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ABSTRACT

The U.S. Department of Energy (DOE) Office of Environmental Restoration and Waste
Remediation has created the Office of Technology Development (OTD) to provide new and
improved remediation technologies for the 1 x 108 gal of radioactive waste in the underground
storage tanks (USTs) at five DOE sites. The OTD established the Underground Storage Tank -
Integrated Demonstration (UST-ID) to perform demonstrations, tests, and evaluations on these new
technologies before these processes are transferred to the tank sites for use in full-scale remediation
of the USTs. The UST-ID projects are performed by the Characterization and Waste Retrieval
Program or the Waste Processing and Disposal Program (WPDP). During FY 1994, the WPDP is
funding 12 projects in the areas of supernate processing, sludge processing, nitrate destruction, and
final waste forms. The supernate projects are primarily concerned with cesium removal. A mobile
evaporator and concentrator for cesium-free supernate is also being demonstrated. The sludge
projects are emphasizing sludge dissolution and the evaluation of the TRUEX and diamide solvent
extraction processes for transuranic waste streams. One WPDP project is examining both supernate
and sludge processes in an effort to develop a system-level plan for handling all UST waste. The
other WPDP studies are concerned with nitrate and organic destruction as well as subsequent waste
forms. The current status of these WPDP projects is presented.

THE UNDERGROUND STORAGE TANK CHALLENGE

The greatest financial and technical challenge facing the U.S. Department of Energy (DOE) is the
remediation of the 1 x 10s gal of high-level and low-level radioactive waste in 334 underground
storage tanks (USTs) at its Hanford, Savannah River, Oak Ridge, Idaho, and Fernald sites. With the
exception of Fernald, the waste was generated primarily from plutonium production processes such
as PUREX, REDOX, and bismuth phosphate separations. The waste in a typical UST is partitioned
into three aqueous phases: saltcake, supernate, and sludge. The radioactivity of the waste, 1 x 10n

Bq/L, is primarily due to 137Cs and '"Sr. Major inorganic species result from aluminum nitrate and
concentrated nitric acid that was used for metallic dissolution and from ferrocyanide that was used
for cesium removal. Organic chemicals that were used in large amounts during plutonium production
and subsequent waste stabilization included substituted alkanes (trichloroethane and
tributylphosphate); ketones (acetone, methyl ethyl ketone, and methyl isobutyl ketone); complexing
and chelating agents (citric acid, EDTA, and HEDTA); and hydrocarbons (decane, dodecane, and
kerosene). Prior to storage at Hanford, Savannah River, and Oak Ridge, the pH of the waste was
adjusted to 10-14 with the addition of NaOH. The largest constituent is sodium nitrate.

THE DEVELOPMENT OF NEW REMEDIATION TECHNOLOGIES



The USTs remediation is the responsibility of DOE's Office of Environmental Restoration and Waste
Management (EM), which manages the remediation, waste minimization, and environmental
compliances activities at all DOE sites. EM has determined that cleanup costs for the USTs would
be prohibitive using some of the current baseline technologies. Furthermore, major gaps exist in key
technology areas for processing and disposal of the UST waste. In response, EM created the Office
of Technology Development (OTD) to provide new technologies which can reduce costs, improve
safety, and minimize delays in the UST remediation. The development of the OTD technologies
occurs in two phases, which are research and development (R&D) and demonstrations, tests, and
evaluations (DT&E). The R&D efforts are directed primarily by the Efficient Separations and
Pretreatment - Integrated Program (ESP-IP). After the R&D on new processes is completed, the
Underground Storage Tank - Integrated Demonstration (UST-ID) performs DT&E on the most
promising technologies. The UST-ID studies are performed by the Characterization and Waste
Retrieval Program or the Waste Processing and Disposal Program (WPDP). The results of these
demonstrations will impact the selection of processes that will be used during the full-scale
remediation of the USTs.

The individual sites with USTs have their own technology development projects that are funded
internally by the local Waste Management (WM) organization of EM. The ESP-IP and UST-ID
projects complement these local WM projects. The UST-ID management has been in contact with
the WM organizations at Hanford, Savannah River, Oak Ridge, and Idaho. This dialogue ensures
that the tank sites are aware of the OTD projects and that all site-specific needs are being addressed.
In addition, this exchange prevents duplication of efforts.

