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ABSTRACT

The Department of Energy (DOE) has established the Office of Environmental Restoration
and Waste Management Within this new organization, the Office of Technology Development
(OTD) is responsible for research, development, demonstration, testing and evaluation (RDDT&E)
activities aimed at meeting DOE cleanup goals, while minimizing cost and risk. Because of U.S.
governmental activities dating back to the Manhattan project, mixed radioactive and hazardous waste
is an area of particular concern to DOE. The OTD is responsible for a number of R&D activities
aimed at improving capabilities to characterize, control, and properly dispose of mixed waste. These
activities and their progress to date will be reviewed. In addition, needs for additional R&D on
managing mixed waste will be presented.

INTRODUCTION

The Department of Energy (DOE) has consolidated its environmental restoration and waste management
activities into the Office of Environmental Restoration and Waste Management, formed by Secretary James Watldns
in early 1989. Within this new organization, the Office of Technology Development (OTD) oversees DOE's
Technology Development Program, whose objective is to establish and maintain a national program for applied
research, development, demonstration, testing, and evaluation (RDDT&E) in environmental restoration and waste
management. These activities will pursue technologies that will enable DOE to meet its 3C-year compliance and
cleanup goals safely, efficiently, and effectively.1

Mixed waste contains both radioactive and hazardous components, as defined by the Atomic Energy Act
(AEA) and the Resource Conservation and Recovery Act (RCRA).2 DOE and its precursor agencies have
generated and managed mixed waste as a result of the manufacture and processing of enriched uranium, the
reprocessing of spent nucleer reactor fuel and other irradiated materials, production and testing of weapons,
development of reactors, and various research activities. These activities date to the Manhattan Project during
World War n. The number of hazardous substance release sites (not all of which contain mixed waste) on DOE
facilities is estimated to be approximately 3J00.1 The radionuclidcs of concern in DOE's mixed waste include
tritium, uranium, plutonium, fission products such as strontium-90, and virtually all other i*adioisotopes. The
hazardous components of the mixed waste include metals (e.g., lead, beryllium, mercury) and organics (e.g.,
chlorinated solvents, PCBs, tributylphosphate).

This paper presents brief overviews of some of the R&D activities which are aimed at improving DOE's
ability to manage mixed waste effectively.
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STATUS OF OTD ACTIVITIES

The Office of Technology Development is funding over 100 R&D activities to address DOE's
environmental restoration and waste management needs. These activities are being conducted at DOE's national
laboratories, other Federal laboratories, universities, private industry, and academia. Where possible, DOE's funds
are combined with those from other agencies or from industry to develop technologies which may be of use in
other applications besides DOE. OTD's R&D activities address many aspects of characterization and treatment
technologies. Selected technology development activities which have been or are being conducted are described
below. These address contaminant containment, in situ and ex situ treatment, on-site characterization and
laboratory chemical analysis. Space limitations preclude describing all activities in this area.

Process for Contaminant Removal and Waste Volume Reduction to Remediate Groundwater Containing
Mixed Waste. Atomic Energy of Canada, Ltd. (AECL), has proposed a four-step process for treating groundwater
containing mixed waste. Should a first step be required, air stripping is applied to remove volatile organic
compounds (VOCs) from the water. In step 2, the pH is adjusted to precipitate most of the heavy metals, which
are removed by microfiltration. This step is followed by the addition of natural zeolite to adsorb radionuclidcs,
residual metals, and some organics (step 3). After it has been filtered again, the water is then mixed with activated
carbon for the removal of residual organics and the remaining metals and radionuclides (step 4). The system
employs standard disposal technique for the contaminants. The activated charcoal from step 4 is concentrated by
filtering, combined with the VOCs collected from step 1, and then thermally destroyed. The contaminants from
steps 2 and 3 are concentrated by evaporation, solidified with cement and released for disposal.

Tests to confirm the validity of the process were run using a feed solution containing lead, cadmium,
uranium, strontium-85, cesium-137, trichloroethylene, benzene, iron, and calcium. The results were excellent
>95% removal of VOCs by air stripping, >95% removal of heavy metals by precipitation, >99% removal of
residual metals and radionuclides by ion exchange/adsorption, and >99% removal of residual organics using
adsorption.3 A field test to remediate groundwater at an AECL site contaminated with strontium-90 was conducted
in August-September, 1991. For more information contact Leo P. Buckley, AECL Research, Chalk River
Laboratories, Chalk River, Ontario, Canada, KOJ UO, Phone (613) 584-3311, ext 3645.

