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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 fi-om these
partitioning operations. The Technical Working Group for ATW Separations Technologies and
Waste Forms completed its work in June 1999, having carefidly considered the technology
options available.

A baseline process flowsheet and backup process were identified for initial emphasis in a
fkture 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 fiei assemblies. For the internal ATW fbei 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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Preparation of A Technology Development Roadmap
for the Accelerator Transmutation of Waste (ATW) System:

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 fiel 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
fin-ther 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 fiel for partitioning and transmutation within the framework of the ATW system, First,
the TWG concluded that the removal of uranium from the commercial spent fhel 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°/0 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-levell waste
disposal. A target of better than 99.9% recovery of the uranium in the spent fiel 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°/0 TRU has been
adopted. And finally, the recovery target for technetium and iodine has been set at greater than
95V0. These target values refer to overall system performance. A separate report in thk
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
carefilly 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 fiel in the head-end step. The
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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 fiel. Figure 1
provides the overall baseline process fl~wsheet. 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 flont-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 fhel, 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 fill-sized stations. Each of the fill-sized stations will comprise eight
transmute units for fissioning of transuranic elements and transmutation of iodine/technetium
targets. The transmute units are assumed to operate with metallic fhel having the approximate
composition 23 wt.Yo TRU and 77 wt.’YoZr. A chemical processing plant to support one fi.dl-
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 fill-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 fhels.
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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 fiel
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 fiel 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.

4



2.0 LWR Fuel Processing

2.1 summary

The LWR fuel processing part of the flowsheet is designed to extract from LWR spent fiel
(1) the TRU elements (as metals) for use in the fabrication of ATW fhel, (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 fiel.

Backup Process 1. The recommended backup process is an “all pyre” option that uses a
vanatlon oi th e 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, iollowed 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 andl 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 fiel. 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 fiel to remove the bulk materials (zircaloy cladding and uranium). This will
leave only about 4% of the original claddinghiel 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 W and 99Tc. Figure 2 provides a bmic
flowsheet of the baseline (URFWEM) 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’?40of neptunium can
be recovered with uranium and partitioned into different streams for subsequent conversion to
ATW assemblies or targets. Studies exist to show that >95V0 of the iodine can be removed from
the aqueous feed solution during dksolution 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 denigration 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
kmthanides from the uranium extraction process raffmate. The.extracted TRU’S and kmthanides
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 99Tc 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: 2ndU 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 successfidly demonstrated with
actual tank waste at the INEEL using 2-cm diameter centrifugal contractors in a shielded
and remotely maintained hot cell facility (RAL). The results of these tests indicate
removal efficiencies for tank waste ofi (a) 99.7°/0 for total alpha, (b) >99.9°/0 for 241Am,
and (c) 99 .97°/0 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 pyre” 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 lithiurdlithium 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 fhel. 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 fiel 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 fiel with a
capacity of 1,440 MTHM commercial LWR spent fbel 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.
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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 raffmate is to contain <0.1 YO 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 fiuther 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 raffkate
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 99Tc (>95°/0) have not been removed at this point, then this raffinate stream may
require fi-u-therprocessing. The raffinate is to contain <0. 10/0of 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 fhel 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 fiel 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 oxidehr. For
the reduction and salt-recove~ 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 teckology 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 ~e lanthanides if deemed necessary, (4) development of
solidification processes for the TRU stream, and (5) development of a 99Tc 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 fhel 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 Zircadoy
cladding hulls (all-pyro option only), (3) separation and isolation of 1, (4) fabrication of I
and Tc targets, (5) containment of Am during ATW fhel preparation (final stage of EM
process), and (6) scale-up of all process steps and equipment. Items 4 and 5 are
fiel/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 wrote
volume. The most frequently used reductant is femous 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.
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Laboratory studies are needed to contlrm 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 rafflnate 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 HN03 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 HN03-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 materiaIs 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 fhel;
(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 choplshear
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 fiel 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 contractors (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 fiel; (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 fbel.

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 fhel processing.

The LWR fiel 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
raflinate 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) fi,xelfabrication 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 frost ATW core.
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3.0 ATWIrradiated Fuel Processing

3.1 Summary

The ATW fiel-processing portion of the flow sheet is designed to extract the TRU
elements (for recycle into fresh ATW fiel) 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 fhel because of their robust and
compact nature, compatibility with the desired waste forms, and cost effectiveness. In
contrast to the LWR fiel processing, high material throughput is not required for the
treatment of spent ATW fiel. 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 methodl 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 fiel 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 fiel with a nominal fhel
composition of 23 Wt.O/OTRU – 77 Wt.O/OZr. 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 fiel assembly hardware is removed from the pins, and
the fiel 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 volubility 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 resiciual
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 me
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
is removed from the mohen salt, fabricated into

converted to a stable waste form. Iociine
targets and placed in transmutation
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assemblies. The technetium produced by the fission of TRUS in ATW fhel remains in the
zirconium-stream and is recycled into the target 1blanket system as part of the fresh fiel.

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 fhel
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 horn 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 fiel 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 fiel 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 fbel. 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 metaI production and
purification. Oneoftie impo~tfactors tiatmust reconsidered inprocesstig ATW
fkel is the rate of zirconium extraction or transport from the fiel. Electroreftig
provides a different transport pathway than the chloride volatility process. The principal
advantages of the electrorefhing 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 fiel 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 fiel 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 fbel.
Zirconium is also recycled for use in fresh ATW fhel. Technetium remains at the anode
heel with the other noble metals. This heel is removed from the cell and cast into ATW
transmutation assemblies. Iodine 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 fbei 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/Shreddin~ Chopping of metallic spent nuclear fiel is being
demonstrated at the pilot-scale as part of the program for the EIectrometallurgical
Treatment of Spent Nuclear Fuel currently being conducted by ANL. Industrial-scale
experience exists for chopping oxide fiels 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. Iodine 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 fhel, no experience exists with zirconium-based spent nuclear fhels 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 fbel. However,
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electrorefining is an established process for the separation of uranium and TRUS horn
spent nuclear fiel 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 fbel.

Iodine Separation: Bench-scale experience exists in the separation of iodine from
molten salt systems. TMS 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 fiel, whether it is by chloride
volatility or electrorefining, is 100-200 kg of ATW fiel per day. It is essential that the
TRUS be extracted as a group from spent ATW fiel and recycled to make fresh fiel. A
recovery efficiency of greater than 99.9°/0 is the target for TRU processing. Technetium
and iodine are also both recovered from spent ATW fbel, fabricated into targets, and used
to produce transmutation assemblies. These two fission products are to be recovered with
greater than 95?40efficiency. 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 fbel 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 fiel 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 Klgh
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
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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 fiel processing are:
(1) the adaptation of zirconium electroreftig experience to the treatment of zirconium-
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 fiel 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 fiel 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 fiel 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
engineering design for the demo-scale integrated processing system.

produce a detailed

24



3.5.3 Demonstration-Scale Activities. The RD&D needs for the demo-scale studies
of ATW fiel 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 fiel 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 fiel 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 electrorefking technology to spent nuclear fiels; (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 fimdamental 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 fbel materials
and then for irradiated ATW fuel. New hot cell facilities must be available or existing
facilities refinished for treatment of the irradiated fhel. Selection of the flow sheet for
use in the demo-scale facility is made in the last stages of pilot-scale operations.
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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 fiel treatment is designed to remove high purity uranium 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-11) spent nuclear fiel. 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 fiel processing methods contains a
TRUEX step which, if incorporated, will produce aqueous raffkate 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
consolidated into a metal waste form. The ceramic and metal waste

wastes that are
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 fit 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 fiel matrix, and remnant uranium
metal. Since cladding hulls represent 85 to 99 wt 0/0of the EMT metal waste stream, the
stainless steel-zirconium (S S-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-l 5 wt % zirconium (SS-15Zr) for stainless steel-clad fiel and
(2) Zircaloy-8 wt % stainless steel (Zr-8SS) for Zircaloy-clad fiel. The SS-15Zr wrote
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 m&urity.

4.3 Target State of Technology

The target state for the waste treatment process is two-fold.
and equipment designs must demonstrate the viability of
processing LWR spent fbel and recycling ATW fuel. Second,

First, processing methods
treating the waste from
the high-level waste form
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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 fhel throughput of nearly 170 MTHM
LWR spent fuel per year and 26 MT ATW fbel per year per ATW station [assuming 8.5
ATW stations of 8x840 MWt each , the waste form production facilities must produce

1-60 MT per year per station (-24 m per year) of the ceramic waste form and -65 MT per
year per station (-8 m3 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 satisfi 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 (-25Yo). 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 fill-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 processing methods must be capable of processing -75 MT (-33 m3) 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 fill-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 fill-scale processing methods must be capable of processing
-55 MT (-7 m3) 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 fiel 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 CeramicWasteForm

4.5.1.1 Laboratory-Scale R&D. This phase will focus on expanding the fi,mdamental
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 filly 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 i~d

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 fcmn
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.
understanding of the metal waste

This phase will focus on expanding the fundamental
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 fblly
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.
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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.

4.5.2.3 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) yin 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-fiel 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 fiel
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-Levei Schedule for Development of ATW Separations and kVaateForm Technologies
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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) fi.dl-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 1. ATW Separations Technologies and Waste Forms Projected Annual Costs (000)

I I LWR Fuel Processirw I ATW Fuel Processing lWaste Form Develo~mentl TOTALS 1

t
—.. - 1 T- —,--- 1 1 1 .—, ———1 -., --- 1 I T--, - .- 1

2011 $9.0501 $01 $10:99OI $5.0001 $7.1501 ;01 $27.1901

---, —-- 1 -—,——— I I .—, ——_ I I -- .,___ 1

$95.0001 $13.8001 $65:0001 $8.3001 $01 $29.8001 il

I ;01i t
$56:4501

1

$100:0001
I

$56:2451
1

$35:0001
1

$8:3001
1 I

$01 $i20:9951
1

ii
---- 1 --, --- 1 I T--, --- 1

I $2001 $01 ;:1 $90.4501

I I I I I I I I I
1 TOTAL I $399.4601 $518,2901 $379,1901 $334,0501 $134,5751 $5,7501 $913.2251 $858.090i $1.771.315



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 fimction 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 fiction 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 maybe
generated by the LWR backup option 2. The detailed research and design activities
associated with the separations technology and waste form roadrnap are highlighted in
previous chapters.
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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 transmutes in prototype
station

8 ATW full-sized stations
8 x 840 MW transmutes per fbll-
sized station

System will process 1,450 MTHM/yr
Nominal Characteristics of LWR
Fuel
- 94.6% U
- 1.04V0 TRU
- 0.084’?40Tc
- 0.024% I
- 4.25% Other FP
- 0.29 tons hulls per MTHM
99.9% Recovery of TRU in overall
system
- 0.1 ‘XOTRU lost to ceramic waste

form
99.94’% Recovery of TRU from
LWR fuel treatment

95’XORecovery 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

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 forrned
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 fiel or transmutation assembly
fabrication have not been considered

Characteristics of Transmute
8 x 840 MW ATW Transmutes
per station
2.2 MT TRU per core (before
burnup)
17.6 MT TRU per station (before
burn-up)
22.6 wt% TRU in fhel
77.9 MT Total fiel mass in core
per station (17.6 MT+ 22.6%)
1/3 of core discharged per year
30% TRU burn-up at discharge
5V0of fission TRU becomes Tc
and I
- 76’% becomes Tc
- 24% becomes I
Tc and I Targets are not removed
and recycled
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Figure 10. Preliminary ATW Material and Isotope Balance
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Appendix A. Pot~ntial Solvent Extraction Processes for Separation of TRU from
Acidic Waste Stream

DHDECMP Process: Similar tothe TRUEXprocess except theactive extractant
is dihexl-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 kmtha.nides are extracted by
the solvent and stripped together. Thus the end product stream includes TRU material
and kmthanides. This process has been successfully tested on a pilot scale (5.5 cm
centrifugal contractors) 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 contractors 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 HN03. The TRU and lanthanides are extracted by the solvent and
stripped together. Thus the end product stream includes TRU material and la.nthanides.
The process has been demonstrated with actual commercial HLW solution, diluted ten-
fold, in centrifugal contractors in China. Greater than 99.97% of the Am was extracted
and a D.F. of> 1400 was obtained for 99Tc.

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
< ().5M HNC)3. This low acidity may require dilution which will increase processing time

and possibly waste generation. The DIDPA process was successfully tested in .Tapanwith
actual commercial HLW (denigrated 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-butyltetradecylmalonarnide.
The DIAMEX solvent is filly incinerable and is not adversely affected by radiolytic and
hydrolytic degradation. The process requires a waste acidity of greater than 3M. The
TRU and Ianthanides 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 tripyridyhriazine
ligand to selectively extract the TRU material (valence 111)from the lanthanides (valence
III). This process has been successfully tested with simulated waste in France.

CYANEX 301 TM: 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 successiidly
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)
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Research, Development andDe&&ration Cost Estimate

‘qact Year-i Totsl t%mjecfSummary, Separatisms Tachrwiogias end 1
y.> ! Waate Form Pmducticm and Charadwfzaticm 2000

m
I

Research Task Cem”ptiofr
“s ~ Labor Cost Materiaf Capital Total Cost“~HE La*coat Mafarfal C@st Totaf Coat

(Siq CJJst(W) cast (W) (SK) ($tg CQst (W) Coat (W) (SK)
:LWR Fuel Traab’nem

lAq~s P~SS Option fW UfSNUM

.1 !Separation (UREX)

.1.1 ;SelectacWante xtracdOnp r0c8ssnscdel 6 1500 I 55 0 1555 1.5 375 10 385
I.StUdieSof Mine recove~ from air sparge

.1.2 f~~am 4 Iwo 70 0 1070 0.5 125 20

.1.3
145

,Pu radudsm stud es 4.5 1125 45 0 1170 2.5 625 30 655
.1.4 Ico-axbadicm studies of Tc and NP 3.5 875 54 0 925 0 0 0 0 0

,1.5
,@warsiOn studies on aquaous raffinate to
Isotid oxides 1.5 375 25 0 400 0 0 0 0{ o

.1.6
1.
I DIsso[uticm studies of noble metals from hulls

3 750 60 0 600 0 0 0 0 0

.1.7
!P[lOt&.Ae pfoc8ss flow sheet saladx and
~de~ig” 26 6500 0 0 6500 0 0 0 0 0

.1.6 ~COnsbutiOn of pilot-scale UREX tast facility
62 15500 1180 0 16693 0 0 0 0 0

.1.9 lCold Test of pilot-scale UREX test faciiiiy 15 3750 100 0 3650 0 0 0 0 0

.1.10 Operation of pilot-scale UREX test faality 331 627$3 2602 0 65350 0 0 0 0 0

,2 Pmcsss transitico studias

Conversion of aqueous raffina!e to solid
.2.1 oxidas 3 750 25 0 775 0 0 0 0 0

.2.2 ;Conversion of aqueous Tc to metal 2 5C0 40 0 640 0 0{ o 0 0

.2.3 ~Conversion of icdne to target form 2 500 20 0 5201 0 0 0 0 0

.2.4 1Convaraiorf of o%idato metal 4 lCCO 65 0 IC65

IAqueoua Pmcass Option for TRU & FP

.3 [Separation (Modkled TRUEX)

.3.1
l~;#flOne~dOnbhatiOrduREx

1.5 375 ! 100 0 475 1 250 50 0 300

.3.2 jPrOcess modeling for optimization 1 2501 20 0 270 0 0 0 0 0

.3.3 ;Improved TC extraction studies 1.5 3751 30 0 405 0.5 125 10 0 135

,3.4 ,Selection of solvanl wash magenta 1.5 375 I 30 0 405 I 0.5 125 10 01 1’35

,3.5 IDevelopment of shipping reagents 1.5 375 \ o 1 I
~Pilot-scale process flow sheet aeledion and

.3.6 ,design 2.5 6251 1~] O :! 0“51 ’25 , ‘0” ‘1 ‘%

Iconsbucbon of pilot-sale mcdifrad TRUEX
.3.7 ~test facility 2.5 625 2030 I

\Cdd Test of pilot-scale modiimd TRUEX test !

.3.6 lfaulity 10 01 01 :’ 262:
~Operation of pilot-scala Mcdifiad TRUEX test I

3.9 :fadity 16 1500 400i

iRemote maintenance& operations

,3.10
\l

Iengineering 1.5 3751 15*I : ‘ ::!

I

3.11
I Prccass ccmtml & monitoring instrumentation

2! 5C0
10

16(YJ 2100

IElece0me~llur9i=l p~ssin9 C@fI f~
.4 IUranium, TRU, and FP separatica

Ivefify nowsheat ~emistry for all phases of

.4.1 ~prcxx+ssusing irradiated fuel 121 3000 I 10 Mm! 41 ,m ,50, 01 ,,51J450,

~study scale-up issuas regafdmg all aspects

4.2 :of EM pl_OWISS 91 ‘2250 I 300 01 255o 01 850

~development of elaarcdes for salt.rawvary

.4.3 Istep 61 1500 I 1650 : 1: I ‘~i 550

~optimization of salt+-acovefy step cd

,4.4 configuration J Iml :: : ‘ 1650 2 . 50 :! 550

!study methcds to separate Tc fnnn 2i=Ioy

.4.5 Icladding 8 2030 205 50 2255 1.5 375 25 Ot 400

4.6 1study methods 10prapafa rton-TRU uranium
I

11 2750 540 40 3330 2 503 75 0 575

\study concurrent and sequential aparation of

Isotid steal and fiquid cadmium caWMes (all-

.4.7 !pym option only) 6 150U 150 0 1.250 2 5C0 % o 550

istudy means to isolate I and Tc and prapam

.4.s targets 4.5 1125 150 0 1275 1.5 375 50 0 425

!study Mhawor of TRU praducs with regard to

.4.9 Am. 4.5 t 125 30 0 1155 1.5 375 10 0 385

‘Pilot scda p~ss flow ahaat aakdon and
,4.10 ldasig” 8 Woo 30 0 2036 2 500 10 0 510

,4,11 \Constwtkxr of piiot-sda EM test facility 17 4250 m 6003 10750 0 0 0 0 0

engineetingaasle (kg batch) tads of

.4.12 mducdon step including usa of irradiated fuel 6 200Q 600 0 2%00 o 0 0 0 0

angmeeting-sch testa of salt-recovery dap

,4,13 cell design 6 1500 300 0 f8W o 0 0 0 0

corrosion testing of pfuspadiva umsbwctbn
materials fof pilot and darnonstraticm-scale

.4.14 plants 21 KQ lCO o 600 0 0 0 0 0

engineering-wale tests of eledrcrafinar wth

.4.15 raduc.ad irradiated fwf 6 20W 750 0 2750 0 0 0 0 0

pilot-scale plant trials with unimad+atad and

.4.16 Iir’rsdiatad fual 30 75@J 2260 0 9750 0 0 0 0 0

ATWsepmtestxla



ATW SeparationsTechnology and Waste Forms
Research, Development and Demonstration Cost Estimate

Project Year -> I Total Pmjad Summsry, Separations Taduso$ogies and 1
Fy. \ waste Ferns Pred@on and charact~tion 2W

W13S: Research Task Desuipticm
“~ HE Labor Cost Material Csp+tsl Total Cost “~ ~E Labor cost Material Capital Totsl Cast

(SK) cost (W) Cast (SK) (SK) (SK) Cc@ (SK) cost (SK) (SQ
Full-scale Oerrsmabation Faalii (UREX and

1,5 Pyro A)

Full-scale darno plant pcaas tlow ahaat

1.5.1 ! selection and design 26 6800 200 100 69oO 0 0 0 0
1.5.2

0
:Co+wtruciiOn of full-scale denw facility 195 27~ 350 5101W 5379S0 o 0 0 0

1.5.3
0

iCold Test of full-scale demo faality 375 85500 24000 0 109SM o 0 0 0
1.5.4

0
Operation of full-amle demo fatitiv 2751 66750 11CCS3 2002 e1750 o 0 0 01 0

SUBTOTAL Iwsl 347102 523801 5182901 9177501 28.5 I 71251

PrcjaU Year-~ t Totsl Prejags Summary, Separations Technologies and 1
Fy .> I Waste Fcim Pmdtion and Chamcterization 2000

VVBS / Research Task Oasm”ption
Labor Coat Material

US FTE ~ ($W
Capital Total Ceat us HE Laber Cost Material capital Total Cost

cost (SK) Cest (SK) (SKI (SK) Cost (SK) cost (SK) (SK)

I

. . .
~Engineering design

‘5--

2.1.1.1

2.1.1.2 ISystem operstion I
2.1.2 IDemo-scale 15.5 3875 2075 0 595a

2 IATW Fuel Processing

2.1 IWant Fuel Choooim3iGrindino

1911 IPilot-scale - - I 13.51 3375 I 11501 01 452

2.1.2.1 , Engineering design I
2.1.2.2 System operation

2.2 Off-Gas System I
2.2.1 Lab-scale 30 i 75CQ 675 0 8175 3.5 875 50 0 925

2.2.1.1 12getter materials I
2.2.1.2 12/ C12 chemistry 1

IMaterials for handling chlorine and volatile I
2.2.1.3 Ichlortdes I
2.2.1.4 iEngineering design for plot-scale system I

2.2.2 1Pilot-scale I 27.5 I 6875 2100 0 8975

2.2.2.1 Getter effmiency studies I

~Evaluate interface with chloride volatility I
2.2.2.2 ~system

~En ineertng design for demo-scale,, 9 I
2.22.3 imtearated svstem,-.
2.2.3 ;Demo-scale ! 81 2C@3 1Ooa o 30001 !
2.2.3,1 iGetter eticiency for Xe, Kr, T2, and 12 I
2.3 1Chloride Volatility I 1 1
2.3.1 ILab-scale I 86 167501 3500 32W 234501 6.5 1625 500 I 01 2125

2.3.1.1 ITC chemistry and metallurgy I
2.3.1.2 ;Materials ~mpatibility I ! 1 I I I
2,3.1.3 [Process parameter optimization 1 I
2.3.1.4 jMaterial balance studies ,

I i ! I

2.3.1.5 ;Zr recnve~ and recycle 1 I

2316 ITRU transtmrt studies I , I I I

2.3.1.7
,,

IFtssion product transpal studies 1t I I I I I
2.3.1.8 !Engineenng design for pilot-scale system I I I I
2.3 ~ Im Iot..cal G I RRG, *ffi7Kl 7.%-W-JI o 20125! I—

12.:

.,6
t

. . . . . . -,”, ,.-... ”, “-..

t

1.2,1 iChemistrylmetall lurgy I I I

;Materials balance studietiparameter I 1

I I
I

2.3,2.2 !optimization 1!

2.3.2.3 , Materials pmcessmg I I
2.3,2.4 ;Materials compatibility i

I I I 1!i i Engineenng design fw derrw-scale I I

2.3.2.5 j integrated system I I
2.3.3 iDemo-scale 48.5 i 12125 3750 [ o 15a75

Material balanm sWJiasJparam.star

2.3.3.1 optimization

2.3.3.2 ;Material procmsing

2.3.3.3 ~Engineering design for plant-se% system

2.4 !TRU ElactrorefiningEla c4rcwiming I
2.4.1 ILa&scale 101.5 25375 325CI 4950 33575 7 1750 Zm o 2C03

2.4.1.1 ,TRU electrochemistry (i.e., Np, Cm) I
1 I

2.4.1.2 TRu racovary (i.e., separation) effiaenaes

?413 IEtecimxhemisby process optimization I I I 1 I I I I I I
s ComOatiM Iiiv

.,. ,
lput design I
tern and design

2.4.1.7 iTc Electmdemisby

2.4.1,8 \Frssion product Lwhatior

2.4.1.9 fEngineering design for pilot-scale systam

2.4.2 IPilot-scale 88.5 16625 3500 0 20125

2.4.2.1 lChamistry/metalllurgy

]Malerials balance studies@rumss parameter

2.4.2.2 I~ptiM@ti~
2.4.2.3 Materials Processing

2.4.2.4 Materials compatibility

Enginearlng design fw derno+cate

2.4.2.5 intagratad system

2.4.3 IDamO-sde 48.5 12125 3750 0 15s75



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

Project Year ->; Totrd Preject Surnmaty, Separatisms Tachoologies and 1
F-Y .> ! Waste Fo+m Pmdtiort and Chatactarizatimf 2CC@

W’BS/ Reseamh Tssk DaauipticrI
Lsbm Coat Material

I I I IMaterial balance shidiasfmramater

2.4.3.1 Ioptimizaticm ~ !

2.4.3.2 Materials prccasaicg 1 I I
I

2.4.3.3 ;Engineering dasign for p4ant-scele system I
2.5 fAc&’a Metat Fission Product Removal I I I I I

2.5.1 ILab-scale I 6.5 1625! 1751 100 Iaoo 11 250{ 25
2.5.1.1

0 275
iP~SS testing and seiaaim ~ [

2.5.1.2 ,Pmcsss Optimization I

2.5.2 IPilot-scale 3.5 675! 135 0 1010

2.5.2.1 Material balance smdiea 8 I

2.5.2.2 !Procaas optimization

2.5.3 ,Dam-scale 2! 500 60 0 560

2.5.3.1 !Material balanca studies

2.5.3,2 IEngineering design of plant-scale system I
2.6 1MgC12 Elec4r@nnmg

2.6.1 !Lab-scale 38.5 I 8625 1050 650 11525 4 1000! 150 0
2.6.1.1

1150
IDaveiopment of C12 anode

2.6.1,2 IElaclrowinning process optimization I
2.6.1.3 iMaletials balance studies

2.6.1.4 ~Chlotina getter and recycle system I
2.6.1.5 IMaterials compatibility studies

2.6.1.6 ]Engineering design of pilot-scale system

2.6.2 IPilOt.scalaDeme-scale system angineenng 79.5 19875 4550 01 24425

2.6.2.1 [Chemistry/metalllurgy

IMaterials balanca studies/pr&.2asa paramater I I
2.6.2.2 Ioptimization II
2.6.2.3 IMaterials proc-easing

2.6.2.4 IMaterials compatibility I I
2.7 pilot-scale Demonstration Faciliw [Pvro B) I 4,,. ,

:Pilot-scale pnxess flow sheet setacdon and

2.7.1 ~design 52 I 130W o 0, 1300a

2.7.2 ~Fatitity mods for pilot-scale operation 131 3250 9350 14400 ~ 270W
,

2.7.3 ;Cold test of pilot-scale fadlity 44 [ tlo@3 10QO o 12CO0

2.7.4 !Hot pilot-scale operations I 681 140Q0 6000 0 20COQ ~ !
2.8 ,Full-Scale Demonstration Facility (Pyro B) I

;Full-scale demo plant process flow sheet

2.6.1 !selection and design 5i i 125 0, 1375 ,i1250

2.8.2 :Constmction of full-scale demo f@ity ~ 26 ~ 4200 I 45 3CooCoj 304245

2.6.3 iCOld Test of full-scale demo facility I 375 I 56250 I 2700CI lo350~ 93600[ !