WASTE PROCESSING AND DISPOSAL PROGRAM

The WPDP, with the assistance of the WPDP Steering Group, has developed a strategic plan (1).
The five primary objectives of the WPDP are the following:

1. Demonstrate the removal of radionuclides and chemical toxicity from low-level waste.
2. Demonstrate the removal of the constituents contributing to excess volume of high-

level waste (HLW) from HLW sludges and acidic wastes.
3. Demonstrate technologies and strategies to maximize releasable or reusable fractions

from the wastes.
4. Demonstrate technologies and strategies to minimize the requirements for

pretreatment chemicals.
5. Develop improved waste forms to ensure compatibility of pretreated material with

final waste forms.
This strategic plan serves as the basis for managing the WPDP projects. This strategic plan is
updated annually and is incorporated into the annual UST-ID strategic plan.

The current status of the WPDP projects will be discussed. These projects can be grouped into three
key technology areas: supernate processing, sludge processing, and organic/nitrate destruction and
final waste forms.

SUPERNATE PROCESSING PROJECTS

Cesium-Extraction Compact Processing Unit (W. G. Richmond, Pacific Northwest Laboratory)



A compact processing unit (CPU) is a small, portable process unit that is designed to treat UST
supernate at a rate of 2 to 5 gal/min. The current baseline alternative is a large centralized shielded-
canyon structure. Since the CPU is the considerably smaller, treatment technologies can be deployed
faster with a CPU (2). This program is responsible for the design and construction of a CPU for
cesium removal from the UST supernate. This CPU consists of four major subsystems: the
containment system, the process system, the control system, and the process interface system. The
principal design criteria (3) of the components for the cesium ion-exchange CPU are the following:

1. Capacity to process 1 x 10° gal of Hanford double-shell tank waste in 1 year.
2. Cesium removal factor of 1 x 10s.
3. Design that permits relocation using a construction crane and transport trailer.
4. Full compliance with all applicable federal and state regulations.

The CPU will filter the supernate in order to remove the solids, which will be transferred into a
holding tank for alternative processing. The filtered supernate will be adjusted to optimum conditions
for the ion-exchange process. The adjusted waste will then be pumped through three ion-exchange
columns in series in a carousel arrangement to remove the cesium from the waste. This cesium-free
waste will be returned to the tank farm. The CPU is currently planning to use the resorcinol-
formaldehyde resin (4, 5) that was developed at the Savannah River Technology Center (SRTC).
The cesium-loaded resorcinol-formaldehyde resin can be regenerated using nitric acid to the remove
the cesium. The waste with the high cesium concentration will be neutralized and will become a
waste feed stream for the vitrification process.

During the first 3 months of FY 1994, this project has focused on the merger of the EM-30 and EM-
50 work. A successful integration requires resolution of two key concerns. These issues are the
definition of the roles and responsibilities for the project participants, and the specification of the
criteria, functions, and design requirements for the CPU. The first issue, which is being addressed
by EM-30 and EM-50 management, should be resolved in the near future. In an effort to reach
closure on the second issue, CPU design reviews have been conducted at Oak Ridge National
Laboratory (ORNL) and Pacific Northwest Laboratory (PNL). In addition, the functional and
operational requirements for this project were prepared with the assistance of EBASCO and British
Nuclear Fuels, Ltd. (BNFL), and Washington State University has completed its conceptual design
review for the CPU enclosure and design.

During the remainder of FY 1994, this project will finalize the design of the CPU for cesium
extraction, and it will begin to procure the ion-exchange and instrument and control subsystems. This
program will also complete the design of the enclosure and tank farm interface. This project will
continue to work closely with the Initial Pretreatment Module (IPM) project for the implementation
and interface requirements.

