING OVERVIEW
|

Retrieval has traditionally meant the bulk removal of the contaminated media for treatment or
controlled disposal. This subprogram element focuses on the development of methodologies
that can be used to enhance the expulsion of contaminants or the destruction of contaminants in
place from both the vadose zone and groundwater. Where fine-grained sediments strongly
adsorb contaminants, expulsion can be enhanced by the application of heating methods.

Both radio frequency (RF) and electrical resistance (alternating current (AC)) heating are more
effective in expelling VOCs from low permeability, clay-rich zones as compared to alternative
forms of subsurface heating (e.g., hot air or steam injection). The electrical properties of the
contaminated clay zones have been shown to preferentially capture the RF or AC energy,
focusing the applied power precisely in the target zones. By selectively heating the clays to
temperatures at or above 100°C, the release and transport of TCE and PCE will be enhanced as
a result of several factors, including: (1) an increase in the contaminant vapor pressure and
diffusivity; (2) an increase in the effective permeability with the release of water vapor and
contaminant; and (3) enhanced removal from in situ steam stripping by the water vapor
generated from heating to temperatures in excess of 100°C. Vapor released in the heated zone
will be removed through a vacuum extraction well.

The radio frequency method tested at the ID entailed the placement of a RF transmitter in a
horizontal well. The radio frequency is selected to excite molecules present and thereby produce
heat. This heating volatilizes the VOCs, allowing their recovery via the screened portion of the
same well.

Another system, recently demonstrated, involves in situ heating by the use of six-phase
electrical current being applied to the soil using six vertically emplaced electrodes surrounding
asingle recovery well. The electrical current causes resistive heating of the soil column and the
volatilization of VOCs, which can then be recovered via the central well.
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5.1

SIX-PHASE SOIL HEATING

TASK DESCRIPTION

This task involves the enhancement of soil
vapor extraction techniques by heating a clay-
rich soil to increase the vapor pressure. This
process is accomplished by placing six elec-
trodes in a circle surrounding a central vent
(see Figure 5.1). Six-phase Alternating Cur-
rent (AC) is then applied to the electrodes,
each electrode receiving a single phase. Each
electrode is equipped with a separate trans-
former wired to provide each electrode with a
separate AC phase. This ensures a more uni-
form distribution of electrical currents in the
soil, so that additives that would normally be
needed to make the soil electrically conduc-
tive are not required. Because the key to
resistive heating is to maintain a small amount
of moisture in the zone to conduct the elec-

tricity, splitting the current into six phases
rather than the normal three phases prevents
overheating and excessive drying around the

electrodes. Resistive heating dissipates the
electrical energy in the contaminated zone and
vapor is withdrawn from the central vent as in
conventional soil vapor extraction.

The six-phase heating process is quite rapid,
on the order of weeks or months for many
sites, and is expected to require minimal costs
for on-site labor. Energy requirements are
also low compared to incineration and other
thermal treatment methods, as the need to heat
soils past 100°C is avoided.

|
TECHNOLOGY NEEDS

Most DOE sites have been contaminated with
volatile organic compounds, including chlori-
nated solvents like TCE and PCE, non-chlori-
nated solvents like methyl ethyl ketone (MEK),
benzene and acetone, and fuels like gasoline.
Techniques for retrieving these VOCs from

soils are being devel-
- , oped and demonstrated
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Figure 5.1. Six-Phase Soil Heating.
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are soil vapor extraction within the vadose
zone, and pump-and-treat for groundwater.
These technologies are limited by the mobil-
ity of the contamination in the subsurface.
Six-phase soil heating increases mobility and
should result in faster and more complete
removal of contamination from less perme-
able soils.

.
ACCOMPLISHMENTS

In FY92, a small-scale field test of six-phase
soil heating was successfully performed at the
in situ vitrification site in the 300-Area of
Hanford, Washington. The test heated a 20-ft
diameter cylinder of uncontaminated Hanford
soil to a 10-ft depth. The test ran unattended,
using acomputer-based system. After 50days
of heating, soil at a 4 to 10 foot depth reached
an equilibrium temperature of 76.5°C. A 1/10
pilot-scale test using TCE and PCE-contami-
nated soils representative of the M Area basin
at the Savannah River Site was conducted in
FY93, and resulted in 99.995% removal of
both contaminants. The full-scale field test
of this demonstration at the M Area is also
complete.