2.6.4 ‘Operabon of full-scale demo fatility 225 i 33750 I 9C+30 200 I 42950 i i I

SUBTOTAL I 1452 ! 292450 I 66740 I 334050 I 7132401 22 I 5500 i 975 i 01 6475

Project Year ->, I Total Project Summary. Separations Technobgies and
FY-> !

1
Wast.a Form Prndoction and charactari2ation 2000

I Capital Tot;&f “S ~E\ Labor Cost I Matarid Capital Total Cost
-.- . . . . .. . Cost (SK) i (SK) I Cost (SK), Cost (SK) (SK)

I I 1 I

IV(BS ; Researti Task C+auiption ,
: Laber Cost ! Material

!uSFTE~ (SK} \ Crtst /SK\— -,..--,- .-, ,..- 1
1 iGlass-6onded Sodalite Waste Form I ! I IiiI

3.1.1 ,Pmcassing flowsheet definition 3; 750: 1501 o! 900 1.51 375 I ml 01 425

31? Salt Weatment methcd devalcmmsnt 61 15001 3ca I 01 181M[ 21 5rsl 100 I 01 aoo

. . . . . .. . . .. , ,-: ----l ---
:Dilm,...ql~ d~~~”s~ti~ I 43 i 107WI 77K

ant omcassma amt for CVvF I 44; llml 135a

. . !– .- .---, --

3.1.3 ;Waste form fabrication development ~
. .

6; 15001 350 I tii “---12150 i 503 ! 100 I 0“ 600

3.1.4 W,.t- f“m eat, ,M,-,” I 3?, Yl=n I r.w) , 0[ 36001 2 m! 1CS31 o m

3.1.5 ,. ..-.”-, II 2700 21150[ o 0 oi o 0

3.1.6 l~~Pl~ - ., J] o 245001 0 01 01 0 0

3.1.7 !Demc+mtration operations ! 5i 1250 lCQOI o 22501 0 01 01 0 0

3.2 [2r-Metsl Wasta Foon I I I I I I I
3.2.1 1Processing rbwshaet definition I 1.5i 375 15CI o 525 0.5 125 I 501 01 175

3.2.2 Casting method development I 41 10W 300 1501 1450 1 250 100 01 350

3.2.3 12r-6 wt.% SS waste form alloy dev. I 3i 7m 350 01 1100 1 250 too o 350

3.2.4 IWaste fDnn evatuaticm ! 131 3250 550 01 3600 2 5iM 10Q o OCo

3.2,5 ,Pdot-scale dernonslmt 50 7700 26001 21050 0 0 0 0 0

3.2.6 IDemo plant ciocassim ml 13.5C0 01 245(XY o 0 0 0 0

3.2.7 \Demonst

3.3 !Alhnla+;,
3.3.1

ticfl I 43 I 1075

– .r. .---- .jgaqplfor MWT ‘MI lloc- ,----, -, -.---, -,

tration operations 51 125a lml 01 2250 01 i o 0

I! \
930 J

o

. . .. ...-.ve waste forms

1332

1Glassfor TRUEX option 3 754 1501 0[ II 254 50 0

IMineral waste form. fluoride omc. Ootion 3 75n 1S31 01 900 II 2fm I 5a o 36. ..- —,
3.4 ~Repostto~ interfaca actiwties

3.4.1 ~CWF Qualification testinn

3.4.2 iMWF c2uEfifi.*,~- *.=*1

3.43 IPerf0m7a

-!- -- . . .

I I I I I I I I I , 4

10

1 ! , !
I %=.1 65021 17501 01 6250 1 2501 50[ o 300

..00 1750[ 01 8260 1 2501 50[ o m

e31 01 01 4750 1 2501 01 0 250

.,,= 1 -“, .

.“...,-. -., .Aiog 261 6s.
anca assessments \ 191 47C .,

3.4.4 ~waste packs ge devabprnant 151 37501 23&l ‘i mwlo 01 01 01 01 0

SUBTOTAL I 325.5 813751~ 57501 140325 171 4250( 9031 01 5150

I
TOTALS 3285,51 720925/ 192300 S6aowl 1771315 67,51 166751 25S5 I 01 1s460

,
I I I I I

Projad Year-> i . Total ProjacS Summaty, Separations Tectmdegies and 1

I=Y -> I Waste Form ProductJc#Iand Characierizatkm 2000

W3S I %SESti Task ~SCai@Xl us HE Labor Cat Material

(SK)
‘@u’ To:Ky US F7E Ls~m~s’ &=& JJ*f;, TO&y

Cost (SK) cost (SK)

ATWsepmetestde



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

Pmjact Year->: 2
Fy.

3
2001 2Lm2

MS
I

Resaamh Task oS3Ctipti~ m
“~ ~E Labw coat Material

‘~ TO:Q~ US ITE ~:m~’ ‘at*d
capital Total Cast

($K) met (Sic) cost (SK) cost (Srq Cast (SK)
f ~LWR Fuel Trsatmant

(SK)
1

iAquaous Prcaee Cpticm for Uranium

1.1 Separation (uRSX) l.t

1.1.1 ,Selaci solvent estracaion FSUCS5Sndel 1.1.1 3.5 .s75 401 0 915 250 0

1.1.2
jStudies of Iedme recovery frem air sparge

1.1.2
Istream 2 E@ 35 0 5X=1 ,.: 375 ,: 0 :

1.1.3 tPu raductsnt studies 1.1,3 2 503 15 0 515 0 0 0 0
1.1.4

0
;Cc-astraction studies of Tc and Np 1.1.4 2 w 35 0 535 1.5 375 151 0 390
IConversion studies on aqueous rsmnate to

1.1.5 ~$ond~~~e~ 1.1.5 .0 .0
0 0 0 1.5 375 25 0 4W

I
1.1.6 ‘Oisaolution studies of noble metals tim hulls 1.1.6

1.5 375 25 0 400 1.5 375 25 0
‘Pilot-scale procass flow sheet aaladen and ,,,,7

400

1.1.7
design o 0 0 0 0 13 3250 0 0 3250

1.1,8 Consfrution of pilot-scale UREX lest facility 1.1.8
0 0 0 0 0 0 0 0 0

1.1.9
0

ICold Test of pilot-scale UREX test facility 1.1.9 0 0 0 0 0 ,0 0 0 0
1.1.10

0
10peration of pilot-scale UREX test facility 1.1.10 0 0 0 0 0 0 0 0 0

1.2
0

Precass transition studies 1,2 0 0

Conversion of aqueeus raffinate to solid
1.2.1 otidea 1.2.1 1 250 10 0 2m 2 500 15 0
1.2.2

515
,Conversion of aqueous Tc to metal 1.2.2 0 0 0 0 0 2 502 40 0

1.2.3
540

IConveraion of iedine to target form 1.2.3 0 0 0 0 0 2 w 20 0
1,2.4

520
\Conversion of oxide to metal 2 500 15 0

lAqueWsPm@sSOptio”forTRU&FP

515 2 500 50 0 550

1.3 iSeparation (Modified TRUEX) 1.3 0 0
:Lab studies on extractkm behavior of UREX

1.3.1 \raffinate 1.3.1 0.5 125 50 0 375 0 0 0 0
1.3.2 IProcass mcdeting for optimization

o
1,3.2 0.5 125 10 0 1351 0,5 125 10 0

1.3.3
135

!Improved TC extraction studtes ?.3.3 0.5 125 10 0 1351 0.5 125 10 0
1.3.4 ‘Selection of solvent wash reagents

135
1.3.4 0.5 1251 10 0 135 0.5 125 10 0

1.3.5
135

10evelOpment of shipping reagents 1.3.5 0.5 125 10 135

‘Pilot-scale process flow sheat selection and
1.3.6 [des!gn 1.3.6 ‘1 o : :: :: : :

!Construction of pilot-scale modified TRUEX
1.3.7 ~testfatility 1.3.7 0 o!

!Cold Test of pilot-scale modried TRUEX test
1.3.8 1faclity 1.3.8 I 0 :, 0! 0 0 :

jOperation of pilot-scale Modified TRUEX test I

1.3.9 ,faullty

~ss9~~~n~7m & “Pmtions

1.3.9 01 0

1.3.10 1,3.10 01 I ‘o

1.3.11
~Procass control & monitoring instmmentsticm I ,,311

01 I o

~Electrometallurgical Processing Option fm

1.4 ;Urantum, TRU, and FP separation 1.4 II
Verify flowsheet chemistry for all phases of

1.4.1 1process using irradiated fuel 1.4.1 I 01 11:~ 4 tow 150 0 11:

;study sale-up issues regarding stl aspects

: ! ‘: :: 01 Smi 31 750 100 01 8W1.4.2 ~of EM procsss 1.4.2

~development of electrodes for salt-remvery

1.4.3 istep 1,4.3 21 500 . i 21 500 50 Oi 550

Ioptimization of salt-recovery step call

1.4.4 Iconfiguration 1.4.4 2 5C0 50 : !: 2 m 50 0 530

study methods to separate Tc from tircaloy

1.4.5 cladding 1.4.5 1.5 375

1.4.6 study methods to prapam non-TRU uranium 1,4.6 2 ml : : : ! “: z : 0 :
)stud~ y concurrent and sequential operation of

I ‘
solid steel and Itqutd cadmium cathodes (all-

1.4.7 pyro option only) 1.4.7 2 500 50 0 550 2 500 50 0 5Sa

study means to isolate I and Tc and prapara

1.4.8 ltargets 1.4,8 1.5 375

‘study bshatior of TRU product with regard to

1.4.9 L. 1.49 I 15 375 : : : :“: : : : :

iP!iot-scale precass flew shwt selection and
1.4.10 Idesig” 1.4.10 2 m 10 0 510 2 m 10 0 510

1.4.11 !Conafruction of pilot-scale EM test facility. 1.4.11 0 0 0 0 0 0 0 0 0 0

engineering-scale (kg batch) tests of

1.4.12 reduction step inc!uding use of irmdiatad fuel 1,4.12 0 0 0 0 0 0 0 0 0 0

Ianginaering-scale tests of salt-recovery step

1.4.13 ‘call design 1,4.13 0 0 0 0 0 0 0 0 0 0

Icorrosion testing of pro.spetivs cc.nebution
~materials for ptlot and demonstation-scs!e

1.4.14 !plants 1.4.14 0 .0 0 0 0 0 0 0 0 0

iengmeering. scata tests of elacberafmar with

1.4.15 ,raducad imadiated fuel 1.4.15 0 0 0 0 0 0 0 0 0 0

~p,lot-scale plant bials with unmediated amd
1.4,16 i ikradiatad fuel 1.4.16 0 0 0 0 0 0 0 0 0 0



ATW Separations Technology and Waste Forms

Research, Development and Demonstmtbn Cost Estimate

Project Year ->, ! 2 3
w -> 1 2004

I
VvBs I Resesmh Task Oesoiption Vms

“~ *E Labof Cost Material capital ToW Coat ~~ HE Labafceat Mafedsl
($iq cost (SK) cost ($x) (5Q

I “ -3

Capitat TM C0S3
(SK) Coat (W) Cost (W) (W)

Full-Scale Oamonab’aticm Fadity (UREX and

1.5 iPyro A) 1.5 0 0

;Full-scale dame plant process flew sheet I

1.5,1 ISEIWOII and design ‘1.5.1 01 0 0 01 0 01 0 0 0 0
1.5.2 tCcnstn@On of full-scale demo facdity 1.5.2 01 0 0 01 0 0/ o 0 0
1.5.3

0
lCold Test of full-scale demo faality 1.5.3 01 0 0 01 0 01 0 0 0 0

1.5.4 iOparation of full-scale demo faciiii 1.5.4 01 0 0 01 0 01 0 0 0 0

SUBTOTAL I I 381 95001 S35i 01 10335 I 521 13Coo/ 830 0 13830

Projeci Year= i I I 2 3
Fy .> 2001 2002

:, To:m~st US FTE ~ym~t ‘atedd
capital T0t4 COSt

-..-4, . In ,---- r.? m ,.-W8s
I

Rasearch Task oewiptiem V@S
U5 ~E ‘ Labor Cost Material CapiL

(SK) cost (W) coat (Sr., ,.7,.,

2
(*V -=. t+n) -.8 l-w

~AIW Fuel Processing 2

I

I

!

!
{

(*-)

2,1 iSpefV Fual Choppin@rinding 2.1

2.1.1 IPtlot-state 2.1.1

2.1.1,1 IEngineering design 2.1,1.1

2.1.1.2 iSystem operation 2.1.1.2

2,1.2 Ioemo-scale 2.1.2

2.1.2.1 ~Engineering design 2.1.2.1

2.1.2.2 I.System operation 2.1.2.2

2.2 ‘Off-Gas System 2.2

2.2.1 Lab-sale 2.2.1 4 lCOO 100 0 1103 4 1000 100 0 1100

2.2.1.1 12getter materials 2.2.1.1

2.2.1.2 ,12/ C12 chemistry 2.2.1.2

‘Materials for handling chlorine and volatile

2.2.1.3 l*l~des 2.2.1.3

2.2.1.4 IEngineering design for pilot-scale system 2.2.1.4

2.2.2 !Pilot-scale 2.2.2

2.2.2.1 lGetter efficiency studies 2.2.2.1

~Evaluate interfam with chloride velatilitv

2,2.2.2 Isystem 2.2.2.2
1

Engineering design for demo-scale \
2.2.2.3 ;integrated system 2.2.2.3

2.2.3 ~Demo-scale ,2.2.3

2.2.3.1 ;Getter efficiency for Xa, Kr, T2, and 12 ~2.2.3.l ,
2.3 ;Chloride Vc4atility !2.3

2.3.1 :Lab-scale 12,3.1 8; Zz&l 500 250 3000 10 25C0 500

2.3.1.1 :Tc Shemisby and metallurgy I

I I
1

!

( I

I

I
! :

500 3503

12.3.1.1

2.3.1.2 Materials compatibility ~2.3.l.2

2.3.1.3 IProcess parameter optimization ~2,3.1.3

2.3.1.4 :Material balanca studies 12,3.1.4

2.3.1.5 ,2f racovety and racyde ~2.3.l.5

2.3.1.6 ;TRU transport studies ,2.3.1,6

2.3.1.7 :Fission prcduct trsnspori studies !2,3.1.7 I
2.3.1.8 ~Engineenng destgn fm pilot-scale system 12.3.1.8

2.3.2 :Pilot-scale 12.3.2
2.3.2.1 :ChemWry/metalllurgy 12.3.2.1

Materials balancs Studiatigarametar

2.3.2.2 ~optimization 12,3.2.2 \

2.3.2,3 :Materials pressing 12.3.2.3 I
2.3.2.4 Materials compaubitity !2.3.2.4 ~

Engineering design for demo-scale I I , ‘4
2.3.2.5 1integrated system- ~2.3.2.5 !

2.3.3 Oemo-scale 12.3.3

~Material balanc.a studiesfpamrneter I 1 =+
12.3.3.1 ~opbmization 12.3.3.1 I I I
---- ., ..---, _— -_..:__ !-- . . , , 1 ! I I
L..iJ.L ,mmwsrkupam.btng 14.3,.5,4 I ! 1 I I
2.3.3.3 !Engineering design for plant-state system 12.3.3.3 I !

2.4 ~TRU ElectrorafiningrEle&mvmnmg 12.4 I I I I
241 jLab-scale !2.4.1 135( 3375 ml 400 4275 161 4cccl 5WI 800 3 5300

I;”A”,1 ;TRU elactnxhemistrv (i.e.. No. Cm) i24.1.l ~ I I I I I I I I I I.

2.4.1.2 1“ ““””” :41:2 iTRU recovery (i.e., separation) efflaencies

2.4.1.3 iElectrochemistry process optimization 2.4.1.3

2.4.1.4 IMaterials Compatibility 2.4.1.4

2.41.5 Anade svstem 2.4.1.5 I I

I I I I

t----t---i
;4.15.1 ~tiigh tir~ughput design 2.4.1 .5.1 i I
2.4.1.6 :CathOdS system and design 2.4.1.6

2.4.1.7 ITc ElectmchemisW 2.4.~.7 I
2.4.f.6 jFiasiefr product behavior 2.4.1.8

2.4.1.9 !Engineering dasign for pilot-sate system 2.4.1.9 I

2.4.2 [Pilot-scale 2.4.2

2.4.2.1 IChemistry fmataillurgy 2.4.2.1 I ‘ q

!Material$ balance studies/pmss Pammeler I
2.4,2.2 /optimization 2.4.2.2

2.4.2.3 iMaterials processing 2.4.2,3 I
2.4.2.4 :Materials wmpatiblity 2.4.2.4

~Engmeerirq design for ckno-eate I +
2.4.2.5 lintagfated system ~2.4,2,5 ] \ I
2.4.3 Oamo-scale 12.4.3 i I I I I I I [+

ATWsepcostest.xla



AIW Separations Technology and Waste Fonns

Research, Development and Demonstration Cost Estimate

PrOjeaYear -> I 2 3
(= f.> ; 2001 2002

W&S I Research Task Oeauiption w
“~ ~E Labor Cost Material

(SK)
- To;n~af US HE ~Q-af ‘a’-

Coat (SKJ coat (W)
capital Tofsl Cat

cost (SK) COaf (SK) (SKI
~Material balanc.a studieafparamater

2.4.3.1 !optimization 2.4.3.1

2.4.3.2 Matanals pfaceaaing 12.4.3.2

2.4.3.3 ‘Engineering design for plant-scale system ]2.4.3.3

2.5 Active Metal Fissiam Pmduct Removal 2.5

2.5.1 iLat!-scale 2.5.1 1 250 25 0 2751 1 250 25, 0
2.5.1.1 :P-ss testing and selaaion

275
2.5.1.1 I

7512 :Pracass Ocmmization 2.5.1.2 I I. . ..— I
2.5.2 ~Pilot-acata 2.5.2 I I
2.5.2.? ;Material balanw studes 2.5.2.1 I
2.5.2.2 ;Prcc.ess optimizabon 2.5,2.2

2.5.3 \Dame-scale 2.5.3 I
2.5.3.1 iMatadal balanw studies 2,5,3.1

2.5.3.2 IEngineenng design of plant-scale systam 2.5.3.2

2.6 jMgC12 Ekfrowinning . 2.6

2.6.1 ILab-scale 2.6.1 5.5i 1375 150 Im 1675 6 1500/ 1543 3CS3 1950
76il iOavelooment of C12 anode 26.1.1 I I-.-,

Electmwinning process optimization2.6.1.2 ~ 12.6.1.2

2.6.1.3 ~Materials balance studies 2.6.1.3

2.6.1.4 ~Chlorine getter and racyde systam 2.6.1.4

2.6.1.5 IMatatials compatibility studiaa 2.6.1.5

2,6.1.6 ~Engineering design of pilot-scale system 2.6.1.6

2.6.2 !PilOt-scale~mO-ssala system enginaeting 2.6.2

2.6.2.1 iChemisQ/metalll urgy 2.6.2.1,—
~Malerials balance studieakmcass Darameterl II I I “T -~.,

2.6.2.2 \optimization 2.6.2.2

2.6.2.3 Materials processing !2.6.2.3 I I
2.6.2.4 :Maierials compatitdity 2.6.2.4

2.7 ]Pilot-scale Demonstration Facility (pyro 8) 2.7 I I
;Pilot-scale process flow sheet seletion and

2.7.1 ~design 2.7.1 s 2000 0 0

2.7.2

Zm
~FacJity mods for pilOt.SC411eoparatico 2.7.2 I

2.7.3 iCOld test of pilot-scale facitity 2.7.3 I
2.7.4 :Hot pilot-scale operations 2.7.4 I I I
2.6 LFull-Scale Oamonstration Faulity lFYro B) 2.6 I

I ~Full-scale demo plant process flow sheet I I 1!1 1 I I ii I I
2s.1 \seletion and design 12.s.1 \ I [ II

I

2.8.2 ‘COnstmcuOn of full-scale damo fatitity 12.8.2 I ( I
2.6.3 ,Cold Test of full-scale demo facility i2.S.3 I I [ 1
2.8.4 Operation of full-scale demo facility 12.6.4 I I I

SUBTOTAL I I 32 82501 1275i 8001 10325 I 45 I 112501 12751 1600 14125

Protec! Year ->, I 9 I ?

IV@ Research Task Deswiption
I

3 Waste Fonms

WBS i us HE] La~orGost Matmld
, (SW Icost($K)lEfl:lJ, ,.., , !.,.r I ““-. !0,.> ! -“.s t.~] ! !*,.)

