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Abstract

In response to a Congressional mandate to prepare a roadmap for the development of
Accelerator Transmutation of Waste (ATW) technology, a Technical Working Group comprised
of members from various DOE laboratories was convened in March 1999 for the purpose of
preparing that part of the technology development roadmap dealing with the separation of certain
radionuclides for transmutation and the disposal of residual radioactive wastes from these
partitioning operations. The Technical Working Group for ATW Separations Technologies and
Waste Forms completed its work in June 1999, having carefully considered the technology
options available.

A baseline process flowsheet and backup process were identified for initial emphasis in a
future research, development and demonstration program. The baseline process combines
aqueous and pyrochemical processes to permit the efficient separation of the uranium,
technetium, iodine and transuranic elements from the light water reactor (LWR) fuel in the head-
end step. The backup process is an all- pyrochemical system. In conjunction with the aqueous
process, the baseline flowsheet includes a pyrochemical process to prepare the transuranic
material for fabrication of the ATW fuel assemblies. For the internal ATW fuel cycle the
baseline process specifies another pyrochemical process to extract the transuranic elements, Tc
and I from the ATW fuel. Fission products not separated for transmutation and trace amounts of
actinide elements would be directed to two high-level waste forms, one a zirconium-based alloy
and the other a glass/sodalite composite.

Baseline cost and schedule estimates are provided for a RD&D program that would provide
a full-scale demonstration of the complete separations and waste production flowsheet within 20
years. '
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Report of the ATW Separations Technologies and Waste Forms Technical Working Group

August, 1999

1.0. Introduction

The elimination of certain radionuclides from commercial spent nuclear fuel intended for
disposal in a mined geologic repository can have a significant positive effective on the overall
performance of the repository, as measured by long-term dose effects to the human population in
the vicinity of the repository. The identity of the elements to be transmuted and the efficiency
with which they are to be extracted from the high-level waste product(s) dictate the chemical
processes that must be employed to effect such extraction. For technical guidance, the
Separations Technologies and Waste Forms Technical Working Group (hereafter, TWG)
examined the repository Total Systems Performance Assessment (TSPA) in its most recent form
as done for the repository Viability Assessment (VA). That study demonstrates that significant
dose reductions can be gained by extraction and transmutation of technetium and iodine. It
further mandates that the transuranic elements (Np, Pu, Am, Cm) be transmuted by fissioning,
which also permits the generation of electric power with the ATW system.

Consideration of the TSPA-VA modeling results prompted the TWG to specify a set of
working criteria for the chemical processing of commercial light water reactor (LWR) spent
nuclear fuel for partitioning and transmutation within the framework of the ATW system. First,
the TWG concluded that the removal of uranium from the commercial spent fuel should be done
in such a way that the uranium can be disposed as a non-TRU, Class C low-level waste. This
will remove nearly 95% of the mass of the spent fuel from subsequent, possibly more complex
extraction steps and permit disposal at a cost significantly lower than that for high-level waste
disposal. A target of better than 99.9% recovery of the uranium in the spent fuel has been
established. Because of the importance of the transuranic (TRU) elements to nonproliferation
objectives and to repository performance, a recovery target of better than 99.9% TRU has been
adopted. And finally, the recovery target for technetium and iodine has been set at greater than
95%. These target values refer to overall system performance. A separate report in this
compendium on the effects of partitioning and transmutation on repository performance provides
a description of the factors influencing repository performance and an indication of the bases for
the recovery targets chosen.

For the present purposes of preparing a technology development roadmap, the TWG has
carefully considered the technology options available and identified a baseline process flowsheet
and a backup flowsheet for the initial period of the RD&D program, assumed to be the period
2000-2010. Downselection to a single reference process flowsheet would take place in 2006, to
facilitate preparation for the extensive demonstration period. The baseline process combines
aqueous and pyrochemical processes to permit the efficient separation of the uranium,
technetium, iodine and transuranic elements from the LWR fuel in the head-end step. The




backup flowsheet is an all pyrochemical system. In conjunction with the aqueous process, the
baseline flowsheet includes a pyrochemical process to prepare the TRU material for fabrication
of the ATW fuel assemblies. For the internal ATW fuel cycle the baseline process specifies
another pyrochemical process to extract the TRUs, Tc and I from the ATW fuel. Figure 1
provides the overall baseline process flowsheet It is important to note that this process does not
separate plutonium at any stage.

Considerable deliberation preceded the decision of the TWG to propose an aqueous front-end
process. The decision was driven largely by two factors: (1) perceived ability to meet the purity
requirements for the uranium product that would permit its disposal as a Class C low-level waste,
and (2) technical maturity of the technology, providing assurance that cost minimization targets
could be met. The electrometallurgical process that offers great promise for this application has
not been operated at the scale required, and extensive further development is required to achieve
the uranium product purity targets. The electrometallurgical process is carried as a backup
technology for this purpose, with the necessary development activities to permit a reasonable
evaluation of its feasibility included in the early stages of the recommended program.

The processing of irradiated ATW fuel, assumed for these planning purposes to be
transuranics and various fission product elements contained in a zirconium metal matrix, leads to
some of the least technically mature steps in the overall flowsheet. Because there is limited
commercial experience with the processing of zirconium matrix fuels at these scales,
consideration should be given to the selection of a different fuel matrix — one that not only
embodies ideal nuclear characteristics, but also one that lends itself more readily to chemical
processing. In order to achieve the most economical and practical ATW process, it might be
necessary to compromise somewhat on the fuel design. Nevertheless, the recommended program
has been set forth on the basis of the zirconium matrix fuel, for purposes of conservatism in the
estimates of cost and schedule. A modified fuel would simplify processing, but could have
unacceptable impacts on system performance. A trade study is clearly called for in this case and
should be part of the initial phase of the program.

The overall scenario used for the ATW roadmapping study consists of the eventual
deployment of eight ATW stations, preceded by an initial prototype station with approximately
half the capacity of the full-sized stations. Each of the full-sized stations will comprise eight
transmuter units for fissioning of transuranic elements and transmutation of iodine/technetium
targets. The transmuter units are assumed to operate with metallic fuel having the approximate
composition 23 wt.% TRU and 77 wt.% Zr. A chemical processing plant to support one full-
sized ATW station (8x840 MWt) would have a throughput requirement of about 170 MTHM
LWR spent fuel per year and 26 MT (total fuel mass) ATW-irradiated fuel per year.

This RD&D roadmap recommendation does not address the deployment scenarios for
chemical processing plants, nor does it consider such issues as transportation, IAEA full-scope
safeguards, and measures for materials protection, control and accountancy that would be
required in a deployed plant. Because of the significant impact of deployed plant size on
process scale-up issues, a tacit assumption has been made regarding siting; i.e., that each 8x840
MWt ATW station would be supported by a complete on-site chemical processing system for
both LWR and ATW fuels.
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The high-level waste output of the processing systems will take two forms: (1) a ceramic
waste form, within the defense waste glass composition envelope, that immobilizes Cs, Sr, Ba
and other active metal fission products; and (2) a metallic waste form with nominal composition
Zr-8 wt.% SS (SS: stainless steel) that immobilizes residual Tc as well as other transition metal
fission products such as Mo, Ru and Sb. These waste forms would be virtually identical to the
wastes being produced currently as.part of the demonstration of sodium-bonded metallic fuel
treatment. With proper design, the baseline process will not produce a large volume of liquid
waste.

A three-phase development program for processing technologies is envisioned. The first
phase, consists of laboratory-scale R&D and would comprise flowsheet development and
validation through small-scale testing. The second phase, involving pilot-scale testing, would
include the demonstration of individual process operations. Extensive use of existing hot cells in
the DOE complex would be necessary during this phase. Early in this second phase, the
reference process for plant design will be selected. Pilot-scale operations with the selected
processes would continue, eventually making a transition to the mission of providing fuel
loadings for the early ATW demonstration units and, in the case of the pyrometallurgical
process, operating with the fuel and transmutation assemblies discharged from these
demonstration plants. The third phase of the program, the plant-scale demonstration phase,
would consist of a full-scale demonstration of the integrated reference process. Facilities
constructed during this phase are envisioned to be collocated with the prototype ATW unit
(4x840 MWt).

One key technical barrier that is inherent for the separations processing and waste form
production steps is the nature of the radioactivity to be handled. The transuranics include high-
specific-activity alpha emitters (mostly curium-244) and neutron emitters (curium isotopes and
notably, californium-252), which will be produced in larger amounts as burnups increase in
ATW fuel. Thus, all process steps, including fuel fabrication, must be performed remotely in
shielded facilities. This will require special equipment designs to accommodate remote
operation, equipment maintenance, and equipment replacement. Such operations are currently
done on a small pilot plant scale throughout the DOE complex and there is an extensive
operating/maintenance/replacement experience base—but only on a small scale. Much of the
U.S. experience base with large-scale remote chemical operations is disappearing as
technologists age and retire. By the projected time of implementation of the ATW system, little
of that experience will be available. Scale-up of these operations must therefore be considered as
a major technical barrier.




2.0 LWR Fuel Processing
2.1 Summary

The LWR fuel processing part of the flowsheet is designed to extract from LWR spent fuel
(1) the TRU elements (as metals) for use in the fabrication of ATW fuel, (2) the fission products
Tc and I for inclusion in ATW transmutation assemblies, and (3) the uranium in a form that can
be disposed of as a Class C low-level waste. Three alternatives are being considered to
accomplish these tasks:

Baseline Process. The TWG recommends as the baseline separations process for development a
hybrid system, consisting of an initial PUREX-based aqueous processing step that will be termed
"UREX", followed by a series of pyrochemical steps collectively termed the electrometallurgical
“EM” process. The UREX process would produce a pure U stream for waste, technetium and
iodine streams for target fabrication, and a TRU-fission product oxide stream. The EM process
would then separate the TRUs from the fission products and convert the TRUs to a metallic form
suitable for fabrication of ATW fuel.

Backup Process 1. The recommended backup process is an "all pyro" option that uses a
variation of the basic EM pyroprocess to perform all aspects of the required separations without
any aqueous steps. An “all aqueous” process would be equally viable as a backup to the baseline
process; the technology for this sort of system is well-advanced, and necessary developments to
make it available as a deployment option are within the scope of the baseline program.

Backup Process 2. An alternative backup process consists of an initial UREX aqueous
processing step, followed by an aqueous TRUEX-based step, and in turn followed by the EM
process. The UREX process would produce a pure U stream for waste, technetium and iodine
streams for target fabrication, and a TRU-fission product oxide stream for the TRUEX process.
The TRUEX step would then further separate the TRUs from the fission products. The EM
process would then convert the TRUs to a metallic form suitable for making ATW fuel. This
backup option necessitates the inclusion of a modest amount of R&D to bring the already-
developed TRUEX process to a level that would permit its inclusion in the field of candidates for
the selection of the reference process.

The TWG-selected baseline process includes aqueous-based processing steps for the light-
water reactor spent fuel to remove the bulk materials (zircaloy cladding and uranium). This will
leave only about 4% of the original cladding/fuel mass to be processed in subsequent separations
systems. The baseline process also includes isolation of the fission products iodine and
technetium to enable transmutation of the long-lived 1291 and 99Tc. Figure 2 provides a basic
flowsheet of the baseline (UREX/EM) process.

The following sections describe the current state of the technology, the required state of the
technology and the path required to reach the goals of the ATW process. A timeline for the
associated R&D effort is presented.
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2.2 Current State of Technology
2.2.1 UREX Process

The UREX process is an alteration of the PUREX process, which is used worldwide for
reprocessing commercial spent fuel. Large-scale plants are in operation in England, France, and
Russia and the Japanese are preparing to start up another large plant. The UREX process does
not recover plutonium, but partitions plutonium to the waste along with the fission products.
Uranium recovery and purification are well studied, with a large amount of data available in the
literature. Little additional RD&D will be required to ensure a uranium product that meets NRC
Class C low level waste criteria. Partitioning of plutonium to the waste can be readily
accomplished with existing technology; however, some work will be required to prove that the
chosen complexants and reductants do not contribute to waste volume and do not cause problems
during solvent extraction. Figures 3-5 illustrate the UREX process as presently conceived.

France and Japan have data to show that 97-98% of technetium and 99% of neptunium can
be recovered with uranium and partitioned into different streams for subsequent conversion to
ATW assemblies or targets. Studies exist to show that >95% of the iodine can be removed from
the aqueous feed solution during dissolution by sparging with air and NO. Some RD&D will be
required to identify the best technology for capturing iodine from the off-gas in a form that can
be used for target fabrication.

Although the oxalate precipitation/filtration/calcination process has been used extensively on
the plant scale for conversion of TRU components to oxide, the process is not normally used to
convert multi-components (TRU elements and fission product elements) simultaneously to
mixed oxides; thus, new development work will be required. Also, a more simple and efficient
modified direct thermal denitration process has been developed and demonstrated for uranium
and thus offers a variant with improved performance which should be developed and
demonstrated for mixed TRU and fission product elements.

2.2.2 TRUEX Process

The TRUEX Process was developed in the 1980°s to decontaminate TRU material from
nuclear wastes accumulated in the US at DOE nuclear material production sites. This process
would be used to separate the transuranic (TRU) elements from the uranium extraction process
raffinate. The active extractant in the TRUEX process is n-octyl-phenyl-di-isobutyl-
carbamoylmethyl phosphine oxide (CMPO). The TRUEX solvent extracts the TRU’s and
lanthanides from the uranium extraction process raffinate. The extracted TRU’s and lanthanides
are then stripped from the solvent resulting in a TRU/lanthanide waste stream. The separated
TRU’s would be converted to oxides and then a metal form for transmutation. Additionally, if
the 99T¢ can not be separated in the uranium extraction process it would be separated in the
TRUEX process. The resulting 9Tc stream would be converted into Tc targets for
transmutation. The raffinate from the TRUEX process would contain the fission products, such
as Cs and Sr, and would be prepared for disposal in a geological repository.




Figure 3: UREX Process First Cycle
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Figure 4: UREX Process: 2" U Cycle
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Since the initial development of TRUEX, work has continued throughout the DOE
complex on site specific application of the TRUEX process. The greatest focus on
TRUEX development within the DOE complex is currently underway at the INEEL.
Testing and optimizing the TRUEX process for the treatment of acidic tank waste and
solid HLW calcine (re-dissolved in nitric acid) is being conducted. These waste
inventories were generated from past fuel reprocessing campaigns and facility
decontamination. The TRUEX process has recently been successfully demonstrated with
actual tank waste at the INEEL using 2-cm diameter centrifugal contactors in a shielded
and remotely maintained hot cell facility (RAL). The results of these tests indicate
removal efficiencies for tank waste of: (a) 99.7% for total alpha, (b) >99.9% for **!Am,
and (c) 99.97% for Pu. Similar tests will be conducted for redissolved HLW calcine in
the next year. The process is also being studied in Japan, India, and Italy for the
separation of TRUs from commercial wastes. Other potential solvent extraction -
processes for the separation of the TRU material from acidic waste were reviewed; for
completeness these are listed in Appendix A.

2.2.3 Electrometallurgical Process

Regardless of whether an aqueous/pyrochemical or an “all pyro” option is chosen, the
same two steps are involved in the EM process. The first step is a reduction step, which
reduces the actinide oxides to the metallic form. The second step is an electrorefining
step, which separates the TRU elements from any associated fission products. Associated
with the reduction step is a salt-recovery process that allows recycling of the reduction
salt. Figure 6 provides a basic flowsheet of the EM process steps.

The electrorefiner technology has been well established and electrorefiners capable of
holding 30-kg batches of fuel are in operation. A significant amount of work has already
been accomplished to investigate various molten-salt based processes to perform the
reduction of LWR fuel. The lithium/lithium chloride system was chosen due to its ability
to be scaled-up to large-scale application. Development of the lithium reduction process
has consisted of parallel development of the flowsheet chemistry and engineering issues
associated with process scale-up. The basic chemistry of the lithium reduction process,
including the salt-recovery step, has been demonstrated at the laboratory-scale (30-300 g)
using simulated fuel. Engineering-scale (5-20 kg) experiments have been conducted to
investigate issues associated with process and equipment scale-up. A conceptual design
study for a 10 MTHM/year EM processing plant for LWR fuel has been completed.
Methods for isolation of technetium from the pyro processes have not been developed.

2.3 Target State of Technology
2.3.1 UREX Process

The target state for the UREX technology is a process for spent reactor fuel with a
capacity of 1,440 MTHM commercial LWR spent fuel per year that produces minimum
added waste, with most reagents either recycled or converted to environmentally benign
gases and exhausted through the stack. The process is to produce a uranium product that
meets the criteria for NRC Class C low level waste and contains low amounts of
neptunium and technetium. Further, the process is to reject plutonium to the aqueous
raffinate along with americium, curium and the fission products.




Figure 6. EM Process Flowsheet
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Neptunium and technetium are to be initially co-extracted with uranium and then
separated. The neptunium stream will be combined with the other transuranic stream for
later conversion to oxide. The technetium stream will be converted to metal for
transmutation target fabrication. The raffinate is to contain < 0.1% of the uranium fed to
the process. Iodine is to be removed from the aqueous solution and recovered from the
offgas in a form that is compatible with target fabrication. The process is to be designed
and operated so that the aqueous raffinate is easily converted for further processing to
separate plutonium, americium and curium from the other fission products either by
aqueous or pyrochemical processes.

2.3.2 TRUEX Process

The target state for the TRUEX technology is a process for treating the raffinate
stream from the UREX process that is sized for a capacity of 1,440 MTHM per year. The
TRUEX process should be optimized to produce minimum added waste via recycle or
conversion to environmentally benign gases. The TRUEX Process will produce TRU
material that meets the feed specification for ATW fuel fabrication. TRUEX will reject
fission products such as strontium and cesium to the aqueous raffinate. If goal quantities
of ¥Tc (>95%) have not been removed at this point, then this raffinate stream may
require further processing. The raffinate is to contain < 0.1% of the TRU material. The
process is to be designed and operated so that the aqueous raffinate is user friendly to
waste treatment and disposal, and the product stream (TRU) is easily converted to an
oxide form for feed to the fuel fabrication process.

2.3.3 Electrometallurgical Process

The target state of the EM process is for it to be mature enough to support design of
the demonstration scale plant. In addition to scale-up issues, the technology must be
capable of separation and isolation of I and Tc and to produce a non-TRU uranium
stream. A pilot-scale EM plant that would support the “all pyro” option would have a
capacity on the order of 10 MTHM LWR fuel per year. Based on the results of
conceptual design studies, such a plant would require reduction vessels and
electrorefiners that would hold 125 kg HM batch sizes and a salt-recovery cell (part of
the reduction process) that could electrolytically decompose 1 kg of lithium oxide/hr. For
the reduction and salt-recovery steps this is an order of magnitude greater than what has
been demonstrated to date; for the electrorefiners it is a factor of four greater.

2.4 Key Technical Barriers
2.4.1 UREX Process

The key technical barriers in the case of the UREX process are: (1) removing iodine
from the offgas stream, with low loss to the environment and in a form that is easily
converted to the form needed for target fabrication; (2) achieving neptunium separation
from uranium with high decontamination of the pure uranium product; (3) removing
technetium from the uranium product; (4) minimizing the quantity of technetium
remaining with the noble metals ruthenium and palladium; and (5) identifying plutonium
reductants which do not add waste volume and do not interfere with solvent extraction.
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2.4.2 TRUEX Process

The key technical barriers for TRUEX are: (1) determination of the most applicable
solvent extraction technology to accomplish the TRU separation, (2) identification of the
optimum combination of stripping and wash reagents in order to minimize the generation
of secondary waste during the TRUEX operations, (3) identification of methods for
separation of the actinides from the lanthanides if deemed necessary, (4) development of
solidification processes for the TRU stream, and (5) development of a ®Tc extraction
process.

2.4.3 Electrometallurgical Process

Most of the technology required for the EM steps in any ATW LWR fuel processing
option has been demonstrated at least at the laboratory scale. Thus, for the EM process in
general the major technical challenge is scale-up of the process to support the
construction of the demonstration plant. If the “all pyro” option for LWR fuel processing
is chosen two additional requirements come into effect, the requirement to produce a non-
TRU uranium stream and the requirement to separate Tc from the cladding hulls. The key
technical barriers to achieving the target state of the EM technology are: (1) production of
a non-TRU uranium stream (all-pyro option only), (2) separation of Tc from Zircaloy
cladding hulls (all-pyro option only), (3) separation and isolation of I , (4) fabrication of I
and Tc targets, (5) containment of Am during ATW fuel preparation (final stage of EM
process), and (6) scale-up of all process steps and equipment. Items 4 and 5 are
fuel/target fabrication issues and not EM process barriers.

2.5 R&D Needs
2.5.1 Laboratory-Scale R&D

There are a number of computer models for solvent extraction calculations with
uranium. The best model needs to be selected which includes neptunium and fission
products or can be altered to include data. Calculations need to be made to determine the
optimum number of stages in each portion of the process to obtain the desired results.
Essential data which are not in the literature must be generated in laboratory studies.

Literature review and laboratory studies are needed to determine the best method for
removing iodine from the offgas stream. The process for capturing iodine must allow
easy conversion for target fabrication. There must be evaluation of the need for removal
of other components of the offgas and the best method for disposal of those components.

Laboratory studies are needed of reductants for plutonium which do not add waste
volume. The most frequently used reductant is ferrous ion, but ascorbic acid or other
similar reductants are advantageous because they would not add waste volume. Studies
must ensure that reduction is complete at high acid and that the reductant or its oxidation
products do not interfere with the solvent extraction process such as reducing
decontamination factors or causing the formation of emulsions.




Laboratory studies are needed to confirm co-extraction of technetium and neptunium
along with uranium and their separation into separate streams. The studies will validate
computer models, which then can be used to optimize the overall process for pilot plant
design. Laboratory demonstration that uranium will meet Class C criteria is mandatory.
Laboratory studies are needed for the conversion of the aqueous raffinate to solid oxides.
The key problem is to determine the correct conditions of temperature and airflow to
minimize volatilization of fission products such as ruthenium. In addition, studies of the
safety aspects of evaporation of HNO; solutions containing organics will be required.

Studies are needed on hull leaching to ensure removal of all the Tc and other noble
metals from the hulls. Past work has shown that HNO;-HF mixtures gave best results,
but still did not remove all noble metals. It would be preferable not to use HF since that
adds volume to the waste.

For the TRUEX process, laboratory-scale studies of the extraction behavior of UREX
raffinate and alternative solvent extraction processes are necessary. Computer modeling
must be extended to development of a flowsheet and used in determination of optimum
conditions for processing. Laboratory-scale studies to improve the extraction of Tc via
the TRUEX solvent and recovery of Tc in the solvent wash are recommended, as are
similar studies of alternative solvent wash reagents which will minimize the amount of
unwanted chemicals (e.g., Na) added to the waste streams. Also required is the
development of stripping reagents which will minimize the amount of inert materials in
* the TRU product stream (e.g., stripping with HEDPA would add phosphate).

In the case of the EM technology, this phase will focus on demonstrating that EM is
capable of performing the required separations and that it can be scaled-up to the required
batch size. The end of this phase will be marked by selection of one of the three options
for the LWR fuel-processing step. Included in the phase are the following activities: (1)
verify flowsheet chemistry for all phases of process using simulated and irradiated fuel,
(2) study scale-up issues regarding all aspects of EM process; (3) development of
electrodes for salt-recovery step; (4) optimization of salt-recovery step cell configuration;
(5) study methods to separate Tc from Zircaloy cladding; (6) study methods to prepare
non-TRU uranium; (7) study concurrent and sequential operation of solid steel and liquid
cadmium cathodes (all-pyro option only); (8) study means to isolate I and Tc and prepare
targets; and (9) study behavior of TRU product with regard to Am.

2.5.2 Pilot-Scale Research, Development and Demonstration

Pilot scale demonstrations of all portions of the UREX process including chop/shear
of fuel, dissolution, zircaloy hull leaching, feed clarification, solvent extraction, oxide
preparation from raffinate, and offgas treatment should be conducted. Information
needed for design of the full-scale plant on decontamination factors for iodine,
ruthenium, zirconium/niobium, neptunium and technetium will be obtained during the
testing. In addition, some equipment will be tested for operational characteristics. The
pilot facilities must be capable of producing 100 kg of combined TRU isotopes for the 30
MWt demo ATW unit by 2015 and approximately 1,200 kg of combined TRU isotopes
for the 420 MWt demo ATW unit by 2018. That capability requires processing about
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130 MTHM commercial LWR spent fuel over a period of about 8 years, or an average of
about 100 kg HM per day. This is roughly one-tenth the scale of the demonstration
processing plant.

Pilot scale flowsheet development of the TRUEX (or other chosen) process in
centrifugal contactors (2.0 to 5.5-cm diameter) using waste simulants should be
conducted in this period, followed by demonstration with actual waste solutions. This
stage will also include the pilot scale development and demonstration of solidification
processes for the conversion of waste and product streams to oxide form and
development of remote operations and maintenance of the TRUEX process equipment.
Flowsheet computer modeling will be performed, based on experimental results, to
optimize the flowsheet. Monitoring systems and instrumentation for on-line process
control must also be developed and demonstrated.

This phase will focus on design, construction, and operation of pilot-scale
components of the selected EM process. Included in the phase are the following
activities: (1) engineering-scale (kg batch) tests of reduction step including use of
irradiated fuel; (2) engineering-scale tests of salt-recovery step cell design; (3) corrosion
testing of prospective construction materials for pilot and demonstration-scale plants; (4)
engineering-scale tests of the electrorefiner with reduced irradiated fuel; and (5) pilot-
scale plant trials with unirradiated and irradiated fuel.

2.5.3 Demonstration-Scale Activities

This phase focuses on the design, construction, and operation of the ATW
demonstration plant. Operational tests of prototype full-scale equipment, including
demonstration of the ability to meet functional requirements, must be done. An
integrated demonstration of the process is needed to ensure that the equipment and
processes will operate as needed during the lifetime of the plant. Remote operation,
reliability and maintainability must be demonstrated during the tests.

2.6 R&D Linkages

The laboratory RD&D must be complete in order to design the pilot plant especially
the modeling and validation of the model, raffinate conversion to solids, and offgas
system definition. The target for iodine must be defined in order to develop the process
for removing iodine from the offgas of spent fuel processing.

The LWR fuel processing pilot plant must be sized to give 1,300 kg of TRU for initial °
small ATW demonstration plants between 2009 and 2018.

The primary R&D linkages for TRUEX are (1) the characterization of the UREX
raffinate stream (feed stream for TRUEX) and (2) the characterization of the TRU
product stream for the fuel fabrication process.

The key linkages between the research and development effort on the
electrometallurgical process and other R&D efforts include: (1) efforts to configure the
EM process to isolate I and Tc and the transmutation assembly design and fabrication
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efforts; (2) fuel fabrication efforts and the EM process in regard to the behavior of Am;
and (3) completion of the Demonstration-Scale Facility and production of sufficient
TRU material for the loading of the first ATW core.
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3.0 ATW Irradiated Fuel Processing
3.1 Summary

The ATW fuel-processing portion of the flow sheet is designed to extract the TRU
elements (for recycle into fresh ATW fuel) and technetium and iodine fission products
(for incorporation in ATW transmutation assemblies) from spent ATW fuel and to
provide waste streams that are compatible with either the ceramic (e.g., glass-bonded
sodalite), or metallic (e.g., zirconium - iron alloy) waste form. The TWG selected
pyrometallurgical processes for the treatment of ATW fuel because of their robust and
compact nature, compatibility with the desired waste forms, and cost effectiveness. In
contrast to the LWR fuel processing, high material throughput is not required for the
treatment of spent ATW fuel. The projected material throughput requirement is about
100-200 kg of total fuel mass per day for likely deployment scenarios. Two options are
being considered for treating irradiated ATW fuel, a chloride volatility process and an
electrometallurgical process. The difference between the two options is the method by
which the zirconium, the major component of the fuel, is removed from the TRU’s and
fission products. '

The baseline option for ATW irradiated fuel processing is based on a chloride
volatility process (similar to the Kroll process) for zirconium extraction coupled to an
electrowinning process for TRU and fission product separation. Chloride volatility was
chosen as the mechanism for TRU and zirconium separation because of the high
zirconium content in the fuel and the existing industrial experience in zirconium metal
production. The baseline ATW fuel is a steel clad metallic fuel with a nominal fuel
composition of 23 wt.% TRU — 77 wt.% Zr. The proposed electrochemical processes are
similar to those used by the Integral Fast Reactor Program at ANL and for the
purification of nuclear materials at LANL and LLNL. A simplified flow sheet for the
chloride volatility based process is presented in Figure 7 and described below.