COLLABORATION/
TECHNOLOGY TRANSFER

This technology was developed by Pacific
Northwest Laboratory. Currently there are no
industrial partnerships, but a number of indus-
trial firms have expressed interest in licensing
the technology.

For further information,
please contact:

T. Bergsman
Pacific Northwest Laboratory

(509) 376-3638
W. Heath

Pacific Northwest Laboratory
(509) 376-0554
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5.2

IN SITU RADIO FREQUENCY HEATING

TASK DESCRIPTION

This technology involves the use of radio
frequency (RF) energy to heat vadose zone
sediments through a dielectric heating mecha-
nism in which the application of an electro-
magnetic field physically distorts the molecular
structure of the material (see Figure 5.2). The
physical distortion is transferred into mechani-
cal and then into thermal energy. The fre-
quencies applicable for heating earthen
materials and mineral formations lie between
.01 and 60 MHz. The most commonly used
frequencies, 6.78 and 13.56 MHz, are those
set aside for use by industrial, scientific and
medical equipment. Because of its ability to
penetrate and couple with the soil, RF heating

is faster than convective or conductive heat-
ing modes.

The RF heating project is centered around the
use of a dipole applicator developed and pat-
ented by KAI Technologies, Inc. The single
wand applicator, approximately 20 feet in
length, is constructed of flexible copper co-
axial cable to facilitate the use of a horizon-
tal well drilled to dissect and traverse a shallow
clay lens located from 35 to 40 feet below the
ground surface.

Computer modeling was performed to deter-
mine the output impedance history and tem-
perature contours. The modeling was based
on laboratory measurements of representative

RF Generator
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and Offgas Treatment
(Contaminants are
sucked out of heated
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Control
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Contaminated Clay
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Figure 5.2. Radio Frequency Heating.
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soils and assumes a homogeneous medium
with no heat loss. The results predict that after
21 days a volume of approximately 1,000
cubic feet will be heated to a temperature in
excess of 100°C.

The field test includes three separate opera-
tions: 1) a “cold” pump test to establish a
baseline performance for the vacuum extrac-
tion system without heating; the duration of
this test is approximately one week; 2) a heat-
ing phase with the RF hardware operation for
approximately four weeks; and 3) a cool-
down phase to monitor changes in off-gas
venting as the subsurface temperature returns
to ambient.

I
TECHNOLOGY NEEDS

Numerous sites across the country, both com-
mercial and within the DOE Complex, have
significant levels of organic contaminants
within the unsaturated soil zone. Chlorinated
volatile organic solvents can be held within
this zone, especially in clays and organic ma-
terials. These zones slowly release the sol-
vents and provide a long-term source for
groundwater contamination. Despite the vola-
tile nature of these contaminants, the clays
severely limit the mass transfer rates of the
material. With this mass transfer limitation,
the use of soil vacuum extraction requires a
long period of operation and the placement of
numerous wells. By selectively heating the
soils, the release of the solvents from the soil
can be significantly enhanced.

54

ACCOMPLISHMENTS

The RF heating demonstration integrated RF
application and vacuum extraction from a
single, horizontal well. The horizontal well
was drilled through a contaminated clay layer
located between the M-Area and an adjacent
seepage basin at the SRS. Off-gases drawn
from the well were destroyed with a skid-
mounted thermal-catalytic oxidation system.

During the 21-day demonstration period, ap-
proximately 11,000 kilowatt-hours of RF en-
ergy were successfully coupled to the
subsurface clay layer, and heated a sediment
volume of approximately 1500 cubic feet to
greater than 600°C. Wellhead concentrations
of VOCs increased during the heating phase,
indicating an increase in liberation of VOCs
from the soil; over 170 kg of VOCs were
successfully extracted over the course of the
demonstration. Two significant findings made
during the test impeded the full assessment of
the technology. First, a steam block formed
downhole when temperature exceeded 100°C.
This vapor block limited the achievable
vacuum and, therefore, reduced the extractive
rates. Second, the choice of casing material,
and in particular, the temperature limits of the
fiberglass screen, reduced the applicator power
output. To control downhole temperatures at
acceptable levels, the duty cycle of the appli-
cator was lowered by 20%. In addition, liquid
water infiltration into the well restricted the
vapor flow from the well, and required modi-
fications of the RF applicator control pro-
gramming.