13 1: I ) I,-
3.1 Glass-Bonded Sodatite Waste Form 3.1 i \ 1 I I
i.1.l Processing rlowsheet defimtion 3.1.1 11 250/ Wi o 300 0.5 I 125 53 0 175

3.1.2 Salt treatment method davelopm%nt 3.1.2 2: 5001 Ico[ o 600 21 500 10CI aoo

31.3

0

Waste form fabrication developmmt 3.1.3 2: ml 150 50 I 7oa 21 500 Ioti 250 8!73

3.1.4 Waste form evaluation ]3.1.4 2! S00! 102 0 500 21 500[ lml 0’

3.1.5 pilot-scale demonstration ,3.1.5 ~: 01 0 0 01 2 500! 2001 m

3.1.6 ~Oamo plant pmassing aqpt fw CVvF 3.1.6 01 0[ o 0 ol 0 01 01 0

3.1,7 OemOnsLratiOn operations 3.1.7 01 of o 0 0/ o 0; 01 0

3.2 Zr-Matal Waste Form 3.2 I I 1 I I
37$ Prmcassmo flowshaat dafinitirxr 371 I nsl 1?5! .&l o 1751 05 125i 501 0..-. . . .... -. ---- -..
3.2.2 Casting method development 3.2.2 li 250’ 1; 500 ‘ -“i .&i lw’1; “’- ; 600

3.2.3 :Zr-6 wt.% SS waste fcim altoy dev, 3.2.3 11 260 150 0 400 1 250[ 100 0 350

32.4 Waste form evaluation 3.2.4 21 5C0 lW o 603 2 ml 100 0 600

325 ;pilot-scale denwnstafion 3.2.5 01 0 0 0 0 21 5WI 200 650 1350

03.2.6 iDemo plant prtxassmg aqpt for MwF 3.2.6 ii o 0 0 o’ 0 0 0

3.2.7

0

Demonstration oparatmns 3.2.7 0[ o 0 0 0 0 0 0 0 0

3.3 IAlternative waste fcims 3.3 I
3.3.1 !Gtass for TRUEX option 3.3.1 1 250 50 0 300 1 250 50 0 X0

3.3.2 ,Mineral waste form. fluoride proc Option 3.3.2 1 250 50 0 m 1 250 50 0 300

3.4 ,Repository interface actwifies 3.4

3.4.1 ~CWF Qualification testing 3.4.1 1 250 60 0 3W 1 250 50 0 300

3.4.2 !MWF Quahficabon testing 3.4.2 1 250 50 0 300 1 25a 50 0 Wo

3.4.3 Performance aasessmenta 3.4.3 1 250 0 0 250 1 250 0 0 260
7 AA :Wasta nackaaa dewalomnmnt *.4.4 n n n n n n n n n o

=!1200

0

0

175

! I I I I I I I I
T-OTALS
.~

66.51 218751 3110] loco] 25965 118] 295001 3405) X031 35805

I I I I I
Project Year ->1 2 3

Fy -> 2001 2002

Ws ) Research Task Dsaaiptic+I V@s
us ~E La@ Cost Material Capital TotalCost

mm Capih’ T“;:fl USHE La:K! &~& ~o~, ,*nCO*IIs.lr) Cr),t [SK} (SK)

ATWaewostesl



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

%ujectYear=; 4 5
v.> ; 20U3 2004

M3S! Reaaarch Task Oescdption Vv8s
~~ HE Labor Coat Materiet

b~ ‘oh’ w US FTE ~M- ‘atw
Captld reed w

(SW cost ($lq Cuaf (w) (w) C4st ($x) coat ($tq (Slq
1 ILVvl?Fusl Traafment 1

!Aquews ~sa Option for Uranium

1.1 1Separatism (UREX) 1.1

1.1.1 ,Seled solvent erection promas model 1.1.1 0 0 0 0 0 0 0 0 0 0

1.1.2
,Studies of Iodine ramvaty frcm air sparge
!sbmam

1.1.2
0 0 0 0 0 0 0 0 0 0

1.1.3 IPu raduclsnt stwlies 1.1.3 0 0 0 0 0 0 0 0 0 0

1.1.4 Coatretion studies of Tc and NP 1.f.4 o 0 0 0 0 0 0 0 of o

1.1.5
Kmnvemiorr studies on aqueous raffinate to
\solid otides

1.1.5
0 0 0 , 0 0 0 0 0

I
1,1.6 ~Dissohdion studies of noble metals from hulls 1.1.6

0 0 0 0 0 0 0 0 : !:

1.1.7
iPilot-scale prucess flow sheet selec60n and ,.,,7
~design 13 3250 0 0 3250 0 0 0 0 0

1.1.8 lConsbuction of pilot-scale UREX test facliPf 1,1.8 z ~ ~ o ,m ~. ~ ~w o ~w

1.1.9 ~CcddTest of pilot-scale UREX test facility 1.1.9 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 0 0 0 0

I .2 [Process transition studies 1.2 0 0

‘Conversion of aqueous rsffmate to solid
1.2.1 mddes i,z.1 o 0 0 0 0 0
!.2.2 [Conversion of aquews Tc to metal 1.2.2 0 0 0 0 01 0
1.2.3 !Conversion of iodine to target fom 1.2.3 0 0 0 0 01 0
1.2.4 !Converaicm of oxide to metal 1.2.4 0 0 0 0 o\ o

‘Aqueous Pr-ss Option for TRU & FP

1.3 Separation (Modifiad TRUEX) 1.3 0 0

~Lab studies on eslrsction behavior of URSX

1.3.1 ,raffinate 1.3.1 0 0 0 0 0 0 0 0 0 0

1.3.2 jProcess modeling for optimization 1.3.2 0 0 0 0 0 0 0 0 0 0
I .3.3 ;!mpmved TC extraction studias 1.3.3 0 0 0 0 0 0 0 0 0 0
I.3.4 ISelection of solvent wash raagents 1.3.4 0! o 0 0 0 0
1.3.5 ;Development of stripping reagents 1.3.5 0 1 0 0 0

Ipilot-scale process flow sheet selection and
I.3.6 #design 1.3.6 I 0,5 125 10 0 0 0:1 ,: ,: : 1:135

1.3,7
;Construction of pilot-scale mcdnied TRUEX
~test facility 1.3.7 0.5 125, 1000 0 1125 2 1000

~Cold Test of pilot-scale modjfied TRUEX test 1

1.3.8 ifacility 1,3,8 I o! o, 0, 0 0, (f VI : ‘:.
;Operation of pilot-scale Modiied TRUEX test

I.3.9 fatitify 1.3.9 lVOl OiO 0! 2 . 2: 0 7@3
~Remota maintenance & operations

I.3.1O :engineering 11.3.10 ‘i i o 0

1.3.11
~Procass control .S monitcfing insfmmantstion

,t.3.11 Ill , 0
;Elecfrometellurgicsl Processing Option fw

I.4 Uranium, TRU, and FP separation 1.4 ~ :1 I o

Verify flmvsheet chemistry for all phases of

1.4.1 prccass using irradiated fuel ,1.4.1

:study scale.up issues regarding all aspects

1.4.2 of EM procass 11,4,2 I ~ ‘: : ‘: II :! ; ; : ;

daveloprrnm of electrodes for salt-femvery \

1.4.3 *step /1.4.3 o 01 01 0 01 01 0 0 01 0
~optimization of salt.racavery step call

1.4.4 !configuration if,4.4 I O 01 0 0 01 01 0 0 0 0

istudy mathcds to separata Tc tirn ~rcaloy I

1.4.5 Idaddtng 1.4.5 1.5 375 Ice 50 525 1 2ECI 15 0 265

I
1.4.6 Istudy methods to prapare non-TRU uranium 1.4.6 2 500 150 25 675 2 500 150 151 w

;study concurrent and sequential oparstion of

jsolid Sledand tiquid csdmium cathodes (all.
1.4.7 Ipym option only) 1.4.7 0 0 0 0 0 0 0 0 0 0

study means to isolate I and Tc and prepare

1.4,8 targets 1.4.8 0 0 0 0 0 0 0 0 0 0
!study behavior of TRU pfOdUCtWith re9Srd to \

1.4.9 IAm. i 1.4.9 0 0 0 0 0 0 0 0 0 0
Ipil.t-scale process flow sheet seldorr end I

1.4.10 idaslgn 1.4.10 1 2ea o 0 250 1 250 0 0 250

1.4.11 jConstriction of pilot-scale EMtestfeofity 1.4.11 .2 500 0 10CQ 1500 2 500 0 lCQO 1500

l..
angmeenng-scele (kg batch) tests of

1.4.12 \raduclion step incSudinguse of irradiatd fual 1.4.12 3 750 250 0 lCQO 3 7s0 250 0 1003

~engineering-scale test9 0Ssalt-ramvafy step

1.4.13 ;cell dasign 1,4.f3 2 500 100 0 600 2 520 100 0 6CQ

~mrrusion testing of prosgw%ve mnsfrucbn
Imaterials for pilot and dwncmstration-acele

1.4.14 jplants 1.4.14 1 250 50 0 300 1 230 50 0 30Q

Ienginaaring-scale tests of ela@orafInar with

1.4.15 ~raducd irredtated fwl 1.4.15 ,0 0 0 0 0 2 WI 250 0 750

!pdol.sde plant biats wim unin’edl.sted and
1.4.16 \ imadiatad fual 1.4,16 0 0, 0 0 0 0 0 0 0 0



ATWSeparationsTechnoicgyand Waste Forms
Research, Development and Dernonsttation Cost Estimate

.-
vm~ Reaaati Tssk Desuipticm W&3

“~ HE Lab coat Matmial C@
(SKI w (SK) COaf(

:Full-Scale OamonsbatiM Facility (UREX andl \ 1

.
2004

* T’J:m~~ US FTE
L8bcf COsf Material capital Tofaf Cost

SKI (WI Cost (SK) Cc6t (SK) ($KI

1.5 ~Pyro A) 11.5 II o 0

I ,Full-scale demo DIanf -ss flaw afwet i II I I I II I “1~—
1.5.t I selecbn and d&in 11.5.1 \ 01 01 0 0 0 0 0 01 0 0

1.5.2 iCOnSb’ucticn of full-scale demo faality I 1.5.2 01 01 0 0 0 0 0 01 0 0
1.5.3 !Cold Test of full-scale demo facility \ 1.5.3 I 0[ 01 0 0 0 0 0 o~ o
1.5,4

0

:Operaticm of full-scale demo facility I 1.5.4 I 01 01 0 0 0 0 0 01 0 0

Proiect Year+ i 1 ,.
Fy .> I I 2003 2004

. . . . . . ..—. –
mat

a~h’ To:wy US FTE
Labor Cost Mata”al Capital Told Cost

rsn P*.P /cm ?s10 l-n.+ mu! r-., I*V, ,mn‘A’lsS / Research Task Oasaiption MS US FrE ‘awr ‘-’Osl ‘a’w
($Kt cost (?. ., -“.. . . . .. ,-. ., I

2 /ATW Fuel Prowssing 2
!-, v --. ,-.., -.. ,.,., ,.,.,

2.1 @mt Fuel Choppin@rinding 2.1

2.1.1 IPilot-scale 2.1.1 0.5 125 100 0 225 0.5 125 100 0 225

2.1.1.1 ~Enginaaring design 2.1.1,1

2.1.1.2 !System operation 2.1.1.2

2.1.2 ~Oarno-scale 2.1.2

2.1.2.1 Engineering design 2.1.2,1

2,1.2.2 ISystem operation 2.1.2.2

2,2 ]Off-Gas System 2.2

2.2.1 iLab-scale 2.2.1 5 1250 100 0 13501 5 1250 100 0 1350

2.2.1.1 I12 getter materials 2.2.1.1

2.2.1.2 I12/ C12 tiemistry
,!

2.2,1.2 I
IMaterials for handlina chlorine and vclatile I I I I I

2.2.1.3 ichlorides 12.2,1.3 1!
2.2.1.4 IEnginaaring design for pilot+=le system /2.2.1.4

2.2.2 iPilot-scale \2.2,2 I
Z.z.z. t iGetter etitiency studtea \2,2,2.1 I

!Evaluate interface with chloride volatiiitv I Ii I1
2.2.2.2 isystem !2.2.2.2 I \l

;Engineering dasign for demo-scale I I I I I I I
2.2.2.3 ~integrated system !2.2.2.3 I

2.2.3 iOemo-scale 12,2.3 I I

2.2.3,1 ‘Getter efficiency for Xe, Kr, T2, and 12 ]2.2.3.1 I 1

2.3 :Chlonde Volatility 12.3 !
2.3.1 ILab-scale ]2.3.1 10.5 2625 500 1000 4125 11~ 2750 m low 4250

2.3.1.1 ;Tc chemistry and metallurgy 12.3.1.1 ! I
2.3.1.2 Materials cnmpatibiiity ‘2.3.1.2

2.3.1.3 Process parameter optimization !2.3.1.3 I I

2.3.1,4 Material balanca studies i2.3.1.4

2.3.1.5 Zr recove~ and recycle 12.3.1.5 1
2.3.1.6 !TRU transport studies i2.3.1.6 I I
2.3.1.7 Fssion prcducf transport studies i2.3.l.7 , I I I
2.3.1.8 Engineering design for pilot-scale system i2.3.l.8 I \

2.3.2 Pilot.scale ~2.3.2 I I I
2.3,2.1 Chemishylmetailturgy !2.3.2.1 I I I 1 I

Materials balance Studiesparameter I ! i
2.3.2.2 !optimization 12.3.2.2 ] ~ I

j I

2.3,2.3 Materials procassmg 12.3.2.3 I f I I !

2.3,2.4 :Materials compatibdity !2.3.2.4 I I ! I

;Engineenng design for demesde I Ii
1 I I I I

2.3.2.5 !integrated system 12.32,5 I

2.3.3 Dam*scale ‘2.3.3

!Mamnal balancs studie~parsmeter I

2.33.1 !optimization ‘2.3.3.1

2.3.3.2 ,Material prowssmg 2,3.3.2 1’ I
2.3.3.3 ~Engineenng design for plant-scale system 12.3.3.3

2.4 !TRU ElactrorefinmgIElecfmWnning 12,4 I
2.4.1 :Lab-scale 12.4.1 17.5 4375 5iM 1000 5a75 17 42% 503[ mco 5750

2.4.1.1 ~TRU electrochemistry (i.e., Np, Cm) 12.4.1.1 I
1 I

ATWsepcostest

-. . .
2.4.1.7

2.4.1.8

2.4.1.9

2.4.1.2 ~TRu ~emvev (i.e., separation) efficiencies ~2.4.l.2

2.4.1.3 ~Elecfmchemisby process optimization ]2.4.1.3 I
2.4.1.4 Materials Compadbdity ~2.4.l.4

2.4.1.5 ;Anode system ]2.4.1.5

2.4.1.5.1 :H!gh throughput design 2.4.1.5.1
7A16 ;Cathode system and design 2.4.1.6

ITc Elecff@emisW 2.4.1.7

~Fission product behavior 2.4.1.8

I Engmeenng daign for pdol-scde system

I

2.4.1.9

2.4,2 jPilOf-SCSle 2.4.2

2.4.2.1 lChem&y/mefalllu@y 2.4.2.1 I I

IMaterials ba[anca sfudidmucass parameter

2.4.2.2 Ioptimizatton 2.4,2.2

2.4.2.3 IMaterials processing 2.4.2.3

2.4.2.4 ,Materials compatibility 2.4.2.4

2.4.2.5

~,Enginaenng design for darno-acala
imtegratad system 2.4.2.5

2.4.3 Cemo.scale 2.4,3



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

Project Year ->, I 4
Ff+

5
I 2Q03 2CS34

w; Ressamh Ta* Oeactipfion
I
Iv@

“~ HE Labor Cast Material
w To:w*’ US FTE Lym~st ‘atid

capital Tofal CC@
(SK) cost (SK) coat (SK) cost (SK) Cat (SK) (W)

iMaterial balance studies/paranWar

2.4.3.1 ;optimization 2.4.3.1

2.4.3.2 Materials prccasaing 2.4.32 ‘

2.4.3.3 jEngineering design for plant-scale systam 2.4.3.3

2.5 ~AcWe Metai Fission Pmducf Ramovai 2.5

2.5,1 , Lab+de 12.5.1 1 250 25 w 325 1 250 251 60
2.5.1.1 IPrccasa testing and selactfon

325
12.5.1.1 i

2.5.1.2 ;Proo3ss Optimization ]2.5.1.2

2.5.2 ,Pilot-scale 12.5.2

2.5.2.1 ;Maferial t)alanm studies ;2.5.2.1

2.5.2.2 IProcess optimization ]2.5.2.2

2.5.3 ,oerncwcaie 12.5.3

2.5.3.1 ~Material balarwa studies ‘2.5.3.1

2.5.3.2 !Engineering design of plant-scale system 2.5.3.2

2.6 ]MgC12 Elacfrowinning 2.6

2.6.1 ILab-scale 2.6.1 61 1500 150 100 1750 6 1500 150
2.6.1.1

100
!Development of C12 anode

1750
2.6.1.1

2.6.1.2 iEiectrowinning pmcass optimizaticm 2.6.1.2

2.6.1.3 1Materials balance studies 2.6.1.3

2.6.1.4 lChiOrine getter and racyae system 2.6.1.4

2.6.1.5 IMaterials compatibility studiss 2.a.t.5

2.6.1.6 Engineering design of pilot-scale system 2.6.1.6

2.6.2 PilOt-scale/OemO-scale system engineering 2.6.2

2.6.2.1 Chemis@/metalllurgy 2,6.2.1

Materials balanm studiealprowss paramatar

2.6.2.2 optimization ,2.6.2.2

2.6.2.3 Materials pwssing 12.6.2,3

2.6.2.4 Materials compatibility 12.6.2.4
2.7 ,Pilot-scale Demonstmtion Facility (Pyro B) 12.7 I I

\pilot-scale cxocxss flow sheet selacfjon and I I
2.7.1 ~design 2.7.1 I 81 20C0 I o 0 20C0 12 3000 0 0
2.7.2 I

I

(

!

I

1 ~ 4

30Q0
jFacillty mods for pilot-scale operation 2.7.2

2.7.3 ,Cold lest of pilot-scale fadity 2.7.3 I

2.7.4 ~Hot pilot-scale operations 2.7.4 i ~

2.8 !Full-Scale Demonstration Facility (Pyro B) 2.8

Full-scale dema plant process fiow sheet

2.8.1 iselection and design 2.8,1 1 250 25 0 275 1 250 25 Oi 275
2.8.2 :COnstnictiOn of full-scale demo facility 12.8.2 { i

2.8.3 !Cold Test of full-scale demo facilii ~2.8.3
2.8.4 loperatio” of till-smle demo fadify ;2,8.4

SUBTOTAL + i 49.5{ 123751 14cD 2150! 159251 53.51 13375 i 1400! 21501 16925

Pmlect Year-> I d 6

3.1 fGlass-Bonded Sodalite Waste Form ~3.1 ~ I i
I

3.1.1 Pr.omssmg ffowstwet definiticm ~3.1,t Oi o 0 0 0 0 0 0 o! o
3.12 Salt tmabnem method development 13.1.2 I 01 0 0 0 0 0 0 0 0 0

3.1.3 Waste form fabrication devalopmant 13.1.3 0; o 01 0 0 0 0 0 0 0

3.1.4 Waste form evaluation ~3.1.4 I 21 500 Iou o 60QI 2 500 50 0 550

3.1.5 Piot-scale demonstration !3.1.5 I 41 1000 loco 800 28W 41 1000 1000 800

3.1.6

2600

IDemo plant processing eqpt for CWF 13.1.6 01 0 0 0 0 0 0 0 0 0

3.1.7 Demonstration operations 3.1.7 0 0 0 0 0 0

3.2

01 0
0

0

Zr-Metal Waste Form 3.2 !
3.2.1 PrOWSslng flowsheet definition 3.2.1 0 0 0 0 0 0 0 0 0 0

3.2.2 ICasting method devalopmant 3.2.2 0 0 0 01 0 0 0 0 0 0

3.2.3 ~ti-$ V&oh SS waste form alloy *v. 3.2.3 0 0 0 0[ o 0 0 0 0 0

3.2.4 lWaste form evaluation 1324 7 .5M Ica 01 600 2 500 50 0 550

3.2.5 1Pilot-scale demonstration

3.2.6 iOemO plant Pf0c8ssing

3.2.7 iDarrwnstratim operatic

3.3

3.3.1

3.3,2 iMineral wa

3.4 ;Repository

3.4.1 1CWF Quati

3.4.2 IMWF Qualification testi

,..-. -, --- , --
]3.2.5 I 41 1000 I 1CSY3] 7;[ ---1 il ‘--27W 1003I 100O[ M ~1

.—
3.4.3

3aA

I aqpt for MM 13.2,6 I o 0 0 0 0 0 0/ 0/ 0/ o
ons 3.2.7 0 0 0 0 0

~Altemative waste forms
o 01 01 o! o

3.3 I I I I
iGlass for TRUEX option 3.3,1 0 0 0 0 0 0 0 01 01 0

iste form, fluoride pfcc. Option 3.3.2 0 0 0 0 0 0 0 01 0 0

I interfeca activities 3.4 I
ifiation testing 3.4.1 2 500 lca o 600 2 500 100 0 603

ting 3.4.2 2 6W 100 0 Soo 2 500 100 0 800

,Performanm assessments 3.4.3 1 250 0 0 260 1 250 0 0 250
,Waste package development 3.4.4 0 0 0 0 0 0 0 0 01 0

I SUBTOTAL I 171 42KI I 24(XI 1650! S2001 17 4250 I 2300 I 14001 7960

\ I I I I I I I I I I I
TOTALS I 951 23750 I 5~ I 4775 / 344851 W91 27250 I 62151 45651 38030

I I I I I I i I I I, , ,
PmIaU Year-> ~ 4 5

FY -. I 21X33 2004

W8S I Research Tesk Cteaafption WBs
U5 HE ‘ Labor Cost Matertal

(SK)
ca~w To:? US FTE qm~st ~!s;y$: ~~t~;, TL’:Q~t

Cost (SK) cost (SK)



ATWSeparations Technology and Waste Fornta
Resaarch, Development and Derrmnstration Cost Estimate

Pmjad Year-> I t
Ff- 20

WBs
I

Research Task oescsiption W’8S
~~ =E Later coat Made

(SK) Cast ,.m, , -,,
1 :LWR Fuel Traahant f I I I

6 7-

X16 20C6

?. .TQ To;w-t US FTE y&’s’ ‘attid
capital Total Cast

cost (SK) cost (SK) (SK)

iAqu*s P~SS C@i~ ti UrSfiUM

1.1 iSeparation (UREX) 1,1

7.1.1 ,,Selact sclvard emrachcm pmceaa rncdal 1.1.1 0 0 0 0 0 0 0 0 01 0

1.1.2
Studies of Iodine racmvery from air sparge

stream
1,1.2

0 0 0 0 0 0 0 0 0

1.1.3
0

tPu raductant sfudiaa 1.1.3 0 0 0 0 0 0 0 0 0

1.1.4
0

Co*xtractiorI studies of Tc and Np 1.1.4 0 0 0 0 0 0 0 0! o 0

‘Convareion studies on aquaoua rafrinate to
1.1.5 I,ohd ~~~e, 1.1.5

0 0 0 0 0 0 0 0 0 0
* t

1.1.6 ~Oisao[tion studies of nobla mefala frcm hulls 1.1.6
0 0 0 0 0 0 0 0 0 0

1.1.7
‘Pilot-scale prcess flew sheat salaction and ,.,,7

Idesign o 0 0 0 0 0 0 0 0 0

1.1.8 Construction of pilot-scale UREX test facility 1.1.8
20 5CO0 100 0 5100 20 5000 lCO o

1.1.9

5100

jCold Test of pilot-scale UREX tastfaality 1.1,9 0 0 0 0 0 0 0 0 0 0

1.1.10 /Oparation of pilot-scale UREX test facmy 1.1.10 0 0 0 0 0 0 0 0 0 0

1.2 . IProcess transition studies 1.2 0 0

1Conversion of aqueous raffinate to solid

1.2.1 Iotides 1.2.1 0 0

1.2.2 iConvaraion of aqueous Tc !O metal 1.2.2 0 0

1.2.3 IConversion of dine to target fcrrn 1.2.3 0 0

1.2.4 !Conversion of oxide to metal 1.2.4 0 0

lAqueous Prccass Option for TRU & FP

1.3 lSeParation (McdifiedTRUEX) 1.3 0

,Lab studies on extraction bahatior of UREX
133 iraffinate 131 0 0 0 n o 01 “ nl rl :. ..-. , , 1
1.3.2 ~Procass modeting for optimization

-,
11.3.2 0 o\ ; i’ o -01 0 oi o 0

1,3.3 IImproved TC extraction studias fl.3.3 o 0/ o 0 0 01 0 0 0 0

1,3,4 ISelection of solvent wash reagents 1.3.4 0 01 0 0 0 01 0 0 0

1.3.5 IDave{opment of stripping reagents 1.3.5 0 0 01 0 0 01 0 0 0

]Pilot-scale process flow sheet selection and

1.3.6 !design 1.3.6 0.5 125 10, 0 135 0.5 1251 70 0 195
I II Construction of oilot-scale modfied TRUEX I I

11.3.7 ~test facdifv 11.3.7 I 01 01 01 01 01 01 01 01 01 01

,Cold Test of pilot-scale mcdifiad TRUEX test
1.3,8 ~fariity 1.3.8 0 0 0 Oi 01 01 01 o! o 0

;ODWStion of oilot-scale Modified TRUEX test ! I I I I 1 I
1.3,9 !fatilily !1.3.9 I 21 5s01 1~1 oi 600 I 2! ml lCO 01 600

~Remote maintananca & operations I II I I
I1.3.1O ~engineering /1.3.10 ~ 0.5 I 125/ 500] 0/ 625 / 0.51 125i 500 I 01 625

:Process control & monitoring instrumentation i1,3,,1
,

1.3.11 0.5 125 1~1 01 225 ‘ 0.5~ t251 5MI 01 625

iElecfrometaliurgical Pr.xassing option for

1.4 ;Uranium, TRU, and FP separation 1.4 0, Ill

iVerify rlowsheet chemis!ry for all phases of

1.4.1 :process using irradiabd fuel 1.4.1 0 0 0 !O! 010 o :

study scale-up issues regading all aspe@a

1.4.2 ]of EM prccess 1.4.2 0 0 : I:io 0! o
development of electrodes for salt-mcavary

1.4.3 step ,,4.3 i : 0 0 0 01 0 \ 01 0 :1 :.

optimizatmn of salt-remvary afep call

1.4.4 !anfiguration 1.4,4 i O 0 0 0 0 0 0 0 0 0

~study mathcds to separata Tc from 2ircaloy

1.4.5 {cladding 1,4.5 1 250 15 0 265 0 0 0 0 0

1.4.6 !smdyme~tistoprepa fa-.TRU”m”i”m ,.4.6 , 250 ,5 0 265 0 0 0 0 0

stud rxmcurrant and sequential opWatiOn of, Y
soltd steal and liquid cadmium caumdes (all-

1.4.7 ~pyro option only) 1,4.7 0 0 0 0 0 0 0 0 0 0

Istudy means to isolata I and Tc and prapare

1.4.8 ~targets 1.4.8 0 0 0 0 0 01 0 0 0 0

study b8havior of TRU pmdti wit?!ragard to

1.4.9 IAm, 1.4,9 0 0 0 0 0 0 0 0 0 0

!Pilot-scale process flow shaat selection and
1.4.10 Idesign 1.4.10 0 0 0 0 0 0 0 0 0 0