Cesium Extraction Testing (J. P. Bibler, Westinghouse Savannah River Company)

The primary mission of this project is to study the ion exchange properties of resorcinol-formaldehyde
resin in the support of the PNL project on the cesium-extraction CPU. This cesium-specific resin
has shown promise in cesium removal from the high-caustic, high-sodium, radioactive wastes that are
stored at Hanford, Savannah River, and Oak Ridge. A 10-mL column with the resin was tested with
a simulant of Tank 101-AW at Hanford. The new results are more conservative than the data from
the study that used 2-mL columns. Fifty percent breakthrough occurred at approximately 150 column
volumes, which is comparable to the breakthrough with the 2-mL columns. Essentially 100% of the



I37Cs was eluted with a maximum of 20 column volumes of dilute nitric acid. Experiments on the
effects of temperature (40-70° C) on the performance of the resin have been completed, but the
results have not been completely analyzed. It should be noted that crystals formed at cold spots
during the 70° C test. Preparations are under way to test the resorcinol resin with real Savannah
River Site supernate in a radioactive cave at the SRTCenter. With the assistance of Purdue
University, this project will model the scaleup from current experimental design to the full-scale
processing unit. Studies have shown that the resin is resistant to radiation as high as 5 x 10* R.

The other key role of this project is to supervise resin degradation research at Clark Atlanta
University. Researchers have determined that the resin in storage has a shelf life of approximately
3-5 years. Investigators at Clark Atlanta University are subjecting the resin to a variety of
atmospheres such as nitrogen, oxygen, water, and ozone in an effort to induce degradation. The resin
will be examined with nuclear magnetic resonance spectroscopy, Fourier transform infrared
spectroscopy; and electron spin resonance spectroscopy. The objectives of this study are to determine
the mechanism of degradation and possible ways to prevent this degradation during storage.

SKID Demonstration of Resorcinol Resin (M. L. Meyer, Westinghouse Savannah River Company)

This project will conduct a large-scale demonstration of the formaldehyde-resorcinol resin's cesium
removal capabilities using the skid-mounted ion exchange demonstration (SKID) unit at the
Westinghouse Savannah River Company. The SKID unit that was manufactured by BNFL consists
of three columns, ancillary valves, pumps, lines, and computer controls. Each ion-exchange column
has an empty volume of 219 gal an^ a void volume of 142 gal when the resin is in place. A resin
slurry lank is being added to the SKID unit to remove resin fines and to slurry the resin into the
columns. The SKID unit can operate in an once-through mode as well as a regenerative mode. Most
of the FY 1994 efforts have focused on the installation of the SKID unit, which is scheduled to be
completed in June of 1994. The issues that have been identified as the critical path items for the
installation are the following: (1) test plan preparation, (2) plant layout/process design, (3)
engineering design, (4) wastewater disposal issues, and (5) permit preparation.

After the SKID unit has been installed, water tests will be conducted to study the hydraulic and
pumping properties of the cesium-specific resorcinol. This study will include slurrying the resin in
and out of the columns using process water. Particle-size studies will monitor for any physical
degradation of the resin due to transport to and from the column. Additional information will be
obtained on the ability to transport the resin as a slurry and on the pressure drops across each column
with the resorcinol resin in place.

In early FY 1995, the cesium decontamination factors will be determined using simulants for the Oak
Ridge Melton Valley Storage Tank (MVST), the Savannah River Site, and the Hanford tank
101-AW. Repeated feed-elute cycles will be conducted with the Hanford simulant to determine the
number of cycles that can be performed before the resin must be replaced. In addition, the need for
prefiltration will be examined using the Hanford simulant with simulated sludge solids.

Mobile Evaporator and Concentrator (D. B. Chamberlain, Argonne National Laboratory)

The purpose of this program is to develop a mobile evaporator/concentrator unit to remove the
significant amount of water that remains after the waste has been retrieved. Approximately 30 wt
% of the UST waste inventory is water. Retrieval of the UST waste will likely result in the addition



of a significant amount of water. Early estimates indicate that the volume of waste will increase by
a minimum of a factor of 3 through water addition. While this additional water should not
significantly impact the cesium-removal ion-exchange process, it may have detrimental effects on the
thermal destruction processes for organics and nitrates. A considerable amount of energy in the
thermal destruction processes will be used to boil the water rather than to destroy orgaincs and
nitrates. This project will develop a transportable, compact system to remove the majority of the
water from the cesium-free waste. This system will be similar to the cesium-removal CPU and will
consist of an evaporator and a concentrator. The evaporator will remove the bulk of the water,
which can be recycled to support further retrieval operations and/or discharged to a soil column if
the release criteria have been met. Additional water removal will be completed by a concentrator
that is specially designed to handle high solids concentration or slurries. The slurry that is discharged
from the concentrator can be directly sent to the organic/nitrate destruction equipment.