COLLABORATION/TECHNOLOGY
TRANSFER

This technology was developed in partnership
with KAI Technologies. Others have ex-
pressed interest in partnerships or licensing
this technology.

For further information,
please contact:

Tim Jarosch

Principle Investigator

Westinghouse Savannah River Company
(803) 725-5189

John Steele

Technical Program Manager
Westinghouse Savannah River Company
(803) 725-1830
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6.0 OFF-GAS TREATMENT OVERVIEW

The overall goal of this subprogram is to develop effective methods for the treatment of
chlorinated volatile organic compounds (CVOCs) in the off-gases produced by air sparging and
vacuum extraction of contaminants.

Atmospheric emissions of CVOCs at DOE facilities and throughout the United States will need
to be abated in order to comply with the Clean Air Act Amendments of 1990. Current
technologies for controlling atmospheric emissicns of CVOCs include carbon adsorption,
catalytic oxidation and incineration. Each of these control methods is best suited for particular
conditions. For example, carbon adsorption is best suited for short-term, low mass flux
applications, while incineration is best for long-term, high mass flux conditions. Catalytic
oxidation works well for conditions between these two extremes. However, carbon adsorption
is merely a transfer of the waste from one medium to another; incineration generates chlorinated
products of incomplete combustion as well as NO_, and the other oxidation technologies
consume appreciable energy. Therefore, several technologies have emerged for providing
decomposition of CVOCs into innocuous compounds, while at the same time potentially
reducing operating costs. '

The purpose of this testing program is to systematically evaluate emerging technologies for the
abatement of atmospheric emissions of CVOCs. Classes of technologies and the outfits
responsible for their development (in parenthesis) include: 1) free-radical oxidation processes,
such as high-energy corona (PNL), cold plasma (LANL), Xenon Flashlamps (Purus),
photocatalytic oxidation (NuTech and the University of Wisconsin), and ozone-enhanced
oxidation process (Ultrox); 2) carbon regeneration processes, such as desorption and regenera-
tion process (NuCon), and 3) catalytic oxidation (Johnson & Matthey’s, Allied Signal).
Although this report highlights the high-energy corona and VOC recycle/recovery, several other
technologies are being demonstrated and data will be available towards the end of FY94.
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6.1

HIGH-ENERGY CORONA

TASKDESCRIPTION

This thermal catalytic oxidation technology
uses high-voltage electricity to destroy VOCs
at room temperature. The equipment consists
of a High-Energy Corona reactor in which the
VOCs are destroyed, inlet and outlet piping
containing process instrumentation (humid-
ity, temperature, pressure, contaminant con-
centration, and mass flow rate), means for
controlling inlet flow rates and inlet humidity,
and a secondary scrubber for removing chlo-
ride and hypochlorite species when chlori-
nated organics like TCE and PCE are
destroyed.

The reactor is a glass tube filled with glass
beads through which the contaminated off-
gas is passed (see Figure 6.1). Each reactor is
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 connected across the electrodes
provides 0 to 50 mA of 60 Hz electricity at
30 kV. The electrode current and power are
varied depending upon the type and concen-
tration of contaminant being treated. Each
reactor can process up to five standard cubic
feet per minute.

L
TECHNOLOGY NEEDS

Most DOE sites and many industrial sites
have been contaminated with VOCs, includ-
ing chlorinated solvents like TCE and PCE,
non-chlorinated solvents like methyl, ethyl
ketone (MEK), benzene and acetone, and fu-
els like gasoline. Techniques .or retrieving
these VOCs from soils are being developed
and demonstrated. The vapors recovered by

these techniques must,
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\ testing to effect
A\ this removal or
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Figure 6.1. Low-Temperature Plasma Reactor.
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ACCOMPLISHMENTS

This technology has successfully demonstrated
99% destruction of TCE at inlet concentra-
tions to 2000 ppmv, and flow rates up to 5
scfm. This was accomplished without gener-
ating detectable chlorinated organic
byproducts, phosgene and ozone, and with
total NOx around 1 ppm. A number of con-
figurations and flows were tested to determine
the optimum operating condiiions. Energy
costs were demonstrated to be low, typically
less than 7 kW-hr/lb TCE destroyed. This
technology won the prestigious R&D 100
award in 1993.