With the chloride volatility process, spent fuel is removed from the target / blanket
system and allowed to cool, the fuel assembly hardware is removed from the pins, and
the fuel pins are chopped. The chopped fuel is chlorinated, and the zirconium along with
other transition metals (e.g., Tc, Ru, Mo) are vapor transported from the crucible
containing the chlorides to a magnesium bath where the metal chlorides are reduced. The
limited solubility of zirconium and the other transported metals in the magnesium allows
for their separation from the magnesium / magnesium chloride mixture. The zirconium-
based metal product is removed from the volatility processing system and any residual
magnesium chloride left on the surface of the product is removed by vacuum distillation
prior to sending the metal to the fuel fabrication process. Magnesium and chlorine are
reclaimed by electrochemically decomposing the magnesium chloride produced during
the reduction process. The remaining metal chlorides (e.g., TRU, rare earths, Cs, Sr) are
transferred from the volatility system to a molten salt bath in which the TRUs are
electrowon from the solution and recycled to fuel fabrication. Periodically, the fission
products are removed from the molten salt and converted to a stable waste form. Iodine
is removed from the molten salt, fabricated into targets and placed in transmutation
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assemblies. The technetium produced by the fission of TRUs in ATW fuel remains in the
zirconium-stream and is recycled into the target / blanket system as part of the fresh fuel.

A variant of the classic chloride volatility technology should also be investigated. It
is referred to as the Molten Salt Chloride Volatility Process (MSCVP). The goal of the
MSCVP, namely digestion of the zirconium matrix, is the same as in the classic chloride
volatility process. In the MSCVP, chlorination of the zirconium matrix occurs in a
molten chloride salt phase and is mediated by a less stable metal chloride such as bismuth
chloride that is soluble in the molten chloride salt. Bismuth chloride is formed by
sparging chlorine gas into a pool of molten bismuth. The molten metal pool lies at the
bottom of a vessel containing a molten chloride salt. The conditions used in this
approach are still sufficiently oxidizing to form gaseous zirconium tetrachloride. The
active metal fission products, rare earths, and transuranic components of the spent fuel
are also oxidized to form non-volatile metal chlorides that are soluble in the molten
chloride salt. Thermodynamic calculations indicate that the noble metals, notably
technetium, rhodium, molybdenum, and ruthenium, are not oxidized in this process and
will remain in the metallic state. The transuranics can then be removed from the molten
salt by electrowinning in the same manner described above for the classic chloride
volatility process. Zirconium metal can still be recovered from the volatile zirconium
tetrachloride using the magnesium reduction approach described above.

Upon comparing classic chloride volatility and MSCVP, it becomes evident that
MSCVP is merely a different way of combining the zirconium chlorination step and the
TRU electrowinning step. The difference between the two approaches lies in the fate of
the noble metal fission products. In the classic chloride volatility approach, technetium,
rhodium, molybdenum, and ruthenium will most likely be chlorinated and distill over
with the zirconium tetrachloride. They are recovered as metals along with zirconium in
the magnesium reduction step. In the MSCVP, the same noble metal fission products
will most likely remain as metals in the basket used to contain the spent fuel as it is
suspended in the molten salt phase.

Although MSCVP does not have the technological maturity of the classic chloride
volatility process, it offers the following potential advantages: (1) decreased likelihood
of corrosion of process equipment by chlorine gas; (2) fewer process transfer steps, by
eliminating the transfer of TRU and fission product chlorides to a molten salt
electrowinning bath; (3) safer management of decay heat from active metal fission
products by immediate dispersal in a molten salt; and (4) concentration of noble metal
fission products (including technetium) in a separate stream as opposed to following
zirconium in the process. This last point may or may not be an advantage depending on
what is the best way to transmute the technetium.

The back-up option for ATW fuel processing is based on electrometallurgical
processes used for the separation of zirconium, TRUs, and fission products. Two types
of electrometallurgical processes are proposed for use in the treatment of spent fuel:
electrorefining and electrowinning. The focus of the electrorefining process is the
extraction or transport of Zr from the spent fuel. Similar to the chloride volatility
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process, the electrorefining process was chosen for zirconium extraction or transport
because of the existing industrial experience in zirconium metal production and
purification. One of the important factors that must be considered in processing ATW
fuel is the rate of zirconium extraction or transport from the fuel. Electrorefining
provides a different transport pathway than the chloride volatility process. The principal
advantages of the electrorefining process are that the cell current controls the Zr transport
rate and no gas phase transport is- required. It also facilitates the partitioning of the TRU,
active metal, and rare earth fission products to the molten salt that allows for more
efficient decay heat management. However, electrorefining of zirconium-based materials
is usually conducted in a mixed chloride / fluoride molten salt medium. Introducing the
fluoride-based molten salt medium also introduces the need for additional waste form
development; perhaps apatite-based waste forms are appropriate. The aforementioned
electrowinning process is used to separate the TRUs from the fission products dissolved
in the molten salt medium. A simplified flow sheet for the back-up processing option is
presented in Figure 8 and described below.

The head-end of the backup option consists of the same spent fuel cooling and
chopping process described for the baseline option. Prior to sending the chopped fuel to
the electrorefining step, it is treated by a hydride / dehydride process that breaks the
zirconium-based fuel into small particles. This increases the fuel surface area and allows
for more efficient dissolution and electrotransport of the zirconium. Zirconium is
extracted from the fuel in the anode and transported to the cathode of the electrochemical
cell while allowing the TRUs to partition to the molten salt. Subsequently, the TRUs are
removed from the molten salt solution by electrowinning and recycled into fresh fuel.
Zirconium is also recycled for use in fresh ATW fuel. Technetium remains at the anode
heel with the other noble metals. This heel is removed from the cell and cast into ATW
transmutation assemblies. lodine partitions to the molten salt where it forms soluble
metal iodides. It must be removed from the salt, collected, and fabricated into targets and
placed into transmutation assemblies. Periodically, the rare earth and active metal fission
products are removed from the molten salt and converted into stabilized waste forms.

3.2 State of Technology

The current state of each of the major technologies proposed for use in the treatment
of ATW fuel is described below. Each paragraph gives a brief description of the scale at
which the technology has been demonstrated, if it has been applied to the treatment of
nuclear fuels, and whether the technology is directly applicable to the ATW system. The
baseline option for ATW fuel treatment is described first. The back-up option is
described in the last three paragraphs of the section. Technologies common to both
options are not repeated for the back-up option.
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Spent Fuel Chopping/Shredding: Chopping of metallic spent nuclear fuel is being
demonstrated at the pilot-scale as part of the program for the Electrometallurgical
Treatment of Spent Nuclear Fuel currently being conducted by ANL. Industrial-scale
experience exists for chopping oxide fuels at large reprocessing facilities in Europe. Both
technologies are directly applicable to ATW. Shredding of metallic spent nuclear fuel is
not a demonstrated technology.

Off-Gas _System: Industrial-scale experiences exist for the recovery of xenon,
krypton, iodine, and other off-gases at large reprocessing facilities in Europe and US
National Laboratories (i.e., INEEL and SRS). Several options, for example cryogenic
distillation or zeolite adsorption, are currently available for use. lodine target production
has been studied at the bench-scale at US National Laboratories. Both technologies are
directly applicable to ATW.

Chloride Volatility Process: The chloride volatility process is commonly used for the
industrial-scale production of zirconium metal. Batch operations are currently within the
desired scale for the plant-scale ATW system. Although thermodynamic calculations and
chemical periodicity based arguments indicate the process is viable for the treatment of
ATW fuel, no experience exists with zirconium-based spent nuclear fuels that contain
fission products and TRUs. No experience exists with the MSCVP approach to spent
fuel treatment. Chloride volatility technology must be modified and demonstrated for
ATW applications.

TRU Electrowinning: Bench-scale experience exists at US National Laboratories (i.e.,
ANL and LANL) for uranium and plutonium extraction from nuclear fuels and molten
salt systems. This technology is directly applicable to ATW fuel treatment.

Fission Product Removal: Reductive extraction, electrowinning and other
pyrometallurgical processes have been demonstrated at the bench- to pilot-scale at US
National Laboratories (i.e., ANL, LANL, LLNL, and ORNL). Each technology is
directly applicable to ATW.

Magnesium Chloride Electrowinning: Industrial-scale experience exists for the
production of magnesium by the electrowinning process. In addition, chlorine getter
technology is commonly employed on the industrial scale both in magnesium production,
and in chlorine gas technology. Both technologies are directly applicable to ATW but
will require modification to deal with potential fission product or TRU contamination.

Hydride / Dehydride: Metal hydriding and dehydriding is common practice in the
specialty metal industry and the nuclear industry. The process is usually used to produce
fine powders from large slugs or ingots. It is demonstrated on the pilot- to industrial-
scale for many different metals. The accompanying hydrogen storage technology is also
demonstrated on the industrial-scale. Both technologies are directly applicable to ATW
fuel treatment.

Electrorefining: Electrorefining of zirconium-based materials is a common method by
which zirconium metal is produced and purified on the pilot- to industrial-scale. No
experience exists in the treatment of zirconium-based spent nuclear fuel. However,
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electrorefining is an established process for the separation of uranium and TRUs from
spent nuclear fuel and the purification of uranium and plutonium. It has been
demonstrated at the pilot-scale at US National Laboratories (i.e., ANL and LANL).
Combining the industrial and National Laboratory experience base enables the direct
application of these technologies to the treatment of spent ATW fuel.

Iodine Separation: Bench-scale experience exists in the separation of iodine from
molten salt systems. This process is different from the off-gas recovery system in that the
iodine is recovered from a molten salt matrix. The technology is applicable to ATW.

3.3 Target-State of Technology

The target-state for the plant-scale treatment of ATW fuel, whether it is by chloride
volatility or electrorefining, is 100-200 kg of ATW fuel per day. It is essential that the
TRUs be extracted as a group from spent ATW fuel and recycled to make fresh fuel. A
recovery efficiency of greater than 99.9% is the target for TRU processing. Technetium
and iodine are also both recovered from spent ATW fuel, fabricated into targets, and used
to produce transmutation assemblies. These two fission products are to be recovered with
greater than 95% efficiency. In the case of the classic chloride volatility approach, the
technetium is recycled with the zirconium and becomes an integral component of the
fuel. No additional technetium recovery process is needed. In addition to the recovery of
TRUs, technetium and iodine, the processing media must be recycled numerous times to
minimize the amount of waste discharged to the repository. Pyrometallurgical processes
allow for multiple recycle of the reagents and are easily designed to produce waste
materials that are compatible with either the ceramic or metallic waste form.

The main treatment processes for both the baseline and back-up options must be
demonstrated at the following scales during the lab- and pilot-scale stages of the
program: lab-scale 1-10 kg ATW fuel and pilot-scale 10-25 kg of ATW fuel. Each
auxiliary process must be demonstrated at a scale proportionate to the appropriate main
process. The demo-scale facility target-state is for the treatment of 3,000 kg of TRU per
year or about 13 MT (total fuel mass) ATW fuel per year. Although the material
throughput requirement is not great for the demo facility, it is a completely integrated
processing facility operating at about half the scale of a deployable plant serving eight
ATW burners.

3.4 Key Technical Barriers

In general, the key technical barriers for the processing of irradiated ATW fuel are
much the same as those encountered in other nuclear chemical engineering environments.
They include optimization of the TRU separation efficiency and select fission product
recovery, process scale and parameter optimization, waste minimization, and materials
compatibility and lifetime in corrosive, high temperature, and radiation environments.

Specific technical barriers associated with components of the baseline option of the
ATW fuel processing include: (1) spent fuel chopping/grinding system reliability at high
throughput; (2) optimization of the interface between the off-gas and chloride volatility
systems; (3) chemical and metallurgical behavior of technetium and the TRUs in the




chloride volatility system; (4) americium, curium, and technetium electrochemical
behavior in the TRU electrowinning process; (5) the development of pilot- to demo-scale
iodine separation processes; and (6) the compatibility of process residues with the desired
waste forms.

The specific technical barriers for the back-up option of the ATW fuel processing are:
(1) the adaptation of zirconium electrorefining experience to the treatment of zirconjum-
based nuclear fuels, which includes studies of the chemical behavior of the TRUs and
technetium in the process; (2) the compatibility of the process residue with currently
proposed waste forms; (3) the development of waste forms capable of accepting fluoride-
based molten salts; and (4) the development of pilot- to demo-scale iodine separation
processes.

3.5 R&D Needs

The RD&D needs for both the baseline and back-up options proposed for the
treatment of ATW fuel are presented. First, the general requirements for each of the
RD&D phases will be discussed. Then, specific RD&D needs are presented for both the
baseline and back-up options.

3.5.1 Laboratory-Scale R&D. The general RD&D needs for the lab-scale studies of
ATW fuel processing are: (1) establish the process chemistry and separation efficiency
for the species targeted by the process; (2) obtain a preliminary material balance for each
process; (3) optimize process chemistry parameters utilizing both experimental and
modeling tools; and (4) establish materials behavior, compatibility and estimates of
material lifetime for each process system. These studies will utilize unirradiated
materials but the work will include the use of TRU elements. The results of the lab-scale
studies will be used to establish a preliminary engineering design and test program for the
pilot-scale studies.

3.5.2  Pilot-scale Research, Development and Demonstration. The RD&D
requirements for the pilot-scale studies of ATW fuel processing include: (1) determining
a moderately detailed material balance for each process and constructing theoretical
estimates of the material balance for an integrated process system; (2) continued
development of optimized process parameters at moderate batch sizes and equipment
scales; (3) verification of species separation efficiencies in larger scale batch processes;
and (4) establish more detailed information regarding materials compatibility and
lifetime. Process chemistry and metallurgy studies will also continue through the pilot-
scale studies. Initially, the studies will use unirradiated materials that contain the TRU
elements. However, the later stages of the pilot-sale studies will involve the treatment of
irradiated ATW fuel. This assumes that hot cell facilities will be available for the studies.
Treatment of irradiated fuel also allows for studies related to decay heat management and
the effect that a high radiation environment has on the process and processing equipment.
The flow sheet used in the demo-scale studies will be selected at the end of the pilot-scale
studies. In addition, the results of these studies will be used to produce a detailed
engineering design for the demo-scale integrated processing system.




3.5.3 Demonstration-Scale Activities. The RD&D needs for the demo-scale studies
of ATW fuel treatment are: (1) establishing a very detailed material balance for the
integrated processing system; (2) verification of pilot-scale separation efficiencies at
demo-scales; (3) optimization of unit and integrated process system parameters; and (4)
the evaluation of processing equipment materials lifetimes. Ultimately, the results of the
demo-scale studies will be used to produce an optimized integrated engineering design of
the first plant-scale ATW chemical processing system.

ATW fuel processing activities and waste form development must be well integrated
throughout each stage of the RD&D program. This integrated process ensures that the
ATW processing residues are kept to a minimum and those that are produced are
compatible with qualified waste forms.

The process specific RD&D needs for the baseline option are: (1) verification of
chopping blade lifetime and high throughput system reliability for spent fuel chopping /
grinding; (2) establishing iodine and chlorine chemistry in the chloride volatility process;
(3) establishing TRU, technetium, and fission product chemistry and metallurgy in the
chloride volatility process; (4) verification of the TRU, technetium, and fission product
behavior in the electrowinning system; (5) electrowinning cell system design
optimization; and (6) waste minimization / waste form compatibility studies.

Specific process RD&D needs for the back-up option are; (1) adaptation of the
zirconium electrorefining technology to spent nuclear fuels; (2) establishing the behavior
of TRUs and fission products in the process; (3) waste minimization / waste form
compatibility studies; and (4) molten salt solvent system optimization. In addition, iodine
sparge chemistry and the associated process system must be optimized for the removal of
iodine from the molten salt medium.

3.6 R&D Linkages

The lab-scale RD&D studies must be complete and the fundamental chemical process
engineering established for each of the proposed batch processes before design of a pilot-
scale system can be completed. Both the chloride volatility and zirconium electrorefining
options must be studied through the laboratory-scale development phase.

Pilot-scale RD&D studies will be demonstrated first for surrogate spent fuel materials
and then for irradiated ATW fuel. New hot cell facilities must be available or existing
facilities refurbished for treatment of the irradiated fuel. Selection of the flow sheet for
use in the demo-scale facility is made in the last stages of pilot-scale operations.




4.0. Waste Treatment and Production of HLW Forms
4.1. Summary

The separations technologies described in the LWR and ATW fuel processing
sections of this report require limited development of high-level waste forms that are
similar to waste forms being produced under the aegis of other programs. The baseline
UREX process for LWR fuel treatment is designed to remove high purity uranjum from
the spent fuel that may then be disposed as a Class C low-level waste. The cladding hulls
from this process will constitute a high-level waste stream. All other high-level waste
will be carried through to the pyrochemical treatment process along with the burnable
materials to be separated for ATW fissioning and transmutation.

There will be secondary wastes (e.g., protective clothing, crucibles, and process
solutions) that will be handled using standard low-level waste treatment methods such as
grouting and volume reduction. It is assumed that this will be true for all secondary
waste from each treatment step. In all cases, secondary waste streams are to be
minimized.

The baseline pyrochemical processes for the front- and back-end treatment operations
will result in two types of high-level waste forms. The waste streams include salt-borne
and metallic materials that are to be immobilized for disposal in glass-bonded sodalite
and a metal waste form alloy, respectively. The development of these waste form
materials is already proceeding; they are presently being qualified for the repository
disposal of fission products and actinides from the treatment of the Experimental Breeder
Reactor-II (EBR-II) spent nuclear fuel. Since ATW systems will destroy TRU actinides
and the most significant long-lived fission products, ATW waste forms will not contain
these long-lived isotopes. The demonstrated behavior of the ceramic and metal waste
forms indicates that they will be more than adequate for application in the ATW concept.

For the first three years of this development program, backup processing options will
be considered. One of the backup LWR spent fuel processing methods contains a
TRUEX step which, if incorporated, will produce aqueous raffinate solutions and other
miscellaneous waste that will contain residual technetium, iodine, and other fission
products. This waste stream would require a different high-level waste form, such as
borosilicate glass. High level waste form materials must be selected, developed, and
evaluated for the backup processing options to provide a basis for comparison to the
baseline processes.

4.2. Current State of Technology

The principal step in the electrometallurgical process is the electrorefining of uranium
metal in a molten salt electrolyte. Two distinct high-level waste streams emanate from
the electrorefiner: (1) fission products and actinides extracted from the electrolyte salt
that are processed into a ceramic waste form, and (2) metallic wastes that are
consolidated into a metal waste form. The ceramic and metal waste form technology
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developed for electrometallurgical treatment (EMT) provides a technical foundation for
the ceramic and metal waste forms that have been postulated for the ATW.

The EMT ceramic waste form is designed to immobilize halides as well as actinide,
alkali, alkaline earth, and rare earth elements (e.g., Cs, Sr, Ba, Ce, and Nd) retained as
ionic solutes in the molten salt. These salt-borne fission products and actinides are
immobilized along with the electrolyte salt by sorbing them into anhydrous Zeolite A.
The salt-loaded zeolite is mixed with glass frit and consolidated into a monolithic body at
a temperature near the melting point of the glass. During this consolidation process, the
zeolite naturally converts to sodalite.

Much of the salt and its solutes remain within the sodalite lattice, but the rare earth
fission products and actinides form stable secondary phases. The ceramic waste form has
been demonstrated to have good corrosion and leach resistance and exhibits adequate
mechanical properties for a high-level waste form; it has also been shown to be effective
for the containment of iodine. For ATW, the expected salt-borne wastes will contain
short-live fission products (e.g., Cs, Sr, Ba, and the rare earths), but TRU isotopes will
not be a waste disposal issue.

The EMT metal waste form comprises remnant metallic constituents that are
electrochemically noble (inert) in the electrorefiner; these metals are melted and cast into
alloy waste forms. The metallic waste includes cladding hulls from the spent fuel
assemblies (which may be steel or Zircaloy), noble metal fission products (e.g., Ru, Re,
Pd, Nb, Mo, and Tc), zirconium metal from the ATW fuel matrix, and remnant uranium
metal. Since cladding hulls represent 85 to 99 wt % of the EMT metal waste stream, the
stainless steel-zirconium (SS-Zr) alloy system was selected for development to minimize
alloying additions. This efficiently incorporates the cladding hulls from the front-end
process.

In the early stages of EMT development, two SS-Zr compositions were selected:
(1) stainless steel-15 wt % zirconium (SS-15Zr) for stainless steel-clad fuel and
(2) Zircaloy-8 wt % stainless steel (Zr-8SS) for Zircaloy-clad fuel. The SS-15Zr waste
form is now a well-characterized waste form material with well-understood properties.
Behavior characterization and qualification testing is well underway for the EMT
demonstration at Argonne National Laboratory. The Zr-8SS development was stopped
after preliminary investigations were complete because there was no near-term mission to
treat Zircaloy-clad fuel. The preliminary data for Zr-8SS properties and behavior were
quite favorable for application as a waste form and it may be a better match for the ATW
metal waste form. However, development work is still needed to bring Zr-8SS
technology to an appropriate level of maturity.

4.3 Target State of Technology

The target state for the waste treatment process is two-fold. First, processing methods
and equipment designs must demonstrate the viability of treating the waste from
processing LWR spent fuel and recycling ATW fuel. Second, the high-level waste form




materials must be well-characterized and ongoing performance assessment and
qualification testing efforts must support repository disposal of the high-level wastes.

To keep pace with the expected annual spent fuel throughput of nearly 170 MTHM
LWR spent fuel per year and 26 MT ATW fuel per year per ATW station [assuming 8.5
ATW stations of 8x840 MWt each; the waste form production facilities must produce
~60 MT per year per stat1on (~24 m” per year) of the ceramic waste form and ~65 MT per
year per station (~8 m’ per year) of the metal waste form. These waste form fabrication
processes and the resulting waste forms must be developed and evaluated under strict
quality controls to satisfy regulatory and repository-specific requirements for geologic
disposal.

During the first three years of the program, the ATW salt-borne waste stream will be
quantified and representative waste form materials will be fabricated for qualification
testing. Processing alternatives will be evaluated and the best method available after 3
years will be demonstrated at the pilot-scale (~25%). Similarly, the ATW metal waste
stream will be quantified and representative Zr-8SS waste form alloys will be fabricated
for behavior testing. After 3 years, the development of Zr-8SS must be completed so that
a selection may be made regarding the waste form composition. Processing methods and
qualification testing plans will be comparable to the methods developed for EMT, and
demonstration equipment will be scaled to achieve the target throughput.

4.4 Key Technical Barriers

The key technical barriers for the ceramic waste form are (1) the definition of the
waste stream composition, (2) the development of full-scale processing methods, (3) the
development of waste minimization and salt recycling technology, and (4) the definition
of process residuals that must go to the waste form (e.g., waste from vapor release) The
full-scale processmg methods must be capable of processing ~75 MT (~33 m®) of the
qualified ceramic waste forms per year for each operating ATW station.

The key technical barriers for the metal waste form are (1) the definition of the waste
stream composition, (2) the characterization and qualification of Zr-8SS waste form, (3)
the development of full-scale processing methods for salt removal and casting, and (4)
the definition of process residuals that must go to the waste form (e.g., residual
technetium, if any) The full-scale processing methods must be capable of processing
~55 MT (~7m®) of the qualified metal waste forms per year for each operating ATW
station.

The definition of both waste streams is strongly dependent on the front- and back-end
treatment processes. It is not possible to declare up-front what these waste streams will
be since they will be defined as the LWR and ATW fuel processing technologies mature.
The metal and ceramic waste forms were selected as the baseline ATW approach because
they are flexible enough to accept a wide variety of waste for immobilization in a high
level waste form.
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4.5 Research Needs
4.5.1 Ceramic Waste Form

4.5.1.1 Laboratory-Scale R&D. This phase will focus on expanding the fundamental
understanding of the salt waste treatment processes being developed for the EMT system
and the development of advanced salt treatment and waste form processing methods for
scale-up to ATW processing equipment. During this phase, the waste form qualification
- activity will be initiated at a low level of effort because of the extensive, long-term nature
of qualification testing.

The following research activities will be required: (1) the salt-zeolite exchange
behavior needs to be fully characterized and modeled to enable the simulation of the
waste treatment process; (2) salt treatment methods must be demonstrated for
concentrating the fission products and recycling the salt electrolyte; (3) high-throughput
fabrication methods must be demonstrated for all processing steps and reference methods
must be selected for pilot-scale equipment; and (4) waste form characterization and
qualification testing must be carried out to evaluate the developing methods and to
initiate the database for repository assessment activities.

4.5.1.2 Pilot-Scale Research, Development and Demonstration. This phase will
focus on the design, construction and operation of pilot scale facilities. In addition to this
engineering task, the following research will continue: (1) modeling the salt treatment
processes to simulate the waste treatment process; (2) basic research on the waste form
material to support the modeling effort and designs for pilot-, demonstration- and full-
scale equipment; and (3) waste form qualification testing and modeling for repository
assessment activities.

4.5.1.3 Demonstration-Scale Activities. = This phase will focus on the design,
construction and operation of an ATW demonstration plant.

4.5.2 Metal Waste Form

4.5.2.1 Laboratory-Scale R&D. This phase will focus on expanding the fundamental
understanding of the metal waste treatment processes being developed for the EMT
system and the development of advanced waste form processing methods for scale-up to
ATW processing equipment. During this phase, the waste form qualification activity will
be initiated at a low level of effort because of the extensive, long-term nature of
qualification testing.

The following research activities will be required: (1) the Zr-8SS alloy must be fully
characterized to evaluate its merit as a waste form material (SS-15Zr is a viable backup);
(2) high-throughput fabrication methods must be selected for the design of pilot-scale
equipment; and (3) waste form characterization and qualification testing must be carried
out to evaluate the developing methods and to initiate the database for repository
assessment activities.




4.5.2.2 Pilot-Scale Research, Development and Demonstration.  This phase will
focus on the design, construction and operation of pilot scale facilities. In addition to this
engineering task, the following research will continue: (1) modeling the casting and salt
removal processes to simulate the waste treatment process; (2) basic research on the
waste form material to support the modeling effort and designs for pilot-, demonstration-
and full-scale equipment; and (3) waste form qualification testing and modeling for
repository assessment activities. .

4.52.3 Demonstration-Scale Activities. = This phase will focus on the design,
construction and operation of an ATW demonstration plant. It will consist of a
conceptual and final design for the demonstration plant.

4.5.3 Waste Forms for Backup Processes

4.5.3.1 Laboratory-Scale R&D.  Some of the backup treatment options (e.g.,
TRUEX) will require the fabrication of an additional waste form. For example, TRUEX
would require a vitrified glass waste form to handle its raffinate solution waste and a
fluoride-based pyroprocess would require a different mineral than sodalite to immobilize
the waste. These alternative waste forms must be developed along with the backup
options to provide a clear basis for comparison with the baseline processes. The
development R&D needs for these waste forms would be similar to the needs described
for the ceramic and metal waste forms.

4.5.3.2 Pilot-Scale Research, Development and Demonstration. There are no
backup options after 3 years. If a “backup” waste form becomes part of the ATW pilot-
scale operations, the R&D needs would be similar to the needs described for the ceramic
and metal waste forms.

4.6 R&D Linkages

The waste form R&D is strongly linked to the LWR and ATW-fuel treatment R&D.
The final waste streams cannot be defined until the final processes are selected and
developed.

In addition, materials handling issues are linked to the waste form R&D. For
example, the off-gas treatment system may need to feed vapor traps and filters into one,
or both, of the waste form processing systems.