In addition to processing the cesium-free solutions, the evaporator and concentrator will be designed
to test the feasibility of reusing nitric acid from the cesium-removal process. The cesium-removal
CPU is planning to use nitric acid to regenerate the resorcinol resin. This regeneration procedure
will produce a high-cesium nitric acid waste stream that is slated for neutralization and return to the
Hanford UST. The removal of nitric acid from this cesium-rich waste stream reduces the volume of
cesium waste and thus, the neutralization requirements. In addition, the recovered nitric acid could
then be used to recover additional cesium from the ion-exchange columns.

The FY 1994 experiments will focus on the proof-of-principle for the mobile evaporator/concentrator.
The TRANSVAP evaporator system, which was developed by Licon, Inc., will be used as the basis
for the UST evaporators. The TRANSVAP system, which has been used to process commercial
nonradioactive solutions, is field deployable, automated, and capable of high decontamination factors.
In addition, the Rototherm concentrator, which is built by Artisan Industries, Inc., will serve as the
basis for the UST concentrator. Preparation of these systems is currently under way.

Comprehensive Sludge and Supernate Processing (B. Z. Egan, Oak Ridge National Laboratory)

The primary mission of this demonstration is to develop the preferred sludge/supernate processing
flowsheet. In addition, a realistic performance assessment for each individual process will be
determined, and the operating results which are needed for the pilot-plant design will be generated.
This program is examining the separation, washing, and the acid dissolution of the solids; the
partitioning of the transuranic (TRU) components from the acid solutions; and the pretreatment of
the supernate and soluble portions. Even though individual processes are known to partition or
destroy specific components, combinations of these processes have not been evaluated. Once the
compatibilities of the various processes are known, the optimum combination for the supernate/sludge
processes will be determined based on cost and waste minimization.

In order to perform realistic evaluations, approximately 5 L of actual sludge/supernate waste from
the MVST at ORNL was successfully transferred to a hot cell. The comprehensive characterization
of this waste is under way, and bench-scale batch tests of the individual processes that have been
proposed for the integrated supernate and sludge processing flowsheets have be initiated. This
demonstration is the first time that liter quantities of actual UST waste are being used for DT&E of
waste remediation technologies.



The supernate studies have measured the distribution coefficients and percent removal of cesium
from several ion-exchange materials. These ion exchangers include resorcinol-formaldehyde resin,
crystalline silicotitanate, potassium cobalt hexacyanoferrate, and composite microspheres that contain
sodium or potassium cobalt hexacyanoferrates in titanium hydrogen phosphate and hydrous titanium
oxide. Preliminary results indicate that all sorbents are effective, and the final results of this study
will be presented in a letter report that is scheduled to be submitted to the WPDP in March of 1994.
Future tests will examine the capabilities of various sorbents to remove strontium and technetium.

SLUDGE PROCESSING PROJECTS

Comprehensive Sludge and Supernate Processing (B. Z. Egan, Oak Ridge National Laboratory)