COLLABORATION/
TECHNOLOGY TRANSFER

This technology was developed by Pacific
Northwest Laboratory. Currently three US
firms have expressed an interest in forming
partnerships for the commercialization of this
technology.
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For further information,
please contact:

William Heath
Principal Investigator

Pacific Northwest Laboratory
(509) 376-0554

Steven Slate

Technical Project Manager
Pacific Northwest Laboratory
(509) 375-3903




6.2 VOLATILE ORGANIC COMPOUND RECYCLE/RECOVERY

TASKDESCRIPTION

This process consists of activated carbon
adsorbers located at each extraction well, plus
a truck-mounted Brayton cycle heat pump
(BCHP) to regenerate the adsorbers on a peri-
odic basis (see Figure 6.2). The VOC-laden
air from the well is passed through the carbon
bed, adsorbing the VOCs. When the carbon
bed becomes saturated, hot nitrogen from the
regenerator is used to desorb the VOCs. The
nitrogen is then passed through a chiller, is
compressed, and is then cooled in arecuperator,
where 50 to 80 percent of the organics are
removed.The partially depleted nitrogen
stream is then expanded through a turbine,
lowering the temperature down to minus

101°C, to condense the remaining VOCs. The
now clean nitrogen passes through the
recuperator to cool the incoming VOC-laden
nitrogen.

TECHNOLOGY NEEDS

Many DOE sites as well as private industrial
sites have soil and/or groundwater that are
contaminated with organic compounds. These
sites will have to undergo remediation in the
future. One method of remediation is vapor
vacuum extraction, but air quality regulations
requires that the exhaust be free of organic
vapors before they are vented to the atmo-

Mobile Brayton
regeneration truck
(separates VOCs
from nitrogen gas)

Liquid VOCs

VOC-laden
nitrogen gas

s

Not in use
while truck is
regenerating bed

Hot dry
nitrogen
gas

VOC-
laden air

Activated
carbon
bed

e

. Clean air
Stationary bed

absorbs VOCs

Figure 6.2. Volatile Organic Compound Recovery and Recycle.
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sphere. Therefore, a method of organic vapor
recovery or destruction will be required be-
fore vapor vacuum extraction can be used.
The BCHP technology provides a lower cost
alternative to carbon canisters, which must be
shipped to a regenerating facility or disposed
of as hazardous waste.

IR
ACCOMPLISHMENTS

This technology was field tested at the Savan-
nah River Site and successfully recovered
solvents from the off-gas generated by the
vacuum extraction process. Before this pro-
cess can be used in a long- term application, a
use or user for the recovered solvents must be
identified. For the test application the sol-
vents will be disposed ot after testing.
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COLLABORATION/
TECHNOLOGY TRANSFER

The BCHP technology is being developed in
collaboration with NUCON International, Inc.
Numerous other companies have indicated
interest in the BCHP technology.

For further information,
please contact:

Stephen Priebe

Idaho National Engineering Laboratory
(208) 526-0898

D. Maiers
Technical Program Manager

Idaho National Engineering Laboratory
(208) 526-6991
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7.0 HOW TO GET INVOLVED

WORKING WITH THE DOE OFFICE OF ENVIRONMENTAL
RESTORATION AND WASTE MANAGEMENT

DOE provides a range of programs and services to assist universities, industry, and other
private-sector organizations and individuals interested in developing or applying environmental
technologies. Working with DOE Operations Offices and management and operating contrac-
tors, EM uses conventiona! and innovative mechanisms to identify, integrate, develop, and
adapt promising emerging technologies. These mechanisms include contracting and collabo-
rative arrangements, procurement provisions, licensing of technology, consulting arrange-
ments, reimbursable work for industry, and special consideration for small business.