1.4.11 iConstruction of pilot-scale EM tast facility 1.4.11 4 1000 0 20U0 30C0 4 lCQO o 2000 300a

I
Iengineering-swde (kg batch) tests of ,,

1.4.12 ~~~u~~ stepjn~”tinguse of irradiated fuel 1.4.12 2 600 lW o 600 0 0 0 0 0

en meeting-scale tasts of salt.racovary step

1.4.13
;9
Icdl design 1.4.33 2 50Q 1CW3 o 600 0 0 0 0 0

corrosion testing of prospective cnnsfnxtlon

1.4.14

~::% forpifo!a”ddemmstitim--le
1.4,14 0 0 0 0 0 0

engineering-scale tests of elac%mrerinarwiti
1.4.15 Irad.cedirradiatedfual 1.4.15 3 750 2W o low 3 0 I 2: : 1:75Jl

]pilot-scale plant frisk with tminadlated and

1.4.16 I irradkmad tiel 1.4.16 0 0 0 0 0 0 0 0 01 0



ATW Separations Technology andWaste Forms
Research, Development and Demonshstion Coat Estimate

1-
—
1.5

Pmjacs Year-> I 6 7
m’-> ~ 2005

‘&m
I

Reseamh Tssk Cesafption V@S
“s ~E Labw Cost Matmfal C3pital Total Cost “~ ~E Lsbortiat Matwfal

“=1

C3pital TotsJ Coat
(SK) cost (SK) Cost (SK) (Sm (SK) cost (SK) cost (W) (SK)

~Full-scale !M’mnsbaticm Fsdity (UREX and

:Pym A) 1.5 0 0
!Full-scale dsnm 04ant process flow slmat

1.5.1 lsaiecfion and da~gn 1.5.1 0 0 0 0 0 01 0 0 0
1.5.2

0
;Consfmc$cm of full-scale denm fatitity 1.5.2 0 0 0 0 0 01 0 0 0[

1.5.3
0

:Cold Tasl of full-scsle derria facifity 1.5.3 0 ‘o o 0 0 0} o 0 01 0
1.5,4 iOparation of till-scale damo facility 1.5.4 0 o\ o 0 0 01 0 01 01 0

I SUBTOTAL I I 36.5 9125[ 12WI 20WI

Project Year ->; 6 7
FY .> I 2005 20C6

I
VvBs Resesrch Taak L%soiption WEs

us ~ Labor C@ Matarist

I (SK)
-Pib’ To;;m-s’ US ~E La:w~st ‘a’e”a

Cspifal Total tist
Cost (SK) cost (SK) cost (SK) Coat (SK)

2
(SK)

!ATW Fuel Pmcassing 2

2.1 iSpenl Fual Chopping/Grinding 2.1

2.1.1 Ipiiot-scale 2.1.1 0.5 125 100

~Engineenng design
o 225 0.5 125 100 0 225

2.1.1.1 2.1.1.1

2.1.1.2 ISystam oparation 2.1.1.2

2.1.2 Oamsscale 2.1.2

2.1.2,1 Engineartng design 2.1.2.1

2.1.2.2 System oparation 2.1.2.2

2.2 Off-Gas System 2.2

2.2.1 Lab-ade 2.2.1 5 1250 125 0 1375 3.5 875 100 0 975
2.2.1.1 12getter materials 2.2.1.1

2.2.1.2 112/ C12 chemisty 2.2.1.2

IMaterials for handting chlorine and volatile I
2.2.1.3 Ichlorides - 12.2.1.3

2.2.1.4 IEngineering design for pilot-scale systam 12.2.1.4 I
2.2.2 lplot-scsle I2.2.2

2.2.2.1 iGetter afftciency studies 12.2.2.1 1
;Evaluate interface with chloride volatility 1 ~4

2.2.2.2 ~system 12,2.2.2

[Engineering destgn for demo-scale

2.2.2.3 ~integrated system ,2.2.2.3
793 :Damo-scala :77’3 I d----- -----
2.2.3.1 lGetter effciency for Xe, Kf, T2, snd 12 2.2.3.1 I I I I
2.3 lChloride Volatility 2.3 I ! ! I
2.3.1 iLab-scale 2.3.1 i 111 27W 5001 2S31 35CCII 91 2250) 500 I 200

I I I I I ! la

2950
2311 ITc chemisbv and metallumv 231.1

2.3.1.2 ;Materials co-mpatibtlity ‘-

,—.-.

;2.3.1.2 I
2.3.1.3 ,Process parameter optimization 12.3,1.3 I I
2.3.1.4 ~Material balanca studfas ]2.3.1.4 ! 1
2.3.1.5 :Zr recoveV and racyde !2.3.1.5 I ~ I
2.3.l.e TRU tramp-ml studies 12.3.1.6 1 I I I
. ..- ,C.- .,-----. .-, ------- . . .. J-- ,. ..-,, ~ ;=l
4.4.1./ .,>.,”, , p, ““”u U(I,,+IU, L,,””10, ,4, s.l. / I I I
2.3.1.8 i Engineering design for pilot-scale system

1$
12.3.1.S I I

2.3.2 :Pilot-scale 12.3.2 I I i!!
2.3.2.1 ~Chemtstry/metalllurgy i2.3.2.l !i

iMaterials balance studies/parsmater I

2.3.2.2 !optimization 12.3.2.2 1’ ‘,1
2.3.2.3 :Materials pr~samg ~2.3.2.3

2.3.2.4 ;Materials compatitxltty ]2.3.2.4

;EWineering design for demmcsle 1

2.3.2.5 ~intagratad system 12.3.2.5 !
“.. ---- ---te 1773 I ! ~L.J.J -,,, ”->!- 4!!

!Matatiai balance studks/paranwtar

2.3.3.1 ~optimtzstion 2.3.3.1 I

2.3.3.2 ;Material p+mcassing 2.3.3.2 I
2.3.3.3 IEngineenng design for plant-scale system 2.3.3.3

2.4 ITRU ElactmrsfinmglElectmwinning 2.4 I
2.4.1 ILab-scale 2.4.1 17 4250 m 1Q30 575a 13.5! 3375 500 750 4625

2.4.1.1 iTRU electmchemisuy (La.. Np, Cm) 2.4.1.1 I
I

2.4.1.2 ITRU recovery (La., separation) eficiendes 2.4.1.2 Ill
26%3 !Elactmchemism m.xe.ss cetimiza~ {2 AI.3 I I I I I 1 I I. . . . -..
2.4.1.4 i Matanals Cornpaubility 2.4.1.4

2.4.1.5 IAnoda system 2.4.1.5
2.4.1.5.1 IHigh throughput design 2.4.1.5.1

2.4.1.6 iCathode svstem snd dasmn 2.4.1.6 ‘: :=
.
2.4.1.8

-.
~FissiOnprcdud tsehaticf 2.4.1.8

2.4.1.9 IEngineering dasign for pilot-scale system 2.4.1.9

2.4.2 iPdot-scaie 2.4.2

2.4.2.1 lChamist@netalllw-gy 2.4.2.1
~M atarials balanca studias/pmcaaa psrameter 4

2.4.2.2 ~optimization 2.4.2.2

2.4.2.3 lMatannls processing 2.4.2.3

2.4.2.4 !Materials mmpabfxlity 2.4.2.4

‘Engineering design for dam-scale

2.4.2.5 integrated system 2.4,2.5
2.4.3 iOsm*scsle 2.4.3 5

AIVVsepmstesWs



ATW Separations Technology and Waste Fornsa

Research, Development and Demonstration Cost Estimate

L ., –.. –— ,
F7 -> 2CW

I
m: Research Tssk CeaoiptiwI W83

“~ HE LsLwr Coat Material Capifal Totaf Coat
(SK) cost (SK) C@ (Sko (SK) “’f+‘%’%%l%:f%~:Matericd balance studieafpamrnater I I I I I

2.4.3.1 ;optimizatien 12.4.3.1 I 1! 11!
2.4.3.2 ‘Materials -ssing 2.4.3.2

2.4.3.3 iEngineering design for plant-scale system 2.4.3.3 I I
I

(
2.5 tAcfive Metal FisSiM Pmdu-3 Rernevel 2.5 \ I I
2.5.1 1Labscale 2.5.1 1 250 251 0 275 0.5 1251 251 0
2.5.1.1 !Process testing and selacdon

150
2.5.1.1 I I

2.5. i .2 IPrecess Optimization 2.5.1.2

2.5.2
Ii

iPilot-scale 2.5.2 t
2.5.2.1 ,Material balarw studies 2.5.2.1

2.5.2.2 IProcess optimization 2.5.22

2.5.3 Iceme-scale 2,5.3

2.5.3.1 IMaterial balance studies 2,5.3.1

2.5.3.2 iEngineering design of plant-acala system 2,5.3.2 i
2.6 IMgCi2 ElectrewinniW 2.6

2.6.1 ~Lab-scale 2.6.1 6 1500 150 100 1750 5 1250 150 100
2.6,1.1 1Development of C12 ancda

1500
2.6.1.1

2.6.1.2 IElectmwinning precass optimization 2.6.1.2

2.6,1.3 ;Materials balance studies 2.6.1,3

2.6.1.4 Chlorine getter and recycle system 2.6.1.4

2.6.1.5 Materials compatibility studies 2.6.1.5 I
2.6.1.6 Engineering design of pilot-scale system 2.6.1.6

2.6.2 PilOt-scaleK2erm-scale system enoineerina 2.6.2 I

2.6.2.1 IChemisby/metalllurgy - - - 2.6.2.1 I
iMaterials balance studiesfprccass parameter

2.6.2.2 ]optirnization 2.6.2.2
1

2.6.2.3 IMalerials processing 2.6.2.3 1
2.6.2.4 I Materials compatibility 2.6.2,4 I
2.7 ~Pilot-scale Demons&ation Facility (Pyro B) 2.7 !

!pilot-scale !mcess flw sheet selection and I I I I
2.7.1 Idesign 12.7.1 ! 12 3000 0 01 30+30 12 30C0 I 01 0 3000
2.7.2 bFacdiPj mods for pilot-scale operation 2,7.2 4

1 I I
2.7.3 lCold test of p!lot-scala facility 2.7.3 I 1

77A !Hot nilot.scala mmrations 97A I I 1-.. . . ..- ------ -...,, ! 1 1

2.8 !Full.Scale Demonstration Fecility (Pyro B) 2,8 I
lFull-scale demo plant pmcass flow sheet

2.6.1
I

01 275iselection and design 2,8.1 1 250 25 0! 275 1 250i 25!
z.a.z :Consbuction of full-scale demo facility 2.6.2 I

I I
2.8.3 iCold Test of full-scale demo facility 2.8.3 I / I

Operabon of full-scale demo facility

m’:> ~ I 20Q5 20W

VvBs I Research Task Desuiption
W’ i U’ HE Labor Cost I Malerial ] Capital Total Cost “’HE Labor Cost ~ Material Capital Total Cost

I (SK) i cost (SK) Cost (SK)

3

($K) ($K) ! Cost (SK) Cost (SK) (SK)
Waste Forms 3 I I l“

3.1 iGlass-Bonded Sodalde Wasta Form 3.1 I I
3~1 ‘Processing ffowstwd defimtien 3.1.1 01 01 0 0! 01 o\ Oi 01 0 0

Salt treatment malhcit (tevel~prnerlt j3.1.2 01 01 0 0! 0] 01 Oi 0! o 0
ltion development !3.1.3 01 01 0 0[ o~ 01 0: 01 0 0
,bon 13.1.4 21 500 501 01 5501 11 250: ml Oi m

.3.1.L . . . . . . . . . .

3.1.3 ;Waste form fabncal

3.1.4 ,Waste form evaluat

3.1.5 Pdot-scale demonstration
--

\3,1,5 I ;] Iml Wool 5CO[ 25001 4i ‘--;lm: 1~{ 100

3.1.6

21(M
~Demo plant pmcassing aqpt for CM 13.1.6 0/ Oj 01 01 01 0[ 0! 01 01 0

7.*7

L
....
3.2

3.2.1

3.2.2
3?3

Demonstration operations 3.1,7 01 0 01 01 0 Oi 01 01 0 0
12r-Metal Wasta Form 3.2 I I

I
I

IProcessing flowsheet dafinibcm 3.2.1 0 0 01 o~ o 01 01 01 0 0
ICasting mefhcd development 3.2.2 0 0 01 01 0 01 01 01 0 0
!2r4 wto~ SS wasta form allov dev. 273 I n 0 ni nl 0 01 (t; nl 0( 0----- .— —.,--- ----- , ! -,

3.2.4 ;Waste form evaluation 3.2.4 2 50Q 50 01 550[ 11 24; ;i 01

32.5 !pilot-scale demonstration 3,2,5 4 Iwo low ml 2500[ 41 10301 10M 103 21W

3.2.6 iDemo plant precassiW eqpt fer M’AF 3.2.6 0 0 0

3.2.7 !Demonstration omraticms 3.2.7 0 0 0

3.3

3.3.1

3.3.2 .. ... . . .. . . .. .. . . ... ..--, ,.. .,. - -. ”-.. “,”,= ! v, “,

3.4 IRepository interfa~ *~L.*s-. 1, “ I I

3.4.1 ICM Quefification I

o is u 0[ 0: u u

-, 0 0 0 0; o 0 0

lAitemetive waste fwns 13,3 I I I I
\Glass for TRUEX opuon ]3.3.1 0] 01 0 0 0 0 Oj o 0 0

Minard w..t.a fnrrn I%,mitics n- CYWifvt 17 Q 9 , n I nl o 0 0 0 01 0 0 0

- ““. .,.. ” “... I
testing 3.4.1 2 500 103 0 600

;MWF Qualification tasting
600 2 500 100/ o

3.4.2 3.4.2 2 503 lW o 600 2 500 1031 0 600

~Z~g~~;e~;ent
3.4,3 1 2W o 0 250 1 250 01 0 250

3.4,4 0 0 0 0 0 0 o! 0[ o 0

! SUBTOTAL I 17 4250 2300 [ Iowl 75501 15[ 37501 23001 Zwl 6250
+

I I I I
fOTALS ~

I I I I
107 I 267601 5015] 4350] 36115 eo,51 226251 5220 I 3250 I 31095

I I I I I ! 1 I
Pmjecf Year.> I 6 7
Ff .> 1 2W5 2006

W8s
I

Resaarch Task 08ecrlp@n w
us HE Labor Cost Matarial capital Total Cost u’ HE La3er Cost Materiai ‘ Capital Total COSI

(SKI Cost (SK) Cost (SK) (SK) (SK) Cost (SKI I Cost (SK) (SK)



ATW Separations Technology and Waste Forms
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?reject Year->, 8 9
iy> 2007 2CQ6

,
ms Reseamh Task Oaaaiption WT3S

us ~E Labor Cost Matwial

! (SK)
- ‘w ‘iSt US FTE~

COW ($x) Cast (SK)
‘ L~m@st Matarfat CapJtat Total Cost

(SK) Cost (SK) coat (SK)
1

($0
,LV#+ Fuel Treatment 1 I
!Aquaous Pmwss Opficm fer Uranit#n

1.1 ]Separsticm (UREX) 1.1

1.1.1 :Select sdvantextraakmprocessmodal 1.1.1 0 0 0 0 0 01 0 0 0 0

1.1.2
Stud{es of Icdne recevary fmm air sparge

Is&aam
1.1.2 I

o 0 0 0 0 01 0 0 0 0

1.1.3 !Pu raductant studies 1.1,3 0 0 0 0 0 01 0 0 0 0

1.1.4 ~Ce-axtracticm studies of Tc and Np 1.1,4 0 0 0 0 0 01 0 0 0 0

1.1,5
~Conversion studies cm aqueous rsffinate to
isolid o%ides

1.1.5
0 ‘o o 0 0 0 0 0 0 0

1.1.6 Oissetution studies cdncble metals frem huh 1.1.6
0 0 0 0 0 0 0 0 0 0

1.1.7
;Pilot-scale pmeess flow sheet seladort arid ,,,.7

[design o 0 0 0 0 0 0 0 0 0

1.1.8 Construction of pilot-scale UREX test faulity 1.1.8
0 0 0 0 0 0 0 0 0 0

1.1,9 Cold Test of pilet-scale UREX test facility 1.1.9 0 0 0 0 0 15 3750 100

1.1.10

0 3650

Operation of pilot-scale UREX test facility 1.1.10 8 2003 100 0 2100 8 2CCQ 100 0

1.2

Zloil

Prrmss transition studies 1.2 0

Conversion of aqueous raffinate to solid
1.2,1 oxides 1.2,1 0

!.2.2 Conversion of aqueous Tc to metal 1.2,2 0

1.2.3 Conversion of iodine to target ferm 1.2.3 I o

1.2.4 Convaraion of oxide to metal 1,2.4 0

Aqueous Precess Option for TRU & FP

1.3 Separation (Medified TRUEX) 1.3

Lab studies on extraction tmhawor of UREX

I .3.1 raffirrate 1,3,1 0 0 0 0 0 01 0 ,0 0 :
1.3.2 ]Precess modeling for optimization 1,3.2 0 0 0 0 0 01 0 0 0 0

I .3.3 I!mpmved TC extraction sludies 1.3.3 0 0 0 0 0 Oj o 0 0 0

I .3.4 ~Selection of solvent wash raagenta 1.3.4 0

I .3.5 :Development of stripping raagents I1.3.5 ! o

IPilot.scale pmmss flow sheet selection and

1.3.6 ~design 1.3.6

/Constru@on of pilot-scale mcdifiad TRUEX
1.3.7 !test facility 1.3.7 1:

iCold Test of pilot-scale mcdtied TRUEX test 1

1,3.8 ~facilify 1.3,8 I o

10peration of pilot-scale Modified TRUEX test

1.3.9 !faalify 1.3.9 II I I
;Remete maintenance & operations

1.3.10 !w@mW”g 1.3.10 I 0.5 I I 5W, 0 625 0 0! Oi o :125

,Process cmntml & monitoring inetrumen~tion
I

1.3.11 , 1.3.11 I 0.5/ 125 500 10 625 ; o.5~ 1251 Wo 01 625

;Electmmetallurgical Processing Option for

I .4 !Uranium, TRU, and FP separation 1.4 I
I\l

,Verify flmvshaat chemisby for ail phases of

1.4.1 ;process using imadiatectfuel 1.4.1 0, 01 01 o~ 0[ o~ 0! :

study s=le-up issues ragardng all aspects I
1.4.2 01 rJ 01 ; 1: ,O1oof EM process 1.4.2

development of elecb_odesfcf salt-mcoveV

I.4.3 ~step 114.3 I :! :, :1 0 0 0 Oi 01 01 0
;optimization of salt-remvery step calt

1.4.4 1configuration <1.4.4 01 0 0 0 0 0! o ‘o o 0

,study methods te separate Tc fmin .Wcaloy

t.4.5 Icladding 1.4.5 0 10 0 0 0 Jo o 0 0

I
1.4,6 istudy methods to prapara rm-TRU uranium 1.4.6 0 0 0 0 0 Oi o 0 0 0

;study conwrrant snd seqwntial ofwatien of
Isolid steet and liquid cadmium Mhed+s (all-

t .4.7 ~pyfo option only) 1.4.7 0 0 0 0 0 0 0 0 0 0

‘study maans to isotate I and Tc and prepare

I .4.6 ]targets 1.4.8 0 0 0 0 0 01 0 0 0 0

Istudy bahawor ef TRU product with rwgard to

1.4.9 ~Am.

l~~~Cal~ms.SflM’J Sheetsetactienand

1.4.9 0 0 0 0 0 0 0 0 0 0

I

1.4.10 1.4.10 0 0 0 0 0 01 0 0 0 0

1.4.11 ~Constmction of pilot-scale EM lest facitity 1.4.11 5 12W 50Q o 1750 0 0 0 0 0

I

~engineering-scale (kg batch) teats ef
1.4.12 reduti”on step incfudtrrg use of irmdiatad fuel 1.4.12 0 0 0 0 0 0 0 0 0 0

engmeenng-ecale tests of salt—racowev step

1.4.13 cell design 1.4.13 0 0 0 0 0 0 0 0 0 0

corroaicm testing of prespadv=s amstn@on
materials for @lot and demenstratiwwcale

1.4.14 [plants 1.4.14 0 0 0 0 0 0 0 0 0 0

engineenng-srate tests of elaWerarlner with

1.4.15 raducad ifradiatad fuel 1.4.15 0 0 0 0 0 0 0 0 0 0

!pit~t-smte plant kfals witi ~i~eied end

1,4,16 Iirmdiatad fuel 1.4.16 0 0 0 0 0 10 2500 750 0 3250

ATWeapcostest.xis



ATW Separations Technology and Waste Fonne

Research. Development and Demortst@ion Cost Estimate

PmJest Year-> I E 9
m> ! 2W7 2uoa

VsBs ( Reseamh Task Ds~ption W@S
“~ HE Labor Cost Matedaf capital Totat @t “S =EI Lsbor Coat Material Capitaf Total cost

(SK) coat ($x) ml (SK) (SK) (Sfq Cost (SIQ Cost (SK)
IFull-scale Mmonstrsticm Facitii (UREX and I

(SK)

1.5 !Pym A) 1.5 .Ill o

I ~Full-scale demo plant pmceas flmv sheet ]
., --~ ~

I I I I I I [ (

,,-- 1 1 -“-, 1 z-
)rial CafiwTo;:vy’US F7E ‘ayy’st ‘ate”a’

Captal Told Cost
[cm r-e+ mm e--- ,em . . . . ,*U. ,.m

——
VKsS Reseerch Task Description VWS

us HE Labw Cost Mate[

1 ($K) cast (Vr., ““., ,.7,., \.,.,
\ew w., ,, n, w., ,+ b,

2 lAIW Fuel Processing
(an)

2

2.1 iSpent Fuel Choppin@Gfindin9 2.1

2.1.1 IPilot-scale 2.1.1 1.5 375 100 0 475 650
Engineering design

2 500 153 0

2,1.1.1 2.1.1.1

2.1.1.2 Systam oparation 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 2.1.2.2

2.2 [Dff-Gas System 2.2

22’1 ILab-scale 22.1

,’.’.,.,
----

,-._. ,. . . . ~12getter materials !2.2.1.1 ! I I I
[12I C12 chemistry 12.2.1.2 I

,rials for handlina chlorine and volatile I I

:.L.L iYIIU1-SG51U I/.<./i I 2.31 Ozol .xw
,- —..———e—..——-.. .. .. . ----

Z.,i.l.i

2.2.1.3 ~~~des - 2.2,1.3 I
2.2.1.4 iEngineenng destgn for pilot-scale SyS!erII 2.2.1.4 I I
2“-

-.,..-..!. ,.. -” -. .-. . . .

2Z.2.1

o 975 4 Iwo 35a o 1350

t-ener emuency sruwes Z.Z.Z. 1

~Evaluate interface with chloride volatility

2.2.2.2 Isystem 2.2.2.2

!Engineering design for demo-scale

2.2.2.3 ‘-’----’-2 ‘.-’-- ,. ..,..

2.2.3 Iuemo-smw ]Z.z..i I I I I I I I I I I
2.2,3.1 IGetter efficiency for Xe, Kc T2. and 12 2.2.3.1 I I

,,Ucg,, i,tlu ,) ’>, W,, 14.4.4.0 I I I I I I I 1 I-. —-.. .,- --- I

2.3 ;Chloride Volatility 12,3 I I I I I I I I ~ I
2.3.1 i Lab-scale 12.3.1
.-. . 7--. --:- .-.--., --. -,(,,--,, 17711 I I I I I I I I I tLa. 1.1 i 4 L wrsrtu..y ds$u tt,eta!lulgy

2.3.1.2 Materials compatibility !2.3.1.2 I I I ! I I \ ! I
2.3.1.3 Process oarameter optimization ‘2.3.1.3 I I I I I

2.3.1.4 ;Material balanm studies :2.3.1.4 I I 1’ I I
I

2.3.s.5 :Zr recovery and racyde 12.3.1.5 I I
2.3.1.6 iTRu transport studies 2.3.1,6 I I

I

2.3.1.7 Fission product transport studies ~2.3.l.7 !
! ! I

2.3,1.6 :Engineering design for pilot-scale SySt9m 12.3.1.8 I I
2.3.2 :Pllol-scale 12.3.2 7] 1750] ml o 225o lli 2750 ml o 3250

2.3.2.1 iChemistiy/metalllurgy 12.3.2.1 ! I I I I
Materials balance Studieafgaranwter I I IiI I

2.3.2.2 ioptimization ~2.3.2.2 I I
!
I

2.3.2.3 :Materials processing ~2.3.2.3 I
2.3.2.4 Materials compatibility 12.3.2.4 I I

Engineering design for demo-scale I I

2.3.2.5 !integrated system !2.3.2.5 I il
2.3.3 ,Demo-scale 12.3.3 1!