Transuranic Extraction (TRUEX) Process. Argonne National Laboratory (ANL) is developing a solvent
extraction process capable of separating transuranic elements from aqueous nitrate or chloride solutions. In this
process an organic solution is mixed and then separated from an aqueous solution containing the waste in a series
of centrifugal contactor stages. The organic solution contains a compound, octyl(phenyl)-N,N-
diisobutylcarbamoylmethylphosphine oxide (CMPO), which transfers transuranic elements from the aqueous phase
to the organic phase during these contacts. The transuranic elements are then stripped from the organic solution
by a combination of weak acids for recovery or disposal. Work is underway to improve the Generic TRUEX
Model (GTM), a user-friendly computer program that runs on a Macintosh or IBM compatible computer. One use
of the GTM is to develop flowsheets for treating transuranic waste by the TRUEX process. The GTM consists
of three main sections. The first section calculates distribution coefficients based upon user input concerning the
intended application. The second section completes the material balance calculations for the TRUEX flowsheet
using the distribution ratios calculated in the first section. The last section estimates the space and cost associated
with installing the TRUEX process at a particular facility. The work entails improving the speed of the GTM,
adding components, and increasing its capabilities to include more site specific considerations. Work is also being
done on designing a super-high-throughput centrifugal contactor and developing an automatic monitoring-and-
control system for TRUEX processes.



Three promising new developments are (1) demonstration of the centrifugal contactor as a concentrator, (2)
verification of the GTM using simulated and actual waste solutions at ANL, and (3) development of a guide for
process monitoring and control. For more information contact G. F. Vandegrift, Argonne National Laboratory,
Chemical Technology Division, 9700 S. Cass Ave., Argonne, IL 60439, Phone (708) 972-4513.

Remediation of Groundwater Confafofog Radionuclidcs. Heavy Metals. Inorganic Ions, and/or Orpanics.
Bio-recovery Systems, Inc, has developed an algae-based biomass, called AlgaSORB, which has a high affinity
for heavy metal and radionuclide ions. An AlgaSORB packed column has a contaminated stream pumped through
it at a rate that allows the biomass to adsorb the contaminants. Once the AlgaSORB has been saturated with
contaminants, they can be stripped from the biomass in a highly concentrated solution. Different types of algae
can be used to produce AlgaSORB with different contaminant affinities. A particular advantage of the AlgaSORB
resins is that they are capable of producing effluents with metal concentrations in the low parts per billion range
even in the presence of salts, calcium, and magnesium.4

Groundwater samples with varying contaminants from three DOE sites have been tested by Science
Applications International Corp. (SAIC) and Bio-recovery Systems (BRS), using AlgaSORB. The very promising
results are listed in Table 1.

Table 1: Results from SAIC/BRS tests on groundwater (GW) from three DOE sites

DOE Site

Hanford

Hanford

Oak Ridge

Savannah River

contaminant

uranium

chromium

mercury

mercury

influent
cone.

200 ppb

300 ppb

30 ppb

4 ppb

effluent
cone.

<10 ppb

<10 ppb

<2ppb

<2ppb

GW treated
before stripping

23,000 gal/ft3*

8,000 gal/ft3

15,000 gal/ft3

35,000 gal/ft3

* gallons of groundwater treated per cubic foot of AlgaSORB resins before regeneration

For further information contact Dennis W. Damall, Bio-Recovery Systems, Inc., 2001 Copper Avenue, Las Cruces,
NM 88005, Phone (505) 523-0405.

Mobile Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES). Ames Laboratory is
developing a mobile analytical facility for the in situ characterization of waste sites by use of an ICP-OE3. The
ICP-OES is already used worldwide in laboratories for the determination of over 70 elements. Remote laser
ablation through an optical fiber will be used for direct sampling of soils and other solids to be transferred to the
ICP where the sample is excited. The optical emission signal from this remote ICP is fed to the spectrometer
through an optical fiber. Even though this technique can determine a wide variety of elements, this project is
concentrating on radioactive elements, with special attention on U, Th, and Pu. The accuracy, matrix effects, and
any potential bias of the laser ablation step are being compared with those for standard laboratory techniques.
Significant cost savings are expected, along with health benefits accrued from using robotic arms for samples in
highly contaminated areas thereby preventing personnel exposure.