The sludge studies of this comprehensive supernate/sludge project have focused on the dissolution
of the sludge solids. A 44-gram sample of wet MVST sludge contained 1056 pid of 137Cs; this sample
was washed sequentially twice with 0.16 M sodium hydroxide, once with 0.5 M nitric acid, and twice
with 3 M nitric acid. The dilute caustic washes removed about 63 /uCi of the 137Cs from the solid
sludge. The dilute acid wash removed approximately 14 /j.Ci of 137Cs and trace amounts of cobalt and
europium. The 3 M nitric acid washes removed a total of 436 /iCi of l37Cs so that 543 fjCi remained
with the 19 g of solid. It was noted that a gelatinous precipitate appeared in the leachate from the
first 3 M nitric acid wash after it was left for several days. This gelatinous material is postulated to
be a form of silicic acid. Over 90% of the 60Co and 154Eu was removed from the solids after
completion of the washes. The remaining solids from these washes were mixed with 100 mL of 6 M
nitric acid for 5 days. After mixing, the nitric acid concentration was 5.69 M. This acid leach
removed an additional 212 ^Ci of 137Cs along with 1.44 /tiCi of IS4Eu and 3.2 ^Ci of "Co. At this
point in the leaching study, the cumulative percentages of 137Cs, 154Eu, and ^Co removed were 69%,
97%, and 92%, respectively. The amount of cesium remaining in the sludge solids was significant
even after leaching with 6 M nitric acid.

Future sludge studies will optimize the sludge dissolution parameters such as temperature and
solution/solid ratio. In addition, the TRUEX solvent extraction process will be evaluated in batch
liquid/liquid tests for the partitioning of the actinides.

TRUEX Model Development (G. F. Vandegrift, Argonne National Laboratory)

The Center for TRUEX Technology Development at Argonne National Laboratory (ANL) is
continuing to perform R&D in an effort to broaden the applicability of the TRUEX process for use
on high-level waste (HLW) and TRU waste streams. The TRUEX process (6, 7) is a solvent
extraction process that uses octyl (phenyl)-N,N-diisobutylcarbamoylmethylphosphine oxide (CMPO)
as the key ingredient. The TRUEX process can effectively separate the TRU components from
aqueous nitrate and chloride solutions. These solutions are typically generated in nuclear fuel
reprocessing plant operations in plutonium production and purification. A successful separation
reduces the amount of TRU waste that must be processed by the HLW vitrification plant. Most of
the resulting solutions from the TRUEX process can be disposed of as a low-level waste, which will
greatly reduce the overall cost of final disposal.

In an effort to increase the utility of the TRUEX process, the Center for TRUEX Technology
Development developed the Generic TRUEX Model (GTM) as a tool for designing site- and feed-
specific TRUEX flowsheets and for estimating the space and cost requirements for installing a



TRUEX process (8). The GTM has been recently enhanced through improvements in the
thermodynamic modeling and computer codes. Further enhancements to the GTM during FY 1994
will include the following: (1) the number of aqueous species whose concentrations can be calculated
will be increased from 146 to over 200, and (2) the accuracy of the distribution ratio calculations and
solvent loading will be improved by including the extraction due to tributyl phosphate.

During FY 1994, this ANL project will compare the data from TRUEX studies by the Power Reactor
and Nuclear Fuel Development Corporation of Japan and the Radiochemical Engineering
Development Center (REDC) at ORNL with the predicted results from the GTM. This project will
also use the results from these pilot-plant-scale demonstrations to refine and validate the GTM. In
addition, this work will enhance our understanding of the solution, extraction, and dissolution
chemistry of HLW components.

TRUEX Data Collection and Model Validation (L. K. Felker, Oak Ric National Laboratory)

The REDC at ORNL conducted the first full-scale demonstration TRUEX process, and REDC staff
members are currently validating the GTM. REDC is exceptionally qualified for this project because
of its expertise in the area of fuel reprocessing and its unique facilities. A TRUEX flowsheet was
developed with the assistance of ANL staff. A bank of continuous contactors known as the Solvent
Extraction Test Facility was used for the TRUEX demonstration. The feed was a solution containing
gram quantities of Pu, Am, and Cm from the dissolution of irradiated Mark 42 targets. Throughout
the demonstration, REDC personnel collected samples that were analyzed by the Analytical
Chemistry Division at ORNL.

REDC personnel are currently performing an independent validation of the GTM by comparing the
GTM predictions with the actual Mark 42 results. In addition, areas in the TRUEX process and the
GTM which need changes or further study are being identified. A final report on this TRUEX
demonstration will be submitted by March of 1994.