And finally, the waste form R&D is also the point where the tail-end of the ATW fuel
cycle returns to the HLW repository. Therefore, the waste form research is strongly
linked to the repository interface of the ATW program. '
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5.0 Schedule

A top-level schedule for the development of ATW separations technologies and waste
forms follows.
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Top-Level Schedule for Development of ATW Separations and Waste Form Technologles

(2000 2001 2002 2008 2004 2008 2008 EN 2008 £ 10 [ 201y 2012 23 2014 (XS 30 (317 X8 2018 2020 2029 £ E=
mkw
(LWR Puul Procemsing

[Cfigas systams

EN

> |

I~ |

G i

ol el L e
T [Davver fosl metie. ko 30 WA Berre. B

50 [Oorer Nout . o 13420 MR decre>| ® orod

3

W ATH Fusl Precessing

bl e O

% [Process ceagn

s]n

ARy e e s rodt) (A A AL LR A A A AR AR LA L AL RS AR}

WY [Ovvar (o omt v 42840 ATW

o nu

32 fT——




6.0 Costs

The projected costs for the RD&D program necessary to develop the separations
technologies and waste form production processes for the ATW system are summarized
below. A greatly increased level of detail is provided in the projected cost tables
included in Appendix B.

It should be noted that these cost projections are preliminary; there has not yet been
an attempt to smooth the cost profiles or to tailor the cost ramp-ups to make them more
realistic with project initiation activities. The principal purpose of the cost estimates in
this document is to provide the decision-maker with an understanding of the general
magnitude of cost involved in developing and demonstrating the ATW separations and
waste forms technologies. The costs shown in Appendix B are readily separable into
three main components: (1) research and development, (2) pilot-scale engineering
demonstration, and (3) full-scale demonstration. Multiple decision points included in the
overall program plan make the real separation of these costs possible; i.e., proceeding
with the R&D stage does not carry with it a commitment to expend funds for
demonstration activities.

It should also be noted that the cost projections begin with U.S. fiscal year 2000.
This is a matter of convenience; if the project start is at a different year, FY2000 in these
tables can simply be referred to as Project Year 1.
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Table I. ATW Separations Technologies and Waste Forms Projected Annual Costs (000)

LWR Fuel Processing ATW Fuel Processing [Waste Form Development| TOTALS

Year Operating Capital Operating Capital Operating Capital Operating Capital TOTAL

2000 $7,835 $0 $6,475 $0 $5,150 $0 $19,460 $0 $19,460
2001 $10,335 $0 $9,525 $800 $5,125 $200 $24,985 $1,000 $25,985
2002 $13,830 $0 $12,525 $1,600 $6,550 $1,400 $32,905 $3,000 $35,905
2003 $9,285 $1,075 $13,775 $2,150 $6,650 $1,550 $29,710 $4,775 $34,485
2004 $12,140 $1,015 $14,775 $2,150 $6,550 $1,400 $33,465 $4,565 $38,030
2005 $10,415 $2,000 $14,800 $1,350 $6,550 $1,000 $31,765 $4,350 $36,115
2006 $9,145 $2,000 $12,650 $1,050 $6,050 $200 $27,845 $3,250 $31,095
2007 $7,700 $100 $10,400 $0 $7,200 $0 $25,300 $100 $25,400
2008 $12,375 $0 $13,700 $500 $7,200 $0 $33,275 $500 $33,775
2009 $13,950 $100 $13,700 $2,500 $7,150 $0 $34,800 $2,600 $37,400
2010 $12,300 $0 $13,465 $3,000 $7,150 $0 $32,915 $3,000 $35,915
2011 $9,050 $0 $10,990 $5,000 $7,150 $0 $27,190 $5,000 $32,190
2012 $10,250 $0 $10,590 $3,250 $8,800 30 $29,640 $3,250 $32,890
2013 $6,450 $60,000 $9,925 $45,150 $8,300 $0 $24,675] $105150f $129,825
2014 $7,700 $95,000 $13,800 $65,000 $8,300 $0 $29,800] $160,000] $189,800
2015 $10,200f $130,000 $19,050 $80,000 $8,300 30 $37,550] $210,000] $247,550
2016 $17,700] $125,000 $19,300 $85,000 $8,300 30 $45,300{ $210,000] $255,300
2017 $56,450f $100,000 $56,245 $35,000 $8,300 $0| $120,995] $135,000] $255,995
2018 $49,200 $0 $35,500 $250 $5,800 $0 $90,500 $250 $90,750
2019 $54,950 $0 $35,500 $200 $0 30 $90,450 $200 $90,650
2020 $58,200 $2,000 $32,500 $100 $0 $0 $90,700 $2,100 $92,800
TOTAL] $399,460] $518,290] $379,190] $334,050] $134,575 $5,750] $913,225; $858,090| $1,771,315
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7.0 Separations Technology Roadmap

The basic research program for development of separations technologies described
above has been summarized as a roadmap in Figure 9. The roadmap shows three
technology options being carried for the LWR Fuel Processing function through the pilot
scale. In FY 2007 a technology selection decision will be made as the design basis for
the LWR demonstration facility.. In light of the lesser state of maturity, the ATW Fuel
Processing function will carry two technology alternatives for a longer period of time.
The technology selection decision will not be made until 2010. The two major waste
forms, glass-bonded sodalite and Zr-metal have already been selected. Alternative waste
forms will also be studied in order to deal with the potential waste streams that may be
generated by the LWR backup option 2. The detailed research and design activities
associated with the separations technology and waste form roadmap are highlighted in
previous chapters.




Figure 9. ED&D Roadmap
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8.0 Material and Isotope Balance

A preliminary mass and isotope
balance has been prepared to assist the
Separations Technology and Waste
Forms TWG size the LWR Fuel and
ATW Fuel processing plants and to
estimate waste volumes and radionuclide
inventories that may be sent to the
repository. The material and isotope
balance is shown as Figure 10 and the
assumptions used to develop the balance
are as follows:

87,000 MTHM Spent LWR Fuel

60 year operating life

1 Prototype Station

4x840 MW transmuters in prototype

station

8 ATW full-sized stations

¢ 8 x 840 MW transmuters per full-
sized station

o System will process 1,450 MTHM/yr

e Nominal Characteristics of LWR
Fuel
- 94.6%U

1.04% TRU

0.084% Tc

0.024% 1

4.25% Other FP

0.29 tons hulls per MTHM

e  99.9% Recovery of TRU in overall
system
- 0.1 % TRU lost to ceramic waste

form

e 99.94% Recovery of TRU from
LWR fuel treatment

e  95% Recovery of I from LWR fuel

treatment

- 4.95% of I is lost to the scrubber
media ' ‘

- 0.05% of I is lost to ceramic
waste form
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95% Recovery of Tc from LWR Fuel

Treatment

- 5% of Tc remains with hulls and
becomes part of Zr metal waste
form ’

99.94% Recovery of TRU by ATW

Fuel Recycle
“Lost “ TRU goes to ceramic

waste

95% recovery of new Tc formed

from fission of TRU in burner

- 5% of Tc lost to Zr metal waste
form

95% recovery of new I formed from

fission of TRU in burner

- 5% of new I lost to ceramic
waste form

Losses of radionuclides in the course

of fuel or transmutation assembly

fabrication have not been considered

Characteristics of Transmuter

- 8x 840 MW ATW Transmuters
per station

- 2.2 MT TRU per core (before
burnup)

- 17.6 MT TRU per station (before
burn-up)

- 22.6 wt% TRU in fuel

- 77.9 MT Total fuel mass in core
per station (17.6 MT + 22.6%)

- 1/3 of core discharged per year

- 30% TRU burn-up at discharge

- 5% of fission TRU becomes Tc
and I
- 76% becomes Tc
- 24% becomes I

- Tcand I Targets are not removed -
and recycled




Figure 10. Preliminary ATW Material and Isotope Balance
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oy e ST
0.015 MT fyr per Station 1.16 MT Tolyr 0.03 MT liyr per Station
0.08 MT Ulyr per Station 0.285 MT liye 0.16 MT Uiyr per Station
3.92 MT Total Fusl Mass 1.371 MT Usyr 7.84 MT Total Fuel Mass

1.77 MT TRUlyr Station 1
4.1 MT TRUAyr 0.14 MT Telyr
0.064 MT Tolyr 0.03 MT tiyr
Proto- 0.02 MT tiyr 0.16 MT Ulyr
Typ e 18.15 MT Total Fuel Mass 7.84 MT Total Fuel Mass
y

Station 5.87 MT TRUAr
0.20 MT Telyr

0.06 MT Uiyr Stations
0.15 MT Ulyr
26.00 MT Total Fuel Mass 2-8

Y,

4
8 x 840 MW ATW Transmuters
2.2 MT TRU/core
17.6 MT TRU/station
77.8 MT Fuel Mass/station
30% TRY Burnup

4.107 MT TRU/yr

0.067 MT Teiyr

0.021 MT Uyr

25,96 MT Total FuelMass

Ceramic Waste Form
ATW Fuel and ATW Fuel Recyle (Glass Bonded Sodalite)

Target Fabrication |~ Pyropracess 5.0025 T TRUT ] & .
0.0011 MT liyr Disposal at Repository

0.0033MT Tclyr/,,i 1.2752.1 MT TRU Lifetime*
1.68 MT Tc Lifetime* 0.56 MT [ Lifetime*

Zr Metal Waste Form

Repository Disposal

* - Lifetime entails cumulative amts.
from 8.5 stations operating for 60 yrs.
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Appendix A. Potential Solvent Extraction Processes for Separation of TRU from
Acidic Waste Stream

DHDECMP Process: Similar to the TRUEX process except the active extractant
is dihexI-N,N-diethylcarbamoylmethylphosphonate which is a weaker extractant than the
CMPO in the TRUEX process. Domestic availability of the extractant could be an issue
for testing and production scale operations. The TRU and lanthanides are extracted by
the solvent and stripped together. Thus the end product stream includes TRU material
and lanthanides. This process has been successfully tested on a pilot scale (5.5 cm
centrifugal contactors) with simulated tank waste at the INEEL.

Phosphine Oxide Process: Uses a phosphine oxide derivative as the active
extractant. Developed jointly between the INEEL and the Khlophin Radium Institute in
Russia. The TRU and lanthanides are extracted by the solvent and stripped together.
Thus the end product stream includes TRU material and lanthanides.  The process has
been successfully demonstrated (<99.5% TRU removal) with actual tank waste at the
INEEL using 2-cm diameter centrifugal contactors in a shielded and remotely maintained
hot cell facility (RAL).

TRPO Process: Developed as a cooperative program between the Tsinghua
University in China and the European Institute for Transuranium elements in Germany.
Uses trialkyl phosphine oxides as the active extractant. Operates most effectively with a
waste acidity < 2.0 M HNO;. The TRU and lanthanides are extracted by the solvent and
stripped together. Thus the end product stream includes TRU material and lanthanides.
The process has been demonstrated with actual commercial HLW solution, diluted ten-
fold, in centrifugal contactors in China. Greater than 99.97% of the Am was extracted
and a D.F. of > 1400 was obtained for **Tc.

DIDPA Processes: Developed by the Japan Atomic Energy Research Institute.
Uses diisodecyl phosphoric acid as the active extractant. This process has the potential
for selective stripping of the actinides from the lanthanides and requires a waste acidity of
< 0.5M HNO;. This low acidity may require dilution which will increase processing time
and possibly waste generation. The DIDPA process was successfully tested in Japan with
actual commercial HLW (denitrated with formic acid) in mixer settlers. Greater than
99.99% of the Am was extracted.

DIAMEX Process: The DIAMEX process was first developed at the CEA
Fontenay-aux-Roses Research Center (France) and the University of Reading (UK).The
active extractant in the DIAMEX process is di-methyl-di-butyltetradecylmalonamide.
The DIAMEX solvent is fully incinerable and is not adversely affected by radiolytic and
hydrolytic degradation. The process requires a waste acidity of greater than 3M. The
TRU and lanthanides are extracted by the solvent and stripped together. Thus the end
product stream includes TRU material and lanthanides. Technetium is not extracted with
this process. This process has been successfully tested with actual waste in France.
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If separation of TRU elements and lanthanide fission products is required for ATW
fuel fabrication, the following separation processes are also under development:

TPTZ: Being developed by the CEA Fontenay-aux-Roses Research Center
(France) and the University of Reading (UK). The process uses a tripyridyltriazine
ligand to selectively extract the TRU material (valence III) from the lanthanides (valence
III). This process has been successfully tested with simulated waste in France.

CYANEX 301™: Being developed in the People’s Republic of China and by
the ITU of Karlsruhe, Germany. Uses bis (2,4,4-trimethylpentyl) dithiophosphonic acid
to selectively separate TRU material (valence III) from the lanthanides (valence III). The
aqueous solution must be adjusted to a pH of 3.5 to 4. This process has been successfully
demonstrated on a bench scale with radioactive waste in China.
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Appendix B. Projected Costs by Program Element for the Period from FY2000
through FY2020 (project years 1 through 21)

42




ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> Total Project Summary, Separations Technologies and 1
FY > Waste Form Production and Characterization 2000
- Labor Cost{ Material | Capital | Total Cost Labor Cost| Material | Capital | Totat Cost
WBS Research Task Description US FTE (5K Cost ($K)| Cost(sK)|  ($K) US FTE (5K) | Cost(sK) | Cost (5K (5K)
1 ‘LWR Fuel Treatment -
Aqueous Procass Option for Uranium
11 Separation (UREX)
1.1.14 Select solvent extraction process model 6 1500 55 )] 1555 1.5 375 - 10 385
112 Studies of lodine recovery from air sparge

o stream 4 1000 70 0 1070 0.5 125 20 1EJ
113 'Pu reductant studies 45 1125 45 1] 1170 2.5 625 30 655
144 Co-extraction studies of Tc and Np 3.5 875 50 0 925 ] [ 0 0 0
115 | Conversion studies on aqueous raffinate to ) )

o {salid oxidas 15 376 25 0 400 0 Q 4 0 Iy}
116 Dissolution studiss of noble metals from hulls a3 750 50 ° 800 ° 0 o 0 o
117 Pilot-scale process flow sheet selection and

T design . 26 6500 0 0 6500 0 4] 2] [¢] 0
118 Construction of pilot-scale UREX test facility 62 15500 1190 0 18690 0 ° ° o o
1.1.9 Cold Test of pilot-scale UREX test facility 15 3750 100 1] 3850 0 0 0 0 0
1.1.10 Operation of pilot-scale UREX test facility 331 82750 2600 0 85350 0 4] 0 0 [}
12 Process transition studies

Conversion of aqueous raffinate to solid
121 oxides 3 750 25 0 775 0 0 Q 0 0
1.2.2 Conversion of aquecus Tc to metaf 2 500 40 0 540 0 0 0 0 0
123 Conversion of iodine to target form 2 500 20 []] 520 [ 0 [ 0 0
124 Conversion of oxide to metal 4 1000 65 0 1065
Aqueous Process Option for TRU & FP
1.3 Separation (Modified TRUEX)
Lab studies on extraction behavior of UREX
131 raffinate 15 375 100 Q 475 1 250 50 Q 300!
132 Process modeling for optimization 1 250 20 0 270 0 0 0 0 0
133 Improved TC extraction studies 1.5 375 30 0 405 0.5 125 10 0 135
134 | Selection of solvent wash reagents 1.5 375 30 0 405 05 125 10 0 135
135 Development of stripping reagents 1.5 375 30 0 405 0.5 125 10 0 136
Pilot-scale procass fiow sheet selection and
1.3.6 design 2.5 625 110 [+ 735
Construction of pilot-scale modified TRUEX
137 test facifity 2.5 625 2000 Q 2625
Cold Test of pilot-scale modified TRUEX test
138 |facility 0 5} 0 1} 0
iOperation of pilot-scale Modified TRUEX test
1.39 facility 6 1500 400 0 1900
Remote maintenance & operations
1.3.10 engineering 1.5 375 1500 1] 1875
1.3.11 Process control & monitoring instrumentation 2 500 1600 0 2100
Electrometaliurgical Processing Option for
14 Uranium, TRU, and FP separation
Verify fiowsheet chemistry for ali phases of
1.4.1 process using irradiated fuel 12 3000 450 0 3450 4 1000 150 0 1150]
study scate-up issues regarding all aspects
142 jof EM process 9 2250 300 [¢] 2550 3 750 100 [+] 850
development of electrodes for salt-recovery ]
143 step 8 1500 150 0 1650 2 500 50 [+] 550
optimization of salt-recovery step cell
144 :configuration [ 1500 150 0 1650 2 500 50 (4 550
Tstudy methods to separate Tc from Zircaloy
145 cladding 8 2000 205 50 2255 1.5 375 25 [} 400
146 study methods to prepare non-TRU uranium 1 2750 540 40 3330 2 500 75 4 575
study concurrent and sequential operation of
solid steel and liquid cadmium cathodes (afl-
14.7 pyro cption only) 6 1500 150 [+] 1650 2 500 50 0 580
study means to isolate | and T¢ and prepare
1.4.8 targets 45 1125 150 [4 1275 1.5 375 50 0 425
study behavior of TRU product with regard to
14.9 Am. 4.5 1125 30 0 1158 1.5 375 10 0 385
Pilot-scale process fiow sheet selection and
1.4.10 design 8 2000 30 ¢ 2030 2 500! 10 0 510
14.11 Construction of pilot-scale EM test facility . 17 4250 500 6000 10750 0 0 0 [ 0
engineering-scale (kg batch) tests of
1.4.12 reduction step including use of iradiated fuel 8 2000 600 0 2600 0 0 0 4] [
engineering-scale tasts of salt-recavery step
1.4.13 cell design 6 1500 300 0 1800 0 Q 0 Q 0
corrosion testing of prospective construction
materials for pilot and demonstration-scale R
1.4.14 plants 2 500 100 0 6800 0 0 0 [+] 0
engineering-scale tests of electrorefiner with
1.4.15 reduced irradiated fuel 8 2000 750 0 2750 0 0 0 0 0
pilot-scale plant trials with unirradiated and
1.4.18 irradiated fuel 30 7500 2250 0 8750 0 Q 0 0 0




ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> . ! Totat Project Summary, Separations Technologies and 1
FY -> Waste Form Production and Characterization 2000
- Labor Cost| Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost
WBS Research Task Description USFTE | ™0 | cost (k)| Cost 5Ky | (sky | US FTE 6| contsi Oostp(‘;?l() P
Full-Scale Demonstration Facility (UREX and .
1.5 Pyro A)
Full-scale demo plant process flow sheet
1.5.1 :selection and design 28 6600 200 100 6900 0 0 0 0 0
152 Construction of full-scale demo facility 195 27500 350| 510100 537950 1] 0 0 0 0
153 Cold Test of full-scale demo facility 375 85500 24000 0] 109500 0 0 0 0 0
154 'Operation of full-scale demo facility 275 68750 11000 2000 81750 4] 0 0 0 )
. SUBTOTAL] 1508 347100]  52360] 518290] 17750] 285 7125 710 o 7e30)
Project Year -> Total Project Summary, Separations Technologies and 1
FY > Waste Form Production and Ch ization 2000
. Labor Cost| Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost
WBS Research Task Description US FTE 5K Cost(5K) | Cost(sK)| (8K US FTE K Cost (8K) Ccstp(|SK) 540
2 ATW Fuel Processing
2.1 Spent Fuel Chopping/Grinding
2.1.1 Pilot-scale 13.5 3375 1150 0 4525
2.1.1.1 Engineering design
2112 System operation
2.1.2 Demo-scale 15.5 3875 2075 0 5950
2.1.2.1 Engineering design
2122 System operation
2.2 Off-Gas System
2.2.1 Lab-scale 30 7500 675 0 8175 35 a75 50 0 925
2.2.1.1 12 getter mateniais
2.2.1.2 12 / C12 chemistry
Materials for handling chloring and volatile
2213 chlorides
2.2.1.4 Engineering dasign for pilot-scale system
222 Pilot-scale 275 6875 2100 0 8975
2221 Getter efficiency studies
Evaluate interface with chloride volatitity
2222 system
‘Engineering design for demo-scale
2223 integrated system
2.2.3 Oemo-scale 8 2000 1000 3} 3000
2231 Getter efficiency for Xe, Kr, T2, and 12
23 Chloride Volatitity
23.1 Lab-scale 66 16750 3500 3200 23450 6.5 1625 500 0 2125
2.3.1.1 Tc chemistry and metailurgy
2312 Materials compatibility
2313 Process parameter optimization
23.14 ;Matenial balance sludies
2315 1Zr recovery and recycle
2.3.1.6 TRU transport studies
2.31.7 Fission product transport studies
23.1.8 Engineanng design for pilot-scale system
232 Pilot-scale 66.5 16625 3500 1] 20125
2321 Chemistry/metalilurgy i
iMaterials balance studies/parameter
2322 ;optimization
2.3.23 :Materials processing
23.24 iMaterials compatibility :
i Engineering design for demo-scale
23.2.5 integrated system
233 Demo-scale 48.5 12125 3750 0 15875
Material balance studies/parametar
2.3.3.4 optimization
233.2 Matenal processing
2333 Engineering design for plant-scale system
2.4 TRU Electrorefining/Etectrowinning
241 {Lab-scale 101.5 25375 3250 4950 33575 7 1750 250 0 2000
24.1.1 TRU etectrochemistry {i.e., Np, Cm)
24.1.2 TRU recovery (i.e., separation) efficiencies
2413 Electrochemistry process optimization
2414 Materials Compatibility
2415 Anode sysiem
24.1.5.1 High throughput design
2418 Cathode system and design
2417 Tc Electrochemistry
24.1.8 Fission product behavior
2418 Engineerng design for pilot-scale system
242 Pilot-scale 66.5 16625 3500 Q 20125
2.4.2.1 Chemistry/metaltiurgy
Materials balance studies/process parameter
2422 optimization
2423 Materials processing
2424 Materials compatibility
Engineering design for damo-scate
24.2.5 integrated system
24.3 Demo-scale 48.5 12125 3750 0 15875