Detection limits as low as 250 ppb for uranium have been obtained in the laboratory. The laser is being
upgraded from 50 to 300 Hz to improve sensitivity and precision, and the unit should be ready for a field



demonstration in the middle of 1992. For more information contact Arthur P. D'Silva, Ames Laboratory, Ames,
Iowa 50022-3020, Phone (515) 294-9317.

Bulk Soil Assay System. Nuclear Diagnostic Systems, Inc., is developing a bulk soil assay (BSA) system
that employs inelastic gamma ray imaging and spectroscopy OGRIS) and capture gamma ray spectroscopy (CGRS)
to measure concentrations of contaminants averaged over large samples of soil. With IGRIS, the associated particle
time-of-flight technique is used to "probe" a target with an electronically defined beam of fast neutrons, which
produce information-rich signals diagnosing the nature of the target.3 The BSA system measures elements not
compounds; therefore, a chlorinated hydrocarbon would register as C and Cl (hydrogen is not measured by the
system). Nevertheless, it can detect a wide range of target contaminants including heavy metals, radionuclides,
organics, and nitrates. This system could be deployed in two stages. First, to determine if an area is contaminated
and then to confirm that it was properly remediated. This process would save approximately $500 per element per
sample over the current chemical methods of detection.

The minimum detection limits (MDLs) of the BSA system were below the minimum compliance levels
(MCLs) for Cs-137, Co-60, U, and other elements. However, the MDLs for most of the heavy metals fell short
of the MCLs. A partial list of the results is given in Table 2.

Table 2. Predicted Minimum Detectable Levels with BSA System vs. Minimum Compliance Levels

type of
measurement

Passive:

CGRS:

IGRIS:

element

Cs-137

Co-60

Pu-238

Hg

Cr

Cd

Zn

U-238

As.

units

f>Ci/g

pCi/g

nCi/g

ppm

ppm

ppm

ppm

nCi/g

ppm

MDL

.008

.003

80

50

100

4

250

.09

1300

MCL

1

1

100

5*

2000*

2*

1320*

100

50*

* Ten times natural abundance in Earth's crust.

For further information contact Alfred H. Aitken, Nuclear Diagnostic Systems, Inc., P.O. Box 726, Springfield, VA
2150, Phone (703) 339-7555.

Improvements in Inductively Coupled Plasma Mass Spectrometrv (ICP-MS). Ames Laboratory is working
on a project to improve the accuracy and precision of ICP-MS. This is important since, even though the MDLs
are excellent, the precision of the existing instrumentation is only moderate, with a relative standard deviation of
1-5%. The major improvement being developed is a "double-beam" approach to measure isotopes simultaneously



rather than sequentially as with present devices. This will improve the precision of the instrument by an order of
. magnitude. With this improved precision, the 1CP-MS will possess greater accuracy for ultratrace detection and

would need minimal sample preparation. This improved instrument would sell commercially for relatively little
extra cost

Preliminary work on this project has been promising. Design problems such as deflection angle have been
addressed, and construction of the ion beam splitter has been completed. For more information contact Robert S.
Houk, Ames Laboratory, Ames, Iowa 50022-3020, Phone (515) 294-9462.

Electrokinetic Treatment of Contaminated Soils. Sludges, and Lagoons. Electro-Petroleum, Inc., in conjunction
with Lehigh University, is working on an in situ technique using electrokinetics to remediate soils contaminated
with mixed waste. Electrokinetics refers to the movement of liquids and charged particles relative to one another
under the action of an applied electric field relative to a charged surface. This process involves creating an
underground electric field between an anode and a cathode placed in a contaminated area. This field induces the
movement of contaminants, such as zinc, cadmium, and uranium toward their respective electrode, where the
contaminated groundwater is removed and treated above ground. Electro-Petroleum has targeted contaminants
(such as zinc, mercury, cadmium, chromium, nickel, and lead) in various soils (such as kalonite and
montmorillonite) under various conditions for testing. If successfully developed, this process would allow
inexpensive above-ground treatments to be applied to contaminated c'ayey soils, where groundwater pumping is
ineffective.