Commissariat a I'Energie Atomique Interchange (R. T. Jubin, Oak Ridge National Laboratory)

Numerous countries such as France, Japan, and England are funding projects for improving the
chemical processes that are associated with the remediation of nuclear waste. These research
activities are directed at reducing the amount and radiotoxicity of the waste. As a result of these
efforts, several new technologies for the separation of specific radionuclides have been developed.
It is in the national interest to expand our collaborative agreements with the major foreign
organizations that are examining nuclear waste remediation. In particular, the Commissariat a
l'Energie Atomique Interchange (CEA) is prime candidate for a collaboration due to its long-term
development program on the separation of long-lived radionuclides.

Technical interchange, which includes the placement of an ORNL engineer at the CEA in early
1994, will focus initially on the French ACTINEX process, which uses diamides as the extractants
for the actinides. The ACTINEX process will be evaluated against comparable DOE technology,
which includes the TRUEX process. During the course of the interchange, technical
collaborations in other specific areas will be explored. In addition, the ORNL staff member
assigned to CEA will develop a broad understanding of French waste management as a whole.

ORGANIC/NITRATE DESTRUCTION AND FINAL WASTE FORM PROJECTS



8

Nitrate to Ammonia and Ceramic (NAC) Process (A. J. Mattus, Oak Ridge National Laboratory)

Bench-scale feasibility studies (9) using Hanford and Oak Ridge tank waste simulants have
demonstrated that a new low-temperature (50-90° C) process can convert 90 to 99% of the nitrate
to ammonia. This process also produces a nongrout waste that may be superior to glass. In the
nitrate to ammonia and ceramic (NAC) process, aluminum powders or shot is used to convert
alkaline, nitrate-based supernate to ammonia and an alumina-silica-based ceramic solid. The final
nitrate-free ceramic product is then calcined, pressed, and sintered. The product can also be
formed into a glass that can be casted. Volume reductions as high as 70% have been obtained for
the final waste form in the NAC process. In sharp contrast, grouting will lead to volume
increases of 40 to 50%.

Reaction rates from the feasibility study were calculated to approximate the rate in a pilot plant.
The rates were based on a differential nitrate reduction at a point in the reaction where the
nitrate is actively reduced. Since the cost of aluminum is a major part of the overall cost,
maximizing reaction efficiency is essential. This conversion process may be the ideal way to utilize
and dispose of already contaminated scrap aluminum metal from the gaseous diffusion plant.

While the major emphasis in FY 1994 involves the design, construction, and testing of a NAC
pilot plant at ORNL, laboratory studies are also continuing. Actual MVST supernate has been
used in the NAC process. Leach tests were performed on the ceramic pellets from this test, and
the results indicate that I37Cs, 134Cs, 85Sr, ^Sr, ^Co, and "Co are firmly fixed In accordance with
the U.S. Nuclear Regulatory Commission's ANS 16.1 test procedure, no strontium or cobalt was
detected after 30 days of leaching. The leach index (negative logrithm of the diffusion
coefficient) of 137Cs is 13, and the 137Cs leach rate is slowly decreasing with time. The NRC
requires a leach index of greater than 6. The diffusion coefficients of 137Cs in the ceramic pellets
and in glass should be comparable.

In addition, alternative compositions of the final waste forms are being evaluated. Kilograms of
synthetic NAC solids with additives for glass formation have undergone melting tests in crucibles
to determine the presence of any off-gas from the melt. In addition, the time and temperature
for the melt to become homogeneous were approximated using the clarity of the sample.
Observations indicate that a flowable glass can be prepared. However, the need and the ability to
produce a low-viscosity glass that is capable of flowing at a rate of a 100 metric tonnes/day must
still be addressed.

Kinetics and Microwave Studies for the NAC Process (M. A. Ebadian, Florida International
University)

Florida International University was selected to perform kinetic modeling and drying/sintering
studies for the NAC process. The first phase of the experimental study on the kinetics will make
viscosity and heat transfer coefficient measurements for the pipe internal flow. The second phase
of this experimental study will measure the chemical reaction constant. The effects of aluminum
particle size and shape, nitrate and nitrite concentration, pH, and temperature will be determined.
The mathematical modeling will examine a single particle of aluminum and different kinds of
reactors. A case study at different operating conditions will be performed. The drying/sintering
study will compare different methods of drying and densification. The drying process and
chemical composition of the final NAC product will be optimized
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Biological Destruction of Tank Wastes (G. F. Andrews, Idaho Engineering National Laboratory)