ATWsepcostest. x|




~ ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> Total Project Summary, Separations Technologies and 1
FY -> Waste Form Production and Char ization 2000
. Labor Cost| Materia! | Capital | Total Cost Labor Cost! Material | Capi Total Cost
was Research Task Description USFTE | " | Costisio| Costisy| 8Ky |US FTE 0 | Cost (5K CNP(':‘() s
‘Material balance studies/parameter
24.3.1 {optimization
2432 ;Materials processing :
2.4.33 «Engineering design for plant-scale system 1
25 Active Metal Fission Product Removal
251 Lab-scale 6.5 1625 175 100 1900 1 250 25 0 275]
2.5.1.1 Process testing and seiection
2512 Process Optimization
252 | Pilot-scale 3.5 875 135 0 1010
2521 :Material balance studies j
2.5.2.2 | Process optimization
253 Demo-scale 2 500 60 0 560
2.5.3.1 Material balance studies
2.53.2 Engineering design of plant-scale system
26 MgCi2 Electrowinning
2.6.1 Lab-scale 38.5 9625 1050 850 11525 4 1000 150 0 1150
2.6.1.1 Development of CI2 anode
2.6.1.2 Electrowinning process optimization
2.6.1.3 Materials balance studies
2.6.1.4 Chiorine getter and recycle system
2.6.1.5 Materials compatibility studies
26.16 Engineering design of pilot-scale system
2.6.2 Pilot-scale/Demo-scale system engineering 79.5 19875 4550 0 24425
26.2.1 Chemistry/metalliurgy
Materials batance studies/process parameter
2622 optimization
2623 Materials processing
2.6.2.4 i’ Materials compatibility
2.7 Pilot-scale Demonstration Facility (Pyro B)
Pitot-scale process flow sheet selection and
271 design 52 13000 0 [ 13000
272 Facility mods for pifot-scale operation 13 3250 9350 14400 27000
273 Cold test of pilot-scale tacility 44 11000 1000 0 12000
274 Hot pilot-scale operations 88 14000 6000 0 20000
2.8 Full-Scale Demonstration Facility (Pyro B)
{Full-scale demo plant process flow sheet
281 !selection and design 5 1250 125 0 1375
282 ;Construction of fuli-scale demo facility 28 4200 45 300000 304245
283 iCold Test of full-scale demo facility 375 56250 27000 10350 93600
284 'Operation of full-scale demo facility 225 33750 9000 200 42950 _
: SUBTOTAL 14521 2924501 867401 334050 713240 22 55001 g75 ] i 64
Project Year ->; Total Project Summary, Separations Technologies and 1
FY > ! Waste Form Production and Characterization 2000
H - i Labor Cost!| Material | Capital | Total Cost Labor Cost| Material | Capital | Totai Cost
WBs i Research Task Dsscription USFTE | "™ contisr | costsra] (50 |USFTEL e | Cont (50| Cost (55| (8K
3 ‘Waste Forms . ]
31 | Glass-Bonded Sodalite Wasle Form | i
3.1 ; Processing flowsheet definilion 3i 750 150 0 900 1.5 375 50 0 425
3.1.2 ;Salt treatment method development ! 6 1500 300 [} 1800 2 500! 100 4] 600
313 iWaste form fabrication development & 1500 350 300 2150 2 500! 100 (] €00
31.4 ‘Waste form evaluation 13 3250 550 0 3800 2 500! 100 4] 600
3.1.5 ;Pilot-scale demonstration 43 10750 7700 2700 21150 0 0: 0 0 0
316 Demo plant processing eqpt for CWF 44 11000 13500 0 24500 0 0 0 0 0
317 Demonstration operations 5 1250 1000 0 2250 [y} 0 0 0 0
32 Zr-Metal Waste Form
321 Processing fiowsheet definition 1.5 375 150 0 525 0.5 125 50 0 175
322 ;Casting method development 4 1000 300 150 1450 1 250 100 0 350]
323 12r-8 wt.% SS waste form alloy dev. 3 750 350 0 1100 1 250 100 0 350
3.24 | Waste form evaluation 13 3250 550 0 3800 2 500 100 0 600
325 Pilot-scale demonstration 43 10750 7700 2600 21050 4] 0 0 0 0|
3286 Demo plant processing eqpt for MWF 44 11000 13500 0 24500 [ 4 0 0 0
327 Demonstration operations 5 1250 1000 0 2250 0 0 0 0 0
3.3 Altemative waste forms
331 Glass for TRUEX option 3 750 150 0 900 1 250 50 0 300
332 Mineral waste form, fluoride proc. Option 3 750 150 0 900 1 250 50 Q 300
3.4 Repository interface aclivities )
341 CWF Qualification testing 26 6500 1750 0 8250 1 250 50 0 300
342 MWF Qualification testing . 26 6500 1750 [4] 8250 1 250 50 0 300
343 Performance assessments 19 4750 [}] [{] 4750 1 250 0 0 250
344 Waste packags development 15 3750 2300 0 6050 0 0 0 0 ]
e e Ay RO e s vt -
SUBTOTAL|  325.5 81375 53200 5750] 140325 17 4250 900 Q 5150
TOTALS 3285.5 720925] 192300| 858000| 1771315 6&7.5 16875 2585 Q 19480
Project Year -> Total Project Summary, Separations Technologies and 1
FY > Waste Form Production and Characterization 2000
. Labor Cost] Material | Capital | Total Cost Labor Cost| Material | Capitat | Total Cost
wes Research Task Description us ”E] (8K) ] Cost (SK) | Cost(sK)| _(sK) _|° ”EI (SK)__| Cost($K)| Cost(SK) | (SK)
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> : 2 3
FY -> 2001 2002
- Labor Cost| Material | Capital | Total Cost Labor Costi Material | Capi Total Cost
wes Research Task Description WBs  |US FTE| "0 0% i cotsro | o |USFTE g™ | Cont 80| oo stp(';","() s
1 LWR Fuei Treatment 1
Aqueous Process Option for Uranium
1.1 Separation (UREX) 1.1
1.1.1 Select solvent extraction process model 111 3.5 875 40 Q 915 1 250 5 0 255
112 Studies of lodine recovery from air sparge 112
stream o 2 500 35 Q 535 1.5 375 15 0 390
113 Pu reductant studies 113 2 500 15 [1] 515 0 0 0 0 0
1.14 Co-extraction studies of Tc and Np 1.14 2 500 35 0 535 15 375 15 0 390
115 Conversion studies on agueous raffinate to 115 )
solid oxides © 0 0 4] 4 0 1.5 375 25 0 400
116 Dissolution studies of noble metals from hulls|1.1.6 15 a7s 25 0 400 15 275 25 0 400
147 Pilot-scale process flow sheet selection and 117
o design 0 [ 0 0 0 13 3250 0 0 3250
1.1.8 Construction of pilot-scale UREX test facility [1.1.8 o o ° ° ° 0 ° 0 0 0
1.1.9 Cold Test of pilot-scale UREX test facility 1.1.9 0 0 0 0 0 10 0 0 0 0
1.1.10 Operation of pilot-scale UREX test facility 1.1.10 0 0 0 0 0 4] 0 0 0 0
1.2 Process transition studies 1.2 ] 0
Conversion of aqueous raffinate to solid
124 oxides 121 1 250 10 0 260 2 500 15 0 515
122 Conversion of agueous Tc to metal 122 0 0 "] 0 ¢} 2 500 40 1] 540
1.23 Conversion of iodine to target form 1.23 [}] 0 [1] 0 [] 2 500 20 0 520
1.24 Conversion of oxide to metal 2 500 15 0 515 2 500 50 0 550
Agueous Process Option for TRU & FP
1.3 Separation (Modified TRUEX) 1.3 0 0
iLab studies on extraction behavior of UREX
1.31 raffinate 1.3.1 0.5 125 50 0 175 0 0 0 0 0
132 Process modsling for optimization 132 0.5 125 10 0 135 0.5 125 10 0 135
133 improved TC extraction studies 133 0.5 125 10 0 135 0.5 125 10 0 135
1.3.4 ‘Selection of solvent wash reagents 1.34 0.5 125 10 0 135 0.5 125 10 0 135
135 |Davelopment of stripping reagents 1.3.5 0.5 125 10 0 135 05 125 10 0 135
|Pilot-scale process flow sheet selection and
136 design 136 0 0.5 1261 10 0 135
Construction of pilot-scale modified TRUEX
137 test facility 1.3.7 "] 0 4] Y 0 0
!Cold Test of pilot-scale modified TRUEX test
138 tacility 138 0 0
Operation of pilot-scate Modified TRUEX test
139 facility 138 0 [+
Remote maintenance & operations
1.3.10 engineering 1.3.10 0 O
1311 Process control & monitoring instrumentation 1341 ° o
Etectrometatiurgical Processing Option for
1.4 ‘Uranium, TRU, and FP separation 1.4 [} [}
iVen'fy flowsheet chemistry for ail phases of
141 . process using iradiated fue! 1.4.1 4 1000 150 0 1150 4 1000 150 0 1150
fstudy scale-up issues regarding all aspects
142 jof EM process 14.2 3 750 100 0 850 3 750 100 0 850,
:development of electrodes for saltrecovery
143 step 1.4.3 2 600 50 0 550 2 500 50 0 550
optimization of salt-recovery step cell
1.4.4 configuration 1.4.4 2 500 50 0 550 2 500 50 0 550
study methods to separata Tc¢ from Zircaloy
145 cladding 145 1.5 375 25 0 400 1.5 375 25 400
146 study methods to prepare non-TRU uranium 1,46 2 500 75 0 575 2 500 75 0 575
study concurrent and sequential operation of
solid steel and liquid cadmium cathodes (ali-
14.7 pyro option only) 1.47 2 500 50 0 550 2 500 50 0 550
study means 1o isolate | and Tc and prepare
1438 targets 148 15 375 50 0 425 15 375 50 0 425
. study behavior of TRU product with regard to
14.9 Am. 1.4.9 15 375 10 0 385 1.5 375 10 0 385
Pilot-scale process flow sheet selection and
1.4.10 design 1.4.10 2 500 10 0 510 2 500 10 [ 510
14.11 Construction of pilot-scale EM test facility .  [1.4.11 | [} 0 0 0 0 [}] 0 Y] Q [
engineering-scale (kg batch) tests of
14.12 reduction step including use of irradiated fuef |1.4.12 0 Q0 0 [y} 0 ) 4] 4] 0 0
engineering-scale tests of salt-recovery step
14.13 cell design 14.13 Q 0 Q 0 0 0 0 0 0 0
corrosion testing of prospective construction
materials for pilot and demonstration-scale
14.14 plants 1.4.14 0 -0 0 Q 0 0 0 0 0 ]
engineering-scale tasts of electrorefiner with
14.15 reduced irradiated fuel 1.4.15 0 0 0 0 0 0 0 0 0 [+)
,pifot-scaie plant trials with uniradiated and
1.4.16 {irradiated fuel 1.4.16 0 0 0 0 0 0 0 0 0 o
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year ->! 2 3
FY > i 2001 - 2002
] - Labor Cost| Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost
WBS 1 Research Tasif Description WBS [USFTE $K) Cost($K) | Cost (5K)| (5K US FTE! 5K) Cost ($K) | Cost (sK)| (K0
\Full-Scale Demonstration Facility (UREX and
1.5 iPyro A) 15 1] 0
iFull-scale demo plant process flow sheet
1.5.1 I selection and design 1.5.1 Y] 0 0 0 0 0 0 0 0 0
152 Construction of full-scale demo facility 1.5.2 0 0 0 0 0 0 0 0 0 0
153 Cold Test of full-scale demo facility 153 0j 0 0 0 0 0 0 [1] 0 0
154 Operation of full-scale demo fadlrg’ 1.5.4 0] 0 0 0 _ 0 0 0 0 0 0
: SUBTOTAL 3B 5500 835 O] 10835] 53] 13000 830 o] . 13890
Project Year -> | 2 3
FY > 1 2001 2002
. Labor Cost| Material { Capital | Total Cost Labor Cost|{ Material | Capital | Total Cost
WBS Research Task Description wBS |USFTE| % R0 | Co st"(m ok |USFTE| 8™ Coet 510 Co:“‘('m o
2 ATW Fuel Processing 2
2.1 Spent Fuet Chopping/Grinding 2.1
2.1.1 Pilot-scale 3114
2.1.1.1 Engineering design 2.1.1.1
2.1.1.2 System operation 2.1.1.2
2.1.2 Demo-scale 2.1.2
2.1.2.1 Engineering design 2.1.2.1
2.1.2.2 System operation 2122
22 Off-Gas System 22
2.2.1 Lab-scale 2.2.1 4 1000 100 0 1100 4 1000 100 (4] 1100
2211 12 getter materials 2.2.1.1
22142 12 / CI2 chemistry 2.2.1.2
Materials for handling chicrine and volatile
2243 chlordes 2243
2.2.1.4 Engineering design for pilot-scale system 2.214
222 Pitot-scale 222
2.2.2.1 Getter efficiency studies 2221
Evaluate interface with chloride volatility
2222 system 2222
Engineering design for demo-scale
2223 integrated system 2223
223 Oemo-scale 223 i
2231 i Getter efficiency for Xe, Kr, T2, and 12 2231 i
23 ' Chioride Volatility 23 :
2.3.1 ;Lab-scale 231 8] 2250 500 250 3000 10 2500 500 500 3500
2311 [Tc chemistry and metaiiurgy 2311 ;
2312 :Materials compatibility 23.1.2
2313 iProcess parameter optimization 2313
2314 Material balance studies 2314
2315 .Zr recovery and recycle 23156 .
2316 i TRU transport studies 2316 i
2317 {Fission product transport studies 2.3.1.7 i
2318 :Engineering design for pilot-scale system 2318 1
232 iPilot-scate 232
23.21 :Chemistry/metalilurgy 2321 ‘
;Matenals balance studies/parameter '
2322 ;. optimization 2322 :
2323 {Materials processing 2323
2324 :Mateniais compatibility 2324 ;
:Engineanng design for demo-scale
2325 iintegrated system 2325 |
233 iDemo-scale 23.3
;Material balance studies/parameter
2.3.3.1 ioptimization 23.3.1
2332 Material processing 2332
2333 Engineering design for plant-scale system |2.33.3 |
24 TRU Electrorefining/Electrowinning 2.4 )
2.4.1 Lab-scale 2.4.1 13:5; 3375 500 400 4275 16 4000 500 800 5300
2411 TRU elactrochemistry {i.e., Np, Cm) 2411 |
2.4.1.2 TRU recavery (i.e., separation) efficiencies 12.4.1.2 ;
2413 Electrochemistry process optimization 2413
24.14 iMateriats Compatibility 2414
2415 :Anode system 2415
2.4.1.5.1 iHigh throughput design 24151
2416 iCathode system and design - 12416
2417 Tc Electrochemistry 2417
2418 Fission product behavior 24.18
2419 Engineering design for pilot-scale system 2419
242 Pilot-scale 242 |
2.4.2.1 1Chemistry/metatliurgy 2421 |
Materials balance studies/procass parameter
2422 optimization 2422
2423 Materials processing 2423
2424 :Materials compatibility 2424
"Engineering design for demo-scale
2425 {integrated system 2425
2.4.3 :Demo-scale 243
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> 2 3
FY > 2001 2002
. Labor Cost| Material { Capital | Total Cost Labor Cost| Material | Capital | Total Cost
W8S Research Task Description WBS |USFTE K Cost ($K)| Cost (5K) | (SK) US FTE 5K Cost (5K) | Cost (5K)| (510
{Material balance studies/parameter
2.4.3.1 {optimization 2431
2432 :Matenals pracessing 2432
24.3.3 ‘Engineering design for plant-scale system 12.4.3.3
2.5 Active Metal Fission Product Removal 2.5
2.5.1 Lab-scale 251 1 250 25 0 275 1 250 25 0 275
2511 Process testing and selection 2511 |
25.1.2 :Process Optimization 2512
252 | Pilot-scate 2.5.2
2521 iMaterial balance studies 2.52.4
2522 Process optimization 2.5.2.2
2.5.3 Demo-scale 2563
2.5.3.1 Material balance studies 2531
2532 Engineering design of plant-scale system 2532
26 MgCi2 Electrowinning 26
261 Lab-scale 2.6.1 55 1375 150 150 1675 6 1500 150 300 1950
26.1.1 Development of CI2 anode 26.1.1
26.1.2 Electrowinning process optimization 26.1.2
26.1.3 Materials balance studies 2613
26.1.4 Chlorine getter and recycle system 26.1.4
26.1.5 Materials compatibility studies 26.1.5
2.6.1.6 Engineering design of pilot-scale system 26.1.6
2.6.2 Pilot-scale/Demo-scala system engineering {2.6.2
2.6.2.1 Chemistry/metaliiurgy 26.2.1
Materials batance studies/process parameter
26.2.2 optimization 26.22
2623 Materials processing 2623
26.2.4 Materials compatibility 2624
27 Pilot-scale Demonstration Facility (Pyro 8) (2.7
Pilot-scale process flow sheet selection and
2.7.1 design 2741 8 2000 0 o 2000
272 Facility mods for pilot-scale operation 272
273 Cold test of pilot-scale facifity 273
2.74 +Hot pilot-scale operations 274
28 1Full-Scale Demonstration Facility (PyroB)  [2.8
Full-scale demo plant process flow sheet
28.1 selection and design 281
282 Construction of full-scale demo facility 282 i
283 :Cold Test of full-scale demo facility 283 i
284 iOperation of full-scale demo facility 2.8.4 i
] SUBTOTAL 32: 8250 1275 800 10325 45 11250 12751 1600 14125
Project Year -> 2 3
FY > : 2001 2002
- Labor Cost| Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost
WBSs | Research Task Description WS |Us FTE| "0 O R0 | Cost | 5K 1USFTE " (k) | Cost (8K | Cost (5K)| (816
3 ‘Waste Forms 3
3.1 Glass-Bonded Sodalite Waste Form 3.1
311 ‘Processing flowsheet definition 311 1 250 50 ¢ 300 0.5 125 50 4] 175
3.1.2 1Salt treatment method development 312 2; 500 100 4} 600 2 500 100 4] 600
313 ‘Waste form fabrication development 313 2: 500 150 50 700 2 500 100 250 850
3.14 :Waste form evaluation 314 2! 500 100 [ 600 2 500 100 [ 600
315 Pilot-scale demonstration 3.15 0 0 0 [¢] 0 2 500 200 500 1200
3186 'Demo plant processing eqpt for CWF 3.16 0} 0 [¢] [¢] 0 0 0 0 [} [¢]
317 . Demonstration operations 3.17 Q 0 [¢] [} 0 ¢} Y] 0 ¢} 0|
32 - 2r-Metal Waste Form 32
32.1 'Processing flowsheet definition 321 0.5 125 50 a 175 0.5 125 50 0 175
322 iCasling method deveiopment 3.22 1 250 100 150 500 2 500 100 [} 600
323 :Zr-8 wt.% SS waste form alioy dev. 323 1 250 150 o] 400 1 250 100 [} 350
324 :Waste form evaluation 324 2 500 100 0 600 2 500 100 [s) 600
325 i Pilot-scale demonstration 325 0 0 Q [ 0 2 500 200 650 1350
328 1Demo plant processing eqpt for MWF 3.26 0 0 0 4] 0 [} 0 0 [s] 0
327 :Demonstration operations 327 0 Q 0 0 0 [ 0 0 0 0
33 jAllemative waste forms 33
3.3.1 Glass for TRUEX option 3.3.1 1 250 50 o 300 1 250 50 0 300
332 iMineral waste form, fluoride proc. Option 332 1 250 50 [} 300 1 250 50 4] 300
34 {Repository interface activities 3.4
341 CWF Qualification testing 34.1 1 250 50 [¢] 300 1 250 50 [1] 300
342 MWF Qualification testing 342 1 250 50 Q 300 1 250 50 0 300
343 :Parformance assessments 343 1 250 Q [{] 250 1 250 0 [] 250
3.4.4 aste package developmen! 344 0 0 [1] 1] 0 Q 0 0 0 0
SUBTOTAL 6.5 a125] 1000 200] . 5325] 21 5250 . 1300 . 1400|7950
TOTALS 86.5 21876 3110 1000 25985 118 28500 3405 3000 35905
Project Year -> 2 3
FY-> 2001 2002
Labor Cost| Material | Capital | Total Cost Labor Cost| Materlal | Capital | Total Cost|
WS Research Task Description WBS  JUSFTE Cost (k0| Coat 6y | (5K 1US "TEI (5K) I Cost($K) | Cost (5K)| _(5K)

{$K)
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> | 4 5
FY -> 2003 2004
- Labor Cost| Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost

WBS Research Task Description WBS USFTE o Cost (8K} | Cost (SK) K USFTE K Cost (5K) | Cost (5K P
1 |LWR Fuel Treatment 1

|Aqueous Process Option for Uranium
1.1 ISeparation (UREX) 1.1
1.1 ;Select solvent extraction process model 1.4.14 0 [} o] 0 4] o 0 0 0 0
1.1.2 ’ Studies of lodine recovery from air sparge 112

.stream 4] [ 0 0 0 0 0 0 0 0
113 1Py reductant studies 1.1.3 [} 0 0 0 0 [1] [)) ] 0 [1}
1.1.4 i Co-extraction studies of Tc and Np 114 0 0 0 0 0 4] 0 4 0 0
1145 lConversjon studies on aqueous raffinate to 115 . _

l solid oxides 0 0 0 0 [¢] 0 0 0 0 [
116 Dissolution studies of noble metals from hulis{1.1.6 0 ° 0 ° 0 o 0 o o o
147 Pilot-scale process flow sheet selection and 117

o design 13 3250 0 [ 3250 0 0 0 0 [
118 Construction of pitot-scale UREX test facility [1.1.8 P 500 500 ° 1000 2 5000 490 o 5490
119 Cold Test of pilot-scale UREX test facility 119 0 0 0 0 0 0 0 0 0 0
1.1.10 Operation of pilot-scale UREX test facility 1.1.10 0 0 0 0 0 0 Q 0 0 0
1.2 Process transition studies 1.2 0 0

Conversion of aqueous raffinate to solid
1.2.1 oxides 1.2.1 0 0 0 (] 0 0
122 Conversion of aqueous Tc¢ to metal 1.2.2 0 0 0 0 0 0
1.2.3 Conversion of iodine to target form 1.23 0 0 [ 0 0 0
124 Conversion of oxide to metal 1.24 0 [ 1] 0 0 0
Aqueous Process Option for TRU & FP
1.3 Separation (Modified TRUEX) 13 0 0
Lab studies on extraction behavior of UREX
1.3.1 raffinate 1.31 0 0 Q 4 0 0 0 0 0 0
132 Process modseling for optimization 132 0 0 0 0 [¢] 0 0 0 0 0
133 {improved TC extraction studies 133 0 0 [} 0 0 [7) []] 0 0 0
1.3.4 iSelection of solvent wash reagents 134 [} [] ] 0 0 [} [} 0 0 [s}
135 Development of stripping reagents 1.35 [} 4] 0 0 0 0 [} 0 4] 0
Pilot-scale process flow sheet selection and
136 design 1.3.6 0.5 125 10 0 135 0.5 125 10 0 135
; Construction of pitot-scale modified TRUEX .
137 {test facility 13.7 0.5 125 1000 0 1125 2 500 1000 0 1500
{Cold Test of pilot-scale modified TRUEX test
1.38 ifacility 1.3.8 0 0 0 0 '0 [ 0 0 0 0
{Operation of pilot-scale Modified TRUEX test
1.3.8 facility 1.3.9 0 0 0 0 0 2 500 200 0 700
:Remote maintenance & operations A
1.3.10 ‘engineering 1.3.10 0 0
1341 ;Process control & monitoring instrumentation |, - 0 o
{Electrometaliurgical Processing Option for
1.4 -Uranium, TRU, and FP separation 1.4 0 0
:Verify flowshest chemistry for ali phases of
14.1 iprocess using irradiated fuel 1.4.1 [} 0 0 0 0 0 0 0 0 O
1study scale-up issues regarding ali aspects
142 .of EM procass 142 0 [+} 0 [ 0 0 [+] [¢] 0 0!
development of electrodes for salt-recovery
143 istep 143 0 0 0 0 0 0 0 0 0 0
‘optimization of salt-recovery step cell
1.4.4 | configuration 1.4.4 [+] 0 [¢] [ 0 0 [+] 0 0 ¢}
study metheds to separate T¢ from Zircaloy
145 cladding 145 15 375 100 50 525 1 250 15 0 265
146 study methods to prepare non-TRU uranium :1.4.6 2 500 150 25 675 2 500 150 15 665
study concurrent and sequentia! operation of
solid steet and liquid cadmium cathodes (afl-
147 pyro option only} 14.7 [+} 0 4] 0 [} 0 4] 0 0 [¢]
study means to isolate | and Tc and prepare )
148 targets 148 0 0 0 0 0 0 0 0 0 0
study behavior of TRU product with regard to
149 Am. 149 0 0 0 0 0 0 Q [ 0 Q
Pilot-scale process flow sheet selection and
1.410 design 14.10 1 250 3] 4] 250 1 250 0 0 250!
1.4.11 Construction of pilot-scale EM test facility . 11.4.11 | 2 500 0 1000 1500 2 500 Q 1000 1500
engineering-scale (kg batch) tests of
1.4.12 }reducﬁon step including use of iradiated fuel [1.4.12 3 750 250 0 1000 3 750 250 0 1000
Iiengineering-sca!a tests of salt-recovery step
1.4.13 icelt design 14.13 2 500 100 0 600 2 500 100 0 600
icomosion testing of prospective construction
imaterials for pilot and demonstration-scale
14.14 iplants 14.14 1 250 50 0] - 300 1 250 50 0 3001
!engineering—scale tests of slectrorefiner with ]
14.15 ;reduced irradiated fual 1.4.15 4] [] 0 0 Q 2 500 250 0 750
Ipilot-scale plant trials with unirradiated and
14.16 {irradiated fuel 1.4.16 0 4] 0 0 0 4] 0 0 o 0,
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> | 4 5
FY-> ! 2003 2004
' .- Labor Cost| Material | Capi Total Cost Labor Cost| Materiat | Capital | Total Cost
WBS i Research Task Description wes  |USFTE| Tt O mp(‘:'() ot |USFTE| O et tor0 | conrisr | gsy
'Full-Scale Demonstration Facility (UREX and
15 {Pyro A) 1.5 0 [
iFull-scale demo plant process flow shest
1.5.4 \sslection and design 151 0 0 0 (4 0 0 0 0 0 o]~
152 Construction of fuli-scale demo facility 152 0 0 0 0 0 0 0 0 0 0,
153 Cold Test of fuil-scale demo facility 153 0 0 0 0 0 0 0 0 0 0
154 :Operation of full-scale demo facility 1.5.4 0 0 [} 0 0 0 0 0 0 0
; - SUBTOTAL 28.5 7125 2160 1075 10360 385 9625 2515 1015 13155
Project Year -> | j i 4 5
FY > i 2003 2004
i - Labor Cost| Material | Capital | Total Cost Labor Cost| Material | Capi Total Cost
Wwes Resaarch Task Description wes |us FTE| T % A e | costista| 10 |USFTE | Gost (6K) Costp(‘:(') o
2 ATW Fuel Procassing 2
2.1 Spent Fuel Chopping/Grinding 2.1
2.1.1 Pilot-scale 2.1.1 0.5 125 100 0 225 0.5 125 100 0 225
2.1.1.1 Engineering design 2114
2.1.1.2 System operation 2112
2.1.2 Demo-scale 2.1.2
2121 Engineering design 2.1.2.4
2122 Systemn cperation 2122
2.2 Off-Gas System 2.2 -
2.2.1 Lab-scale 221 5 1250 100 0 1350 5 1250 100 0 1350
2211 12 getter materials 2211
2212 12 1 Ci2 chemistry 2212
Matenials for handling chlorine and volatite
2213 chlorides 2213
2214 Engineering design for pilot-scale system 2214
222 Pilot-scale 222
2221 Getter efficiency studies 2221
Evaluate interface with chloride volatility
2222 system 2222
Engineering design for demo-scale
2223 integrated system 2223
223 Demo-scale 223
2.2.3.1 'Getter efficiency for Xe, Kr, T2, and 12 2231
2.3 :Chioride Volatility 2.3
231 ;Lab-scale 2.31 10.5 2625 500 1000 4125 11 2750 500 1000 4250
23.1.1 i{Tc chemistry and metallurgy 23141
2312 .Materials compatibility 2312
2313 . Process parameter optimization 2313
2314 :Material balance studies 23.1.4
2.31.5 -Zr recovery and recycle 2315
2.3.1.6 {TRU transport studies 2316
23.1.7 \Fission product transport studies i2.3.1.7
2.3.1.8 iEngineering design for pilot-scale system  2.3.1.8
232 iPilot-scale 232
2.32.1 .Chemistry/metalliurgy 2321
iMateriais balance studies/parameter
2322 ‘optimization 2322
2323 : Materials processing 2323
2324 ;Materials compatibility 12324
:Engineen'ng design for demo-scale
2.3.2.5 ‘integrated system 2325
233 :Demo-scale 233
{Material balance studies/parameter
2.3.3.1 | optimization 2.3.3.1
2332 :Matenal processing 2332
2333 Engineenng design for plant-scale system (2.3.3.3
24 TRU Electrorefining/Electrowinning 24
241 Lab-scale 241 17.5 4375 500 1000 5875 17 4250 500 1000 5750
24.1.1 TRU electrochemistry (i.e., Np, Cm) 2411
|
24.1.2 ETRU recovery (i.e., separation) efficiencies [2.4.1.2
2413 i Electrochemistry process optimization 2413
2414 Materials Compatibility 2414
2415 JAnode system 2415
24.151 }High throughput design 2.4.1.51
2.4.1.6 Cathode systam and design o |2.4.4.8 1
2417 Tc Electrochemistry 2417
24.18 Fission product behavior 24.1.8
2419 Engineering design for pilot-scale systerm 2419
242 Pilot-scale 2.4.2
24.2.1 Chemistry/metalliurgy 2.4.2.1
Materials balance studies/process parameter
2422 optimization 2422
2423 Materials processing 2423
2424 1Materials compatibility 2424
i Enginesring design for demo-scale
2425 jintegrated systam 2425
2.4.3 :Demo-scale 2.4.3