Cooperative Research and Development Agreements (CRADAs)

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

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

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

Procurement Mechanisms

DOE EM has developed an environmental management technology development acquisition
policy and strategy that uses phased procurements to span the RDDT&E continuum from
applied R&D concept feasibility through full-scale remediation. DOE EM phased procure-
ments make provisions for unsolicited proposals, but formal solicitations are the preferred
responses. The principle contractual mechanisms used by EM for industrial and academic
response include Research Opportunity Announcements (ROAs) and Program R&D Announce-
ments (PRDAS).
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EM uses the ROA to solicit advanced research and technologies for a broad range of cleanup
needs. The ROA supports applied research ranging from concept feasibility through full-scale
demonstration. In addition, the ROA is open continuously for a full year following the date of
issue and includes a partial procurement set aside for small businesses. Typically, ROAs are
published annually in the Federal Register and the Commerce Business Daily, and multiple
awards are made.

PRDAs are program announcements used to solicit a broad mix of R&D and DT&E proposals.
Typically, a PRDA is used to solicit proposals for a wide-range of technical solutions to specific
EM problem areas. PRDAs may be used to solicit proposals for contracts, grants, or cooperative
agreements. Multiple awards, which may have dissimilar approaches or concepts, are generally
made. Numerous PRDAs may be issued each year.

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

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

Licensing of Technology

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

Technical Personnel Exchange Assignments

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

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

Reimbursable Work for Industry

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

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

EM Small Business Technology Integration Program

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

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

DTN CONTACT I
David W. Geiser, Acting Director

International Technology Exchange Division
EM-523
Environmental Restoration and Waste
Management Technology Development
U.S. Department of Energy
Washington, D.C. 20585
(301) 903-7940

69



EM Central Point of Contact

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

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

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

Office of Research and Technology Applications

The Office of Research and Technology Applications (ORTAs) serves as a technology transfer
agents at the Federal laboratories, and provide an internal coordination in the laboratory for
technology transfer and an external point of contact for industry and universities. To fulfill this
dual purpose, ORTAs license patents and coordinate technology transfer activities for the

laboratory’s scientific departments. They - ilitate one-on-one interactions between the
laboratory’s scientific personnei and te recipients and provide information on
laboratory technologies with potential ap, ns in private industry for state and local
governments.

For more informaticn about these prograns and services,
please contact:

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

AC Alternating Current

BCHP Brayton Cycle Heat Pump

BTEX Benzene, Toluene, and Xylene

CAA Clean Air Act

CERCLA Comprehensive Environmental Response, Compensation and Liability Act
CRADA Cooperative Research and Development Agreement
CVOCs Chlorinated Volatile Compounds

CWA Clean Water Act

DNAPLs Dense Non-Aqueous Phase Liquids

DoD Department of Defense

DOE Department of Energy

EM Environmental Restoration and Waste Management
EPA Environmental Protection Agency

ER Electrical Resistance

ERT Electrical Resistance Tomography

FA Fluorescent Antibody

ID Integrated Demonstrations

IP Integrated Program

LLNL Lawrence Livermore National Laboratory

MEK Methyl Ethyl Ketone

MPID Modified Petroleum Industry Drilling

ORTAs Office of Research and Technology Applications
ORNL Oak Ridge National L.aboratory
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OTD
PCE
PLFA
PNL
PRDA
RCID
RCRA
RDDT&E
RF
ROA
SBIR
SB-TIP
SNL
SRD
SRS
TCE
UICD
VOCN
VOCs

Office of Technology Development
Tetrachloroethylene

Phospholipid Fatty Acid

Pacific Northwestern Laboratory

Program Research and Development Announcement
River Crossing Industry Drilling

Resource Conservation and Recovery Act

Research, Development, Demonstration, Testing, and Evaluation
Radio Frequency

Research Opportunity Announcement

Small Business Innovation Research

Small Business Technology Integration Program
Sandia National Laboratory

Short Radius Drilling

Savannah River Site

Trichlorethylene

Utility Industry Compactional Drilling

Volatile Organic Compounds in Non-Arid Soils

Volatile Organic Compounds
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