Research to date has contributed to a better understanding of the electrokinetic process. For example, some
variables such as soil saturation play a significant role in the process while others such as soil flushing have little
effect. Also anomalies such as backward flow, probably due to zinc hydroxide complexes, have been recorded.
For more information contact J. Kenneth Wittle, Electro-Petroleum Inc., 996 Old Eagle School Road, Wayne, PA
19087, Phone (215) 687-9070.

Chromate Reduction and Heavy Metal Fixation in Soil. Sizemore Technical Services, Inc., is researching
the combination of in situ reduction of Cr (VI) to Cr (III) in soil with the immobilization of heavy metals. This
technique uses the 1986 discovery by Sizemore Technical Services that iron salts reduce Cr(VI) to Cr(III) under
alkaline conditions. Injection of Fe(II) salts into contaminated groundwater causes this chromate reduction to take
place, yielding Fe(III), which coprecipitates many heavy metals. After this reaction, silica solutions are injected
to gel and immobilize the metals in the soil. If successful, this technique will reduce environmental risks and
remediation costs by the in situ containment of metals and radionuclides in soil.

Although experiments are ongoing, the results from the chromate reduction are encouraging. Also,
experiments show that the leaching of metals at 40 ppm loading level is at or below 1 ppm. For further
information contact Klaus Schwitzgebel, Sizemore Technical Services, 2011 Lamar Drive, Round Rock, Texas
78664, Phone (512) 255-1988.

Combined Soil Wash/In-Furnace Vitrification Svstem for Soil Remediation. The Duratek Corp. is working
on a combined system for the remediation and disposal of soil contaminated with mixed waste. The first part of
the system, soil washing, is being set up by one of the subcontractors, Westinghouse Science and Technology
Center. Its purpose is to separate out the non-contaminated soil to minimize the volume of waste needing
vitrification. The soil washing system developed is not energy intensive, has high throughput, and can handle a
wide variety of contaminants. The other part of the system, the in-furnace vitrification of the contaminated wastes,
is handled by the other subcontractor, the Vitreous State Laboratory at the Catholic University of America. In-
furnacc vitrification involves heating the waste to high temperatures, creating a glass substance for the long-term



containment of the contaminated soil. The project is focusing on two sites: Weldon Spring, MO, and Oak Ridge,
. TN. The target contaminants arc radionuclides, heavy metals, inorganic ions, organics, and nitrates. This process

has two main advantages over current techniques. First, unlike in situ vitrification, mis process leaves the site
remediated and not simply a holding cell for contaminants, which must be monitored for leaks. Second, with the
soil washing procedure, the volume of material that needs to be vitrified is greatly reduced; thus decreasing energy
consumption and lowering costs.

Initial test results on the first nine glass compositions prepared from Weldon Spring raffinate sludges are
very encouraging. They demonstrate that the waste form passes the EPA TCLP leach resistance criterion, and that
melt viscosities and conductivities are in the required range for rapid processing. However, the high waste loadings
obtained and the high sulfate content of the sludge result in the separation of a sulfate phase. This has significantly
increased the amount of characterization data needed to fully explore various process options. For more
information contact Ian Pegg, Duratek Corporation, 6700 Guilford Road, Suite 200, Columbia, MD 21046, Phone
(202) 319-6700.

FUTURE TECHNOLOGY DEVELOPMENT NEEDS

The OTD activities described here address some, but by no means all, of the key needs for development
of mixed waste remediation technology. A number of technologies aimed at either radioactive or hazardous waste
may be adapted to mixed waste, but must address the special technical challenges and disposal requirements of
each component. A major need in mixed waste remediation is separation of the components into streams which
can be treated for disposal or destroyed. Disposal in radioactive waste repositories (Waste Isolation Pilot Plant,
the High Level Waste Repository, and the various low level wfiSte repositories) presents significant technical,
administrative, and financial challenges; it is thus of particular advantage to minimize the volume of waste that
must be sent to for these repositories. Implicit in the discussion of R&D needs is that the technologies developed
must be implemented at DOE's sites to yield benefit from the R&D investment. OTD strives to transfer promising
technologies from the R&D phase into integrated demonstrations addressing real DOE problems and from there
into broad implementation.

There are many technological challenges in the mixed waste remediation area and substantial opportunities
for innovative approaches.
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