ATWsepcostest x




ATW Separations Technology and Waste Forms

Research, Development and Demonstration Cost Estimate

Project Year -> 4 5
FY-> 2003 2004
L Labor Cost| Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost
was Ressarch Task Description WBS |USFTE “isio | costisio | Castistal sk |USFTEl (s | Cost(sK)| Cost(sk)| (8K
iMaterial balance studies/parameter
2.4.3.1 ;optimization 2431
2432 :Materials processing 2432
2.4.3.3 Engineering design for plant-scale system  (2.43.3
2.5 Active Metal Fission Product Removal 25
2.5.1 :Lab-scale 2.51 1 250 25 50 325 1 250 25 50 325,
2511 |Process testing and selection 256.1.1
2.5.1.2 | Process Optimization 25.1.2
252 iPilot-scale 252
2.52.1 Material balance studies 2521
2522 Process optimization 2522
253 Demo-scale 253
2531 Materal batance studies 2531
2532 Engineering design of plant-scale system 2532
26 MgCi2 Electrowinning 26
261 Lab-scale 26.1 [ 1500 150 100 1750 6 1500 150 100 1750)
26.1.1 Development of CI2 anode 26.1.1
26.1.2 Electrowinning process optimization 2612
26.1.3 Materials balanice studies 26.13
26.1.4 Chiorine getter and recycle system 26.14
2615 Materials compatibility studies 26.1.5
2.6.1.6 Engineering design of pilot-scale system 26.16
26.2 Pilot-scale/Demo-scale system engineering {2.6.2
26.2.1 Chemistry/metalllurgy 26241
Materials balance studies/process parameter
26.2.2 optimization 2622
2623 Materials processing 2623
2624 Materials compatibility 28624
2.7 Pilot-scale Demonstration Facility (PyroB) {27
Pilot-scale process flow sheet selection and
271 design 271 8 2000 0 0 2000 12 3000 0 Q 3000
272 Facility mods for pilot-scale operation 272
273 Cold test of pilot-scale facility 273
2.7.4 Hot pilot-scaie operations 274
28 Full-Scale Demonstration Facifity (Pyro B) [2.8
Full-scale dema plant process fiow sheet
281 selection and design 2.8.1 1 250 25 0 275 1 250 25 0 275
282 Construction of fuli-scale demo facility 2.8.2
283 Cold Test of fuli-scale demo facility 283
284 Operation of full-scale demo facility 2.84
| SUBTOTAL 49.5( 12375 1400 2150 15926] 635 13375 1400 2150 16925
Project Year -> 4 5
FY > 2003 2004
e Labor Cost|{ Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost
WBS Research Task Description WBS  USFTEl "y | Cost(5K) Costp(SK) k) [YSFTEl " eky | Cost(sK) Costp(SK) (5K)
3 ‘Waste Forms 3
3.1 iGlass-Bonded Sodaiite Waste Form 3.1
311 .Processing fiowsheet definition 3.1.1 [+]] 0 [4] o} 0 [+] 0 0 0 0
312 ;Salt treatment method deveiopment 31.2 [} 0 0 0 [ 0 [ 0 0 0
313 iWaste form fabrication development 313 Q 4] 0 0 0 0 [¢] 0 0 0
3.1.4 .Waste form evaluation 3.1.4 2 500 100 0 600 2 500 50 0 550
3.1.5 .Pilot-scale demonstration 3.1.5 4 1000 1000 800 2800 4 1000 1000 800 2800
3.16 iDemo plant processing eqpt for CWF 3.16 4 0 0 0 Q 0 [} 0 [\ 0!
317 ,Demonstration operations 3.1.7 g 0 Q 0 0 Q 0 0 4 0
3.2 2Zr-Metal Waste Form 32
3.2.1 Processing fiowsheet definition 321 a 0 0 0 0 1] 0 0 0 0
322 Casling method development 322 Q 0 Y [s] 0 [1] 0 0 0 4
3.23 2r-8 wt.% SS waste form alioy dev. 323 ] [+] [} 0 [}) [¢] 0 [) [(] [¢]
3.24 Waste form evaluation 324 2 500 100 0 600 2 500 50 Q 550
325 Pilot-scale demonstration 325 4 1000 1000 750 2750 4 1000 1000 600 2600
326 Demo plant processing eqpt for MWF 326 0 [4] 0 4] 1] 0 0 ] [¢]
327 Demonstration operations 327 0 [} ] 0 0 0 0 0 0 [
3.3 Alternative waste forms 3.3
3.3.1 Glass for TRUEX option 3.3.1 0 0 0 0 0 0 0 0 0 0
332 Mineral waste form, fluoride proc. Option 332 0 0 3] 0 0 0 0 0 0 0
3.4 Repository interface activities 34
3.4.1 CWF Quatification testing 3.4.1 2 500 100 0 600 2 500 100 [}] 600
3.4.2 MWF Qualification testing 34.2 2 500 100 0 600 2 500 100 Y 600
343 Performance assessments 343 1 250 [ 0 250 1 250 0 [} 250
3.4.4 Waste package development 34.4 0 0 1] 0 0 0 1] 0 EO 0
SUBTOTAL 7 4250|  2400] 1550 B200] 17 a250] 2300 1400] . 7950]
TOTALS 95 23750 5980 4775 34485 108 27250 6215 4565 38030
Project Yesr -> 4 5
FY -> 2003 2004
o T Labor Cost| Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost
WS - Research Task Description wes s FTE| e P o (SK)l ool 0 [USFTEl " (sig | cost (SK)J Cost(5K)| (8K
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> 6 7
Y > 2005 2008
- Labor Cost{ Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost
WBS Research Task Description WBS |USFTE| ™0 | costisio|costiska| (510 |USFTEL 0 | Cont(sio| Cont(5K0] (819
1 LWR Fuel Treatment 1
Aqueous Process Option for Uranium
1.1 Separation (UREX) 11
144 iSelect solvent extraction process model 114 0 0 0 ['] 0 [} 0 0 0 [3)
14.2 Studies of lodine recovery from air sparge 112
o 'stream T 0 0 0 0 Q 0 0 0 0 0
113 Pu reductant studies 1.13 0 0 0 0 0 1] 0 0 0 0
1.14 Co-oxtraction studies of Tc and Np 1.14 0 0 0 0 0 1] 0 0 0 0
115 Copversjon studies on aqueous raffinate to 145
s solid oxides -0 [ 0 0 0 0 0 0 0 0!
1.16 Dissolution studies of noble metats from hulis{1.1.6 0 0 0 ° 0 0 ° ¢ o o
147 Pilot-scale process flow sheet selection and 117
o design o 0 0 0 0 0 0 0 0 0 0
1.18 Construction of pilot-scale UREX test facility {1.1.8 20 5000 100 o 5100 20 5000 100 o 5100
1.19 Cold Test of pitot-scale UREX test facility 1.1.9 o] Y 0 0 0 0 0 [ 0 0
1.1.10 Operation of pilot-scale UREX test facility 1.1.10 0 0 0 V] 0 0 4] [} 0 0
1.2 _{Process transition studies 1.2 [} 0
Conversion of aqueous raffinate to solid
1.2.1 oxides 1.2.1 0 [
122 Conversion of aqueous Tc to metal 122 0 0
123 Conversion of iodine to target form 123 0 0
1.24 Conversion of oxide to metal 1.24 0 0
Aqueous Process Option for TRU & FP
1.3 Separation (Modified TRUEX) 1.3 [*] 0
iLab studies on extraction behavior of UREX
134 iraffinate 1.3.4 0 0 0 0 0 0 0 0 0 0
132 ; Process modeling for optimization 132 0 0 0 1] 0 0 0 0 0 0
133 Improved TC extraction studies 133 0 0 0 [ 0 0 0 0 0 0
1.3.4 Selection of solvent wash reagents 134 0 0 0 0 [+] 4] 0 0 0
1335 Development of stripping reagents 135 0 0 0 ¢] 0 0 0 0 0
Pitot-scale process flow sheet selaction and
136 design 136 0.5 125 10 0 135 0.5 125 70 0 195
:Construction of pilot-scale modified TRUEX
137 ‘test facility 137 0 0 0 0 0 4] 0 0 [¢] 0
iCold Test of pilot-scale modified TRUEX test
138 Jfacility 13.8 [1] 0 0 0 [1] 0 0 1} 0 0
{Operation of pilot-scaie Modified TRUEX test
139 Macility 139 2 500 100 0 600 2 500 100 o 600
iRemote maintenance & operations
13.10 iengineering 1.3.10 0.5 125 500 0 625 0.5 125 500 o] 625
i
1311 iProcess control & monitoring instrumentationf, 4 05 125 100 0 25|  o0s 125 500 0 625
i Electrometalturgical Processing Option for :
14 {Uranium, TRU, and FP separation 1.4 0 0
| Verify flowsheet chemistry for all phases of
1.4.1 iprocess using iradiated fuel 1.4.1 0 V] 0 0 0 0 0 ¢} 0 0
; study scale-up issues regarding all aspects
142 jof EM procass 14.2 0 0 0 [ 0 0 [ 4 0 0
-development of electrodes for salt-recovery
143 istep 143 0 0 0 0 0 0 ] [ 0 0
iopﬁmizauon of salt-recovery step cell
144 ,configuration 144 4 0 0 0 0 0 0 0 0 0
'study methods to separate Tc from Zircaloy
14.5 cladding 145 1 250 15 0 265 0 0 Q [ [4]
146 study methods to prepare non-TRU uranium [1.4.6 1 250 15 0 265 0 0 (¢} 0 0
study concurent and sequential operation of
solid steel and liquid cadmium cathodes (all-
147 pyro option only) 147 0 0 0 0 0 0 0 0 0 0
study means to isolate | and Tc and prepare
148 targets 148 0 0 0 0 0 0 0 0 0 (4]
study behavior of TRU product with regard to
149 {Am, 1.4.9 (4] Q 0 0 0 0 0 0 4] Q
Pilot-scale process flow sheet selection and
14.10 design 1.4.10 [} [¢] [s] 0 0 0 0 [4] 0 0
1411 Construction of pilot-scale EM test facility ~ |1.4.11 4 1000 0 2000 3000 4 1000 [ 2000 3000
engineering-scaie (kg batch) tests of o
1412 reduction step including use of irradiated fuel [1.4,12 2 500 100 0 600 0 0 Q 0 0
engineering-scale tests of salt-recovery siep
1.4.13 cell dasign 1.4.13 2 500 100 0 600 Q 0 0 ] 0
corrosion tasting of prospective construction
materials for pilot and demonstration-scale
14.14 plants 1414 Q 0 0 [¢] Q [ Q 0 0 0
engineering-scate tests of electrorefiner with
14.15 reduced irradiated fuel 1.4.15 3 750 250 0 1000 3 750 250 0 1000
pilot-scale piant trials with uniradiated and :
1.4.16 irradiated fuel 1.4.16 0 [+] 0 0 [¢] [¢] [ 0 0 0
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> | - [ 7
FY > 2005 2006
- Labor Cost| Material | Capital | Total Cost Labor Cost|{ Material | Capital | Total Cost
WBS Research Task Description WBS US FTE ($K) Cost (5K) | Cost (SK) 5K USFTE (51) Cost (8K) | Cost (5K K
Full-Scale Demonstration Facility (UREX and
1.5 iPyro A) 1.5 0 0
iFull-scale demo plant process flow sheet
151 I selection and design 1.5.1 0 0 0 0 0 0 ) 0 0 0
152 ;Construction of full-scale demo facility 152 0 0 0 0 0 0 0 0 [} 0
153 iCold Test of full-scale demo facility 1.5.3 0 "0 0 0 0 0 0 0 0 0
154 Operation of full-scale demo facility 154 0 0 0 0 [ [ =0 0 =2 ;
SUBTOTAL 36.5 9125 1290 2000 12415 305 7625 1520 2000 11145
Project Year ->; 6 7
FY > ] 2005 2006
| .. tabor Cost| Material | Capital | Total Cost Labor Cost; Material | Capital | Total Cost
WBS i Research Task Dascription wes  |USFTE| 0 0% ] cost k] 0 |USFTE o | Coet 510 | o stp(';K) po
2 IATW Fuel Processing 2 )
21 1Spent Fuel Chopping/Grinding 21
211 Pilot-scale 241 0.5 125 100 0 225 0.5 125 100 0 225
2111 Engineering design 2111
2.1.1.2 System operation 2112
2.1.2 Demo-scale 2.1.2
2.4.2.1 Engineering design 2.1.24
2.1.2.2 System operation 21.22
2.2 Off-Gas System 22
2.2.1 Lab-scale 221 5 1250 125 0 1375 3.5 a75 100 1] 975
22.1.1 12 getter materials 2.2.1.1
2212 12 1 C12 chemistry 2212
Materials for handling chiorine and volatile .
22.1.3 chiorides 2213
2214 Engineering design for pilot-scale system 2214
222 Pilot-scale 222
22241 Getter efficiency studies 2221
Evaluate interface with chloride volatility
2222 system 2222
Engineering design for demo-scate
2223 integrated system 2223
2.2.3 Demo-scale 223
2.23.1 Getter efficiency for Xe, Kr, T2, and 12 2231
23 Chloride Volatility 2.3
231 Lab-scale 231 11 2750 500 250 3500 9 2250 500 200 2950
2311 Te chemistry and metallurgy 2311
2312 Materials compatibility 231.2
2313 :Process parameter optimization 2313
2314 ' Material balance studies 2314
23.15 i2r recovery and recycle 2318
2316 : TRU transport studies 23186
2317 IFission product transport studies 2.3.14.7
2.3.1.8 1Engineering design for pilot-scale system 2.3.1.8
2.3.2 ;Pilot-scale 232
2.3.2.1 :Chemistry/metalilurgy 2.3.2.1
iMaterials balance studies/parameter
2.3.2.2 {optimization 2322
2323 :Materials processing 2323 {
2.32.4 -Matenais compatibility 2324 !
{Engineering design for demo-scale
2325 lintegrated system 2325
2.3.3 'Demo-scaie 233
Matenal balance studies/p
2331 optimization 2331
2332 Material processing 2332
2333 Engineening design for plant-scale system ]2.3.3.3
24 1TRU Electrorefining/Electrowinning 24
241 Lab-scale 241 17 4250 500 1000 5750 135 3375 500 750 4625
2411 TRU electrochemistry (i.e., Np, Cm) 2411
24.1.2 TRU recovaery (i.e., separation) efficiencies {2.4.1.2
2413 Electrochemisiry process optimization 2443
24.1.4 Materials Compatibility 2414
2415 Anode system 24.1.5
2.4.1.5.1 High throughput design 24,151
2416 Cathode system and design 24186 -
24147 Tc Electrochemistry 2447
2418 Fission product behavior 24,18
2.4.1.9 Engineering design for pilot-scale system 2419
242 Pilot-scale 242
2421 Chemistrysmetalliurgy 2424
Materiais balance studies/process parameter
2422 optimization 2422
2423 Materials processing 24.23
2424 Materials compatibility 2424
Engineering design for demo-scaie
2425 integrated system 2.4.2.5
243 Demo-scale 2.4.3
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> | 6 7
FY -> 1{ 2005 2006
j o Labor Cost} Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost
WBS ‘; Research Task Description WBS [USFTE 5K Cost(8K) | Cost (5K)|  (5K) US FTE K Cost (5K | Cost (k)] (5K)
Material balance studies/parameter
2.4.3.1 ;optimization 24.3.1
2432 ‘Materiais processing 2432
2433 iEngineering design for plant-scale system [2.4.3.3
2.5 1Active Metal Fission Product Removal 2.5
2.5.1 jLab-scale 2.5.1 1 250 25 0 275 0.5 125 25 [4] 150]
2.5.1.1 {Process testing and selection 251.1
2512 1Process Optimization 2512 :
252 iPilot-scale 252
2.5.2.1 Matenal balance studies 2521
2522 Process cptimization 2522
2.5.3 Demo-scale 253
2531 Material balance studies 25.3.1
2532 Engineering design of plant-scale system 2532
26 MgCI2 Electrowinning 26
26.1 Lab-scale 26.1 6 1500 150 100 1750 5 1250 150 100 1500
26.1.1 Development of Ci2 anode 26.1.1
26.1.2 Electrowinning process optimization 26.1.2
26.1.3 Materials balance studies 26.1.3
26.1.4 Chlorine getier and recycls system 26.1.4
26.1.5 Materials compatibility studies 26.1.5
2.6.1.6 Engineering design of pilot-scale system 26.16
26.2 Pilot-scale/Demo-scale system engineenng {2.6.2
26.2.1 Chemistry/metalllurgy 2621
Materials balance studies/process parameter
2622 optimization 2622
26.23 Matenals processing 26.2.3
26.24 Materials compatibility 26.24
27 Pilot-scale Demonstration Facility (PyroB)  {2.7
Pilot-scale process flow sheet selection and
2.7.1 design 274 12 2000 4] 4] 3000 12 3000 1] 0 3000
2.7.2 Facility mods for pilot-scate operation 272
2.7.3 Cold test of pilot-scale facility 273
2.7.4 Hot pilot-scale operations 274
2.8 Full-Scale Demonstration Facility (Pyro B) {2.8
Full-scale demo plant process flow sheet
2.8.1 selection and design 2.8.1 1 250 25 0 275 1 250 25 0 275
282 :Construction of full-scale demo facility 282 |
283 {Cold Test of full-scale demo facility 283 i
284 ‘Operation of fuli-scale demo facility 284 ! i _—
! SUBTOTAL 53.5/ 13375, 1425/ 1350 16150 45i 11250 14001 1050 13700
Project Year -> 6 7
FY -> | 2005 2006
i .. Labor Cost| Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost
Wes | Research Task Deseription wes  |us FTE| T O R | contisry| sk |USTTEL ko | Cost 18K | Cont (8K} 0
3 :Waste Forms 3 . :
3.1 |Glass-Bonded Sodalite Waste Form 3.1 R i
311 ‘Processing flowsheet definition 3.1.1 0 0 0 Q 0 0 Qi 0] ] 0
312 :Salt treatment method development 3.1.2 0 0 4] 1] 0 0 01 0! 0 Q
313 'Waste form fabrication deveiopment 313 0 [ [ Q 0 0 ] 0! 0 0
314 ‘Waste form evaluation 314 2 500 50 0 550 1 250: 501 0 300
315 ' Pilot-scale demonstration 3.5 4 1000 1000 500 2500 4 1000! 1000 100 2100
316 :Demo plant processing aqpt for CWF 316 0 /] 4] 0 0 0 0i 0 0 [s}
317 i Demonstration operations 317 1] 0 Q Q 0 0 0l 0 0 0
32 Zr-Metal Waste Form 3.2 i
321 . Processing flowsheset definition 321 [4] 4] 0 0 0 0 0 0 4] 0
322 Casting method development 322 0 0 0 ] [+] 0 0 0 ] [}
323 Zr-8 wt.% SS waste form alloy dev. 3.2.3 Q 0 Q 0 0 0 0 0 0 O
324 Waste form evaiuation 324 2 500 50 0 550 1 250 50 0 300
325 Pitot-scale demonstration 3.25 4 1000 1000 500 2500 4 1000 1000 100 2100
326 Demo plant procassing eqpt for MWF 326 0 0 [¢] [ [+] 0 0 0 0 4]
327 Demonstration operations 327 4] 0 0 0 0 0 0 0 0 [})
33 Alternative waste forms a3
331 Glass for TRUEX option 3.3.1 Q 0 Q [ 0 0 0 0 0 [
332 Mineral waste form, fiuoride proc. Option 332 0 0 0 0 0 0 0 0 0 Q
34 Repository interface activities 34
341 CWF Qualification testing 34.1 2 500 100 4] 600 2 500 100 [}] 600
342 MWF Qualification testing - 3.42 2 500 100 [4] 600 2 500 100 o 600
343 Performanca 3.4.3 1 250 [1] Q 250 1 250 0 0 250
344 ;Waste package aevelopmenl 3.4.4 0 0 Q 0 0 0 0 0 0 0
i . . p—: ey
] SUBTOTAL 17 4250 2300 1000 7550 15 3750 2300 200 6250
TOTALS 107 26750 5015 4350 38115 9.5 22625 5220 3250 31005
Project Year -> 6 7'
FY >
Labor Cost Malenal Capital | Total Cost Labor Cost Matenal Capital | Totat Cost
wes Research Task Description Wes jus FTE[ (K| Cost(sK)| Costisi0)| (511 VS FTE[ oK) | Cost(sK0| Castsk)| (50
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> . 8 )
FY > 2007 2008
. Labor Cost{ Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost:
WBS Research Task Description WBS |USFTE $K) Cost($K) | Cost(5K)|  ($K) US FTE o Cost (5K) | Cost (51| (8K
1 LWR Fusl Treatment 1
Aqueous Process Option for Uranium
1.1 Separation {UREX) 1.1
1141 : Select solvent extraction process model 111 0 [1] 4] 0 0 0 0 Q 1] [y
142 Studies of lodine recovery from air sparge 142
S stream 1] 4] 0 0 0 0 0 0 0 0
1.1.3 1Pu reductant studies 1.1.3 0 0 0 0 0 0 1] Q [] 0
1.1.4 {Co-extraction studies of Tc and Np 114 0 0 0 0 0 0 0 4] 0 [
145 jCot_wersion studies on aqueous raffinate to 145 . B
o isolid oxides 0 ] 0 0 0 0 0 Y] 0 0,
1.16 Dissolution studies of noble metals from hulls|{1.1.6 ° 0 0 0 ° 0 0 0 0 o
117 Pilo_t-scale process flow sheset selection and 117
o design 0 0 0 0 0 0 0 0 0 0
118 Construction of pilot-scale UREX test facility [1.1.8 ° ° 0 0 0 o o 0 o o
1.19 Cold Test of pilot-scale UREX test facility 119 0 of 0 0 1] 15 3750 100 0 3850
1.1.10 Operation of pilot-scale UREX test facility 1.1.10 8 2000 100 0 2100 8 2000 100 0 2100
1.2 Process transition studies 12 0
Cenversion of aqueous raffinate to solid
1214 oxides 121 0
122 Conversion of aqueous T¢ to metal 122 0
123 Conversion of iodine fo target form 1.23 0,
1.24 Conversion of oxide to metal 124 0
Aqueous Process Option for TRU & FP
1.3 Separation (Modified TRUEX) 1.3 [
Lab studies on extraction behavior of UREX
1.3.1 raffinate 1.31 0 [ *] 0 0 [}] 0 [ 4 Q
132 Process modeling for optimization 132 4] [+] [+] ¢} 0 0 0 (4] [} 0
133 improved TC extraction studies 133 0 []] 0 0 0 0 0 [¢] 0 0
1.3.4 Selection of solvent wash reagents 1.34 0
135 Development of stripping reagents 135 0:
Pilot-scale process flow sheet selection and
136 design 1386 0!
Construction of pitot-scale modified TRUEX
137 test facility 1.3.7 0
Cold Test of pitot-scale modified TRUEX test
13.8 facility 138 0
Operation of pilot-scale Modified TRUEX test {
1.3.9 facility 139 | 0
iRemote maintenance & oparations |
1.3.10 lengineering 1.3.10 0.5 125 500 0 625 0} 0 0 0 0
i P " i
1314 {Process control & monitoring instrumentation |, , 44 05 125 500 0 625! 0S5 125 500 0 625
| Electrometallurgical Processing Option for !
14 ‘Uranium, TRU, and FP separation 1.4 ; 0
iVerify flowsheet chemistry for all phases of
1.4.1 ‘process using irradiated fuel 1.4.1 0 0 0 1] 0 0 4] 0 0 0
‘:study scale-up issues regarding all aspects
1.4.2 \of EM process 142 0 0 0 0 ] 0 0 Y] 0 0
:development of electrodes for salt-recovery .
143 'step 143 0 0 0 0 0 0; 0 0 0 0
:optimization of salt-recovery step cell
144 {configuration 144 0 0 0 Q 0 0 0 0 0 0
istudy mathods to separate Tc from Zircaloy
145 cladding 1.45 0 0 0 0 0 [ 0 0 0 0|
146 study methods to prepare nen-TRU uranium [1.46 0 0 ] 0 [ 0 0 Q0 [+] 0
study concurrent and sequential operation of
solid steet and liquid cadmium cathodes (all-
14.7 pyro option only) 147 0 0 Q 0 0 0 0 Q 0 0
study means to isolate | and Tc and prepare
14.8 targets 1.4.8 0 0 0 (4] 0 0 0 0 (] [
study behavior of TRU product with regard to
149 Am. 1.4.9 0 [»] 0 4 0 0 0 Q 4 0,
Pilot-scala process flow sheet selection and
14.10 design 1.4.10 0 0 0 0 0 0 0 [ 0 0,
1.4.11 Construction of pilot-scale EM test facility - {1.4.11 5 1250 500 [4 1750 [} 0 0 0 0
engineering-scale (kg batch) tests of
1412 reduction step including use of iradiated fue!{1.4.12 0 0 0 0 0 [ 4 0 0 0
engineering-scale tests of salt-recovery step
1.4.13 cell design 14.13 0 0 0 0 0 0 0 0 0 0
corrosion testing of prospective construction
materials for pilot and demonstration-scale
14.14 plants 1.4.14 0 0 0 0 0 0 Q 0 0 0
engineering-scale tests of electrorefiner with
1.4.15 reduced irradiated fue! 1.4.15 0 0 0 0 0 0 Q 0 [ 0
pilot-scale ptant trials with unirradiated and
1.4.18 iradiated fuel 14.16 0 0 0 0 0 10 2500 750 0 3250,
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> 1 8 9
FY > ! 2007 2008
: - Labor Cost| Material | Capital | Total Cost TLabor Cost| Material | Capital | Total Cost
WES i Research Task Description WBS |USFTE| ™ 0™ | costisk| Cost (50| 50 1USFTE " (ar | Cost (K1 | Coot (50| (850
iFull-Scale Demonstration Facility (UREX and
1.5 iPyro A} 1.5 0
;Full-scale demo plant process flow sheat
151 :selection and design 1.5.1 10 2500 100 100 2700 10 2500 50 0 2550
1.52 ‘Construction of full-scale demo facility 152 0 0 1] 0 0 0 0 o] . 4] 0
153 iCold Test of full-scala damo facility 153 [) 0 0 0 0 0 0 0 1] 0
154 iOperation of fuli-scale demo facili 154 0 4] [ 0 0 0 0 0 0 0|
| SUBTOTAL 75 24 6000 1700 100 7800 435 10875 1500 0 12375
Project Year -> | 8 9
FY > | 2007 2008
- Labor Cost| Materiat { Capital | Total Cost Labor Cost| Material | Capital | Total Cost
WBS Research Task Description WBS |USFTE| ™0™ coatisky| costisk)] sk |YSFTE| st | Cost (5K) Cosl"('m P
2 ATW Fuel Processing 2
2.1 Spent Fuel Chopping/Grinding 24
211 Pilot-scale 211 1.5 375 100 0 475 2 500 150 Q 650
2.1.1.1 Engineering design 2411
2.1.1.2 System operation 2112
2.1.2 Demo-scale 212
2.1.2.1 Engineering design 2121
2122 System operation 2.1.22
22 Off-Gas System 22
2.2.1 Lab-scale 2.2.1
2.2.1.1 12 getter matenials 2.2.1.1
2.2.1.2 12 / CI2 chemistry 2212
Materials for handling chlorine and volatile
2.2.1.3 chlorides 2213
2.2.1.4 Engineering design for pilot-scale system 2.2.1.4
2.2.2 Pilot-scale 222 2.5 625 350 Q 975 4 1000 350 0 1350
2.2.2.1 Getter efficiency studies 2221
Evaluate interface with chloride volatifity
2222 system 2222
Engineering design for demo-scale
2223 integrated system 2223
223 Demo-scalg 223
2231 Gatter efficiency for Xe, Kr, 72, and 12 2231
23 Chlaride Valatility 23
23.1 Lab-scale 23.1
2311 i Te chemistry and metallurgy 2.3.1.1
2312 iMaterials compatibility 2312
2.3.1.3 ;iProcess parameter optimization 2313
2.3.14 Material balance studies 2314
2318 :Zr recovery and recycle 2315
23186 iTRU transport studies 23186
2317 .Fission product transport studies 2317
2318 :Engineering design for pilot-scaie system 2318
232 iPilot-scale 232 7 1750 500 0 2250 111 2750 500 0 3250
2321 {Chemistry/metatliurgy 2321
}Maien‘als balance studies/parameter
2322 joptimization 2322
2323 :Materials processing 2323
2324 : Matenals compatibility 2324
. Engineering design for demo-scale
2325 !integrated system 2325
233 1Demo-scale 233
:Material balance studies/parameter
2331 ioptimization 23341
2332 iMaterial processing 2332
2333 'Engineering design for plant-scale system {2.3.3.3
24 | TRU Electrorefining/Electrowinning 24
241 iLab-scaie 2.4.14
24.1.1 i TRU electrochemistry (i.e., Np, Cm) 2.4.1.1
2412 ITRU recovery (i.e., separation) efficiencies  12.4.1.2
2413 Electrochemistry procass optimization 2413
2414 Materials Compatibility 2414
2415 Anode system 2415
24151 High throughput design 2.4.1.51
24186 Cathode system and design 2446
2417 Te Electrochemistry 2447
2418 Fission product behavior 2418
2419 Engineering design for pilot-scale system 2419
242 ' Pilot-scale 2.4.2 7 1750 500 0 2250 11 2750 500 Q 3250
2421 Chemistry/metalilurgy 2421
Materials balance studies/process parameter
2422 optimization 2422
2423 Materals processing 2423
2424 Materials compatibility 2424
{Engineering design for demo-scale
2425 lintegrated system 2425 .
243 .Demo-scale 243
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> 10 11
FY <> 2009 2010
- Labor Cost{ Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost

WBS Research Task Description WBS |USFTE $K) Cost (5K)| Cost (1| (5K US FTE 5K Cost(SK)| Cost (8K)| (5K

Material batance studies/paramater
2431 optimization 2431
2432 Materials procassing 2432
2433 iEngineering design for piant-scale system [2.4.3.3
25 :Active Metal Fission Product Removal 25
2.5.1 Lab-scale 251
2511 Process testing and selection 2.5.1.1
2512 Process Optimization 2512
2.5.2 Pilot-scate 252 0.5 125 25 0 150 0.5 125 15 4] 140
2.5.2.1 Matenal balance studies 2521
2522 Process optimization 2522
2.5.3 Demo-scale 253
2.5.3.1 Material balance studies 2531
2532 Engineering design of plant-scale system 253.2
26 MgCi2 Electrowinning 26
2.6.1 Lab-scale 261
26.1.1 Davelopment of Ci2 anode 26.1.1
2.6.1.2 Electrowinning process optimization 26.1.2
26.1.3 Materials balance studies 2.6.1.3
26.1.4 Chlorine getter and recycle system 26.1.4
26.1.5 Matenals compatibility studies 2.6.1.5
2.6.1.6 Engineering design of pilot-scale system 26186
2.6.2 Pilot-scale/Demo-scale system engineering [2.6.2 8 2000 300 0 2300 8 2000 300 0 2300
2.6.2.1 Chemistry/metalllurgy 2621

Materiais balance studies/process parameter
2622 optimization 2622
2623 Matenals processing 2.6.23
2624 Materials compatibility 2624
2.7 Pilot-scale Demonstration Facility (Pyro B} 12.7

Pitot-scale process flow sheet selection and
271 design 2.7.1
272 Facility mods for pilot-scale operation 272 2 500 2000 2500 5000 2 500 1500 3000 5000
273 Caid test of pilot-scale facility 273
2.7.4 Hot pilot-scale operations 2,74
28 Full-Scale Demenstration Facility (PyroB)  12.8

‘Full-scale demo plant process flow sheet
281 :selection and design 281
2.8.2 i Construction of fuli-scale demo facility 28.2
283 :Cold Test of full-scale demo facility 283
284 | Operation of full-scale demo facility 284