,Material balacca studiealparametar

2.3.3.1 ;optimization 12.3.3.1

2.3.3.2 iMaterial procesamg 2.3.3.2

2.3.3.3 ;Engineering design fw plant-ssale system 2.3.3.3

2.4 ,TRU ElactrorefinmgJElecfmwi nning 2.4 I
2.41 Lab-scale 2.4.1

2.4.1.1 ;TRU elecbmehemisby (i.e.. Np, Cm) ]2.4.1.1 I I I I I I I

I I I I I I
2.4.1.2 ITRU rec.OveV (i.e., seperaticss)effisienaes 2,4.1,2 !

2.4.1.3 IElectrochemistry F#u@ss optimization 2.4.1.3

2.4.1.4 ~Materials CompattMy 2.4.1.4

2.4.1.5 IAnode system 2.4.1.5

2.4.1 .5.1 ,High throughput design 2.4.1.5,1

2.4.1.6 lCathcMe system and design 2.4.1.6

2.4.1.7 ITC Elec2mchemisIry 2.4.1.7

2.4.1,8 1Fissjon prcdud bahatior 2.4.1.8

2.4.1.9 ~Engineenng design for pilot-scale system 2.4.1.9

2.4.2 :pilot-scale 2.4.2 7 1750 500 0 2250 11 2750 600 0 3250

2.4.2.1 ;Chemistrykmatalllurgy 2.4.2.1

:Materials balance SbKlie@0S3SS pammater

2.42.2 !optimmation 2.4.2.2

2,4.2.3 ;Materials pmsassing 2.4.2.3

2.4.2.4 !Materials compabtdllty 2.4,2.4

!Engmaating design fOr demc-sde I
2.4.2.5 ~inl~rated ;ystem 12.4.2.5 I
2.4.3 CWW-scale 12.4.3 I I

ATWsepcostesl



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

-“. ”

b’ T“~wyUS F+ ‘a;fltit ‘awa
1 1 I

‘=

Ca@tal ‘Total coat

i2.4.s1 i I ‘-’” I--’’-’’’l–”$@ I
Ceat (SK) Cost ($x) (SK)

IMaterial balanca studiea@ametsr

2.4.3.1 Iootimizatien Ill,. .—.
2.4.32 IMaterfals process4rrJ i2.4.3.2 \ ( I
2.4.3.3 !Enginaaring design faf Pianl-sde system ]2.4.3,3 !

2.5 :Aaive Metal Fission Pmdud Removaf 12.5

2.5.1 jLaMcale 12.5.1 I
2.5.1.1 ~Proass tasting and selecden 12.5.1.1 I
2.5.12 iProrX3.s Optimization ‘2.5,1 .2 I I
2,5.2 ~PilOt-scale 2.5.2 0.51 125” 25 0 150 0.5 125 15 0

I

I ‘1 ~~ 1

140

2.5.2.1 tMatarial balance studies 2,5.2.1

2.5.2.2 1Process opbmization 2.5.2.2

2.5.3 !Oamc-scale 2.5.3

2.5.3.1 1Materiel balance studies 2.5.3.1

2.5.3,2 IEngineering design of plant-scale system 2.5.3.2

2.6 IM0C12 Electmwinnino 2.6

---- ,--— ,----
2.6.1.1 IO.svelopment of C12 anaUe 12.6.1,1 !

2.6.1.2 1Elactrmvinning prccess optimization ]2.6.1.2

2.6.1.3 iMaterials bslanca studies 12.6.1.3 I 1=1

2.6.1.4 ]Chlorine getter and recycle system 2.6.1.4 I
2.6.1.5 IMaterials compatibility studies 2.6.1.5

2.6.1,6 iEngineering design of pilot-scale system 2.6.1.6 I
2.6.2 iFMot.scaleroamc-state system engineering 2.6.2 8 2000 3C0 01 2300 6

!Chemistrv/metalllurray

2W0 300 0

I ‘a

2300

2.6.2.1 i2.6.2.l I

I
-.

jMaterials balance studieslpmce.ss parsmeter ! I I I I I I I I I I
2.6.2.2 optimization 2.6,22

2.6.2.3 j Materials processing 2.6.2.3 I

2.6.2.4 Materials mmpatibility 2.6.2.4

2.7 ‘Pilol-scale DemonsVation Facility (Pyro B) ‘2.7

PilOt-@e process flow sheet selection and
2.7.7 design 2.7.1

2.7.2 FacJity mcds for pilot-scale operation 2.7.2 I 2/ 500 2000 2500 5000 2

2.7.3 I

I I

i I \

I

, 1

I ~ ‘ :

5Ca 1500 30C0 50C0

lCold test of pilot-scale facility 2.7.3

2.7.4 IHot pilot-scale operations 12.7.4

2.8 ~Full-Scale Oamonstratton Facility (Pyre B) ~2.8 ~

;Full-scale demo p4antpmcsss flew sheet
2.6.1 selection and design 12.6.1 I
2.8.2 :Corsstmcdon of full-scale demo facility !2.s.2 ; i

2.8.3 ;Cold Test of full-scale demo facilitj !2.8.3
2.8.4 :Opefstion of full-scale demo fadlity 12.8.4 !

SUBTOTAL ; : 39.51 9875 i 3825 I 25OOI 16203 I 40.5: 10I25I 3340 I 3000 I 16465

Pmjest Year -> 10 11

FY -> 2009 2010

mm $
Research Task Oasaiptiorr

, us ~E~ Labor Cost I Material
iWS ~ , Capital Total Cost us HE Labor Cost / Materiaf

(SK) ~Cost ($K) Cast (SK) (SK) (SK)

I 1

I

--”- !4

Cost,$K, &t&)lTO:r

3 ~Waste Forms !3 ~

3.1 ;Glass-Bonded Scdaiite Waste Form 13.1 : ,

3.1.1 !Processing fmwshaat definition ]3.1.1 I 01 0[ 01 01 0 Oj o 0, 0 0

3.1.2 iSalt treatment meomd development !3.1.2 ( 0, Oi 01 0 0 01 0 0 0 0

3.1.3 iWaste form fabricatmn development 13.1.3 ‘ o 0/ 01
o!

o 01 0/
o!

01 0

3.1.4 :Was[e form evaluation i3.1.4 I 01 01 01 0$ 0 01 o! oi o 0

3.1.5 ;~,ot-sm,e demo”~wtio” :3.1.5 ! 4, 1000 I 500 I 01 1500 41 10CO w! o 1500

500 I 500 I 01 10+3OI 31 7501 ml o 12503.1.6 ~Oamo plant prossssmg aqpt for CWF ~3.1,6 I 2;
3~7 IDemonstration owaratiorrs 1317 I Oi 01 01 01 01 01 oi oi 01 --%

I
.
3.2 ~Zr-Matal Waste Fcfnr

–!
!3.2 I I I I

3.2.1 :Pmc8ssing flowsheet definition 13.2.1 I 0! 01 01 0 0 0 0 0 0

‘ “(3

o

3.2,2 !Casting method development 13.2.2 I 01 0/ 01 0 0 0 0 0 0 0

3.2.3 !Zr-6 wt.% SS waste form ailov dev. 13.2.3 I 01 01 01 0 0 0 0 0 0 0

0 0 0 0 0 o~ ,:3.2.4 jwaste form evaluation “ i3.2.4 I of 01 01

396 :Pilot-scala damonmmti@n 1375 Al $norl 5001 01 lalo 4[ Iml 5COI o----- ,. . . ----- ., .---,
3.2.6 ;Oamo plant pmmssing aqpt for MM

,-

13.2.6 I 21 ml Wol 01 lcsm 31 750/ 500i o; 1250

3.2.7 iDemonstration op-wations 13,2.7 I 0/ 01 01 0] 01 0[ 01 0{ 01 0

3.3 :Aftemative waste’
.- ,

rot-m 13.3 I / I I I I I I
ODtiWl !3.3.1 I 01 01 01 01 01 o\ 01 01 0! --%3.3,1 iGlass forTRUEX

3.3.2 ~Mineral waste form. ffuoride pmt. Option !3.3.2 I 01 0 0 0 0 0 0 0 0 0

3.4 IRepository interface activities 13.4 ~ I
3.4.1 iCM Qualification tasting 13.4.1 I 21 500 100 0 eoo 1 250 100 0 350

3.4.2 !MM Qualirlcation tastioo 13.4,2 21 500 100 0 60+3 1 250 lCO o 350

260 0 0 250 1 250 0 0 250

ml 2 500 200 0 700

io [ 191 4750 2400 0[ 7150

3.4.3 [Performance assessrrmte 13.4.3 I 11 L––
?,44 iWaste package development 134.4 1 21 5001 2001 01 7

I I I I I I I
TOTALS 1 131,51 27475/ 73251 26001 37400 124.51 261251 67S0 3CO0

! I I I I I I

I

! ‘5

35915

Pmjecf Year-> ~ 10 11

w -> 2009 2oto

W3s; Resaarch Task Oaaaiptimr W8s uS=~lL’y~l~&)l&j~)lTO~~ US~EIL~K~lH~)lC~Yl)lTO~r

ATWaepmstest.xls



ATW Separations Technology and Waste Forma
Research, Development and Denwnstration Cost Estimate

PI-0@ Year-> I 10 11
m’>

~i

2009 2010

Ressam?TaskOewiption W8s
“~ HE Labor Coat Material

%M T::Q~’ US FTE yw~s’ ‘atmd
C@tal Total Coat

($x) cost (SK) Cost (Siq cast ($x) coat (Slq (SK)
1 1LVVR Fuel Traabswnt 1

lAquaOus Pwss C@cfI for Uranium

1.1 Separation (URSX) 1.1

1.1.1 !Selacl solvent estration process nmdel 1.1.1 0 0 0 0 0 0 0

Studies of iodine rarnvaIY from air sparga

o 0 0

1.1.2
Wraam

1.1,2
0 0 0 0 0 0 0 0 0

1.1.3

0

IPu raductant studies 1.1.3 0 0 / o 0 0 0 0 0 0

1.1.4

0

(Co+xtmtion studies of Tc and NP 1.1.4 0 0 0 0 0 0 0 0 0 0

1.1,5
Conversion studies on aquaous raffinate to ,,1,5
solid otides ‘o “o o 0 0 0 0 0 0 0

1.1,6 Dissolution studies of noble metals from hulls 1.1.6
0 0 0 0 0 0 0 0 0

Pilot-scale pmasa flow sheet selection and ,,1,7

0

1.1.7
design o 0 0 0 0 0 0 0 0 0

1.1.8 Constmefion of pilot-scale UREX test facility 1.1.8
0 0 0 0 0 0 0 0 0 0

1,1.9 Cold Test of pilot-sale UREX test facility 1.1.9 o’ 0 0 0 0 0 0 0 0 0

1.1.10 Op-sration of pilot-scale UREX teat faciliv 1,1.10 15 3750 200 0 395a 15 3750 200 0

1.2

3953

fProc.sss transition studies 1.2 0 0

Conversion of aqueous raffinate to aotid
1.2.1 osides 1.2.1 0

t ,2.2

0

Conversion of aqueous Tc to metal 1.2.2 0 0

1.2.3 Conversion of iodine to target form 1.2.3 0

1,2.4

0

Conversion of oxide to metal 1.2.4 0 0

1,3
,Aquem~ prO=y OPti~ fOr TRLJ ~ Fp
[Separation (Modified TRUEX) 1.3

‘Lab studies on esiraction behatior of UREX

1.3.1 ra~nate 1.3.1
; I o, 0 0 : 0, 0 0 0 :

1.3.2 IPrOcOss mcdelmg for optimization 1.3.2 0 o’ 0 0/ o 01 0 0 0 0

1.3.3 IImproved TC extraction studies 1,3.3 0 0 0 01 0 01 0 0 0 0

1.3,4 ISeletion of solvent wash reagenta 1.3.4 0 0 0 0[ o 0 0 0 0

1,3.5

0

~Oavelopmant of stripping reagents ~1,3.5 o I
Pilot-scale procass flow sheet selection and i

1.3.6 design 11.3.6 : 1: :1 :‘: :1 : : :.

1.3.7
~~aalon of pilot-scale madiriad TRUEX ‘

1.3.7 :! o 0 01 0 ,010 0 0 0

,Cdd Test of pilot-sale modified TRUEX test
1.3.6 ,faohty ~.3.a 01 0 0, 01 0 0

~operatio” of pilot-scale Modified TRLIEX test

1.3.9 ‘facility 1.3.9 01 0 0 o, 0 0 : !: : :

iRemote maintenarwe & operations I

1.3.10 ;engineering 1.3.10 ! o ~~ o

!Pr0c8ss control & monitoring instrumentation ,,3.,,
1

1.3.11 , 0 0

Elecirometallurgical Processing Option for

1.4 lUra”,”m,TRU,and FPsepamtio” ~1.4 I o

iVerify flowshaat chemistry for all phases of

1.4.1 prc-cess using irradiated fuel 1.4.1
i. o 0

Oi 0! o :

!study scale-up issues ragardmg all aspcta

1.4.2 :of EM plUCaSS ,,4,2 [ :1 0 , 01 o~ :1 :i o!

~development of electrodes fw salkracovery

1.4.3 \step 1,4,3 I 01 01 01 01 0 ‘ Oi o~

l~%~~~~””f ‘att+m~~ step -II

: 1: :

1.4,4 1.4.4 01 i 01 0 010 0 0 0

1.4.5
~~g~~;tidstosepamte Tctimti~loy

1.4.5 01 : : ‘ 01 0 0 0 0 0 0

1.4.6 study methods to prepare non-TRU uranium 1.4.6 0 0 0 0 0 0 0 0 0 0

~study wncment and sequential operation of
,soiidsteel a“dl squidcadmium cathodes (all-

1.4,7 ,pyro option only) 1.4.7 0 0 0 0 0 01 0 0 0 0

study means to isolate I and Tc and papara

1.4.8 jtargats 1.4.8 0 0 0 0 0 0 0 0 0 0

/study bahawor of TRU prcduct with Ward [o

1.4.9 lAm. 1.4.9 0 0 0 0 0 0 0 0 0 0

IPilot-scaie procaas flow sheet selection and
1.4.10 idesign 1.4.10 0 0 0 0 0 0 0 0 0 0

1.4.11 !Cons fmtiOn of pilot-scale EM lest fadlify 1.4.11

,,4,12 ~engin:eri”g-smle (kg bata)tasbof

o 0 0 0 0 0 0 0 0 0

,raducbon step itiuding use of irradiated fuel 1.4,12 0 0 0 0 0 0 0 0 0 0

1.4.13 I “ “

engmeenng scale tests of salt-racmwy step
all design 1.4.13 0 0 0 0 0 0 0 0 0 0

~Z~Z~~~Z~l~eEk?;~Z

1.4.14 Iplants 1.4.14 0 0 0 0 0 0 0 0 0 0

!engineermgscala tests of aktmafmerwith

1.4.15 Iraducad irradiatadfuel 1,4.15 0 0 0 0 0 0 0 0 0 0

~pilot.scale plant Wals witi unimsdiatad and

1.4.16 !irradiatad tua4 1,4.16 10 2500 750 0 3250 10 2500 750 0 3250

ATWsepwstest



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

Project Year ->, I I 10 I 11
Fv .> I WYm -11-Mn I

‘1 Resear@ Task Daacaiption W13S
us HE Labor Coat MaterM Capit

(SK) C@ (W) cost ($n, ,.s.,

‘Full-Scale Omnonstration Facility (UREX and
\9,.J — ,.m, , w. L,.ly

~. ‘ ‘ ‘ - ~~ :4

(WV

1.5 !Fyro A) 1.5 10 0

Fulhc.ala demo @ant prcceaa rlcw sheet
1,5.1 ls.el~coanddaaign 1.5.1 8 1600 50 0 1650 0 0 0 0

1.5.2 ICOnSb@Ofl of full-scale dam facility

o
1.5.2 401 50C0 100 100 52C41 40 IOQ o

1.5.3
51m

;Cold Test of full-scale daso fadlity 1.5.3 0 0 o~ o 0 0 0 0 0
1.5.4

0
10psrstiorI of Ml-scale demo fsali 1.5.4 0 0 0 0 0 0 0 0 0 0

SUBTOTAL I 73 i 126501 11001 lCO 14050! 651 11250 1050 0 12300

PrOisUYear->1 10 11.>
Ff ->

. .

I Z& 2010
{

VSRs Rea.eamh Task Oaaoiption Was
us ~E Labor C@ Material Capital Total Cost ~~ HE LaOor Coat Material Cs@tal Total Cost

(W) cost ($KI cost (SK) (SK) (SK) cost (SK) cost (SK) (SK)

2 ATW Fuel Processing 2

2.1 Spent Fuel Chopping/Grinding 2.1

2.1.1 Pilot-scale 2.1.1 2 500 150 0 650 2 500 153 0 65a

2.1.1.1 Engineering design 2.1.1.1

2.1.1.2 System opratifm 2.1.1.2

2.1.2 Dema-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 2,1.2,2

2.2 Off-Gas System 2,2

2,2.1 Lab-s=le 2.2.1

2.2.1.1 I12getter materials 2.2.1.1

2.2.1.2 I12/ C12 chemistry 2.2.1.2

2.2.;; I*loridea

Materials for handling chlorine and volatile

2.2.1.3
~Engineering design for pilot-scale system 2.2.1.4

2.2.2 ~Pilot-ade 2.2.2 5 I 1250 I 350 0 1600 5 1250 350 0 1600

2.2.2.1 Getter efficiency studies 2.2.2.1

‘Evaluate interface with chloride volatility

2.2.2.2 system 2.2.2.2

Engineering design for demo-scale

2.2.2.3 :integrated system 2.2.2.3

2.2.3 IDemo-scale 2.2.3

2.2.3.1 \Getter efkiency for Xe, I&, T2, and 12 2.2.3.3 \

2.3 ~Chloride Volatility 2.3 I I
2,3.1 ILab-scale 2.3.1 I I
2.3.1.1 ;Tc chemisby and metallurgy ,2.3.1.1 I
2.3.1.2 ;Materials compatibility 12.3.1.2 !

2.3.1.3 ;Process parameter Wtimi3ati0n 12.3.I.3 , I
2.3.1.4 Material balanm studies 12.3.1.4 I I I
2.3.1.5 Zr recovery and recycle 12.3.1.5 I
2316 iTRU lransmri studies ,2316 I I , I I I I. . . ,—.-...- ,,
2.3,1.7 i Fission product transport studies !2.3.1.7 I I
2.3.1.8 !Engineering des!gn for pilot-sale system i2.3.l.8

2.3.2 Ipilot-scale 12.3.2 lli 2750 5COI o 3250 11 2750 0

:Chemistrylmet?dllurgy I

I I I : ‘a

3250

2.3.2.1 12.3.2.1

~Materials balanca studietipsrameter Ill
2.3.2.2 [optimization 12.3,2.2 I it II
2.3.2.3 ~Materials procmsing 12.3.2.3 ,!

2.3.2.4 iMaleiials @mpabbility ;2.3.2.4 I
iEngineering design for deme-scala I

2.3.2.5 ~integrated system 12.3,2.5 I
2.3.3 :Oemc-scste [2.3.3 I ~ !=

I iMatwial balance studieamam%eter I II I I I II I I I I

2.3.3.1 Ioptimizatiom 12.3.3.1 11
2.3.3.2 ;Material processing 12.3.3.2

2.3.3.3 ~Engineering de-signfor plant-scale system ‘2.3,3.3 I
2.4 iTRU Electforefining/Elecfmwinning 2.4

2.4.1 1Lab-scale 2.4.1

2.4.1.1 1TRu eleclrochem@ry (i.e., Np, Cm) 2.4.1.1

I 1 I I >
1TRu recovery (i.e., eepamticm) ef6aencies2.4.1.2 ; 2.4.1.2

2.4.1.3 IEiactrcdernisWy process aptimizetion 2.4.1.3 I !

?.4.1.4 IMaterials CompatiiWity 2.4.1.4

!.4.1.5 ;Anode system 2.4.1.5 I I I ,=

t

-.
T
2.4.1.5.1 IHigh throughput design 12.4.1.5.11 I I I I I I I I
2.4.1.6 :Cathtie system and design ]2,4.1.6 I
24t7 ITc ElecfmctmmisW 12417 I I I I I I I I 1=1

12.4.2 ~PllOt-scale 12,4.2 I 11/ 2750 I !
1
—. I
2.4.1.s IFissim pruducf befsatior 1;:4:1:8 I !
2.4.1.9 IEngineering *sign for pilot-scale system 12,4.1.9 [ I

500 0 325o 11 2750 500 0 3250

2.4.2.1 ]ChernWry~taiilurgy 12.4.2.1 I
Materials balance st@ies@ucaas parameter

2.4.2.2 Ioptimizatiorf 2,4.2.2

2.4.2.3 iMaterials -M

2.4.2.4 IMaterials @mpetiMlity 12.4.2.4 I I I I I
!Eriginaering design for da~e

2.4.2.5 1intaoretad svetem 2.4.2.5
- -=11;4;

,-.
~mo-acata ]243 I I I I I I I I I

ATWaapcosteatxk
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9
I 2007 200S

WBs
I

Research Task Deeoiptidn
~; “~ HE Labor Cost Materiel capital Total Gal

($!()
~$m US FTE~ ‘a~w~st Matariw capital Tofel Cast

cost (SK) cost (s-q

~Material balance studeafpararnater
Cost (SK) Coat (SK) (SKI

2.4.3.1 [optimization 2.4.3.1

2.4.3.2 ;Materials pmwssing 2.4.3.2 I
2.4.3.3 :EnginaWW design for plant-scale system 2.4.3.3

2.5 jAcfive Metal Fission Pmduu Rerneval 2.5 I
2.5.1 ,Lat-scale 2.5.1 I

I
2.5.1.1 IPra@ss testing and aeladon 2.5.1.1 I I
2.5.1.2 Pmcass Optimization 2.5.1.2 I I
2.5.2 ;Piiot-acala 2.52 0.5 125 251 0} 150 0.51 125 25 0 150

2.5.2.1 ;Mataiial balanm studies 2.5.2.1 1 1

2.5.2.2 !Process optimization 2,5.2.2

2.5.3 iDemo-scale 2.5.3

2.5.3.1 IMaterial balanca atudiea 2.5.3.1

2.5.3.2 ~Engineenng design of plant-scale system 2.5.3.2

2.6 IMgC12 Electmwinning 2.6

2.6.1 lLab-scefe 2.6.1

2.6.1.1 ~Development of CC?arw-de 2,6.1.1

2.6.1.2 lElecfrowinning process optimization 2.6.1.2

2.6.1.3 IMaterials balanca atudiea 2.6.1.3

2,6.1.4 iChtofina getter and recycle systam 2.6.1.4

2.6.1.5 lMatetials compatibility studies 2.6.1.5

2.6.1.6 IEngineering design of pi[ot-scala system 2.6.1.6

2.6.2 1Pi!Ot-scaleKmma-scale systam anginaaring 2,6.2 3.5 875 150 0 1025 7 1750 300 0

2.6.2.1
2050

;Chemis~lmefelilurgy 2,6.2.1

Materials balance studies/pmc8ae paremetar

2.6.2,2 ~optimization 2.6.2.2

2,6.2.3 ,Materials processing 2.6.2.3

2.6.2.4 ;Materials compatibility

2.7

,2.6.2.4
;Piot-scale DarnonsLration Facility (Pyro B) 12.7 ~

:Pilot-scale pmcass flow sheet selection and

2.7.1 ~design 12.7.I

2.7.2 ~Facility mcda for pilot-scale oparation !2.7.2 2 500 2500 0 3000 21 600 2500 Soo /

2.7.3

3500
:Cold test of pilot-scale facility 12.7.3 I I I

2.7.4 Hot pilot-scele operations ]2.7.4 i $

2.8 ,Full-Scale DemonsLretion Facility (Pyre B) 12.8 I I I
Full-scale denm plant process flow shaat

2.6.1 Iselection and design 2.s 1 11 250 + o 275 !1
2.6.2 jCons fmtion of full-scale demo facdify !2.8.2

2.8.3 Cold Test of full-scale demo fatality ]2.6.3 I I
2.e.4 !Oparation of full-scale damo fatili~ i2.6.4 I 1 I

SUBTOTAL ! I 25! 62501 4150i 01 10400 37.5 ! 9375 I 4325 I ~] 1420Q

Promct Year.>, I [ 8 1 9

----
Vms Research Task Dasaiption

\ Labor Cost Material
~~s ~US ~El ~$K)

Capital Total Cost

I ! (W ‘---

us ~Ei Laber Cost Material [ Capitel Total Cost
cost (SK) Cost (SK) (SK) Cost (SK) I Cost (SK)

3

(SK)
Waste Fomm 13 I I I

3.1 Glass-aondad Scdatita Waste FomI 13.1 II I I
3.1.1 ‘Processing ffcwsheet defimtion 13.1.1 01 01 0 0; 01 o! o 01 01 0

3.1.2 Salt treatment mettmd development [3.1.2 I 0! 01 0( 01 01 01 0 0 01 0

3.t.3 Waste form fabrication development ;3.1.3 ! 01 o! o 0[ 01 0; of o 01 0

3.1.4 Waste form evaluation /3.1.4 ; 01 01 0 Oi o~ o! 01 0 o~ o

3.1.5 Pilot-scale demonstration 13.1.5 [ 4“ 100QI 503 Oi 15001 4/ loco I m 0/ 1500

3.1.6 Demo plant prccassing eqpt fef CVVF 13.1.6 2 500 500 01 1000 I 21 5CQI m 0/ low

3.1.7 Demonstration operetiona \3.1.7 I o 0 0 01 01 01 01 0 01 0

3.2 i2r-Matal Waste Ferm 3.2 I I I
3.2.1 ,Processing rlc..vshaat definition 3.2.1 0 0 0 01 0 01 0 0

3.2.2

0 0

iCasting method development 3.2.2 o~ o 01 01 0 01 0 0 0 0

3.2.3 12f-8 wL% SS waste form alley dev. 3.2.3 01 0 0 0 0 01 0 0 0 0

3.2.4 ;Wasta form evaluation 13.2.4 01 0 0 0 0 0/ o 0 0 0

3.2.5 1Pilot-scale demomsmation ]3.2.5 41 1000 550 0 1S20 41 1000 5LM o 1500

3,2.6 ,Demo plant pmxessmg aqpt fw MVuF ~3.2.6 21 500 500 0 1000 2! 500 m o lm

3.2,7 ;Demonstration opamtiorI-M 3.2.7 01 o! o 01 0 0 0 0 0 0

3.3 I I
3.3.1 ~Glasa for TRUEX option 3.3.1 0/ 01 0 01 0 0 0 0 0 0

3.3.2 :Mineral waste form, fluoride pmc Option 3.3.2 01 o\ o 01 0 0 0 0 0 0

3.4 IRep+mtery intetiaa sctwifies 13.4 I I I I I Ii I I I
3.4.1 jCWF Qualification tasting [3.4.1 2/ 503 I 1001 01 60Q[ 21 ml 1031 01 600

342 !MVVF Qualification teatina !3 4.2 I 21 ml 103 I 01 6c01 21 ml 100 01 600

25073.43 !Peti0rmanc8 assessments 13.4:; I 1] 25a I o~ 01 250] II 250 I 01 01 2

3.4.4 :WaSte patiage dOWlOpffW!t !3.4,4

I ! I I I I ( t 1 1 t
TOTALS ! 67 [ 167501 S5501 lCOI 25400~ esl 24750 I 8525 [ 5001 33775

, , , i , ! 1 I I II I i I I I I I I I I 1
Pr0jac4 Year.> 8 9
w ., 1 1 I %-”-,7 I ‘xslR !,,. - ! 1 .-r I ----

VVT3S ] Research Task Oeacftptim m
us ~E Lab Cost Matartal

(SK)
Capim To:Ky US HE Laym@t cM:y(yJ C:*::, ro:m~s’

Cost (SK) Cost (SK)

AIWsepwtesl
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Pr0jac4 Year> i 12
w-=.