The purpose of this project is to demonstrate the feasibility of a biological process for the
remediation of select nitrate waste from the Hanford USTs. The remediation includes the
microbial reduction of nitrates to nitrogen and the separation of the radionuclide and heavy metal
constituents by a combination of precipitation and adsorption on ilie biomass. This project has
identified a mixed culture of natural bacteria that are capable ci denitrification and biosorption.
The bacteria can grow and reduce nitrate in the very high salt concenirations that are found in
the tank wastes.

A description of the preliminary process design is provided. After the bacteria are grown in a
bioreactor, they are mixed with simulated supernate in a biosorption tank. Even though the
bacteria in this tank may be killed, dead and living bacteria biosorb the metals to the same extent.
Filtration of the tank generates a biomass sludge waste that contains the metals and the
radioactivity. The liquid, which contains nitrate and very low levels of metals, is transferred into
the bioreactor. Acetic acid is added as a carbon source for the bacterial growth. The bacteria
reduce the nitrate to innocuous nitrogen gas that is filtered and released to the atmosphere.
Even though remaining metals are adsorbed by the growing bacteria, the metal concentrations are
too low to inhibit the bacterial metabolism. After filtration, the effluent of the bioreactor is a
low-radioactive, nonhazardous salt solution suitable for wastewater treatment.

During FY 1994, this project has three primary objectives. The first goal is to use simulated
supernate tomeasure denitrification and organic degradation process parameters using a 1-L
continuous-stirred tank bioreactors, and chemostats. The measured variables in these experiments
are the gas rate production, the ratio of carbon dioxide to nitrogen, and the rate of mineral acid
consumption. The dissolved organic carbon, particulate organic carbon, and nitrate and nitrite
concentrations are also measured. In addition, inhibition studies to determine the potential
impact of several waste constituents such as EDTA and fluorine have been initiated. The second
objective is to determine the process parameters for biosorption and precipitation using samples
of biomass from the chemostats. The third goal is to evaluate the process effectiveness and
applicability to the UST waste at the conclusion of the experimental studies. This evaluation
includes size and cost estimates for a trailer-mounted biodenitrification CPU that is capable of
processing two gal/min of UST supernate at Hanford.

Alternative Organic Destruction Processes (R. D. Hunt, Oak Ridge National Laboratory)

The current IPM baseline technologies for organic destruction are calcination with a plasma arc
and supercritical water oxidation. The UST-ID has identified a need to examine alternative
organic destruction technologies from universities and private industries. The WPDP manager
has selected an evaluation team. The committee members include an ORNL procurement
specialist, an UST-ID engineer, an UST-ID chemist, and an expert on supercritical water
oxidation from the University of Nebraska-Lincoln. The criteria for the organic destruction
technologies have been determined, and a Request for Informatiun (RFI) has been prepared.
The RFI will be sent to the Commerce Business Daily as soon as it is approved by the DOE
program manager for the UST-ID. After the responses to the RFI have been received and
evaluated, the committee will determine the technologies that should be demonstrated by the
UST-ID. The results of this appraisal will be included in a recommendation report to the WPDP.
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CONCLUSION

The greatest technical and financial challenge facing DOE is the remediation of the USTs. In an
effort to reduce remediation costs, improve safety, and minimize delays, the WPDP has been
conducting DT&E on new separation and treatment technologies. The current WPDP projects
focus on supernate and sludge processing, organic/nitrate destruction, and subsequent waste
forms. The supernate projects were concerned primarily with the development of the
formaldehyde-resorcinol resin and the cesium-extraction CPU. The objectives of the sludge
studies were to develop a complete system-level plan fci handling sludge/supernate and to
evaluate TRUEX and diamide solvent extraction processes for TRU waste streams. The projects
on organic/nitrate destruction and subsequent waste forms include the NAC process,
biodenitrification, and the alternative organic destruction processes. The WPDP projects will
impact the selection of the processes that will be used in the full-scale remediation of the USTs.
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