! SUBTOTAL 39.5! 9875 3825 25001 16200 40.5 10125( 3340 3000 16465
Project Year -> ¢ 10 11
FY -> ! 2009 2010

i - Labor Cost| Material | Capital | Total Cost Labor Cost; Materiat | Capital | Total Cost
WBS i Research Task Description wes us FTE] 0 { Cost (8K | Go szp(sx) ok |USFTE ™ Cost 15K Cost"(m prvs
3 ‘Waste Forms 3
31 :Glass-Bonded Sodalite Waste Form 31 i !
3.1.1 i Processing flowsheat definition 311 | 0 0 0 © 0 0 0 0 0 0
3.1.2 i Salt treatment method development 312 0; 0 0 ] [ 0 [4] 1] (] 3]
313 Waste form fabrication development 313 ! 0! 0 Q 0 0 0 Q 0 0 0
314 {Waste form evaluation 314 ! 0! 0 0 0 0 o o 0 0 0
3.15 i Pilot-scale demonstration 315 | 4i 1000 500 0 1500 4 1000 500 0 1500
316 iDemo plant processing eqpt for CWF 3.16 2! 500 500 [+] 1000 3 750 500 0 1250
3.1.7 Demonstration operations 3.1.7 0 0 0 0 [} 0 4] 0 0 0
32 Zr-Metal Waste Form 32
3.21 i Processing flowsheet definition 321 0 0 0 0 0 0 0 4 0 0|
322 1Casting method development 322 0 0 0 0 [}) "] [+ ] 0 0
323 1Zr-B wi.% SS wasle form alioy dev. 323 0 0 0 0 0 0 g -0 0 0
324 |Waste form evaluation 324 0 0 0 0 0 0 0 [¢] 0 0
325 Pilot-scale demonstration 325 4 1000 500 0 1500 4 1000 500 0 1500
3286 Demo plant processing eqpt for MWF 326 2 500 500 0 1000 3 750 500 0 1250
327 Demonstration operations 327 0 0 0 0 0 0 [] 0 0 0
33 Alternative waste forms 33
3.3.1 Glass for TRUEX option 3.3.1 0 0 0 0 0 0 0 0 0 0
332 Mineral waste form, fluoride proc. Option 332 0 0 [ 0 0 0 0 0 0 0
34 Repository interface activities 34
34.1 CWF Qualification testing 34.1 2 500 100 0 600 1 250 100 0 350
342 MWF Qualification testing 342 2 500 100 0 600 1 250 100 0 350
343 Performance assessments 343 1 250 0 0 250 1 250 0 0 250
344 VVaste package development 344 2 500 200 0 700 2 500 2=00 0 700

x SUBTOTAL 15 4700 . 2400 ol 7150] 19 a750] 2400 o 7150]
TOTALS 131.5 27475 7325 2600 37400 1245 26125 6790 3000 36815
Project Year -> 10 11
FY -> i 2009 2010

i s Labor Cost| Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost
was i Research Task Description Wes |USFTE| " O e | costisi| sk |US FTEl s j Cost(8K) | Cost (5K (5K)
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> 10 11
FY -> 2009 2010
- Labor Cost| Material | Capital | Total Cost Labor Cost{ Material | Capital | Total Cost

WBS Research Task Description WBS [USFTE (5K) Cost(SK)| Cost(5K)| (8K US FTE K Cost (5K} | Cost (51| (K0
1 LWR Fuel Treatment 1

Aqueous Process Option for Uranium
1.1 Separation (UREX) 1.1
1.1.1 Select solvent extraction process mode! 111 Y -0 0 [*] Y 0 0 0 0 0|
112 Studies of lodine recovery from air sparge 11.2

stream 0 0 0 0 0 0 0 [ 0 0
113 Pu reductant studies 113 0 0 0 4] 0 0 0 4 0 0
114 Co-extraction studies of Tc and Np 1.14 0 0 0 0 0 4] 0 [ 0 0
115 Copvergion studies on aqueous raffinate to 115 )

o solid oxides © 0 0 0 0 0 0 [4] 0 0 0
116 Dissolution studies of noble metals from hulis{1.1.6 0 0 o o ° o 0 0 o o
147 Pilot-scale process flow sheet seiection and 117

o design 0 0 0 0 0 0 0 0 0 Q
118 Construction of pitot-scale UREX test facility |1.1.8 0 0 o 0 0 0 0 0 0 0
1.1.9 Cold Test of pilot-scale UREX tast facility 1.1.8 0 0 0 0 0 [} [ 0 0 [
1.1.10 Operation of pilot-scale UREX test facility 1.1.10 15 3750 200 0 3950 15 3750 200 0 3850
1.2 Process transition studies 1.2 0 0

Conversion of aqueous raffinate to solid
1.2.1 oxides 1.21 0 0!
1.22 Conversion of agueous T¢ to metal 122 0 0
1.23 Conversion of iodine to target form 1.23 0 0;
124 Conversion of oxide to metal 1.24 0 0
Aqueous Pracess Option for TRU & FP
13 Separation (Modified TRUEX) 1.3 0 0
Lab studies on extraction behavior of UREX
1.3.1 raffinate 1.3.1 0 0 0 0 0 Y Q 0 0 0
132 Process modeling for optimization 1.3.2 0 0 0 o 0 Q 0 0 0 0
133 improved TC extraction studies 133 0 0 [ Q 0 4] 0 0 0 0
134 Selection of solvent wash reagents 134 0 [} 0 0 0 0 4] 0 1] 0
135 Davelopmaent of stripping reagents 135 0 0 0 0 0 0 0 0 0 0
Pilot-scale process flow sheet selection and
136 design 136 4] ] 0 [ 0 0 4 0 0 0
Construction of pilot-scale modified TRUEX
137 test facility 137 0 0 [¢] Q 0 0 0 0 Q 0
Cold Test of pilot-scale modified TRUEX test
1.3.8 facility 1.3.8 0 4] 0 0 0 0 0 0 Q 0
Operation of pilot-scale Modified TRUEX test
1.3.9 facility 1.3.9 0 0 o| 0 0 0 o 0 0 0
|Remote maintenance & operations
13.10 lengineering 1.3.10 0 4
1311 EProoess control & monitoring instrumentation 1311 0 0
| Electrometallurgical Processing Option for
14 Uranium, TRU, and FP separation 14 0 0
iVen'fy flowsheet chemistry for all phases of
141 'process using iradiated fuel 1.4.1 ] 0 0 0 0 0 0 0 Q 0
'study scale-up issues regarding alf aspects
142 of EM process 142 0 4] 0 Q 0 0 0 0 Q 0
development of electrodes for sait-recovery
143 step 143 0 0 [} 4] 0 o] 0 0 0 0
optimization of salt-recovery step call
144 configuration 1.4.4 0 0 0 [} 0 [+ 0 g 0 0
study methods to separate Tc from Zircaloy
145 cladding 145 0 0 0 0 0 0 0 0 0 [
148 study methods to prepare non-TRU uranium {1.4.6 0 0 0 [ 0 [ 0 Q 0 0
study concurrent and sequential operation of
solid steel and liquid cadmium cathodass (all-
147 pyro option only) 14.7 4] [} 0 0 0 0 0 0 0 0
study means fo isolate | and Tc and prepare
148 targets 148 (] 4] 0 0 0 0 0 0 0 0
study behavior of TRU product with regard to )
14.9 Am, 149 Q [¢] 0 0 0 0 ] 0 0 Q
Pilot-scale process flow sheet selection and
1.4.10 design 14.10 0 0 0 0 0 0 0 0 0 0
1.4.11 Construction of pilot-scale EM test facility . |1.4.11 [4 0 0 ] 0 0 Q 0 0 0
engineering-scate (kg batch) tests of
1.4.12 reduction step including use of iradiated fuel{1.4.12 0 0 0 0 0 0 [+ 0 0 0
angineering-scale tests of sait-recovery step
1.4.13 celi design 14.13 0 0 0 QO 0 Q 0 0 Y 0
cofrosion testing of prospective construction
materials for pilot and demonstration-scale
14.14 piants 14.14 0 0 0 0 0 0 ] g ¢} 0
engineering-scals tests of electrorsfiner with
1.4.15 reduced iradiated fuel 1.4.15 0 0 0 0 4] [4 0 0 0 0]
:pilot-scale plant trials with unirradiated and
1.4,16 liradiated fuel 1.4.16 10 2500 750 0 3250 10 2500 750 0 3250
ATWsepcostest.xi




ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

[Project Year > : 10 T
FY -> 2009 2010
- Labor Cost| Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost!
'WBS Research Task Description WBS |USFTE (5K) Cost ($K) | Cost (1) - (SK) US FTE ($K) Cost ()| Cost(3K)| (5K
Full-Scale Demonstration Facility (UREX and
15 Pyro A) 15 Q [}
Full-scale demo plant process fiow sheet
151 selection and design 1.5.1 8 1600 50 0 1650 0 0 ] 0 0
152 Construction of full-scale demo facility 1.5.2 40 5000 100 100 5200 40 5000 100 0 5100
153 iCold Test of full-scale demo facility 153 0 1] 0 0 0 0 0 0 0 0
1.54 |Operation of fuil-scale demo facility 1.5.4 0 [ 0 0 0 0 [] 0 0 [
] SUBTOTAL 73 12850 1100 100 14050 65 11250 1050 0 12300
Project Year -> 10 1n
FY -> 2009 2010
- Labor Cost| Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost
WBS Research Task Description wBs US FTE (5K Cost ($K) | Cost (5K) ($K) US FTE ($K) Cost ($K) | Cost (8K) 5K
2 ATW Fuel Processing 2
2.1 Spent Fuel Chopping/Grinding 2.1
211 Pilot-scale 211 2 500 150 0 650 2 500 150 0 650
2141 Engineering design 24141
2.1.4.2 System operation 2112
212 Deme-scale 2.1.2 1 250 25 0 275
2.1.2.1 Engineering design 2.1.2.1
2.1.2.2 System operation 2122
2.2 Off-Gas System 22
2.2.1 Lab-scale 221
2.2.1.1 12 getter materials 2.2.1.1
22.1.2 12/ Ci2 chemistry 2212
Materials for handling chiorine and volatile
2213 chlorides 2.2.1.3
2214 Engineering design for pilot-scale system 2214
222 Pilot-scale 222 5 1250 350 0 1600 5 1250 350 0 1600
2221 Getter efficiency studies 2221
Evaluate interface with chloride volatility
2222 system 2222
Engineering design for demo-scale
2223 integrated system 2223
223 Demo-scaie 223
2234 Getter efficiency for Xe, Kr, T2, and 12 2231
2.3 Chioride Volatility 2.3
2.3.1 Lab-scafe 2341
2.3.1.1 Tc chemistry and metaliurgy 2.3.1.14
23.1.2 Materials compatibility 2312
2313 Process parameter optimization 2313 i
2314 Material balance studies 2.3.1.4 |
2345 . Zr recovery and recycle 2315 !
2316 {TRU transpor studies 2316
2317 ;Fission product transport studies 2317
2.3.1.8 iEngineering design for pilot-scale system 2.3.1.8
232 | Pilot-scale 232 11 2750 500 0 3250 11 2750 500 0 3250
23.21 'Chemistry/metalilurgy 2321
{Materiais balance studies/parameter
2322 {optimization 2322
2323 iMaterials processing 2323
2.3.24 i Materials compatbility 2324
ZEngineering design for demo-scale
2.3.2.5 lintegmted system 2325
233 Demo-scale 2.3.3
Material balance studies/parameter
2.3.3.1 optimization 2331
2.3.3.2 Material procassing 233.2
2.3.3.3 Engineering design for plant-scale system 12.3.3.3
2.4 TRU Electrorefining/Electrowinning 2.4
2.4.1 Lab-scale 2.4.1
2.4.1.1 TRU elactrochemistry (i.e., Np, Cm) 24.1.1
2.4.1.2 TRU recovery (i.e., separation) efficiencies [2.4.1.2
2.4.1.3 Electrochemistty process optimization 2413
2.4.1.4 Materiats Compatibitity 2414
2.4.1.5 Anode system 2415
2.4.1.5.1 High throughput design 24151
24.1.8 Cathode system and design . J2.4.16
2417 Tc Electrochemistry 2417
2.4.1.8 Fission product behavior 2418
2.4.1.9 Engineering design for pilot-scaie system 2.4.19
242 Pilot-scale 242 11 2750 500 0 3250 11 2750 500 0 3250
2421 Chemistry/metaiiturgy 2421
Materials balance studies/process parameter
2422 optimization 2422
2423 Matenals processing 24.23
2424 Materials compatibility 2424
Engineering design for demo-scals
2425 integrated system 2425
2.4.3 Demo-scale 24.3
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> | 8 )
FY > 2007 2008
- 3 Labor Cost| Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost
Wwes Research Task Description WBS USFTE| "™ | costisi| costisiol (st IUSFTEL g | cost (810 cmp(‘m 5K
:Material balance studies/parameter E
2.43.1 {optimization 2.4.3.4
2432 Materials procassing 2432
2433 :Engineering design for plant-scale system  [2.4.33
2.5 :Active Metal Fission Product Removal 2.5
2.5.1 . iLab-scale 251
251.1 {Process testing and selection 2511
2.5.1.2 .Process Optimization 25.12
252 | Pilot-scale 252 0.5 125 25 0 150 0.5 125 25 0 150
2.5.21 | Material balance studies 2521 - .
2.52.2 Process optmization 2522 |
2.5.3 Demo-scale 253
2.53.1 Matenal balance studies 2.5.3.1
2532 Engineering design of plant-scale system 2532
26 MgCI2 Electrowinning 28
2.6.1 Lab-scale 2.6.1
26.1.1 Development of Ci2 anode 2611
2.6.4.2 Electrowinning process optimization 26.1.2
26.1.3 Materials balance studies 26.13
2.6.1.4 Chiorine getter and recycle system 2.6.1.4
26.1.5 Materials compatibitity studies 2615
26.1.6 Engineering design of pilot-scale system 26.1.6
262 Pitot-scale/Demo-scale system engineering {2.6.2 3.5 875 150 0 1025 7 1750 300 0 2050
2.6.2.1 :Chemistry/metalilurgy 2621
‘Maten'als balance studies/process parameter
26.2.2 joptimization 2622
2.6.2.3 iMaterials processing 26.2.3
2624 :Materiais compatibility 2624
2.7 i Pilot-scale Demonstration Facility (Pyro B) 2.7
‘Pilot-scale process flow sheet selection and
2.7 idesign 274 ,
272 ;Facility meds for pilot-scale operation 272 2 500 2500 0 3000 2 500 2500 500 3500
273 ' Cold test of pilot-scale facility 273
274 ;Hot pilot-scale operations 274
28 iFull-Scale Demonstration Facility (Pyro B) 2.8
Fuil-scale demo plant process flow sheet
2.8.1 selection and design 28.1 1 250 25 0 275
2.8.2 Construction of full-scale demo facility 282
283 Cold Test of full-scale demo facility 283
284 "Operation of full-scale demo facility 284 i
: SUBTOTAL! 25! 6250 4150 0 10400{ 375 9375] 4325 500 14200
Project Year -> ! 8 - g
FY > ; 2007 2008
: - tabor Cost| Materdal | Capital | Total Cost Labor Cost| Material | Capitat | Total Cost
Wes ; Research Task Description wes s FTe| 0 0% S Tek | costis) | 0 1USFTEL ek | Cost (5K)| Contisr)| (510
3 ‘Waste Forms 3
3.1 Glass-8onded Sodalite Waste Form 3.1 .
3.1.1 'Processing flowsheet definition 311 [+ 0 0 [} 0 [+} 0 0 0 0
3.1.2 :Salt reatment method development 3.1.2 [+ 0 0 0 0 Q 0 0 0 0
3143 Waste form fabrication deveiopment 313 0 0 0 [ 0 0 0 0 0 0
3.1.4 Waste form evaluation 314 0 Q [} [ 0 0 0 0 0 [
3.1.5 . Pilot-scale demonstration 3.15 4 1000 500 [ 1500 4] 1000 500 0 1500
3.18 :Demo plant processing egpt for CWF 3.186 2 500 500 0 1000 2] 500 500 0 1000
317 :Demonstration operations 3.1.7 0 0 0 0 0 0 4 0 0 0
32 ;Zr-Metal Waste Form 3.2
321 :Procassing flowsheet definition 3.2.1 0 0 0 0 0 0 0 0 0 0
322 jCasting method development 322 ] 0 0 0 0 0 0 0 0 0
323 12r-8 wt.% SS waste form alloy dev. 3.23 ) 0 0 0 0 0 [ 0 0 0
324 :Waste form evaluation 324 0 0 0 0 0 0 0 0 0 0|
325 Pilot-scale demonstration 325 4 1000 500 0 1500 4 1000 500 0 1500
326 Demo plant processing eqpt for MWF 3.26 2 500 500 0 1000 2 500 500 [} 1000
327 Demonstration cperations 3.27 0 0 0 0 v} 0 ] 0 [+ [+]
33 Altemative waste forms i 3.3
331 Glass for TRUEX option 331 0 0 0 0 0 [} [4] (4] 0 0
332 Mineral waste form, fluoride proc. Option 3.32 0 0 0 0 0 0 0 0 0 0
34 Repository interface activities 34
341 CWF Qualification testing 3.4.1 2 500 100 1] 600 2 500 100 0 600
342 MWF Qualification testing . 1342 2 500 100 Q 600 2 500 100 0 600
343 Performance assessments 343 1 250 4 0 250 1 250 0 0 250
344 Waste package development 344 1 250 500 [ 750 1 250 500 0 750
ey e E—, ECEIEN. o M- i
f SUBTOTAL 18 4500 2700 [ 7200 18 4500 2700 0 7200
TOTALS 67 16750 8550 100 25400 [ 24750 8525 500 33775
Project Year -> 8 ]
FY > 2007 2008
Labor Cost| Material | - Capital | Total Cost Labor Cost| Materlal | Capital | Total Cost
WBs Research Task Description W8S |Us ”El w0 | cost s costisky| sy |USFT El (5K) | Cost (5K} Cost(si) | (sK)
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> | ) 12 13
FY-> i 2011 2012
. Labor Cost| Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost

WEBS Research Task Description WBS US FTE (K Cost (K) | Cost (8K) 5K USFTE (5% Cost (5K | Cost (5K) o
1 LWR Fual Treatment 1

Aqueous Process Option for Uranium
1.1 Separation (UREX) 1.4
1.1.1 Select solvent extraction process model 1.1.1 0 0 0 4} 0 0 0 0 0 0
142 Studies of lodine recovery from air sparge 142

stream ) 0 0 0 [ 0 0 0 0 0 0
1.1.3 Pu reductant studies 1.1.3 0 0 0 o 0 0 4] 0 0 [}
114 Co-extraction studies of Tc and Np 114 0 0 0 [ 0 0 0 0 [ 0
115 Convarsjon studies on aqueous raffinate to 115 ) )

) solid oxides 0 0 0 0 0 0 0 0 0 0
116 Dissolution studies of nobie metals from hulls|1.1.6 ° ° 0 o ° ° o ° ° N
117 Pilot-scale process flow sheet selection and 147

o design o 0 0 0 0 0 0 0 4 0 0
1.18 Construction of pilot-scale UREX test facility {1.1.8 o ° ° 0 0 0 0 o 0 0
1.1.9 Cold Test of pilot-scale UREX test facifity 118 0 0 0 0 0 0 0 0 [¢] 0
1.1.10 Operation of pilot-scale UREX test facility 1.1.10 15 3750 200 g 3950 15 3750 200 0 3950
1.2 Process transition studies 1.2 0 0]

Conversion of aqueous raffinate to solid
1.2.1 oxides 1.2.1 0 0,
1.2.2 Conversion of aqueous Tc to metal 122 0 0
123 Conversion of iodine to target form 123 Y [4)
1.24 Conversion of oxide to metal 124 4] 0
Agqueous Process Option for TRU & FP
13 Separation (Madified TRUEX) 1.3 [ 0
Lab studies on extraction behavior of UREX
1.3.1 raffinate 1.3.1 0 [ 0 0 Q [¢] 0 0 4 0
1.3.2 Process modeling for optimization 132 [} 0 [} 0 0 [1] 0 [4] 1] 0
133 Improved TC extraction studies 133 [4] [+] 4] 0 4] 4] 0 [+ 1] 0|
1.34 Setlection of solvent wash reagents 134 [+ 0 0 0 Y Q 0 Y 0 0
1.3.5 Development of stripping reagents 135 0 0 0 0 0 Y 0 4] 0 0
Pitot-scale process flow sheet selection and
1.36 design 1.36 Q 0 0 0 4 Q 0 [+ 0 0
Construction of pilot-scale modified TRUEX
137 test facility 137 0 0 0 0 Y [} 0 4] 0 0|
Cold Test of pilot-scaie modified TRUEX test
1.3.8 facility 1.38 (4] 0 0 0 1] 0 0 0 0 0
Operation of pilot-scale Modified TRUEX test
1.39 facility 138 Q [} 0 0 0 0 0 0 0 0
iRemote maintenance & operations |
1.3.10 {engineering 13.10 | 0 0
1311 Process control & monitoring instrumentation 1311 o 0
Electrometaliurgical Processing Option for
1.4 Uranium, TRU, and FP separation 14 0 Q
Verify flowsheet chemistry for all phases of
1.4.1 process using iadiated fuel 1.4.1 0 [} 0 0 0 0 0 0 Q 0
study scale-up issues regarding al! aspects
142 of EM process 142 0 0 0 0 0 0 0 0 0 0
:development of elaectrodes for salt-recovery
143 step 143 0 Q 0 0 4] 0 0 0 0 0
optimization of salt-recovery step celf
144 configuration 14.4 [} 0 0 0 0 0 0 o 4 0
study methods to separate Tc from Zircaloy
1.4.5 cladding 1.4.5 0 0 0 0 0 0 0 0 0 4
146 study methods to prepare non-TRU uranium {1.4.6 0 0 0 0 0 0 0 0 4] 0
study concurent and sequential operation of
solid steei and liquid cadmium cathodes (ali-
147 pyro option onty) 147 0 0 a 0 0 [ 0 0 4 o]
study means to isolate | and T¢ arxt prepare
148 targets 148 [¢] 0 Y 0 o 4] 0 0 0 0
. study behavior of TRU product with regard to
1.4.9 Am. 1.4.9 Q 0 Q 0 0 0 0 0 0 0
Pilot-scale process flow sheat selection and
1.4.10 design 1.4.10 0 0 0 0 0 0 0 0 0 0
1411 Construction of pilot-scale EM test facility . |1.4.11 0 0 0 a0 0 0 0 0 0 0
engineering-scaie (kg batch) tests of
1412 reduction step including use of irradiated fuel [1.4,12 0 0 <] 0 0 0 4] Q 0 0
engineering-scale tests of salt-recovery step
1.4.13 cell design 1413 0 0 0 0 0 0 0 0 0 0
corrosion testing of prospective construction
matenals for pilot and demonstration-scale
1414 plants 1.4.14 0 0 0 0 0 0 0 0 0 0
engineering-scale tests of electrorefiner with
14.15 reduced irradiated fuel 1.4.15 o] 0 0 0 0 0 0 0 ] [
ipilot-scale plant trials with unirradiated and
1.4.16 !irradiated fuel 1.4.18 0 0 0 0 0 0 0 0 0 0
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> 12 13
FY > 2011 2012
. Labor Cost| Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost
WBS Research Task Description WBS |USFTE| kg | costiski| Costisi | sk [USFTEL sk | costisio] Costisky| (s
Fuli-Scale Demonstration Facility (UREX and
15 Pyro A) 1.5 0 0
{Full-scale demo plant process flow sheat
151 ! selection and dasign 151 0 ] 3] 0 0 0 0 [} 0 0
152 Construction of full-scale demo facility 152 40 5000 100 0 5100 25 6250 50 0 6300
153 Cold Test of tull-scale demo facility 153 0 0 0 0 0 0 0 0 0 0
154 Operation of full-scale damo facility 154 =Cl) =F=0 0 0 0 0 — 0 0 0 =9=
t SUBTOTAL| - 55 8750 300 0 9050 40 10000 250 0 10250
Project Year -> . ] 12. 13
FY > 2011 ) 2012
- . Labor Cost| Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost
WBS Research Task Description WBS IUSFTE| oo™ | o sk | Costesi) | 519 |ISFTE| sk | Cost (550 COS&':K) oo
2 ATW Fusel Processing 2
2.1 Spent Fuel Chopping/Grinding 2.1
2.1.1 Pilot-scaie 211 2 500 100 0 600 2 500 100 0 600
2.1.11 Engineering design 2.1.1.1 -
2112 System operation 2112
2.1.2 Demo-scaie 212 1 250 25 ol = 275 1 250 25 1] 275
2.1.2.1 Engineering design 2121
2122 System operation 21.22
22 Off-Gas System 22
221 Lab-scale 2.2.1
2.2.4.1 12 getter materials 2211
2212 12/ Ci2 chemistry 2212
Materiats for handling chiorine and volatile .
2.2.1.3 chlorides 22.1.3
2214 Engineering design for pilot-scale system 2214
222 Piiot-scale 222 4 1000 350 0 1350 4 1000 200 0 1200
2221 Getter efficiency studies 2221
Evaluate interface with chloride volatility
2222 system 2222
Enginesring design for demo-scale
2223 integrated system 2223
223 Demo-scale 223
2231 Getter efficiency for Xe, Kr, T2, and [2 2.2.31
2.3 Chloride Volatitity 23
231 ‘Lab-scale 231
2311 1T¢ chemistry and metaliurgy 2311
2312 Matenals compatibility 2312
2313 {Process parameter optimization 23.1.3
2314 :Material balance studies 23.14
2315 iZr recovery and recycle 2.3.1.5
2316 | TRU transport studies 2316
2.314.7 |Fission product transport studies 2317
2.31.8 i Engineering design for pilot-scale system 2318
232 ‘Piiot-scate 232 9.5 2375 500 0 2875 9.5 2375 500 0 2875
2321 .Chemistry/metalliurgy 2321
‘Materials balanca studies/parameter
2322 ! optimization 2322
2323 \Materials processing 2323
2.3.24  Materials compatibility 2324
' Engineering design for demo-scale
2.3.2.5 integrated system 23.25
233 Damo-scale 233
i Material balance studies/p eter
2331 loptimization 2331
2332 Material processing 2332
2333 Engineering design for plant-scale system [2.3.3.3
2.4 TRU Electrorefining/Electrowinning 24
241 iLab-scale 241
2411 TRU slectrochemistry (i.e., Np, Cm} 2411
2412 TRU recovery (i.e., separation) efficiencies ]2.4.1.2
24143 Electrochemistry procass optimization 24143
2414 Materials Compatibility 2414
2415 Anode system 2415
2.41.51 High throughput design 24151
2416 Cathode systern and design 2446
2.4.1.7 T¢ Electrochemistry 24.4.7
2.4.1.8 Fission product behavior 24.18
2.4.1.9 Engineering design for pilot-scale system 24.1.9
2.4.2 Pilot-scale 242 9.5 2375 500 [ 2875 9.5 2375 500 0 2875
2421 Chemistry/metalliurgy 2421
Materials balance studies/process parameter,
2422 optimization 2422
2423 iMaterials processing 2423
2424 ‘Materials compatbility 24.24
iEnglneering design for demo-scale
2425 lintegrated system 2425
243 'Demo-scale 243
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year ->: 12 13
FY > ! 2011 2012
; - Labor Cost| Materiat | Capitat | Total Cost Labor Cost| Material | Capital | Total Cost
WBS | Research Task Description wWBS US FTE K Cost (SK) | Cost ($K) K US FTE K Cost ($K) | Cost (SK) o
‘iMa\erial batance studies/parameter
2431 ioptimization 2431
2432 'Materials processing 2432
2433 Engineering design for plant-scale system  2.4.3.3
2.5 Active Metal Fission Product Removal 25
251 Lab-scale 2.5.1
2541 Process testing and selection 251.1
2.51.2 Process Optimization 2.5.1.2
252 Pilot-scaie 252 0.5 125 15 (4] 140 0.5 125 15 0 140
2524 iMaterial balance studies 2521 . i
2522 iProcess optimization 2522
253 Demo-scale 253
2.5.3.1 Material balance studies 2531
2532 Engineering design of plant-scale system 2532
26 MgCi2 Electrowinning 26
261 Lab-scale R 261
26.1.4 Development of CI2 anode 26.1.1
2.6.1.2 Electrowinning process optimization 2.6.1.2
2843 Materials balance studies 2613
26.14 Chiorine getter and recycle system 26.14
26.15 Materials compatibility studies 26.1.5
2.6.1.6 Engineering design of pilot-scale system 26.18
262 Pilot-scale/Derno-scaie system engineering [2.6.2 6.5 1625 250 0 1875] 6.5 1625 250 0 1875)
26.2.1 Chemistry/metaliiurgy 2621
Materials balance studies/process parameter
2.62.2 optimization 2622
2623 Materials processing 2623
2624 Materials compatibility 2624
27 Pilot-scale Demonstration Facility (Pyro B)  {2.7
Pilot-scale process flow sheet selection and
271 design 274
272 Facility mods for pilot-scale operation 272 2 500 500 5000 6000 2 500 250 3250 4000
2.7.3 Cold test of pilot-scale facility 273
2.74 Hot pilot-scale operations 274
28 Fuil-Scale Demonstration Facility (Pyro 8) [2.8
Full-scale demo plant procass flow sheet
2.8.1 selection and design 2.8.1
2.8.2 :Construction of full-scaie demo facility 282
2.8.3 Cold Test of full-scale demo facility 283
2.84 Operation of full-scale derno facility 284 R
SUBTOTAL 351 8750 2240 5000 15990 35 8750 1840 3250 13840
Project Year ->; 12 13
FY -> i 2011 2012
! - ! Labor Cost| Material | Capital | Totai Cost i Labor Cost| Material | Capital | Total Cost|
Wes | Research Task Description wes |USFTE| "™ Costsk) | costist | (5K |USTTEL (a0 | Cost (5K | Cast (5K | (K0
3 |Wasta Forms 3 ¢
3.1 , Glass-Bondad Sodalite Waste Form 3.1
311 {Processing flowsheet definition 3.1.1 0 0 0 4] 0 0 0 0 0 0
3.1.2 tSalt treatment method development 312 0 0 [+) [] 0 [5) 3] 0 0 0
313 {Waste form fabrication deveiopment 3.13 [} ) 0 Q 0 0 0 0 0 0|
314 :Waste form evaluation 314 0 0 0 0 0 0 1] 0 0 0
315 |Pilot-scale demonstration 315 4 1000 500 [ 1500 3: 750 500 0 1250
3.1.6 | Demo plant processing eqpt for CWF 3.16 3 750 500 0 1250 4 1000 1500 0 2500
3.1.7 iDemonstration operations 317 [ 0 )] [ )
32 2Zr-Metal Waste Form 32
3.2.1 Processing flowsheet definition 321 0 0 0 [4] 1] V] 0 0 0 0
3.2.2 Casting method deveiopment 3.2.2 0 0 Q 1] 0 0 0 0 0 0|
323 Zr-8 wi.% SS waste form alioy dev. 323 0 [}) 4] Q ] [] 0 [+] 0 0
324 Waste form evaluation 324 0 0 0 0 0 0 0 0 0 0
325 Pitot-scale demonstration 325 4 1000 500 0 1500 3 750 500 0 1250
326 Demo plant processing eqpt for MWF 326 3 750 500 o 1250 4 1000 1500 0 2500
327 Demonstration operations 327 0 0 1] 4] 0 4] 0 [{] [+) [1]
33 Alternative waste forms 33
334 Glass for TRUEX option 3.3.1 0 0! 0 0 0 0 [ 0 0
332 {Mineral waste form, fluoride proc. Option 332 0 [{] [¢] 0 0 0 0 0 0
34 Repository interface activities 3.4
341 CWF Qualification testing 3.4.1 1 250 100 o 350 1 250 100 [4] 350
342 MWF Qualification testing 342 1 250 100 0 350 1 250 100, 0 350
3.43 Performance assessments 3.4.3 1 250 0 [i] 250 1 250 [}] 0 250
344 Wasle package development 3.44 2 500 200 0 700 1 250 100 0 350
e eyt M— P
SUBTOTAL 19 4750 2400 0 7150 18 - 4500 4300 0 8800)
TOTALS 108 22250 4940 5000 32190 93 23250 6390 3250 32890
Project Year -> 12 13
FY > 2011 2012
Labor Cost| Material | Capitat | Total Cost Labor Cost| Materia! | Capital | Total Cost:
WES Research Task Description WBS  |USFTE| ™ o I Cost($K) Costp(lsK) o0 |US FrE] (8K [cm ($K) | Cost (SK){ K
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> B 14
FY > i ] 2013

i . Labor Cost| Material | Capital | Total Cost
WBS Research Task Description WBS |USFTE 5K Cost(5K) | Cost(5)| (519 USFTE
1 :LWR Fuel Treatment 1