13
2011 2012

W13s I Resaarcb Task C-sscrtption W8S
“~ HE Labor Cost Material

(Slq
‘~w TO:m~st US FTE Laym~st ‘a*s capital Totaf (&f

cost ($!q coat ($KJ Cuaf (SIC) Cat (Sx)
1 iLLWl Fuel Treatment

(SK)
1

;Aquaous Pmmss Option fcf Uranium

1.1 ISeparation (UREX) 1.1

1.1.1 !Selac4 solvent exlracdcm pfocesa medal 1.1.1 i 01 0 0 0 I o 0 0 0 0 0

1.1.2
fStuUies of Ibdine recovery frcm air sparge
[stream

1.1.2
0 0 0 0 0 0 0 0 0 0

1.1.3 !Pu raducfant studies 1.1.3 0 0 0 0 0 0 0 0 0 0

1.1.4 ~Co-axtracdon studies of Tc and NP 1.1,4 , 0 0 0 0 0 0 0 0 0 0

1Conversion studies on aquews rafilnate to
1.1.5

solid otidea
1.1.5

‘o “o o 0 0 0 0 0 0 0

1.1.6 Dissolution studies of noble metals from hulls 1.1.s
o 0 0 0 0 0 0 0 0 0

1.1.7
Pilot-scale pmess flow sheet ssladion and ,.,,7

design o 0 0 0 0 0 0 0 0 0

1,1.s Constnxfim of pilot-scale UREX test facifity f.f.8
o 0 0 0 0 0 0 0 0 0

1,1.9 Cold Test of pilot-scale UREX teat facility 1.1.9 0 0 0 0 0 0 0 0 0 0

1.1.10 Operation of pilot-scale UREX test faafity 1.1.10 15 3750 200 0 39S3 15 3750 20+3 o 3950

1,2 Prccess bansition studies 1.2 0 0

Conversion of aqueous raffinata to solid

1.2.1 oxides 1.2.1 0 0

1.2.2 Conversion of aqueous Tc to metal 1.2.2 0 0

1.2.3 Conversion of iodine to target fro-m I1.2,3 I o 0

1.2.4 conversion of oxide to metal f .2.4 0 0

Aqueous Prccess Option for TRU & FP

1.3 lSeparation(MtifiedTRU~) 1.3

Lab studies on etiaction behavicf of UREX

1.3.1 rafrlnate 1,3.1 01 0’ 0 0 : 0 0 0 0 :
1.3.2 IProc?ss modeling for optimization 1.3.2 01 0 0 0 0 01 0, 0 0 0

1,3.3 ~Improved TC exiracticm studies 1.3.3 01 0 0 0 0 0 0 0 0 0

1,3.4 [Selection of solvent wash reegenls 1.3.4 I o 0 0 0 0 0 0 0 0 0

1,3.5 IDevelopment of stripping reagents

l~:f+”mle process flow sheet selection and

1.3.5 0 0 0 0 0 0 0 0 0 0

1.3.6 1.3.6

1.3.7
~~SWI ofpi[ot-s=lemoti fiedTRU~ I ,3,7 0 0 0 0 :, :, 0 0 0 0

0 0 0

lCold Test of pilot-scale mcuified TRUEX lest

1.3.8 Ifaclity ,1.3.8 i i o : 10 0 : i: : ;

10peration of pilot-scale Mcdified TRUEX test
1.3.9 Ifacifity 1.3.9 I ~i O :1 01

/Remoternain!enanca & operations !
1.3.10 Iengmeenng ,1.3.10 1 : 1° 0 0 0 :

I I
1.3.11

~Process umtrol & monitoring insbumentation ~
1.3.11 I o I

iElecrometaliurgical Processing Option for

o

1.4 !Uranium, TRU, and FP separation ~1.4 I 1 0 0

Ven flowstwat chemwtfy for aft phases of

1.4.1
,prfY,, “,ing imdated ~e,

11.4.1 ! 0/! o 0 0

Istudy scale-up issues regarding all aspects !

!of EM process ~ 01
10

1.4.2 ,1.4.2 0 Oi :1 : 1: : : :

development of electrodes for salt-recovery

1.4.3 \step 1.4.3 lo 0 01 o~ o~ 01 01 0 0

‘0 timization of salt-recovery step call

1,4.4
I:”figumtion

, 1.4.4 0 0 0 :1 0 0 0 0 0 0
,st”dy methcds to separate Tc from 2irca10y [

1.4.5 ]daddi”g /1.4.5 o 0 0 0 0 0 0 0 0 0

1,46 study methods to prepara ncm-TRU uranium 1.4.6 0 0 0 0 0 0 0 0 0 0

[study concurrent and sequential c+mration of

!solid Steel and liquid cadmium mthcdes(all.
1.4.7 Ipyro option crdy) 1.4.7 0 0 0 0 0 0 0 0 0 0

‘SkKJYmaans to isolate I and Tc and prepare
1.4.6 targets 1.4.8 0 0 0 0 0 0 0 0 0 0

. ~~befwwio r of TRU product with regard to

1.4.9 f .4.9 0 0 0 0 0 0 0 0 0 0

I Pilot-scale process rlow shaat selecbon and
1.4.10 ~design 1.4.10 0 0 0 0 0 0 0 0 0 0

1.4.11 ~Construction of pilot-scale EM test faatify f .4.11 0 0 0 0 0 0 0 0 0 0

engineering-sale (kg batch) tests of

1.4,12 reduction step itiuding use of irradiated fuel 1.4,12 0 0 0 0 0 0 0 0 0 0

engmaaring-scale tests of salt-rwmwy step

1.4.13 cell design 1.4,13 0

Icorrosion testing of pmspecdve consbuafon

o 0 0 0 0 0 0 0 0

materials for @lot and demonstrabm-scsde

1.4.14 Iplanta f.4.14 o 0 0 0 0 0 0 0 0 0

1.4,15

/eng{”een”g-letesbof d~fiMrwi*
~reduced irradiated fuel 1.4.15 0 0 0 0 0 0 0 0 0 0

‘pilot-sale plant trials with unirradiatad snd

,1.4.16 !Weta he, I 1.4,16 0 0 0 0 0 0 0 0 0 0

ATWa8pwsteatxta
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Pm@ Year.> i 12
Fy.

13
I 2011 2012

‘A@
I

Resesrch Task Ossoiption VvOs
“~ *E Labor Cost Material capital Totsl Cost “~ =E Labor Cost Materisf capital Total C&St

1 (w cost (SK) coat (w) (SK) (Slq Cost (s0 Cest (W) (SK)
~Full-Scale Darncnstration FscNty (UREX sndl

1.5 Pym A) !1.5 o 0
IFull-scale denw plant pmcass flow sheat

1.5.1 !selaclJon and design 1.5.1 0 0 0 0 0 0 0 0
1.5.2

0 0
;Constmdion ef full.sde demo facilii 1.5.2 40 50WJ lGU o 5100 25 6250 50

1.5,3
0[ 6303

/Cold Test of full-scale denw facitii 1.5.3 0 0 0 0 0 0 0 0 0/
1.5.4

0
~Owraticm of full-scale demo faciiii 1.5,4 I 01 0 0[ o 0/ o 0 0 0

Projad Year-> 1 I I 12 13
FY .> ) 7nl f 2012

Ntal
‘@u’ T*:/Ky US F7E La:Q~s’ ‘at@d

capital Total Cost

1 1 I ,-, ., ,---- (SK) Cost (SK) C4sst(SK) cost (SK)
2 IATW Fuel PrcKessing jz

(SK)

2.1 ,Soent Fuel ChootinofGrindino 12.1 I I I

I --

V@ ~ Research Task Oasuiption was
us HE Latwr Cest Matf

mm C.-I.*

2:1.1 iPilOt-state - - 2.1.1 2 500 Ico o SCo 2 m 10+3 o SC@’
2.1.1.1 Engineering design 2.1.1.1

2.1.1.2 System operation 2.1,1.2

2.1.2 Denm-scala 2.1,2 1 250 25 0 275 1 250 25 0
Enginaanng design

275

2.1.2.1 2.1.2.1

2.1.2.2 Syslem operation 2.1.2.2

2.2 Off-Gas System 2.2

2.2.1 Lab-scale 2.2.1

2.2.1.1 ~12getter matarials 2,2.1.1

2.2.1.2 I12/ C12 chemistry /2.2.1.2

IMateriats for handling chlorine and volatile I
2.2.1.3 chlorides 2.2.1,3 I

2.2.1.4 ~Engineenng design for pilot-scale system 2.2.1.4

2.2.2 IPilot-scata 2.2.2 4 lm] S50 o 1350 4 1000 200 0 1200

2.2.2.1 iGetter efficiency studies 2.2,2.1

lEvaluaIe interfaca with chloride volatility

2.2.2.2 Isystem 2.2.2.2

‘En ineering design for dema-scala

2.2.2.3 ~iJgm,~ds~s@~ 2.2.2.3

2.2.3 ;Oama-scale i2.2.3

2.2.3.1 IGatter efficiency for Xe, Kr, T2, and 12 2.2.3.1

2.3 IChloride Volatility 2.3

2.3.1 Lab-scale 2.3.1 I

1
2.3.1.1 ITC chemisy and metallurgy ~2.3.l.l i I I I I I
2.3.1.2 \Materials compahbdity \2.3.l .2 I I I
2.3.1.3 ,Process parametar optimization $2.3.1,3 I !

2.3.1.4 Material balanca studies 12.3.1.4 1 I I I !
2.3.1.5 ,Zr recnvew and recycle !2.3.1.5 ( I I I

2.3.1.6 iTRU franspxl studies 12.3.I.6 \ I I I I I ! I I I
7317 !Fmsicm rxodud transcmrt studies 17317 1 t I I

..5.L , rllul-scae IZ.6.Z I 3.2] ZJ(21 awl
. . . . . . . ___

---- ,. .r–. —— ,-. . . . . . ,

2.3.l.a iEngineering design for pkd-scata system 12.3.1.8 I I I I I /

2---
,,. ,-. .- .,- ,,. ..,. . . -. -., ---

0 2S75 I 9.5 23751 5001

F3.Z 1

0 2S75

,Lnemmrylmeramurgy 12.3.2.1 I ! I I I I I
“Materials balance studias/parameter 1 I

12322 1ootimrzahon i232? ! I I I I II I I I I,-...-._ ,r– ------- ,
, , ,

. . . . iMalenals processing 12.3.2.3 I I I [ I I I
. . ------- .- —...:.. ,:. . --- .,, 1

L..S.L..I
2.3.2.4 M~lUI!~lS WMfXdUU!llly IZ. S.Z,4 \ I [ I I I I I I

;Engineering design for demc-scale
2.32.5 ]2.3.2.5 i!intaarated svstem Ili
2.3.3 ,Denkscala” /2.3.3 ; I I I

I

;Material balanca stuti8eaJparameter I I I I I I I I
2.3.3.1 !~pti~i~ti~” 2.3,3.1 1’ I

2.3.3.2 Material pmcaseing 2.3,3.2

2.3.3.3 ;Engineenng design fer plant-scale system 2.3.3,3 I
2.4 ITRU Electrorafinmg/Electmwinnmg 2.4

2.4.1 {Lab-scale 2.4.1

2.4.f .1 ITRU alectmchamisby (i.e.. Np, Cm) 2.4.1.1

2.4.1.2 ]TRU recova~ (La., aeparstion) efkiencies 2.4.1.2

2.4.3.3 IEledrtiemist!y Preceas optimization 2.4.3.3

2.4.%.4 i Materials Compatibility 2,4.1.4

2.4.1.5 [AnOde systam 2.4.1,5

2.4.1.5.1 ;High throughput design 2.4.1 .5.1

2.4.1.6 jCatheda system and dasign 2.4.1.6

2.4.1.7 lTc Elactmdmmrstsy 2,4.1.7

2.4.1.8 iFissmn pmdud behatior 2.4.1,8

2.4.1.9 IEngineenng design for pdot-scala system 2.4.1.9

2.4.2 ~Pilot-scale 2.4.2 9.5 2375 500 0 2875 9.5 2375 m o 2875

2.4.2.1 ~Chen?@y/mataU!uqy 2.4.2.1

iMaterials balanM Studietip03WS PWWIIeter

2.4.2.2 ioptimization 2.4.2.2

2.4.2.3 :Materials pmcasaing 2.4,2.3

2.4.2.4 Materials Gxnpatibility 2.4.2.4

,Engineering design fw da~=le
2.4.2.5 !inlegratad system 2.4.2.5

2.4.3 !Oemo-scste 2.4.3



ATW Separations Technology and Waste Forms
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PmJad Year-> ~ 12 13
Fy.> 1 2011 2012

WI Research Taa4r Cesuiption m
“~ HE Labcf Coat Matariat

($x)
-@&’ To;m-t US ~E Lyw~st ‘a’*d

Coat (SK) cost (SK)
Capif# Total coat

coat ($x) cost (SK) ($x-l
]Material balance studie#paranWar

2.4.3.1 ioptimization 2.4.3.1

2.4,3.2 :Materials pmcassing 2.4.3.2

2.4.3.3 Engmaanng daslgn for plant-acala system 2.4.3.3

2.5 ,Activa Metal Fiaaiem Product Rarnoval 2.5

2.5.1 ILab-scale 12.5.1

2.5.1.1 :Prcceas tasting and selacticm 2.5.1.1 t
2.5.1.2 IProcess Optimization 2.5.1.2 I
2.5.2 lPilObs@a 2.5.2 0.5 125\ 15 0 140 0.51 125 15 01 140

2.5.2.1 :Matarial balance sttiies 2.s.2.1 I ,
2.5.2.2 Process qnimizatitm 2.5.2.2

2.5.3 !Oamc-scala 2.5.3

2.5.3.1 iMaterial balance studies 2.5.3.1

2.5.3.2 lEnginaaring design of plant-scale system 2.5.3.2

2.6 IM9C12 Electmwinning 2.6

2.6.1 ILab-scale 2.6.1
0=4. , nav., --.,.+ ,+ ,-,, ..hrk me, . 1

.- .--, ---, -.-... .s.”. . .- 1 1 1 I I I 1 I 1 I
).x!” .,, ,-h. Ias,z I

,bsre[,ll>”y,,,,ww,,, u,gy I I I I I I I I I(LO.L. 1 ,
I

<.”. !. i ! --,-,”p,,-, . . . . “- “---- =.’+, 1. t I I
2.6.1.2 IElectrowirming process optimization ]2.6,1.2

2.6.1.3 I Materials balance studies 12.6.1.3 I I
2.6.1.4 IChlorine getter anfl MWde ..*Iw 19fi*A a

2.6.1.5 I Materials wmpatiL.,,.., ..--,-- ,<, V. r,.. I I I I I I I I
2.6.1.6 IEngineering design of pilot-scale system 12.6.1.6

2.6.2 IPilot-scale/Demo-scale system anginearing 12,6.2 I 6.5 I 16251 2501 01 1675 6.51 1625 I 250 I o
, - =1

t675

2.6.2.1 ‘e’--’-’-”’--’-’’” “–”’
,-----

Maienals oalance stualesrprccess parameter

2.6.2.2 optimization 2.6.2.2 ~’
I

2.6.2,3 IMaterials pmwssing 2.6.2.3 I ~ I

2.6.2,4 IMaterials mmpatibitity 2.6.2.4 I {

2.7 IPk3t-scale Damonctra!inn Facimv IPvm RI 97 1 I I , =/

Ipilot-scale pmces:

2.7.1 design 2.7.1

2.7.2 Fadtity mcds for pilot-scale operation 2.7,2 2 500 500 ‘ 5000 6000 2i 500 2s3

2.7,3 iCGid test of pilot-scale fadity I
I ~a

3250 4003

2.7.3

2.7.4 ~Hot pilot.eea!n nneratic+m ?74

I FuII-SC

Ii

2.6

\ Full-scala demo plant prccass flm+’sheet I

2.6.1 !seiection and design 2,6.1

2.8.2 !Constmction of full-scale demo facility /2.6.2

2.8.3 icold Test d full-se-I- ~--’-+=’+* I?n’1 I ~~ =/

2.8.4 ,Operation of full.s~l~ “u, ,Iu ,=UIILY

SU6TOTAL I I 35 i 8750 I 2240i 5000 I 159WI 35 I 67601 18401 3250 I 13e40

Project Year ->; I 17 I 13

,------- --..., ,.,.--, ,=., 1 1 I I , 1 I t 1 I
s flow sheet selecdon and I I I

.-.-—---,-,-”-... ,-.,.- 1 I I 1 I 1 I I 1
@e Demonstration Fatildy [Pyro B)

I
12.8 I 1

-,- “.! !.” .“... !$, ,----- , , I I 1 I 1 1
. . .. A-...- .-.-, ,.. i2.6.4 I I I

I

1 !

was I Research Task Dasuiption
us ~E/ Labor Cost Material

~ws
!

,=

I , ($K, I ‘-”’ [ Capim’ !TOb’cOst,us~’i La%Yl&%Al::%i)[TO:vCost (SK) Cost (SK) ! (SK) ~

3 Waste Forms 13 i !!,,
3.1 Glass-Bonded Scdahte Waste Fonm 13.1 ! I I i I
3.1.1 ;Prccassmg 170wsheetdefinition /3.1.1 I Oi o 0 o! 01 01 0 0 0/ o

3.1.2 ,Salt traatmant method development 13.1.2 I 01 0 0 0 Oj 01 0 0 01 0

3.1.3 ~Waste form fabrication davelopmant 13.1.3 01 0 0, 0 01 0! o 0 0 0

3.1.4 Waste form evaluation /3.1,4 I o~ o
0,

0 01 Oj o 0 0 0

3.1,5 IPiiol-scs Ie demonstration 13.1.5 i 41 100Q 50QI o 15001 3! 7501 500 0 i 2.50

3.1.6 IDemo plant processing aqpt fw CkW 3.1,6 I 31 750 5oQ/ o 1250/ 4! IllXl/ 1500 0 2500

3.1.7 ;Demonstration opwaticms 3.1.7 0/ o 01 0 01 I
3.2 IZr-Metal Waste Fcrm 3.2 I I I
3.2,1 Pmc%ssing fl.awshaat dafimtion 3.2.1 0 0 0 0 01 01 01 0 0 0

377 iCasWg mattmd development 3.2.2 0 0 0 0 01 01 01 0 0 0
IZr~ WI % SS waste form alloy dav. ~3.2.3 o 0 0 0 01 0/ 01 0 0 0

armn I’S9A n n l-l nl 01 nl nl o 01 0

-.-,-
3.2.3 ,—.

3.2.4 IWasta form evalua- _.. -.-, . ! !
3.2,5 Ipilot-scale demonstration

- -

3.2.5 4 10QO 500 0 1500 31 750 & ; 1260-

3.2.6 ~Demo plant processing aqpt for MWF 3.2.6 3 750 500 0 1250 4/ lcmo lm o 2500

3.2,7 1Oemonsrration operations 3.2.7 0 0 0 0 0 o! o 0 0 0

3.3 IAltemativa waste forms -1? I

3.3.1

33.2 . ..... .. . . . ------ ,-., ,., ..--. ,-- . .

3.4 Repostkxy interface acdwtias Q,.. I I I I I I 1 I !
3.4.1 ICWF Cluatification testing 13.4.1 Ii 250 I 100 I 01 350 I 1] 250 \ 10QI o\ w

3.4.2 :MM Qualification tastmu 13.42 I II 7.5rlI Irm nl 3xtl tl 293 I 1001 01 360

3.4.3

3.4.4 ,.-. ,----- , -, --” ..-

~ 191 d7.50 I ?drxl

. I -. . . [ , --- --- , , ---

i Performana assassmams 13,4.3 11 250 I 01 0 260 “i ;~1 0/ o\ 260
Iw aste Dackaaa aavaloament I-4.4A I 91 ml ?W o 700 11 250 lCOI 01 350

715Q 18! 45W 43D21 01 Ss00

,. ——-- -------- --- ! , 1 I ,

,Glass for TRUEX option 13,3.1 o! o! 01 o\ 01 01 01 01 0[ o
MI.aral w.c!. f- fi,mfida nmc. Option 13.3.2 I 01 0] 01 01 o! 01 01 0[ 01 0

la 4 I I I 1 I I I I I

I I I I 1 I I I I
project Yaar ->! 12 13
W.> ; 201 i 2012

,
VmS

I
Research Task 08saiptiwI was

us ~E LabcfCoat Material
(SK)

ca~b’ ‘oh’ cost US FrE LabmCost MstarIal Capital Totalcast
Cost(SK) Cost(SK) (W) ($x) Coat(WI coat (Sxl (SK)



AIW Separations Teclsnology and Waste Forrne
Research, Development and Demonstration Cost Estimate

,-
3 2014

id cs@fal Total bat “~ ~ Lab cost Malarial Cafifal Totaf Cost
K) mst (Stq (W) (SK) cost (SK-J cost (W) (SK)

1 I

+Jjsct Year ->: 14

w. 201:

h’Bs ! Reseati Task Oesrfiption w
“~ ~E Labfx cost Materf

(W)

1

coat (s

LWR Fuel Traabnent 1 I I

;Aqueous Prowss Option fer Uranium

1.1 ISeparatism (UREX) 1.1

1.1.1 ,Selad solvmt exiractkm precesa rnodd 1.1.1 o 0 0 0 0 0 0 0

1.1.2
~Studies of Iodine racov~ h air sparg4
‘sbsam

1.1.2
0 0 0 0 0 0 0 0 :1 ;

1.1.3 iPu radu o 0 0 I o 0 0 0 0 0

1.1.4 ICo-astraticm studies of Tc and Np 1.1.4 10 0 0 0 0 0 0 0 0 0

!Conversion studies on aqueeus rafrinate to
1.1.5

~solid oxides
1.1.5

0 0 0 0 0 0 0 0 0 0
,

xtant studies [1.1.3 I 01

1.1.6 IOissdution studies of noble metals from hulls 1.1.6 0 0 0 0 0 0 0 0 0 0

1.1.7
~pilot-scale prccess flow sheet selaction and

Idesign
1.1.7

0 0 0 0 0 0 0 0 0 0

1,1.9 \Cold Test of pilot-scale UREX tes

1.1.10 10peration of pilot-ecale UREX tes

1.2 lProcess transition studies

lCOnversion of aquaous raffinate t

1.1.6 /Construction of pilot-scale UREX test fadfity 1.1.8 0 0 0 0 0 01 0 0 0 0
t faulty 1.1.9 0 0 0 0 0 0 0 0 0 0

it facility 1.1.10 20 5rY2a 2C0 o 52OO 25 6250 200 0

1.2

Mm

o solid

1.2.1 otides 1.2.1

1.2.2 ~Convereion of aqueous Tc to metal 1.2.2

1,2.3 ;Conversion of iodine to target form 1.2.3

1.2.4 lConveraion of oxide to metal 1.2.4

[Aqueous Process Option for TRU & FP
,n (Modified TRUEX) 1.3

es on extration behatior of UREX
o 0 0

1.3 ~SiparatiOr

~Lab studie
1.31 !raffinate 11.31 I 01 01 01 01 01 01 rtl—. !