‘:Aqueous Process Option for Uranium
1.1 iSeparation {UREX) 1.1 :
114 Select solvent extraction process model 111 0 0 0 0 0 0
112 Studies of lodine recovery from air sparge 142

i stream 0 0 0 [+ 0 0

113 Pu reductant studies 113 0 0 [ [} 0 0
1.1.4 Co-extraction studies of Tcand Np- 1.1.4 0 0 0 0] . 0 0
115 Conversion studies on agquecus raffinate to 115 ) .

o solid oxides 0 0 Q 4 0 0
116 Dissolution studies of noble metals from hulis|1.1.6 ° o 0 0 0 0
117 Pilot-scale process flow sheet selection and 117

o design 0 [ 0 0 0 0
118 Construction of pilot-scale UREX test facility {1.1.8 ° ° 0 0 0 0
1.1.9 Cold Test of pilot-scale UREX test facility 1.1.9 0 [ 0 4 0 0
1.1.10 Operation of pilot-scale UREX test facility 1.1.10 20 5000 200 4] 5200 25
12 Procass transition studies 12

Conversion of aqueous raffinata to solid
121 oxides 1.24
1.2.2 Conversion of aqueous Tc to melal 1.2.2
1.23 Conversion of iodine to target form 1.2.3
124 Conversion of oxide to meta! 1.2.4
Aqueous Praocess Option for TRU & FP
1.3 Separation (Modified TRUEX) 13
Lab studies on extraction behavior of UREX
1.3.1 raffinate 1341 0 0 Y Y] 0 0
1.3.2 Process modeling for optimization 1.3.2 0 0 4 4 0 0
1.33 Improved TC extraction studies 133 0 0 0 4] 0 0
1.34 Selection of solvent wash reagents 134 1] ¢ o 0 0 0
135 |Development of stripping reagents 1.3.5 [ 0 0 0 0 0
i Pilot-scale procass flow sheet selection and
136 design 136 0 [ 4] 0 0 0
Construction of pilot-scale modified TRUEX
137 test facility 137 0 0 0 0 0 0
'Cold Test of pilot-scale modified TRUEX test
138 facility 138 0 0 0 0 0 0
Operation of pilot-scale Modified TRUEX test
1.3.9 facility 1.3.9 0 0 0 1] 0 0
iRemote maintenance & operations
1.3.10 |engineering 1.3.10
13.11 iPrccess control & monitoring instrumentation 1.3.41
1 Electrometailurgical Processing Option for
14 {Uranium, TRU, and FP separation 1.4
| Verify flowsheet chemistry for alt phases of
141 ‘process using irradiated fuel 1.4.1 Y 0 0 0 0 0
|study scaie-up issues regarding all aspects
142 ‘of EM process 142 Q Q 0 0 0 0
\development of electrodes for salt-recovery
143 istep 143 0 0 0 0 0 0
lopﬁmlzaﬂon of salt-recovery step cal
144 iconfiguration 144 [ 0 [} g 0 0
study methods to separate Tc from Zircaloy
145 cladding 145 0 4] 0 4] 0 0
1.486 study methods to prepara non-TRU uranium [1.4.6 0 0 0 [¢] 0 4]
study concurrent and sequential operation of
solid steel and liquid cadmium cathodes (all-
147 pyra option only) 147 0 [} ] [¢] 0 0
study means to isolate | and Tc and prepare
148 targets 148 0 0 0 [ 0 0
study behavior of TRU product with regard to
149 Am. 149 [*] 0 0 0 0 0
Pilot-scale process flow sheet selection and
1.4.10 design 1.4.10 0 0 0 0 0 0
1.4.1 Construction of pilot-scale EM test facility . 11.4.11 0 0 0 0 "] 0
engineering-scale (kg batch) tests of
1.4.12 reduction step including use of iradiated fuel |1.4.12 0 0 0 0 0 0
enginesring-scale tests of salt-recovery step
1.4.13 celi design 1.4.13 0 0 0 0 0 0
corrosion testing of prospective construction
materiais for pilot and demonstration-scale -
14.14 plants 1.4.14 0 0 0 0 0 0
engineering-scale tasts of electrorefiner with *
14.15 reduced irradiated fuel 1.4.15 0 Q 0 o] 0 0
R pilot-scate piant trials with unirradiated and .
1.4.16 irradiated fuel 1.4.18 0 "0 0 0 0 [




ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year ->: 14 15
FY > i 2013 2014
] - Labor Cost{ Material | Capital | Total Cost Labor Cost] Material | Capital | Total Cost
WBS ! Research Task Description WBS |USFTE 5K) Cost (5K) | Cost (5K) | (51) US FTE oo Cost(SK) | Cost (51| (5K
:Full-Scale Demonstration Facility (UREX and
15 iPyro A) 1.5
‘Full-scale demo plant process flow sheet
151 Iselection and design 15.1 0 0 0 0 0 0 0 0 0 0
152 ~Construction of full-scale demo faciity 152 10 1250 [] 60000 61250 10 1250 Q 95000 96250
153 1Cold Test of full-scale demo facility 153 Q 0 0 0 0 Q [] Q [] 0
154 iOperation of full-scale demo facility 1.54 [} 0 0 0 =1|J [ [ [1] 0 0
| SUBTOTAL 30 6250 200 60000 66450 35 75600 200 95000} 102700
Project Year ->| | i . 14 15
FY -> 2013 2014
- Labor Cost| Material | Capital | Total Cost Labor Cost! Material { Capital | Total Cost
WBsS - Research Task Description WBS | USFTE| " ) sk | cost(s0] 800 |USTTE| sk | Gost (51| Co st“(m prive
2 ATW Fuel Processing 2
2.1 Spent Fuel Chopping/Grinding 2.1
2.1.1 Pilot-scale 2.1.1
2.1.1.1 Engineering design 2111
2.1.1.2 System operation 2112
212 Demo-scale 2.1.2 3 750 500 0 1250 3.5 875 500 0 1375
2121 Engineering design 2.1.21
2122 System operation 2122
22 Off-Gas System 22
2.2.1 Lab-scale 221
2.2.1.1 12 getter materials 2214
22.4.2 12/ CI2 chemistry 22.1.2
Materials for handling chlorine and volatile
2213 chiorides 2213
2.2.1.4 Engineering design for pilot-scate. system 2.2.1.4
222 Pilot-scale 222 3 750 150 Q0 800
2221 Getter efficiancy studies 2221
Evaluate interface with chloride volatility
2222 system 2222
Engineering design for demo-scale
2223 integrated system 2223
223 Demo-scale 223 2 500 250 0 750
2231 Getter efficiency for Xe, Kr, T2, and 12 2231
2.3 Chloride Voiatility 23
231 Lab-scale 23.1
23.1.1 Tc chemistry and metaliurgy 23.11
23.1.2 Matenials compatibility 2312
2.3.1.3 Process parameter optimization 23.13
2.3.1.4 Matenal balance studies 2314
2315 1Zf recovery and recycle 2345
23186 | TRU transpont studies 2316
2317 ‘Fission product transport studies 2317
2318 :Engineering design for pilot-scale system 2318
23.2 | Pilot-scale 2.3.2 7.5 1875 500 0 2375
2321 ;Chemistry/metalllurgy 2324
i Materiats batance studies/|
2322 ‘optimization 2322
2323 ‘Materials processing 2.3.23
2324 ‘Materials compatibiity 2324
:Engineering design for demo-scale
2325 !integrated system 2325
233 i Demo-scale 233 7 1750 750 0 2500
iMaterial balance studies/parameter
23.3. {optimization 2331
2332 :Material processing 23.3.2
2.3.3.3 1Engineering design for plant-scale system {23.3.3
2.4 i TRU Electrorefining/Electrowinning 2.4
2.4.1 ;Lab-scale 241
2411 { TRU electrochemistry {i.e.. Np, Cm) 2411
2.4.12 TRU recovery (i.e., separation) efficiencies 12.4.1.2
2413 ‘Elactrochemistry process optimization 2413
2414 Materials Compatibility 2414
2415 Anode system 2415
24151 High throughput desiga 24151
24186 Cathode system and design - 12446
2417 Tc Electrochemistry 2.4.1.7
2.4.18 Fission product behavior 2.41.8
24.1.9 Engineering design for pilot-scale system 2419
242 Pilot-scale 242 7.5 1875 500 0 2375
2.4.2.1 |Chemistry/metaliiurgy 24.21
:Materials balance studies/process parameter
2422 foptimization 2422
2423 1Materials processing 2423
2424 iMateniais compatibility 2424
iEngineadng design for demo-scale
2425 tintegrated system 2425
243 ‘Demo-scale 243 7 1750 750 ] 2500
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> 14 15
FY > } 2013 2014
; - Labor Cost| Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost
WEBS Research Task Description WBS US FTE! K Cost ($K) | Cost (8K) ey US FTE ($K) Cost (5K} | Cost (5K) 5K
iMateriaI balance studies/parameter
2.4.3.1 joptimization 2.4.3.1
2432 iMateniais processing 2432
2433 iEngineenng design for plant-scale system  |2.4.3.3
2.5 iActive Metal Fission Product Removal 25
25.1 iLab-scate 2.5.1
2511 Process testing and selection 2.51.1
251.2 Process Optimization 2.5.1.2
252 Pilot-scale 252 0.5 125 15 0 140
2521 Material balance studies 2521
2522 Process optimization 2522
253 Demo-scale 253 0.5 125 15 0 140,
2.5.3.1 Material balance studies 25.3.1
2532 Enginesring design of plant-scale system 2532
26 MgCi2 Electrowinning 26
26.1 Lab-scale - 261
26.1.1 Development of C2 anode 26.1.1
2.6.1.2 Electrowinning process optimization 26:1.2
2.6.1.3 Materials balance studies 26.1.3
256.1.4 Chlorine getter and recycle system 2614
2.6.1.5 Materials compatibility studies 2615
26.1.6 Engineering design of pilot-scale system 26.16
262 Pilot-scale/Demo-scale system engineering |2.6.2 55 1375 250 0 1625 4.5 1125 500 [} 1625
2621 Chemistry/metalilurgy 2.6.2.1
Materials balance studies/process parameter
2622 optimization 2622
2623 Matenals processing 2623
2624 Materials compatibility 2624
27 Pilot-scale Demonstration Facility (Pyro B)  {2.7
Pilot-scale process flow shest selection and
2.7.1 design 271
272 Facility mods for pilot-scale operation 272 1 250 100 150 500
273 Cold test of pilot-scale facility 273 14 3500 500 0 4000
2.7.4 iHot pilot-scaie operations 274
2.8 iFull-Scale Demonstration Facility (PyroB)  {2.8
gFull-scale demo plant process flow sheet
2.8.1 | selection and design 281
282 i Construction of fuli-scale demo facility 2.8.2 [} 900 10 45000 45910 6 900 10 65000 65910
283 :Cold Test of full-scale demo facility 283
284 Operation of fuli-scale demo facili 284 1
: SUBTOTAL i 34; 7900 2025 45150 55075 44.5 10525 3275 65000 78800!
Project Year -> ; i 14 15
FY -> i i 2013 2014
! - Labor Cost| Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost
W8S Research Task Description WBS  |USFTE "y | Cost(sky| Cost(5K)|  (5K) |USTTE|  (5K) | Cost($Ky! Cost(SK) (SK)
3 :Waste Forms 3
3.1 .Glass-Bonded Sodalite Waste Form 3.1
311 .Processing flowsheet definition 3.1.1 0 0 0 0 0 o] 0 [+ 0 0
3.1.2 :Salt treatment method development 3.1.2 0 0 0 0 0 0 0 0 0 0
313 ,Waste form fabrication development 13.1.3 0 4] 0 4] 0 [} 0 0 0 0
3.14 ‘Waste form evaluation 13.1.4 0 4 [} 0 0 0 0 0 0 Q
315 i Pilot-scale demonstration 315 2 500 500 [+) 1000 0 0 [+] 0 0
316 'Demo plant processing eqpt for CWF 316 4 1000 1500 0 2500 6 1500 2000 0 3500
317 i Demonstration operations 317 4] 4] )] [s] 0 4] 0 0 4] 0
32 {Zr-Metal Waste Form 32
321 | Processing flowshest definition 321 [} [] [}] [}) [} 0 0 0 0 [i]
322 1Casting method development 322 [+ 0 o] [¢] 0 0 0 [4] 0 [+]
323 1Zr-8 wt.% SS waste form alioy dev. 323 0 0 0 [+] 0 0 0 4] 0 0|
324 tWaste form evaluation 324 0 0 0 0 0 0 0 0 Q 0
325 \Pilot-scale demonstration 3.25 2 500 500 (] 1000 0 0 0 0 0
3286 1 Demo plant processing eqpt for MWF 326 4 1000 1500 0 2500 6 1500 2000 0 3500
327 " Demonstration operations 327 [{] 0 [} 0 0 0 0 [{] [} 0
a3 {Altemative waste forms 33
331 Glass for TRUEX option 3.3.1 Q Q [] Q 0 0 0 0 0
332 Mineral waste form, fluoride proc. Option 332 [} 0 a Y 0 0 0 0 0
34 Repository interface activities 34
3.4.1 CWF Qualification testing 3.4.1 1 250 100 0 350 1 250 100 [] 350/
342 MWF Qualification testing - [342 1 250 100 0 350 1 250 100 0 350
343 Performance ents 3.43 1 250 [+] 0 250 1 250 ] Q 250
344 Waste package geveiopment 344 | 1 250 100 0 350 1 250 100! 0 3501
— - i TR
SUBTOTAL 16 4000 4300 Q 8300 16 4000 4300 0 8300
TOTALS 80 18150 6525| 105150| 129825] 95.5 22025 7775 160000) 189800
Project Year -> 14 15
FY > 2013 2014
.- Labor Cost| Material | Capital | Totat Cost tabor Cost| Material | Capital | Total Cost
wes Research Task Description wes  |usFTE| Tl | Cost (850 | Co 8K L i |USFTE| 0™ | Costsky| cost(sK)| (8K
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> 16 17
FY > 2015 2016
. Labor Cost{ Material | Capital | Total Cost Labor Cost| Material | Capital | Totat Cost

WBS Research Task Description WBS US FTE K Cost (5K) | Cost (5K) (5K) us FTE (5K) Cost ($K) | Cost (sK) (5K
1 LWR Fuel Treatment 1

Aqueous Process Option for Uranium
1.1 Separation (UREX) 1.1
111 i Select solvent extraction procass model 111 0 i) 0 1] [{] 0 0 0 1] 0
112 :Studies of Jodine recovery from air sparge 112

istream 0 0 0 0 0 0 0 0 0 0
113 { Pu reductant studies 1.13 0 0 0 Q Q 2] 0 ) Q Q
114 iCo-extradion studies of Tc and Np 114 0 0 0 0 0 () 0 0 [4] 0
115 Conversion studies on aqueous raffinate to 115 . .

s solid oxides 0 0 0 0 0 0 [} 0 4] 0
116 Dissolution studies of noble metals from hulls{1.1.6 ° 0 o ° o ° 0 o 0 o
147 Pilo}-scale process flow sheet selection and 147

design 0 0 [¢] Q [ 0 0 0 0 O
118 Construction of pilot-scale UREX test facility {1.1.8 0 ° 0 o o 0 0 0 0 0
1.1.9 Cold Test of pilot-scale UREX test facility 1.18 0 0 o] 0 0 0 Q 0 0 0
1.1.10 Operation of pilot-scale UREX test facility 1.1.10 35 8750 200 0 8950 65 16250 200 [ 16450
12 Process transition studies 1.2
Conversion of aqueous raffinate to solid
1.2.1 oxides 1.2.1
122 Conversion of aqueous Tc to metal 122
1.23 Conversion of iodine to target form 1.23
1.24 Conversion of oxide to metal 124
Aqueous Process Option for TRU & FP
13 Separation (Medified TRUEX) 13
Lab studies on extraction behavior of UREX
131 raffinate 131 0 ] 0 0 4] 1] 0 0 0 0
132 Process modeling for optimization 1.3.2 0 0 o} 0 0 0 0 0 0 0,
133 Improved TC extraction studies 1.3.3 0 0 [+] 0 0 0 0 [+ 0 0
134 Selection of solvent wash reagents 1.34 0 0 0 0 0 0 [ Q 0 0
135 Development of stripping reagents 1.3.5 [} 4] 0 0 0 0 0 [1] 0 0
Pilot-scate process fiow sheet selection and
1.36 design 136 0 0 0 0 )] 0 [4] 0 0 0.
Construction of pilot-scale modified TRUEX
137 test facility 137 4 4] 0 0 1] 0 0 0 Y] 0
Cold Test of pilot-scale modified TRUEX test
138 facility 138 [¢] [¢] Q Q [¢] Q Q 0 Q Q
Operation of pilot-scale Modified TRUEX test
1.3.8 faciity 13.9 0 o 0 0 [} ] 0 0 0 4]
Remote maintenance & operations
1.3.10 enginaenng 1.3.10
1341 Process control & monitoring instrumentation 1311
Electrometallurgical Processing Option for
14 Uranium, TRU, and FP separation 1.4
Verify flowsheet chemistry for all phases of
1.4.1 iprocess using iradiated fuel 1.4.1 0 0 0 0 0 0 0 0 0 0
|study scate-up issues regarding all aspects
142 ‘of EM procass 142 ] 0 0 0 0 0 Y o - [*] [
;development of electrodes for salt-recovery
143 Istep 143 0 [+ 0 [ 0 0 0 0 0 0
optimization of sait-recovery step cell
144 configuration 14.4 0 0 0 0 [ 0 0 0 [+ 0
study methods to separate Tc from Zircaloy
14.5 cladding 145 0 [ 0 0 Q [] 0 0 0 0
146 study methods to prepare non-TRU uranium {1.4.6 0 0 0 0 0 0 0 0 0 0
study concurrent and sequential operation of
solid steel and liquid cadmium cathodes (all-
147 pyro option only) 147 4] 4] 0 Q (1] 0 0 0 o 0
study means to isolate | and T¢ and prepare
1438 targets 148 0 0 ] a 0 0 0 [ Q 0
study behavior of TRU product with regard 1o
149 Am. 149 0 0 0 0 ] 0 0 0 0 0
Pilot-scale process flow sheet selection and
"11.410 design 1.4.10 0 0 0 0 0 [} 0 4 0 0
14.11 Construction of pilot-scale EM testfacility - [1.4.11 | 0 0 0 0 0 0 0 0 0 0
engineering-scale (kg batch) tests of
1412 reduction step including use of imadiated fuel |1.4.12 0 0 0 0 0 0 0 1] 0 0
engineering-scale tests of salt-recovery step
1413 cell design 1.4.13 0 0 0 0 0 0 0 0 0 0
corrosion testing of prospactive construction
materials for pilot and demonstration-scale
1.4.14 plants 1.4.14 0 0 0 0 0 0 0 0 0 0
engineering-scale tesis of electrorefiner with
1.4.15 reduced irradiated fuel 14.15 Q [ 0 0 0 [e] 0 0 0 0
pilot-scale plant trials with unirradiated and .
1.4.16 irradiated fuel - 14.18 o 0 0 0, 0 0 ] 0 [ [
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> | 16 17
FY > ! 2018 2016
i i Labor Cost| Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost
WBS 1 Research Task Description WBS US FTE; (519 Cost (81| Costisi0| 5K US FTE (51 Cost (5K) | Gost (50| (5K
Full-Scale Demonstration Facility (UREX and
1.5 Pyro A) ’ 1.5
Full-scale demo plant process fiow sheet
15.1 iselection and design 1.5.4 0 0 0 0 0 0 0 0 0 0
1.5.2 {Construction of full-scale demo facility 152 10 1250 0} 130000] 131250 10 1250 0f 125000] 126250
153 ,Cold Test of full-scale demo facility 153 [} 0 0 0 0 0 4] [ 0 0
154 |Operation of full-scate demo facility 1.5.4 0 0 0 0 — 0 0 [{] 0 0 0
t SUBTOTAL 45 10000 200 130000 140200 75 17500 200] 125000{ 142700
Project Year -> X 5 16 17
EY -> 2015 2016
.. LaborCost| Material | Capital | Total Cost Labor Cost{ Material | Capital { Total Cost
WBS Research Task Description WBS | {USFTE 6K | Costisky| costsy| 80 |USFTE| T (s10 | Cost o Costp(‘sx) o
2 ATW Fuel Processing 2
2.1 Spent Fuet Chopping/Grinding 21
211 Pilot-scale 2414
2.1.1.1 Engineering design 2.1.1.1
2.1.1.2 System operation 2112
2.1.2 Demo-scale 212 3 750 500 0 1250 3 750 500 [(] 1250
2121 Engineering design 21.24
2122 System operation 2122
2.2 Off-Gas System 22
2.2.1 Lab-scale 221
2.2.1.1 12 getler materials 2211
2.2.1.2 121 C12 chemistry 2212
Materials for handling chlorine and volatite
2213 chiorides 2213
2214 Engineering design for pilot-scale system 2214
222 Pilot-scale 232
2221 Getter efficiency studies 2.2.21
Evaluate interface with chioride volatility
2222 system 2222
Engineering design for demo-scale
2223 integrated system 2223
223 Demo-scale 223 2 500 250 0 750 2 500 250 0 750
223.1 Getter efficiency for Xe, Kr, 72, and i2 2231
23 ;Chioride Volatility 23
231 tab-scale 231
2311 Tc chemistry and metaliurgy 2.3.1.9
2312 Materials compatibility 23.1.2
2313 Process parameter optimization 2313
2314 Material balance studies 2314
2315 Zr recovery and recycle 2315
2316 TRU transport studies 2316
2317 {Fission product transport studies 2317
2.3.1.8 [Engineanng design for pilot-scale system 2318
232 iPilot-scale 232
2321 Chemistry/metalilurgy 2321
Materials batance studies/parameter
2322 optimization 2322
2323 Materials processing 2323 }
2.3.2.4 Matenals compatibility 2324 }
iEngineering design for demo-scale
2325 lintegrated system 2325
2.33 Demo-scale 233 13.5 3375 1000 0 4375 14 3500 1000 0 4500
Material balance studies/parameter
2.33.1 optimization 2.3.3.1
2332 Material processing 2332
2333 Engineening design for piant-scale system 12.3.3.3
24 TRU Electrorefining/Electrowinning 24
24.1 Lab-scale 24.1
24141 TRU electrochemistry {i.e., Np, Cm) 24.11
2412 TRU recovery {i.e., separation) efficiencies (2.4.1.2
2413 Electrochemistry process optimization 2413
2.4.1.4 Materials Compatibility 24.1.4
2415 Anode system 24.1.5
2.4.1.5.1 High throughput design 2.4.1.5.1
24186 Cathode system and design - |24.18 -
24.1.7 T¢ Electrochemistry 2417
2.4.1.8 Fission progduct behavior 2418
2.4.1.9 Engineering design for pilot-scale system 2419
2.42 Pilot-scale 242
2421 Chemistry/metslifurgy 2421
iMaterials balance studies/process parameter!
2422 loptimization 2422
2423 Materials processing 2423
2424 Materials compatibility 2424
Engineering design for demo-scale .
2.4.25 integrated system 2425
243 Demao-scale 243 13.5 3375 1000 0 4375 14 3500 1000 [] 4500
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ATW Separations Technology and Waste Forms

Research, Development and Demonstration Cost Estimate

Project Year ->: i6 - 17
FY -> { 2015 2016
; - Labor Cost| Material | Capital | Total Cost Labor Cost{ Material | Capital | Total Cost
WBS | Resaarch Task Description WBS USFTE| sy |costisky| Costisk)| K0 |USTTEL (50 | Cost(sK)| Cost(sk)| (550
Material balance studies/parameter
2431 optimization 2.4.3.1
2432 :Matenals processing 2432
2433 TEngineering design for plant-scale system 12433
2.5 Active Metal Fission Product Removal 25
2.5.1 Lab-scale , 251
2.51.1 Process testing and salection 25.1.1
2512 Process Optimization 2512
2.5.2 Pifot-scale 2.5.2
2521 Material batance studies 25.2.1
2.5.22 Process optimization 2522
2.5.3 Demo-scale 253 0.5 125 15 ] 140 0.5 125 15 0 140
2.53.1 Material balance studies 253.1
2.53.2 Engineering design of plant-scale syster 25632
2.6 MgCi2 Electrowinning 26
26.1 Lab-scale 26.1
2.6.1.1 Development of CI2 anode 26.1.14
26.1.2 Electrowinning process optimization 26.1.2
26.1.3 Materials balance studies 26.1.3
26.1.4 Chiorine getter and recycie system 2.6.14
26.15 Matenals compatibility studies 26.15
2616 Engineering design of pilot-scale system 26.18
26.2 Pilot-scale/Demo-scale system engineering {2.6.2 10 2500 750 [ 3250 10 2500 750 o} 3250,
26.21 Chemistry/metalliurgy 2621
Materials batance studies/process parameter
2622 optimization 26.2.2
2623 Materials processing 2623
2624 Materials compatibility 2624
27 Pilot-scale Demonstration Facility (Pyro B} . [2.7
Pilot-scale process flow sheet selection and
271 design 2.7.1
272 Facility mods for pilot-scale operation 272
273 Cold test of pilot-scale facility 273 14 3500 500 0 4000 16 4000 0 [ 4000
2.74 Hat pilot-scale operations 274
2.8 Full-Scale Demonstration Facility (Pyro B}  {2.8
Full-scale demo plant process fiow sheet
2.8.1 selection and design 2.8.1
2.8.2 Construction of fuli-scale demo facility 282 6 800 10 80000 80910 6 900 10 85000 85910,
2.8.3 Cold Test of fuli-scale demo facility 283
2.8.4 ‘Qperation of full-scale demo facility 284
[ SUBTOTAL 62.5 15025 4025 80000 99050 65.5¢ 156775 3525 85000 104300
Project Year -> 16 17
FY -> 2015 2018
- Labor Cost| Material | Capital | Total Cost Labor Cost|{ Material | Capital | Total Cost
wes Research Task Description wBS S FTE| S O ek | co st"(m o |US FTEL ™™ Cost (550 COSf’(sK) pos
3 Waste Forms 3
3.1 :Glass-Bonded Sodalite Waste Form 3.1
311 :Processing flowsheet definition 314 0 4] 0 0 [1] 4 0 0 0 0
312 ;Salt treatment method development 3.1.2 0 Q 0 0 0 0 0 0 0 0
313 ‘Waste fortn fabrication development 313 0 [} 0 0 a 0 () 0 [4] 0
314 :Waste form evaluation 3.14 0 0 0 0 0 0 '] 0 0 0
315 1 Pilot-scale demonstration 3.145 0 4] 0 0 o 0l Q 0 Q 0
318 'Demo plant processing eqpt for CWF 3186 ] 1500 2000 0 3500 ] 1500 2000 0 3500
317 Demonstration operations 3.1.7 0 0 0 0 0 0 ] [} [4] 0
3.2 2r-Metal Waste Form 32
321 Procassing fiowshest definition 3.2.1 0 0 ] 4 0 0 Q 0 [+ [
322 iCasting method development 322 0 0 0 0 0 0 0 0 0 0
323 Zr-8 wt.% SS waste form alloy dev. 323 [+] 1] [}] Q 0 ] Q 0 aQ 4]
3.24 Waste form evaiuation 324 ] 0 0 0 0 0 [+ 0 0 [1]
3.2.5 Pilot-scale demonstration 3.2.5 [ 0 0 Q 0 0 0 0 [¢] Q
3.26 Demo plant processing eqpt for MWF 3.28 6 1500 2000 Q 3500 6 1500 2000 [+ 3500,
327 Demonstration operations 327 0 [»] 0 Q 0 0 0 0 0 0!
33 Altemative waste forms 33
3.3.1 Glass for TRUEX option 331 Q Q Q Y )] [} Q Q Q [+]
332 Mineral waste farm, fiuoride proc. Option 332 0 [+] (4] o 0 0 0 4] 0 [}
34 Repository interface activities 3.4
341 CWF Qualiification testing 3.4.1 1 250 100 0 350 1 250 100 0 350,
3.4.2 MWF Qualification testing 3.4.2 1 250 100 0 350 1 250 100 0 350
343 Performance assessments 34.3 1 250 [ 0 250 1 250 Q 0 250
344 Wasle package gevelopment 344 1 250 100 0 350 1 250 100 0 350
EE—— e ﬁ
] SUBTOTAL 16 4000 4300 0 8300 16 4000 4300 0 8300
TOTALS 123.5 20025 8525 210000] 247550| 156.5 37275 8025 210000| 255300
Project Year -> 16 17
FY -> i 2015 2018
T . Labor Cost| Material | Capital | Total Cost Labor Cost] Material | Capital | Total Cost
Wes i Rasearch Task Description Wes  |us ”El (5K) | Cost($K) Costp(sx)l 510 |ISFTE sk i Cost($K) | Cost(sK) | (5K)
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> | 18 r
Y- 2017 5018
WEBS Research Task Description Material [ Capital Material

Cost ($K) Cast ($K)
1 LWR Fuel Treatment
Aqueous Process Option for Uranium
11 Separation (UREX)
Select solvent extraction process modet
Studies of lodine recovery from air sparge
stream
Pu reductant studies
Co-extraction studies of Tc and Np
Conversion studies on aqueous raffinate to
solid oxides

Dissolution studies of noble metats from hulis|1.1.6

Pitot-scale process flow sheet selection and

design 17

Construction of pitot-scale UREX test facility |1.1.8

Coid Test of pilot-scaie UREX test facility 119
Qperation of pilot-scale UREX test facility 1.1.10
Process transition studies 1.2
Conversion of aqueous raffinate to solid
oxides 1.2.1
Conversion of aqueous T¢ to metal 122
Conversion of icdine to target form 123
Conversion of oxide to metal 124
Aqueous Procass Option for TRU & FP
Separation (Modified TRUEX) 1.3
Lab studies on extraction behavior of UREX
raffinate 1.3.1
Process modeling for optimization 1.3.2
Improved TC extraction studies 133
Selection of solvent wash reagents 1.3.4
Development of stripping reagents
Pilot-scale process flow sheet selection and
design

Construction of pilot-scale modified TRUEX
test facility

Cold Test of pilot-scale modified TRUEX test
facility

Operation of pilot-scale Modified TRUEX test
facility

i{Remote maintsnance & operations
iengineering

gProcess control & monitoring instrumentation
!

i Electrometaliurgicat Processing Option for
tUranium, TRU, and FP separation

{Verify flowsheet chemistry for all phases of
{process using iradiated fuel

:study scale-up issues regarding all aspects
'of EM process

'development of electrodes for salt-recovery
istep

joptimization of salt-recovery step cell
iconfiguration

' study methods to separata Tc from Zircaioy
‘cladding

study methods to prepare non-TRU uranium
study concurrent and sequentiat operation of
solid steel and liquid cadmium cathodes (ali-
pyro option only)

study means 1o isolate | and T¢ and prepare
targets

study behavior of TRU product with regard to
Am,

Pilot-scale process flow sheet selection and
design

Construction of pilot-scale EM test facility

engineering-scale (kg batch) tests of
reduction step inciuding use of iradiated fuel
enginesring-scale tests of salt-recovery step
cell design

corrosion testing of prospective construction
materials for pilot and demonstration-scate
plants

engineering-scale tests of electrorefiner with
reduced irradiated fuel

pitot-scale plant trials with unirradiated and
irradiated fuel




ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

{Project Year -> | 18 19
FY -> i 2017 2018
- Labor Cost] Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost,
WBS Ressarch Task Description WBS |USFTE 5K Cost($K)| Cost (K}|  ($K) US FTE $K) Cost (8K) | Cost (50| ($K)
Full-Scale Demonstration Facility (UREX and
1.5 Pyro A) 15
Full-scale demo plant process flow shaet
15.1 i selection and design 151 4] 0 0 [ 0 1] 0 0 0 0
152 : Construction of full-scale demo facility 1.8.2 10 1250 0 100000] 101250 Q [ [4] 0 0!
153 :Cold Test of full-scale demo facility 153 120 30000 15000 [] 45000 165 33000 6000 0 39000
154 iQperation of full-scale demo facility 1.54 0 0 0 [ 0 0 0 [ [ 0
ey e
' SUBTOTAL 170 41250 15200] 100000 156450 205 43000 6200 0 49200
%roject Year -> 18 19
FY -> 2017 2018
- Labor Cost| Material | Capital | Total Cost Labor Cost| Materiat | Capital | Total Cost
WEBS Research Task Description WBS JUSFTE "™ cogtismy| costisky| (5K |USFTEL (st | Cost (5K) | Co “"('m 1
2 ATW Fuel Processing 2
21 Spent Fusl Chopping/Grinding 21
2.1.1 Pilot-scale 2.1.1
2.1.1.1 Engineering design 2111
2.1.1.2 System operation 2112
2.1.2 Demo-scale 2.1.2
2.1.21 Engineering dasign 2121
2122 System operation 2122
2.2 Off-Gas System 22
221 Lab-scale 221
2.2.1.1 12 getter materials 2214
2.21.2 12 1 CI2 chemistry 221.2
Materiais for handling chlorine and volatife
2213 chlorides 2213
2214 Engineering design for pilot-scale system 2214
222 Pilot-scale 2.2.2
2.2.21 Getter efficiancy studies 2221
Evaluate interface with chioride volatility
2.2.2.2 system 2222
iEngineering dasign for demo-scale
2223 integrated system 2223
223 Demo-scale 223 2 500 250 0 750
2231 Getter efficiency for Xe, Kr, T2, and 12 2231
23 Chloride Volatility 23
2.3.1 Lab-scale 23.1
23.1.1 Tc chemistry and metatlurgy 2311
23.1.2 Matenials compatibility 23.4.2
2313 Process parameter optimization 2313
2314 . Material balance studies 2314
2315 1Zr recovery and recycle 2315
2316 | TRU transport studies 23.186
2317 |Fission product transport studies 2.3.1.7
2318 ‘Engineering design for pilot-scale system 2318
232 ' Pitot-scale 2.3.2
23.2.1 :Chemistry/metaitiurgy 2321
Materials balance studies/parameter
2322 optimization 23.2.2
2323 Materials processing 2323
2324 Materials compatibiity 2324
|Engineering design for demo-scale {
2325 {integrated system 2325
233 Deamo-scala 2.3.3 14 3500 1000 0 4500
Material balance studies/parameter
2.3.3.1 optimization 2.3.3.1
2332 Material processing 2332
2333 Engineering design for plant-scale system {2.3.3.3
2.4 TRU Electrorefining/Electrowinning 24
2.4.1 Lab-scale 241
24.1.1 TRU electrochemistry (i.e., Np, Cm) 2411
2412 TRU recovery (i.e., separation) efficiencies {2.4.1.2
2413 Electrochamistry process optirnization 2413
2.4.14 Materials Compatibility 2414
2415 Anode system 2415
24151 High throughput design 24151
2416 Cathode system and design . 12418
2.4.1.7 Tc Electrochamistry 24.1.7
24.18 Fission preduct behavior 2418
2.4.1.9 Engineering design for pilot-scale system 2419
242 Pitot-scale 242
2.4.2.1 Chemistry/metalliurgy 2421
Materials balance studies/process parameter
2422 optimization 24.22
2423 Matenals processing 24273
2424 Materials compatibility 2424
Engineering design for demo-scale
2425 integrated system 2425
243 Demo-scals 2.4.3 14 3500 1000 0 4500
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> 18 19
FY -> 2017 2018
- Labor Cost| Materia! | Capital | Total Cost Labor Cost| Material | Capital | Total Cost
WBS Research Task Description WBS JUSFTE| ™™ | cost(sky | Cost (k)| (5K |USFTE] (s | Cost(sK) “st”('sm b
iMaterial balance studies/parameter
243.1 |optimization 2.4.3.1
2432 iMaterials processing 2.4.32
2433 iEngineering design for plant-scale system |2.4.3.3
2.5 {Active Metal Fission Product Removal 2.5
251 Lab-scale 2.5.1
2511 Process testing and selection 2511
2512 Process Optimization 25.1.2
252 Pilot-scale 252
2521 Material balance studies 2521
2.522 Process optimization 2522
253 Demo-scale 253 0.5 125 15 0 140
253.1 Material balance studies 2531
2532 Engineering design of plant-scale system 2532
26 MgCi2 Electrowinning 26
26.1 Lab-scale 2.6.1
26.1.1 Development of Ci2 anode 26.1.1
26.1.2 Electrowinning process optimization 2612
26.1.3 Matenals balance studies 2.6.1.3
2614 Chiorine getter and recycle system 2.6.1.4
2.6.1.5 Materials compatibility studies 2615
2.6.1.6 Engineering design of pilot-scale system 26.16
26.2 Pilot-scale/Demo-scale system engineering 12.6.2 10 2500 750 0 3250
26.2.1 Chemistry/metalilurgy 2621
Materials balance studies/process parameter
2.6.2.2 optimization 2622
26.23 Matenals processing 2623
2624 Matenals compatibility 2624
2.7 Pilot-scale Demonstration Facility (Pyro B) (2.7
Pilot-scale process flow sheet selection and
271 design 271
2.7.2 Facitity mods for pitot-scale operation 272
273 Cold test of pilot-scale facility 273
2.7.4 Hot pilot-scale operations 274 22 3500 1500 0 5000 22 3500 1500 0 5000
2.8 Full-Scate Demonstration Facility (Pyro B)  {2.8 i
{Fuli-scale demo plant process flow sheet !
284 | setection and design 2.8.4 ;
282 i Construction of full-scale demo facility 2.8.2 4 600 5 25000 25605
283 Cold Test of full-scale demo facility 2.8.3 150 22500 15000 10000 47500 150 22500 8000 250 30750
284 Operation of full-scale demo facility 2.8.4 ’
| SUBTOTAL 216.5] 36725 19520 35000 91245 172 26000 9500 250 35750
Project Year -> | ) 18 19
FY -> 2017 2018
S Labor Cost; Materia! | Capital | Total Cost Labor Cost; Materiat Capital | Total Cost
wes Research Task Description WBS |USFTE| " O e Cot k| 50 |USFTE| sk | Cost (5K0| Cost (50| (8K)
3 Waste Forms 3 ;
31 :Glass-Bonded Sodalite Waste Form 31 :
3.1.1 i Processing flowsheet definition 3.1.1 0 0 0 0 0 Q 0, [ Q 0
312 Salit treatment method development 3.1.2 0 0 Q 0 0 [} 0i [ a 0
313 Waste form fabrication development 313 0 0 [} o] 0 0 0i 0 [} 0
344 Waste form evaluation 3.1.4 0 0 0 Q 0 0 0! 0 0 0
3.1.5 Pilot-scale demonstration 315 0 [ Q 0 0 Q o 0 0 0
3.16 Demo piant procassing eqpt for CWF 3.16 6 1500 2000 [) 3500 1] 0i 0 0 [}]
347 Demonstration operations 3.1.7 0 0 Q [ 0 5 1250, 1000 0 2250
32 Zr-Metal Waste Form 3.2 i
321 Processing flowsheel definition 3.2.1 [} 4 0 0 0 Q Of 0 0 0
322 Casting method deveiopment 322 0 0 Y [+] 0 Q 0 0 0 [
3.23 Zr-8 wi.% SS waste form alloy dev. 3.23 0 0 4 4] 0 Q 0 0 0 0
324 Waste form evatuation 324 0 0 0 0 0 Q [ 0 0 []
325 Pilot-scale demonstration 3.25 0 0 Q 0 0 4 0 0 4] 0
3.26 Demo plant processing egpt for MWF 326 [ 1500 2000 [+] 3500 0 [’} 0 0 [+]
327 Demonstration operations 327 0 [4] 0 4] 0 5 1250 1000 [}) 2250
33 Altemative waste forms 33
3.3.1 Glass for TRUEX option 3.3.1 0 0 1] 0 0 0 0 0 0
332 Mineral waste form, fluonide proc. Option 332 0 [1] 1] 1] 0 0 0 0 0
34 Repository interface activities 34
344 CWF Qualification testing 34.1 1 250 100 4] 350 1 250 100 0 350
3.42 MWF Qualiification testing -{3.4.2 1 250 100 4] 350 1 250 100 [+] 350
343 Performance s 34.3 1 250 1] 4] 250 1 250 0 0 250
344 Waste package development 344 1 250 100 0 350 1 ?-50 100 0 350
| SUBTOTAL 16 4000 4.300 4] 8300 14 3500 2300 0 5800
{
TOTALS ! 402.5 81975 39020 135000] 255995 391 72500 18000 250 90750
[
Project Year -> 18 19
FY > 2017 2018
: Labor Cost| Material | Capital | Total Cost Labor Cost| Material | Capital | Total Cost
WBS Research Task Description wes  |usFTel O o ek | costist| sk |US FTEI (5K) I Cost (8K} | Cost (5K) | ($K)
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year ->, 20 21
FY-> : 2018 2020
: . Labor Cost| Material | Capital {Total Cost Labor | Material | Capitat | Total Cost
WBS | Research Task Description WBS [USFTE 5K |Cost(sky | Costisir] (5K | “SFTE | costisiy | Costisky | Cost s 5K
1 'LWR Fuel Treatment 1
|Aqueous Process Option for Uranium
1.1 ISeparation (UREX) 1.1
1.11 - Select solvent extraction process model 1.1.1
112 iStudies of lodine recovery from air sparge 112
jstream
1.1.3 ;Pu reductant studies 113
114 |Co-extraction studies of Tc and Np 114
IConversion studies on aqueous raffinate to
115 o 1.1.8
solid oxides
1.16 Dissoclution studies of noble metals from hulls| 1.1.6
117 Pilo_(-scale process flow sheet selection and 117
design
118 Construction of pilot-scale UREX test facility |1.1.8
1.1.9 Cold Test of pilot-scale UREX test facility 119
1.1.10 Operation of pilot-scale UREX test facility 1.1.10 15 3750 200 0 3950 15 3750 200 0 3950
1.2 Process transition studies 1.2
Conversion of agueous raffinate to solid
1.2.1 oxides 1.2.1
122 Conversion of aquaous Tc to metal 1.2.2
123 Conversion of iodine to target form 123
1.24 Conversion of oxide {0 metal 124
Aqueous Process Option for TRU & FP
13 Separation (Modified TRUEX) 1.3
Lab studies on extraction behavior of UREX
131 raffinate 134
1.3.2 Process modeling for optimization 1.3.2
133 Improved TC extraction studies 133
1.34 Selection of solvent wash reagents 1.3.4
1.35 Development of stripping reagents 1.3.5
Pilot-scale process flow sheet selection and
136 design ) 136
Construction of pilot-scale modified TRUEX
137 test facility 137
Cold Test of pilot-scale modified TRUEX test
138 facility 138
Operation of pilot-scale Modified TRUEX test
139 facility 139
Remote maintenance & operations
1.3.10 engineering 1.3.10
1341 Process control & monitoring instrumentation 13.41
Electrometallurgical Processing Option for
1.4 Uranium, TRU, and FP separation 1.4
Verify flowsheet chemistry for ail phases of
1.4.1 process using iradiated fuel 1.4.1
study scale-up issues regarding all aspects
142 of EM process 142
:development of electrodes for salt-recovery
143 step 143
optimization of sait-recovery step ceil
14.4 configuration 14.4
study methods to separate Tc from Zircaloy
14.5 cladding 145
146 study methods to prepare non-TRU uranium {1.4.6
study concurrent and sequential operation of
solid stee! and liquid cadmium cathodes (all-
147 pyro option only) 147
study means to isolate | and Tc and prepare
148 targets 1.4.8
study behavior of TRU product with regard to
14.9 Am. 1.4.9
Pilot-scale process flow sheet selection and
14.10 design 14.10
1.4.11 Construction of pilot-scate EM test facility . 11.4.11
engineering-scale (kg batch) tests of
1.4.12 reduction step including use of irradiated fuet | 1.4.12
engineering-scale tests of salt-recovery step
1413 call design 1413
corrosion testing of prospective construction
materials for pilot and demonstration-scale
14.14 plants 1.4.14
engineering-scale tests of slectrorefiner with
14.15 reduced irradiated fuel 1.4.15
pilot-scale plant trials with unirradlated and
14.16 iradiated fuel 1.4.16
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> ! 20 21
FY > 2019 2020
- Labor Cost| Material | Capital | Total Cost Labor | Material | Capital | Total Cost
WBS Research Task Description WBS [USFTE K Cost (SK) | Cost(8K) | (81) USFTE Cost (59 | Cost(5K) | Cost (5K | (510
Full-Scale Demonstration Facility (UREX and
1.5 Pyro A} 1.5
zFu!l-scale demo plant process flow shest
1.5.1 selection and design 1.5.1
152 Construction of full-scale demo facility 152
153 Cold Test of full-scale demo facility 153 90 22500 3000 Q 25500
154 {Operation of full-scale demo facili 154 90 22500 3000 0 25500 185 46250 8000 2000 56250
f SUBTOTAL 195 48750 6200 O] 54050 200 50000 8200 2000 602001
Project Year -> 20 21
FY -> 2019 2020
- Labor Cost| Material | Capital | Total Cost Labor Material | Capital | Total Cost|
WBS Research Task Description WBS USFTE K Cost ($K) | Cost ($K) (5K) US FTE Cost ($K) | Cost (5K) | Cost (5K)| (K
2 ATW Fuel Processing 2
2.1 Spent Fuel Chopping/Grinding 2.1 »
211 Pilot-scale 2.1.1
2.1.1.1 Engineenng design 2.1.11
2.1.1.2 System operation 2.1.1.2
2.1.2 Demo-scale 2.1.2
2121 7" |Engineering design 2.1.21
2.1.2.2 System operation 2122
2.2 Off-Gas System 2.2
221 Lab-scale 221
2.2.1.1 {2 getter materials 22114
221.2 12 1 Ci2 chemistry 22.1.2
Matedais for handling chlorine and volatile
2213 chiorides 2213
22.1.4 Engineering design for pifot-scale system 2214
222 Pilot-scale 222
2.2.21 Getter efficiency studies 2.2.21
Evaluate inferface with chioride volatility
2.2.2.2 system 2222
Engineering design for demo-scale
2.22.3 integrated system 2223
2.2.3 ;Demo-scale 223
2.2.3.1 1Getter efficiency for Xe, Kr, T2, and 2 2231
2.3 {Chioride Volatility 23
23.1 iLab-scale 231
23.1.1 i T¢ chemistry and metallurgy 2.3.1.1
2312 iMaterials compatibility 2312
2313 i Process parameter optimization 2313
2314 'Material balance studies 2344
2.3.1.5 1 Zr recovery and recycle 2315
2.3.1.6 TRU transport studies 2.3.16
2317 Fission product transport studies 2317
2.3.18 |Engineering design for pilot-scale system 23.18
232 |Piict-scale 232
2321 ;Chemistry/metalliurgy 2321
Materials balance studies/parameter
2322 optimization 2322
2323 Materials processing 2323
2324 Materials compatibility 2324
Engineering design for demo-scale
2325 integrated system 2325
233 Demo-scale 233
Matenial balance studies/parameter
2331 optimization 2331
2332 Material processing 2332
2.3.3.3 Engineering design for plant-scaie system (2333
2.4 { TRU Electrorefining/Electrowinning 2.4
241 iLab-scale 2414
24.1.1 TRU electrochemistry (i.e., Np, Cm) 24.1.1
2412 TRU recovery (i.e., separation) efficiencies [2.4.1.2
2413 Electrochemistry process optimization 2.4.13
2414 Materials Compatibility 2414
24.15 Anode system 2415
24,151 High throughput design 24.151
24.16 Cathode system and design 2416
2417 Tc Electrochemistry 2447
2418 Fission product behavior 2.41.8
24.1.9 Enginesring design for pifot-scale system 2419
2.4.2 Pilot-scale 242
2421 Chemistry/metaillurgy 2421
Materials balance studies/process parameter
2422 oplimization 2422
2423 Materials processing 2423
2424 Matenals compatibility 2424
Engineering design for demo-scale
2425 integrated system 2425
243 Demo-scale 24.3
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ATW Separations Technology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> 20 21
FY > 2019 2020
. Labor Cost| Material | Capital | Total Cost Labor | Material | Capital | Total Cost|
WBS Research Task Description WBS US FTE 8K Cost (8K} | Cost (8K0 | (8K) US FTE Cost($K) | Cost (5K) | Cost 51| (50
iMaterial balance studies/parameter
24.3.14 optimization 2.4.3.1
2432 Materials procassing 2.4.3.2
2433 Engineenng design for plant-scale system (2433
2.5 Active Metal Fission Product Removal 2.5
251 Lab-scale 2.5.1
25.1.1 Process testing and selection 2511
2512 Process Optimization 2512
252 Pilot-scale 252
2.5.2.1 Material batance studies 2521
2522 Process optimization 2522
253 Demo-scale 2.53
2531 Material batance studies 2.5.3.1
2.6.3.2 Engineering design of plant-scale system 2532
2.6 MgCi2 Electrowinning 26
2.6.1 Lab-scale 2.6.1
2.6.1.1 Davelopment of Ci2 anode 26.1.1
2.6.1.2 Electrowinning process optimization 26.1.2
26.13 Materials balance studies 26.13
26.1.4 Chiorine getter and recycle system 26.1.4
2615 Materials compatibiity studies 26.1.5
2616 Engineering design of pilot-scale system 26186
262 Pilot-scale/Demo-scale system engineering {2.6.2
2621 Chemistry/metalliurgy 26.2.1
Materials balance studies/pracess parameter
2.6.2.2 optimization 2622
26.23 Materials processing 26.2.3
2624 Materials compatibility 26.24
2.7 Pilot-scale Demonstration Facility (Pyro B)  [2.7
Pilot-scale process flow sheet selection and
2.7.1 design 2.7.1
2.7.2 Facility mods for pilot-scale operation 272
2.7.3 Cold test of pilot-scale facility 273
274 Hot pilot-scale operations 274 22 3500 1500 0 5000 22 3500 1500 0 5000
2.8 Fuil-Scale Demonstration Facility (Pyro B}  {2.8
Full-scale demo plant process fiow shest
2.8.1 selaction and design 281
2.8.2 Construction of full-scaie demo facility 282
283 Cold Test of fuli-scale demo facility 283 75 11260 4000 100 16350
2.84 {Operation of full-scale demo facility i2.8.4 75 11250 4000 100 15350 150 22500 5000 100 27'(5&I
i SUBSTOTAL 1721 26000} 9500} 200 35700 172 26000 6500 1001 32600
Project Year -> 20 21
FY > 2018 2020
- Labor Cost| Material Capital | Total Cost Labor Material | Capital | Total Cost
wBS Research Task Description WBS \USFTE| "y | Cost(5K) Cont (5K) [ s | YSTTE | costisiy| Costisk) Costp(‘SK) (5K)
3 Waste Forms 3
3.1 iGlass-Bonded Sodalite Waste Form 3.1
311 i Processing fiowsheet definition 3.1.1
3.1.2 i Salt treatment method development 3.1.2
313 iWaste form fabrication development 3.1.3
314 Wasta form evaltuation 3.1.4
3158 ; Pilot-scale demonstration 315
316 :Demo plant processing eqpt for CWF 316
317 :Demonstration operations 317
3.2 1 Zr-Metal Waste Form 3.2
3241 Processing fiowsheet definition 3.2.1
322 Casting method development 322
323 Zr-8 wt.% SS waste form alloy dev. 323
324 Waste form evaluation 324
3.25 Pilot-scale demonstration 325
326 Cemo plant processing eqpt for MWF 326
327 Demonstration operations 327
33 Aitemnative wasts forms 33
3.3.1 Glass for TRUEX option 331
332 Minera! waste form, fiuoride proc. Option 3.3.2
34 Repository interface activities 34
34.1 CWF Qualification testing 34.1
342 MWF Qualification testing 342
343 Performance assessments 343
344 Wasta package developrment 344
e
| SUBTOTAL 0 3] 0 Q 0 [1] 1] [) 0 0
TOTALS 367 74750 15700 200 90650 372 76000 14700 2100 92800
Project Year -> 20 21
FY -> 2019 2020
- tabor Cost{ Material | Capital | Total Cost Labor Material | Capital | Total Cost
wes Rasearch Task Description Was Ius FTE[ () | Cost (SK) I costsy| (5K | USFTE l Cost (8K) | Cost (8K) | Cost ()| ($K)
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