1.3.2 IProcess modeling for optimization 1.3.2 0 0 0 0 0 0/ o 0 0 0
1.3.3 iImpmved TC extraction studies 1.3.3 0 0 0 0 0 0 0 0 0 0
1.3.4 ISelection of solvent wash reagents 1.3.4 0 0 0 0 0 0 0 0 0 0
1,3,5 IDevelopment of stripping reagenta 11.3.5 0 0 0 0 0 0 0 0 0 0

iPilot-scale procass fiow sheet selaction and
1.3.6 ~design 11.3.6 ] 01 0/ 01 01 01 01 01 01 01 0

iConstmtion of oilot-scala mouiried TRUEX i
1.3.7 !lest facility 1.3.7 o! 01 0 0 0 0 0 0 0 0

‘ColdTest of pilot-scale modified TRUEX test
1.3.e ,fatility 1.3.6 01 0! o 0 0 0 0 0 0 0

~Operation of pilot-scale Modified TRUEX test I
1.3.9 facitity 11,3.9 I o, 0, 0, 0, I I I I I

~Remote maintenance & operations

L3.1O enaineefina 1,.3.,0 I ! ‘1 ‘1 ‘1 ‘1 ‘1 ‘1
1,3.11

~Procass control & monitoring instrumentation
1:1.3.11 ]

Electmmeta!lurgcal Processing Option for

I .4 IUranium. TRU, and FP separation 1,4 II

,Verify flow sheet chemis~ for all phases of

1.4.1 process using irradiated fuel 1,4.1 10 0 0 0 0 0 0 0‘o o
~study scale-up issues ragarding all aspacts

[.4 2 of EM pP303SS 1,42 10 0 0 0 0 0 0 0 0 0
!development of elecvodes for salt-r’amvafy

I .4.3 Istep 1.4.3 01 0 0 0 0

I .4.4
Iophmizaticm of salt-recovery step call
,configuration 1.4.4 0 0 0 0 0 : l“: : : :
Istudy maomds to saparate Tc fmm Zircdoy

I .4.5 Iciaddi.g 1.4,5 0 0 0 0 0 0 0 0 0 0
I

!46 Istudv methods to meoam non-TRU uranium 4A6 0 0 0 0 0 0 0 0 0 0

istudy concurrent and sequential op%rafionof
!solid stael and liauid cadmium cathdes (all- 1’1”1 I I I II 1111

1.4.7 Ipyro option only)” 1.4.7 0 0/ o 0 0 0 0 0 0 0
study maans to isolate I and Tc and prapara

!.4.6 targets <.4.8 0 0 0 0 0 0 0 0 0 0
study behavier of TRU product with regard to

1.4.9 ,Am. 1.4.9 0 0 0 0 0 0 0 0 0 0
PilOt-SC61eprocass flow sheet selti~ sod

1.4.10 design 1.4.10 0 0 0 0 0 0 0 0 0 0

1.4,11 !Construcdon of pilot-scale EM test facility 1.4.11 0 0 0 0 0 0 0 0 0 0
, 4

1.
,angmeenng-scale (kg batch] tests of 11111111111 I

1.4.12 ~re~.ction ;ep indu~ng us-of irradiated fuel 1.4.12 0 0 0 0 0 0 0 0 0 0
~engineering-scala tests of salt.recovary stap

1.4.13 ~call design 1.4.13 0 0 0 0 0 0 0 0 0 0

~cnrrcmon testing of prospativa cnnstndom
materials for pilot and demonstration-stia

1.4.14 ~plants 1,4.14 0 0 0 0 0 0 0 0 0 0
1engmeenng.s~la taste of elacb-ominar with

1.4.15 ]reduced imadiatad fuel 1.4.15 0 0 0 0 0 0 0 0 0 0
I .lot.~=te ~ant tiais witi uni~istad and,pl

1.4.le I irradiated fual 1.4.16 0 0 0 0 0 0 0 0 0 0>

AIWsepcostest
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Project Year ->: 14 15
Fy.> m13 m14

VvBs I Research Task Daeatptirm V@
us HE Labor CGSt MaWtal

(SK)
Cdw T0:w~3f us m ~ym~$t ‘aM*

D

Ca@tal Total Cost
bet ($x) Cest ($x) Coat (SK) cost (SK) (SK)

;Full-Scale DWIW_ISbation Faciity (UREX and

1.5 [PyrQA) 1.5

;Full-scale demo olsnt orocaas flaw akat

VsBs I Research Task Oasatption lws ~USFTEILaY$’l#~

.- ! -v ,7

Irhl
‘pib’ Tof!:p US FTE ~:m~~ ‘a’eti’

tipti rTotal Cd

I 1 1 I
2

,-. -, , ---- ($x) cost ($x)

!ATW Fuel Pmc8ssing ]2
Cdst (SK) Cost (SK) ] (SK)

2.1 ISDenl Fuel ChooLW@GrindinQ 12.1 I I I I

2,1.1.1 1Enginearfng design 2.1.1.1 I
2.1.1.2 \systam operation 2.!.1.2

2.1.2 IDemo-scale 2.1.2 3 750 500 0 1250 3.5 875 500 0 1375
2.1,2.1 I Engineering design 2.1,2.1 I
2.1.22 lSystem operation 2.1.2.2

2.2 iDff-Gas System ,2,2

2.2.1 lLab-scale 12.2.1

2.2.1.1 112getter materials ~2.2.1,1

2.2.1.2 112I C12 chemisby

2.2,1,3 [~~~;fOrha’dfing*lori”eatimlatile

2.2.1.2

2.2,1.3

2.2.1.4 iEngineering design for pilot-scale system 2.2.1.4

2.2.2 [Pilot-scale 2.2.2 13 750 150 0 SQo
2.2.2.1 ,Getter eficiency $tudies 2.2.2.1

\Evaluste interfaca with chloride volatility

2.2.2,2 Isystem 12.2.2.2
~Engineering design for demo-ecsle

2.2.2.3 i integrated system 2.2.2.3

2.2.3 1Demo-scale 2,2.3 2 500 250 0 760
2.2.3.1 lGetter efficiency for Xe, KC T2, and 12 2.2.3.1

2,3 ,Chloride Volatility 12.3 1

2.3.1 ILab-scale ~2.3.l I !
2.3.1.1 ~Tc chemtstry and metallurgy 12.3.1.1 I I
2.3.1.2 :Matenals compatibility 12.3.1.2 I )
2.3.1.3 ;Pr0c8ss psrsmeter optimization 12.3.1.3 I I i
2.3.1.4 :Malerial batancs studies ~2.3.l.4 i i
2.3.1.5 IZr recoveiy and recycle ~2.3.l.5 1 I I
2.3.1.6 ITRU transport sNdieS 12.3.1.6 I ! I
2.3.1.7 ‘Fission product transport studies /2.3.1,7 I I
2.3.1.8 ;Engtneenng design for pilot-scale system ~2.3.l.8 I
2.3.2 IPilot-scsle ‘2.3.2 I ?.5 i 1875 5C43 o 2375

2.3.2.1 iChemwyhnetaIllurgy 2.3.2.1

;Materials balanca studieefparsmater

2.3.2.2 ~optimization 2.3.2.2 I i
2.3.2.3 Materials processing ‘2.3.2.3 i

2.3.2.4 Malenals compaubNity i2.3.2.4 i

;Enginaenng design for demo-scale

2.3.2,5 :integrated system 2.3.2.5

2.3.3 ;Demo-scale 2.3.3 7 1750 750 0 2500

;Material balancs studietiparameter

2.3.3.1 ~optimization 2.3.3.1

2.3.3.2 ,Material processing 2.3.3.2

2.3.3.3 !Enginaeiing destgn fm plant-scale Systam 2.3.3.3 I
2.4 :TRU Electmrafining/Elactmwmning 2.4

2.4.1 ,La&cale 2.4.1

2.4.1.1 ITRU elsctrcdmmis~ (Le., Np, Cm) 2.4.1.1

I
2.4.1,2 ~TRU remvefy (i.e.. separation) efi%iencies 2.4.1.2

2.4.1,3 Electrocnemisby pmcass optimization 2.4.1.3

2.4.1,4 ,Materials Compatibility 2.4.1,4 I
2.4.1.5 iAncde system 2.4.1.5

2.4.l.5.f iHigh throughput design 2.4.1 .5.1 I I

2.4,1.8 iCathcde system an-d design 2.4.1.6 I !

2.4.1.7 iTc El~em@ry 2.4.3.7 I
2.4.?.8 ~FIssIOn product behavior 2.4.1.6

24.1.9 1Engineering design for pdot-scale eystem 2.4.1.9

2.42 ~Pilot-scale 2.4.2 7.5 i875 m o 2375

2.4.2.1 ~Chemisby/metalllurgy 2.4.2.1

Malenaks balancs studiedprwesa parameter

2.4.2,2 Ioptinuzatien 2.4.2,2

2.4.2.3 Mate nals P@cassing 2.4.2.3

2.4.2.4 I Materiels compaublity 2.4.2.4

:Enginee@ design fcf time.acsle

2.4.2.5 ~inmgratsd system 2.4.2.5

2.4.3 Dsmo-scale ,2.4.3 7 1?YJ 750 0 2500 ,

AIWaamoatastxk



ATW Separations T6chnotogy and Waste Forms

Research, Development and Demonstration Cost Estimate

Prujacf Year.>: I 14
FY*

15
2013 2014

m: Reseati Taak Desuiptien
I

1-
Lslxx coal Matetial Ca@tal Total C@USFTE~ ‘a~~ ~;g ~~:: T“;? us ~, ($W

Cest (SK) coat (SK) (SKJ
;Material balam stdes/parametef

2.4.3.1 loptimizatien 2.4.3.1

2.4.3.2 iMatenaia p+mcaaaing 12.4.3.2 !

2.4.3.3 .Engmsering deagnferplant-a@e system ]2.4,3,3 I
2.5 tAc&@ Mets\ Fission Pmdti Remeval 12.5 I
2.5.1 ~Lab-scale 2.5.1

2.5.1.1 :Process tasting and eels.don 2.5.1.1

2.5.1.2 ;Pmwss Optimization 2.5,i.2 I
2.5.2 ;Pilot-scala 2.5,2 o.5i 125~ 15 0 140 I
2.5.2.1 1Material balance studies 2.5.2.1

2.5.2.2 iPMC%SSoptimization 2.5.2.2

2.5.3 j Dame-scale 2.5.3 0.5 125 15 0
2.5.3.1

140
I Matanal balanca studies 2.5.3.1

2.5.3.2 IEngineering design of plant-ecale system 2,5.3.2

2.6 !MgC12 Elactmwinning 2.6

2.6.1 ~Lab-scale 2.6.1

2.6,1.1 ;Dsveiopment of C12 anede 2.6.1.1

2.6.1.2 Elactmwmning prccess optimization 2.6.1.2

2,6.1,3 Materials balanca studies 2.6.1,3

2.6.1.4 Chlinins getter and recycle system 2.6.1.4

2.6.1.5 Materials compatibility studies 2.6.1.5

2.6.1.6 lEngmaaring design of pilot-scale syStem 2.6.1.6

2.6.2 ;Pilot-scalei@me-scales ystem angineeri ng 2.6.2 5.5 1375 250 0 1625 4.5 1125 500 0 1625

2.6.2.1 iChemistry/metall@y 2.6.2.1

Materials balance S.tudiealprocess parameter

2.6.2.2 optimization 2.6.2.2

2.6.2.3 IMaterials prec8asing 2.6.2.3

2.6,2.4 iMaterials compatibility !2.6.2.4

2.7 ;PilOt-SCda OamOnsb_atiOnFacilily (Pyro B) ,2.7

2.7.1

l[~;:@lepr-ssR.w shwtsel@onand ; I

12.7.1 !
2.7.2 iFadlity mcds for pflot-scale operation 12.7.2 I 1 250 lW 150 soil

2.7.3 ;Cold test of pilot-sale fadity 12.7.3 14 3503 500 0, 4009

2.7.4 iHot pilot-scale operstwns 2.7.4 [ I

2,6 IFult-Scale Demonstration Facility (Fyro B) 2.8 I
IFull.scala demo plant proc%ssflow sheet

2.6.1 Iselection and design 2.6.1 I
2.8.2 ,Consbuction of full-scale demo facility !2.6.2 61 9W 10 4500a 45910 6 eco 10 650C42 65910

2.8.3 Cold Test of full-scale demo facility [2,6.3 ; I

2.8.4 ‘Operallon of full.scala demo facility !2.6.4 1 i I 1 I

SUBTOTAL i I W 7900 I 2025 I 451501 550761 44.51 10525 I 3275 I 65000 I 76403

PrOJeUYear ->, I i 14 15
Fy .> Ii 2013 2014

vms Research Task Dasuiption @S lUSFTE~ ‘a~~l ~~)1~~~) To:~ “,m La~~l ~~
::t:)lTO:r-

3 Waste Fofrns 13 , I I I I

3.1 Glass-Bonded SOdalita Waste Form i3.1 I I
3.1.1 Prccassing flowsheet definition 13.1.1 ! 0! 01 0 0 0 01 01 0 0! o

3.1.2 :Salt treatment method development 13.1.2 ! 0~ 0] o 0 0 01 0! 01 0 0
3.1.3 ,Was~e form fabrication development 13.1.3 ~ o! 01 0 0 0 01 0/ o 0 0
3.1,4 :Waste form evaluation 13.1,4 ! 0: 0/ o 0 01 01

500

01 0 0 0

3.1.5 ~Pilot-scala damonstraticm ;3.1.5 : 2! 500 I o 1030 0 01 0 0

i. 1.6

0

‘Demo plant prw-sssing eqpt for C’vW ,3.1.6 I 4i 1000 1S30 o 2500 6 15001 2CQ0 o 3500

3,1.7 ,Demonstration operations 13.1.7 I 0[ o 0 0 0 0 0/ o 0 0

3.2 iZr-Metal Waste Foim !3.2 1 !

3.2.1 :Processing flowshaat darlmtien 13.2.1 I 01 0 0 0 0, 0 0 0 0 0

3.2.2 !Casting mathod devsloprnent 13.2.2 0[ o 0 0 01 01 0 0 0 0

3.2.3 !2r-6 wt.% SS waste form alloy dev. ]3.2.3 I 01 0 0 0 ol 0! o 0 0 0

3.2.4 ~Waste form evaluation !3.2.4 Oi o 0 0

m

o

500

01 0 0 0 0

3.2.5 , Pile!-seala demonstration 13.2.5 2 0 lWO 01 0 0 0 0

3,2.6 tDamo plant processing aqpt for MVW 3.2.6 4 10W 1500 0 2500 61 1500 2m o 3503

3.2.7 ;Demonstmbon operations 3.2.7 0 0 0 0 0 0 0 0 0 0
3.3 iAltemative wasta forms 3.3

3.3.1 lGlass for TRUEX O@ion 3.3.1 I o 0 0 0 0 0 0 0 0 0
3.3.2 ~Mineral waste form. flwmide pmt. Option 3.3.2 ]0 o 0 0 0 0 0 0 0 0

3.4 IReposdofy interfaa ativities i3.4

3.4.1 iCVVF Qual!rication tasting 13,4,1 1 250 103 0 350 1 2W 10) o 3S2

3.42 IMWF Qualification tasting 13,4,2 1 250 Iw o 3S3 1 250 100 0 354

3.4.3 iPeriormarw assessments 13.4,3 1 250 0 0 250 1 250 0 0 250

3.4,4 jWaste pa~age oeveiopmard 13.4,4 i 1 250 lW o 350 1 2WI lW o 350
SUBTOTAL i I 161 4000 43W o 63C0 16 4030 4300 I o 8302

! I I

TOTALS I 60 I 18150 6525 105150 129625 95.5 22025 77751 16CKKK2 1B9SW

I
PrejaU Year.> I

I I

14 15

w -> { 2013 2014
,

w I Reeaarch Task C!esaiptierl MS
“s ~E Labor cost Matarial Capital Total Cest us HE Lsbor cost Material capital Tofsl Cost

(SK) Cost (SK) Coat (SK) (SK) (SK) (20s1(SKI cost (SK) (W)

ATWeepcostesl



AIW Separations Technology and Waste Forma

Research, Development and Demonstration Coat Estimate

PrsjaU Year> I 16 17
w+ I 2015 2016

f
V@ Reseamfr Task Oa=”pticm V4BS

“~ HE Lstnx Coat Material

(SK)
‘*’ ‘o* ‘iW us FfE La;Q- ‘at@a Capita! Total Cost

coat (SIC) coat (SK) ($lq Coat (SK) Coat (s!() ($x)
1 !L4%RFuel Treatment 1

lAquacua Prccass Option fof UrarJum

1.1 iSePatation (UREX) 1.1

1.1.1 Selacf aotvwd emaaion prumaa mdel 1.1.1 01 0 0 0 0 0 0 0 0
~Studies of Iodine ramvafy from air spaqe

o

1.1.2
!sbaam

1.1.2
0 0 0 0 0 0 0 0 0 0

1.1.3 ,Pu raduaanf studies 1.1.3 0 0 0 0 0 0 0 0 0 0
1.1.4 jCo-8xta@on studies of Tc and NP 1.1.4 0 0 0 0 0 0 0 0 0 I o

1,1.5
lConverS~ studies on aquaous raffinata to ,15
;solid oxides o “o ‘o o 0 0 0 0 0 0

1.1.6 10issolufion studiesof noble nwfalsfmm hulls 1.1.6 0 0 ~ o 0 0 0 0 0 0

1.1.7
Pilot-scale proceaa flow sheat aela@on and ,.,.7

dasign 10 Q o 0 0 0 0 Q o Q

1.1.8 Consbucfbn of p410t-scaleuREX test facility 1.1.8 0 0 0 0 0 0 0 0 0 0
1.1,9 lCold Test of pilot-scale UREX tast facility 1.1.9 0 0 0 0 0/ o 0 0 0 0
1.1,10 Operation of pilot-scale UREX tasl facifity 1.1.10 35 6750 200 0 8950 65 16250 200 0
1.2

16450

Prccess bansition studies 1.2

Conversion of aqueous raffinate to solid
1.2.1 osides 1.2.1

1.2.2 Ccmvaraion of aqueous Tc to metal 1.2.2 I I I
1.2.3 ,Conversion of icdine to target form 1.2.3

1.2.4 !Conversion of osida to metal 1.2,4

Aqueous Procass Option for TRU & FP

1.3 ISeparation (Mcdified TRUEX) 1.3

Lab studies on extraction bahatior of UREX

1.3,1 raffinate 1,3,1 0 0 0 0 0 0 0 0 0] o
1,3,2 Procasa medeling for optimization 1.3.2 0 0 0 0 01 0 0 0 01 0
1.3.3 Improved TC extraction studies 1.3.3 0 0 01 o~ 0/ o 0 0 01 0

1.3.4 Selection of solvent wash raagents 1,3.4 , o! 01 0/ 01 01 0 0 0 o~ o
1,3.5 ~Development of stripping reagents

l~~:j=laWomsafiowshwtseletio”and

1.3.5 of o! 0/ 0/ 0/ o 0 0 01 0

1.3.6

~C#:aWon of pilot-scale modfiad TRUEX

1.3.6 0 0 0 0 0 0 0 0 0 0

1.3.7 1.3.7

lCOld Test of pilot-scale modried TRUEX taat
1.3.6 ;facility 1.3.6 : 1: :! : :! : : : : 1:

Operation of pilot-scale Modified TRUEX test
1.3.9 lfaciity I o~4.3,9 ,

~Remote maintenance & operations

1.3.10 jengineenng I 1.3,10 0 I ‘1 01 ‘1 0 0’ 0’ 01°I
1.3.11

!Pmcess control& monitoring mslmmanfation ,,3,11
I

I

Eleurometallurgical Processing Option for

1.4 Uranium, TRU, and FP separation 1.4 I

~Venfy flo’wsheet chamisby for all phases of

1.4.1 Iprocess using imadiatad fuel 1.4.1 01

]study scale-up issues regatiflg all aspac2s \

1.4.2 ‘of EM prccass 11.4.2 0! : :1 :1 :1 :1 : ‘: .;:
~development of alectrcdes for salt-recovery 1

1.4.3
10 o~ 01 01 0 0 0 o~ oistep ]1 ,4.3 o!

iopbmization of salt-remvary step cdl

1.4.4 Iconfiguration 1.4.4 0 0 0 0 0 0 0 0 01 Q,study methcds to saparata Tc from 2icaloy

1.4.5 C.4adding 1.4.5

1.4,6 study methods to prapara non-TRU uranium 1.4.6 ; 1: : ‘: :1 : : : : :

study concumant and sequential oparation of
sobd stael and liquid cadmium C@wdes (all-

1.4,7 pyro option only) 1.4.7 0 0 0 0 0 0 0 0 0 0
study means to isolate I and Tc and prepare

1.4.6 taqets 1.4.a o 0 0 0 0 0 0 0 0 0

~:~dybahavio r of TRU product with regard to

1.4.9 1.4.9 0 0 0 0 0 0 0 0 0 0

~PilOI.SCale process flow sheet selacti~ and
1.4.10 ]design 1.4,10 0 0 0 0 0 0 0 0 0 0

1.4.11 lConsfmction of pilot-wale EM test facility 1.4.11 0 0 0 0 0 0 0 0 0 0

engineering-scale (kg batch) tests of

1.4.12 raductiorr step including use of iti’adiatOd fuel 1.4.12 0 0 0 0 0 0 0 0 0 0
angmaanng-.scale testa of salt-racwary step

1.4.13 cdl dasign 1.4.13 0 0 0 0 0 0 0 0 0 0

camsicn testing of prospaclva constmcdon
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 teats of elacborefmr with

1.4.15 faducad irradlatad fuel 1.4.15 0 0 0 0 0 0 0 0 0 0

pilot-scale ptant trials witi unimadiatad and

~1.4.16 irradiated fuat 1.4.16 0 0 0 0 0 0 0 0 01 0

ATWsepcoetest.xta



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

t%qsct Years{ I I 16 I 17
Ff* ml 6 wme I

I !FuI1-6cale demo dant -ss fl~ sheet I II I I I II I I / -–1
1.5.1 ‘I se)ec&m and de~gn “ \ 1.5.3 ‘ o 0 0 0 0 oi o 0 0 0

1.5.2 ICOnstruukm of full-scale demo facility 11.52 10 1250 0 130W0 131250 101 1250 0

1.5.3

125030 126250

~Cold Test of full-scale derrm fsdlity /1 .5.3 0 0 0 0 0 01 0 0 0 0
1.5.4 10p6reti0n of full-scala demo facility I 1.5.4 0 0 0 0 0 0[ o Oi 01 0

I SUBTOTAL( I 45 Iofxil 2001 13ccool140200 ~ ~175C0 200 1250001 142700

~ 16 — 17
m.> ~ 2015 2016

V@S
I

Reseamh Task D6saiption V@S
“~ =E Lsbor coat Material Cspitsl ToW cost us ~ Labw Coat Matarial Cspitsl Totsi Cast

($K) Cost ($x) cost (SK) (SK) (SK) c06f (SK) Cost (SK)

2 iATW Fuel Pmeeeing
($iq

2

2.1 ISpsnt Fuel Chopping/Grinding 2,1
94f IPilot-scsla 214. .
2,1.1.1 ]Engineering design 12.1.1.1

2.1.1.2 ISystem opsr-stion 12.1.1.2

2.1.2 Dame-scale 2.1.2 3 750 5W o 1250 3 750 500 0

Engineering design
1250

2.1.2.1 2.1.2.1

2.1.2,2 System operation 2.1.2,2

2.2 Off-Gas System 2.2

2.2.1 Lab-scale 2.2.1

2.2.1,1 I12getter materfala 2.2.1.1

2.2.1.2 112/ C12 chemistry 2.2.1.2

Materials for handling chlorine and volatile

2.2.1.3 ,chloridas 2.2,1.3

2.2.1.4 [Engineering design for pilot-scale system 2.2.1.4

2.2.2 ~Pilot.scale 2.2,2

2.2,2.1 \Getter affitiemcy studies 2.2.2.1

I Evaluate interfam with chloride volatility

2.2.2.2 ;system 2.2.2.2

IEngineering design for demc-scala

2.2.2.3 integrated system 2.2.2.3

2.2.3 ~Damo-sMe 12.2.3 2 50+3 250 0 75a 21 500 250 0 750

2.2.3.1 jGetter efkiency for Xe, Kr, T2, and 12 12.2.3.1 !
2.3 ;Chloride Volatility 12.3

2.3,1 iLab-scale 12.3.1 I
I

2.3.1.1 !Tc chemistry and metallurgy 12.3.1.1 {
2312 i Materials comDatibUhv 12312 ! I I I

123 I 6 ;TRu trans;ortstudiis i2.3.l.6 I I I I I

2.3.1.3 ~Precess parameter OiXimizatiOn 2.3,1.3 I ! I 1 I ,

2.3.1.4 fMaterial balana studies 2.3.1.4 I I I [ I

2.3.1.5 iZr recavew ard racvde 2.3.1.5 I I I I I
,— —-.

2.3.1:; I Fission product transport studies i2.3,1.7 I
I

2.3.18 IEngmeanng design for pilot-scala SySleM 12.3.1.s I

2.3.2 iPllOt-6cale ~2.3.2 ~ I
2.3.2.1 IChemistrylmatalllurgy 12.3.2.1 ! I

;Materials balanw studias@ammeter I II I I

M’l,u,,d. p,w>,,,,g j,i, $z.s ! I I I I I I I I I
. .,..--.,- --—--.:.:,:. ,-- ”., I

2.3.2.2 1optimization 12,3.2.2 I I 1
2.3.2.3

:., ----- ,-------- :-- ,-,. -.,, , 3 I , , I

2.3.2.4 , I.lawnals U3rnpd””m(y 1.?.6.4.4 I I I I I [1 I I I

iEngineering design for demc-scsie I

2.32.5 Iintwmaled system 2.3.2.5 I

~.-.. . . . –! 15W

!Material balana studies/pafsrMer I I I I I 1 I I I I I

tz33- ‘ - “
,—. —–

!Demc-scale 1233 I 1351 33751 Irsxtl 01 4375 i 14 I 35001 moi 01 d

2.3.3.1 ioptim,zation 12.3.3.1 I I
2.3.3.2 1Material processing /2.3.3.2 I
2.3.3.3 iEngmeenng design tor ptant-sda Systam 2.3.3.3

2.4 iTRU ElectmrafiningiElecbmwinning 2.4 I
2.4.1 \Lab-scale 2.4.1

2.4.1,1 ITRU electmchemisby (i.e., Np, Cm) 2.4.1.1 !

I I I

2,4.1.2 TRU recovery (i.e., aeparstion) eftiaanties 2.4.1.2 I

2.4.1.3 I Electrochemistry process optimization 2.4.1.3 I
2.4.1,4 IMaterials Compatibility 2.4.1,4 I
!.4.1.5 iAnoda system /2.4.1.5 I

2.4.1.7 1Tc El=emistry - ]2.4.1.7 I I I
?Ata IFms)on rmduct b&navior \9Al U I I I

I II
1 1 I

1 I
-.
T
%4.1.5,1 :High throughput design 12.4.1,5.1[ I I I I I I
2.4.1.6 !Cathoda Wstem and design 12.4.1,6 I

1 I I I

-. . 1 .- ..-

2.4.1.9 IEf?gmeeting design fOrpilot-scale SyStem 2.4.1.9

2.4.2 IPilot-scale 2.4,2

2.4.2.1 i Chemistrylmatsllkxgy 2.4.2,1

iMaterials balanc6 studies/process parsmetar
t2422 !ootimizalton 12422 ] I I I I II I I I

I
,-. .-._ .— -. . .
. . . . !,t-.---,s ing. -.,sing

12.4.2.3 I I I I I I I I I 1 I

[ ‘-
L4.L.J ml ale,,.,. pl C“cu.,

2.4.2.4 Materials usmpsthhty 12.4.2.4 I
lEngmsenng design fordsmc-state

2.4.2.5 iintegrsed aywem 2.4,2;5

2 5 3375 Iwo o 4375 14 35C0 10CF3 o 4W0!.4.3 !uemu-scaia 1243 I 13.

AIWse~stest



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

-- .W <“, ”

VW! Research Task Ceaaipti MS
~ HE Labor Coat Matariaf

‘W To;q~st US HE

~ a

Labor Coat Materist I Capital Totaf Coat
(SK) Cost (SK) Coat (W) I m) ltist(sK) ‘Ost(,m - (,)()

I Material balance studiealparamafar

2.4.3.1 joptimization 2.4.3.1 1’
2.4.3.2 :Materials proc8aair@ 2.4.3.2

2.4.3.3 :Enginearirq design fof plant-scale s.,~nm ~Aq?

2.5 ,Acdve Metal Fission FYI ‘ ‘-

12.5.1 iLeE-scale

.,.. ... -.-.” ,“ ,

‘051JCIKWIWV& 2.5

2.5,1

!.5.1.1 iPrccess tasting and salacdon’ 2.5.1.1

!.5.1.2 Process Optimization 2.5.1.2

8.5.2 :Pilot-scale 2.5.2
e+, :U.,nn.l 11.t*”.a .,, ,X,qs 2.5.2.1

,;.i.i.- , 2.5.2.2

iOamo-scale 2,5.3 0.5 125 15 0 140 0.5 125 15 0

‘ 1

140
~Material baiance studies 2.5.3.1

!Enginaaring design of plant-scale system 2.5.3.2

,MgC12 Electrowinning 2.6

!Lab-scale 261

,------.. .

t---

<.2..3.1

2.5.3.2

2.6

I* 2.6.1.1
i optimization 2.6,1.2
la, 2.6.1.3

2.6.1.4 ‘ =1

‘..”. -,” I 1 I I I ! ) I I !~

. ... 1---.=. ,- . . . . I I 1
2.7.2 ~Facility mods for pilot-scale operation 12.7.2 I
2.7.3 ~Cold test of pilot-scale facility !2.7.3 14 35W 500 ~ o 40C0 161 400+3 o 0

2.7.4 I I

I
I I I ! 4

4cCo
iHot pilot-scale operations !2.7.4

2.8 ,Full-scale Demonstration Facilty (Pyro B) /2.8 i
iFull-scale demo Dlant wocess flow sheet i
I .

2.6.1 Iselection and dasign ~2.s.l

2.8.2 !Constmtion of full-scale demo facility 12.8.2 6 9CSJ 10! 80W0 6091O 6i ml 10 85003 I 85910

2.8.3 lCold Test of full-scale demo faalify ]2.8.3 I I I ~

2.8.4 Operation of full-scale demo fac!lity i2.8.4 I I ( I

SUBTOTAL I I 62.5! 150251 4025 I 600W I 99050 I 65.51 15775, 35251 8500U I 104300

Pm,am Vaar .>. i 1 4= 1 47.-,-.. ---- , ,.,
FY-> !

,,

2015 2016

was
I

Research Task Oesuiption WBs
us HE Labor Cost Material Capital Tofal Cost us ~E~ Labor Cost Material Capital Total cost

(SK) Cost (SK) cost (w) (SK)

!Wasia Forms

I (SK) Cost (SK) Cost (SK) (SK)

3 3 I I I

3.1 ;Glass-Bondad Sodalite Waste Form i3.1 I Ii 1 I
3.1.1 :Processing flwsheet definition 13.1.1 ; o 0 0 0 o! 01 01 0! 01 0

3.1.2 ;Salt treatment method development 13.1.2 10 0 0 0 01 01 01 0[ o 0

3.1.3 :Waste form fabrication deve!opmmf 13.1.3 01 01 0 0 01 0/ o~ 01 0 0

3.1.4 Waste form evaluauon 13.f.4 o! 01 0 0 o’ 01 01 Oi o 0

3.1.5 ;P\lOt-sca{e darncm.tration 13.1.5 0 0 o’ 0 0 Oi o\ o\ o 0

3.1.6 IDemo plant processing aqpt fcx CWF 13.1.6 6 1500 2W0 o 3500 61 15CO! Zoool o 3503

3.1.7 Demonstraoon operations [3.1.7 o 0 0 0 0 01 01 01 0 0

3.2 ,2r-Metal Waste Form i3.2 I I
3.2.1 iPmcassing fiowsheet definition j3.2.1 0 0 0 0 0 0 01 0! o 0

3.2.2 iCasting meticd devaldpment 3.2.2 0 0 0 0 0 0 0 0 0 0

3.2.3 ~2r.8 wt.% SS waste form al!oy dew 3.2.3 0 0 0 0 0 0 0 0 0 0

3.2.4 iWaste form evaluation 3.2.4 0 0 0 0 0 01 0 0 0 0

3.2.5 Ipilot-scale demonstration 3.2.5 0 0 0 0 0 0 0 0 0 0

3.2.6 iDemo plant processing ac@ for MM 3.2.6 6 1500 200Q o 3500 6 15W 20Q0 o 3502

3.2.7 I Demc+wfration operations 3.2.7 0 0 0 0 0 0 0 0 0, 0

3.3 IAlternative waste forms 3.3 I
3.3.1 IGlass for TRUEX option 3.3.1 0 0 0 0 0 0 o\ o 01 0

33? 1Mineral waste form fluoride nm. 00tion 33? o n o 0 0 01 01 0 01 ----+-----
3.4

3.4.1

3.4.2

3.4.3 1=3=1 250

1 250

1 2m

I
100 0 360 1 250 1!20 0 350

100 0 360 1 250 lW 0 3s0

0 0 250 t 250 0 0 250

Km 1 250 lWJ 0 35a

~ Aw-x-lI oi Um

k54---
1 I I I I I

f23.5\ 2S0251 85251 210WO\ 247550 156.5 I 372751 6025 21OW2

I I I

WES
‘ ‘=

2553C12

$6 47

2016

I Research Task Deaoipdcm
1- lb+ ‘a:tyl c%!::,l s?% ‘‘“mCost

..-_-l LaborCostl Mafariaf I Capital \ Total Cost

.....>..,.,.,.,,$K) I (w)
Usrlt

(SK) / cost (SK) I Cost ($K) I ($K) I

ATWaepmstest-xts



ATW Separations Technology and Waste Fonne
Research, Development and Der-nonsttationCost Estimate

Project Year ->: 18 19
m-=

-1

2017 2Q1S

Research Task Des@XiM m
“~ HE Labofbat Material capital Totalcoat “~ HE LsborCoat Material capital TotalCoat

(5X) cast (Slq Cuat(SKI (SK) (Slq ccst (w) cast (SKI
1 LVM3 Fuel Treatment

(Sfq

1.1
~A~~usp~$s@timtilJmnim ‘

~Sepamtion (UREX) 1.1

1.1.1 ~Selesl solvent extraction pi-mess medel 1.1,1 0 0 0 0 0 0 0 0 0 0

1.1.2
fStudies of lcdine recovery from air sparge
~stream

I.f.z
o 0 0 0 0 0 0 0 0 0

1.1.3 IPu reductant studies 1.1.3 0 0 0 0 0 0 0 0 0 0

1.1.4 lCo-ext@on studies of Tc and Np 1.1.4 0 0 0 0 0 0 0 0 0 0

f.1.s
!Convarsion atuUies on aqueous ra%nate to ,,,,5

!selid oxides “o “o o 0 0 0 0 0 0 0

1.1.6 ~Dissolution studies of noble metals from hulls 1.1.6
\ o 0 0 0 0 0 0 0 0 0

1.1.7
iPtlot-scale pmcaaa flow sheet seledion and ,.17

[design o 0 0 0 0 0 0 0 0 0

‘1.1.8 Censfruction of pilot-scale UREX test facility 1.1.8
0 0 0 0 0 0 0 0 0 0

1.1.9 Cold Test of pilot-scala UREX test fadity 1,1.9 0 0 0 0 0 0 0 0 0 0

1,1.10 Oparation of pilot-scale UREX test fsdity 1,1.10 40 10003 202 0 10200 40 10CO3 200 0 102OO

1.2 Pr0c8ss transifhn studies 1.2

Conversion of equeous refrinate to solid
1.2.1 oxides 1.2.1

1.2.2 Conversion of aqueeus Tc to metal 1.2,2

1.2.3 Conversion of iodine to target form 1.2,3

1.2.4 Conversion of oxide to metal 1.2.4

Aqueous Procass Option for TRU & FP

1.3 Separation (Mcftified TRUEX) 1.3

Lab studies on extration behavior of UREX

1.3.1 /ram”ate 1.3,1 0 0 0 0 0 0 0 0 0 0

1.3.2 i Precess mtieling for optimization 1.3.2 0 0 0 0 01 0 0 0 0 0

1.3.3 I Impreved TC extaction studies 1.3.3 0 0 0 0 Oj o 0 0 0 0

1.3.4 ISelection of solvant wash magenta 1.3.4 0 0 0 0 ol 0 0 0 0 0

1.3.5 ~Development of shipping reagents 1.3.5 0 0 0 0 01 0

~I?lot-scaia PrOWSS flow sheet selection and
1.3,6 Idesign 1.3.6 0 0 0 0 0 0 :1 : : :

‘Construction of pilot-scale modified TRUEX
1.3.7 test facility 1.3.7 0 0 0 0 0 0 0 0 0 0

;Cold Test of pilot-scale modified TRUEX test

1.3.8 Ifatility 1.3.8 0 0 0 0 0 0 0 0 0 0

iOperation of pilot-scale Modk%d TRUEX tast
1.3.9 !fg~li~ 1.3.9 0 0 0 0 0 0

10 0
01 0

I Remote rnaintenanca & operations

1.3.10 Iengineenng 1.3.10

!Prccass c.mtr.d & monitoring insbwmentation ,,3,11
1.3.11

]Electrometallurgical Prewssing Option for

1.4 IUranium, TRU, and FP eeperation 1.4

[Varify flowsheet chamisby for all phases of

1.4.1 Iprewss using irradiated fuel 1.4.1 0 0! o 0 0 0 Oi 01 0 0

;study scale-up issues regardilg all aspects

1.4.2 of EM prccass 1.4.2 0 01 0 0 0 0 1010 0

‘development of electrodes for salt+accwety

1.4.3
:1 o~ o 0

Istep 1.4.3 0 0 0 0 0 0

i0 ptim[zation of salt-recovery step call
1.4.4 !configuration 1.4.4 0 0 0 0 0 0 01 0 0 0

~study methods to separate Tc from 2ircaloy

1.4.5 :CJadding 1.4.5 0 0 0 0

I
1.4.6 istudy methods to prepare non-TRU WWIium 1,4,6 0 0 0 0 : :1 : : : :

Istudy concurrent and sequential operation et

Ipyrooptio”mly)
solld steel and liquid cadmium dhedee (all-

1.4.7 1.4,7 0 0 0 0 0 0 0 0 0 0

Istudy means to isolate I end T. and prepare

1.4.8 itargets 1.4.8 0 0 0 0 0 0 0 0 0 0

‘study behatior of TRU preducl with reganl to

1.4.9 lAm. 1.4.9 0 0 0 0 0 0 0 0 0 0

1Pilot-scale process flow sheet salacfion and

1.4.10 Ide.s,gn 1.4.10 0 0 0 0 0 0 0 0 0 0

1.4.11 ,Consfruction of pilot-scale EM test fadity 1.4.11 0 0 0 0 0 0 0 0 0 0

engineering-ade (kg batti) tests 04

1.4.12 reduction step intiuding use ef imdiated fuel 1.4.12 0 0 0 0 0 0 0 0 0 0

engineenng-scsla tasfs of salt-recevery step

1.4.13 wII design 1.4.13 0 0 0 0 0 0 0 0 0 0

omesion tasting of pruspac$w3 amsbwticm
!materials fer pilot and demcmsffstion-scale

!1.4.14 plants f,4.14 o 0 0 0 0 0 0 0 0 0

engineering-scale tests G4elacbweriner with

~1.4.15 lred”cadirradiated rVet 1.4.15 0 0 0 0 0 0 0 0 0

I
!~~~ti~~m””sw’~utitiiat~~

o

11.4.16 1.4.10 0 0 0 0 0 0 0 0 0 0

Alwsexmtest



ATW Separations Technology and Waste Fornss
Research, Development and Densonstration Cost Estimate

%-qact Year->I 38 19
Fy.> ~ 2017 2018

Ws I Reseati Task Oaaufption WBS
“~ ~E Labor Cost Matattal

(W)
‘w TO:m~t US HE

Lat=xCoat Matadal Capital Total Coat
Cost ($x) cost (W) (SK) coat ($x) coat (Slq (SK-J

;Full-Sale 08nwnsbation Facilii (UREX @

1.5 ;Pyiu A) 1.5

,Full-scale demo plant prcc8ss tlmv ahaat
1.5.1 ;selection and design 1.5.1 0 0 0 0 0 01 0 0 0 0

1.5.2 C0nstruc60n of futl-scale dam radii 1.5.2 10 1250 0 WOooo 101250 01 0 0 0
1.5.3

0
:Coid Test of full-scale demo facility 1.5.3 120 30000 15coo o 4500Q lMI 330W m o

1,5.4
39c#3

iOpe@ ion of full-scale denm facilii 1.5.4 0 0/ o 0 0 01 0 0 0 0

SUBTOTAL 170[ 412W~ j 10coo3i 1S5450115200 205 I 43@M 8200 0 49200

Pmjact Year-> I I 1s 19
FY -> I 2017 2018

W’BE/ Research Taak OaaufpticwI WBs
us ~E Labor Cost Material

($x)
c~a’ ‘o@’ ‘St US FTE ‘ah ‘a ‘a’efia’ Capital Total Coal

Coat (SK) Ceat (SK) (SK) (SIQ Coat (SK) coat (SK) (SK)
2 IATW Fuel Prcc8ssing 2

2.1 ;Spent Fual Chopping/Grinding 2.1

2.1.1 lPilOt-scale 2.1.1

2.1.1.1 IEngineering design 2.1.1.1

2.1.1.2 ISystam operation 2.1.1.2

2.1.2 IOemO-scale 2.1.2

2.1.2.1 IEngineering design 2.1.2,1

2.1.2.2 System operation 2.1.2,2

2.2 Orf-Gas System 2.2

2.2.1 Lab-scale 2.2.1

2.2.1.1 12getter materials 2.2.1.1

2.2.1.2 \12/ C12 chemistry 2.2,1.2

1Materials for handting chlorine and volatile

2.2.1.3 I*,M,,S 2.2,1.3

2.2.1.4 [Engineering design for pilot-scale system 2.2,1.4

2.2.2 iPilOt-sr2sle I2.2.2

2.2.2.1 1Getter efficiency studies 2.2.2.1

Evaluate interfaca with chloride volatility

2.2.2,2 isystem 2.2.2.2

‘Engineering design for demo-scale
2.2.2.3 !integratedsystem 2.2.2.3

2.2.3 IDemo-scale 2.2.3 2 500 250 0 750

2.2.3.1 fGetter efficiency for Xe, Kr. T2, and 12 2.2.3.1

2.3 ;Chloride Volatility 2.3

2.3.1 ~Lab-scale 2.3.1 I I
2.3.1.1 lTc chemiwy and metallurgy 2.3.1,1 I I
2.3.1.2 IMaterials compatibility 2.3.1.2 I ! I
2.3.1.3 IProcess parameter optimization 2.3.1.3 ! I
2.3.1.4 ,Material balam studies 2.3.1.4 I {
2.3.1.5 !Zr racovafy and racyde i2.3.l.5 I !
2.3.1.6 iTRLl transport studies 12.3.1.6

2.3.1.7 IFission prcducl transport studies /2.3. 1.7 I
2.3.1.8 ;Engineering design for pilot-scale systam [2.3.1.S

2.3.2 !PiOt-s@e !2.3.2

2.3.2.1 :Chemistry/mefalllurgy 2.3.2.1

iMaterials balam studie~arametar

2.3.2.2 ~opbmization 2.3.2.2

2.3.2.3 lMaWials processing 2.3.2.3

2.3.2.4 !Materials compatibility 2.3.2.4 $

;Engineering dasign for dame-scale I
2.3.2.5 :mtegratad system 2.3.2.5

2.3.3 i Oamo-sc% 2.3.3 14 35ccl 1000 0 45C0 1

Material balanm studie#paranwtar

2.3.3.1 optimization 2.3.3.1

2.3.3.2 Material processing 2.3.3.2

2.3.3.3 Enginaaiing design fcf plant-scale system 2.3.3.3

2.4 ITRU ElacbmrafiningElacfnMnning 2.4

2.4.1 ILab-scale 2.4.1

2.4.1.1 lTRU electrochemistry (i.e., Np, Cm) 2.4.1.1

2.4.1.2 TRU -very (i.e., separatism) efiiciendes 2.4.1.2

2.4.1.3 )Electlochemistry prowsa optimization 2.4.1.3

2.4.1.4 IMaterials Compatibility 2.4.1.4

2.4.1.5 lAnede system 2.4.1.5

2.4.1 .5.1 Ifiigh thrwghput desgn 2.4.1.5.1

2.4.1.6 lCafhOde system and design 2.4.1.6

2.4.1.7 !Tc Electruchemmy 2.4.1.7

2.4.1.8 IFission prcdua bafwiw 2.4,1.8

2,4.1.9 IEngineering design fcf p+lot-.sc%lesystem 2.4.1.9

2.4.2 Ipilot-scale 2.4.2

2.4.2.1 lChafnistryfmetalllurgy 2.4.2.1

fi,~ Ioptim;zaficm

Materials balanm studieslpmss parameter

2.4.2.2

~Malenals prccaaslng 2.4.2.3

2.4.2.4 IMaterials compatitxlity 2.4.2.4

2.4.2.5
‘~~~~Y~~#fw*m-e

2.4.2.5

2.4.3 I 2.4.3 14 35Q0 1000 0 4500

AIWsepwstestxb



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

ProjectYear-> la 19
Fy.> , 2017 201s

W’BS
!

Resesrch Task Dascrtption V@ US FTE
Later @af Material I Capital Total Cal “5 ~E Labci Cat Matertsl capital Tofal tiat

I (W) Coat (W) Cost (SK) (SK) (SK) cost (SK) Caat (SK) (Slq
;Material balance studie@ararnatw

2.4.3.1 ~optimization 2.4.3.1

2.4.3.2 ~Materials pmcaseing 2.4.3.2 I
2.4.3.3 ~Engineering design fcr plant-scale system 2.4,3.3

2.5 lAcWm Metat Fission Pmducs Renwat 2.5 I I
2.5.1 !La&smle 2.5.1

2.5.1.1 ;Prmeea testing and aelaadrm 2.5.1.1 I
2,5.1.2 ;Process Optimization 2.5.1.2 I
2.5.2 !Pilot-scale 2.5.2 I I
2.5.2.1 ~Material balanca studks 2.5.2.1 I
2.52.2 lProcess optimization 2.5.2,2 I
2.5.3 IDemo-scale 2.5.3 0.5 125 15 01 140 I
2.5.3.1 1Material balance studies 2.5.3.1 I
2.5.3.2 !Engineering design of plant-scale system 2.5.3,2 I
2.6 ~MgC12 Elactfcwinnicg 2.6 I
2.6.1 lLab-scale 2.6.1 I
2.6.1.1 IDevelopment of C12 anode 2.6.1.1 I
2.6.12 /Electrowinning prccess optimizatiem 2.6,1.2

2.6.1.3 IMaterials balamca studies 2.6.1.3 I I
2.6.1.4 IChlorine getter and racyde system 2.6.1.4 I
2,6.1.5 ~Materials compatibility studies 2.6.1.5

2.6.1.6 I Engineenng design of pilot-scale system 2.6.1.6 I I
2.6.2 PilOt-scala/Oemo-scale system engineering 2,6.2 10 2500 750 0[ 3250 1

2.6.2,1 Chemistry/metalllurgy 2.6.2.1 I I
Materials balanca studiearprocasa parameter

2.6.2.2 optimization 2.6.2.2 II

2.6.2.3 Materials prc-cassing 2.6.2.3 I
2.6.2.4 iMaleiials compatibility 2.6.2.4 I
2.7 lPilot-scale Damonsbation Facility (Pyro B) 2.7

Pilot-scale procass flow shaet selacdon and

2.7.1 design 2.7.f

2,7.2 IFaciIity mcds for pilot-sale qxration 2.7.2 I
2.7,3 ~Cold test of pdot-scale facility 2.7.3 I

2,7.4 IHot pilot-scale operations 2.7.4 22 3500 15oa 01 5000 22

2.8

35COI 1300 0 m
,Full-Scale Demor!stration Facrlity (Pyre B) 2.8 I II
!Full-scale demo plant prccass flow sheet

lsetectio” a“d deaig”
l\

2.8.1 z.s.~

2.8.2 iConsbwdon of full-s=le demo facility 2.8.2 4 BCa 5! 25oGO I 23605 ~ ~,

2.8.3 ~Cold Test of full-scale d+mo fadiity 2.8.3 1501 22500 150001 moooi 47500 1501 225C0 I 8CO0 25o 30750

2.8.4 iOperation of full-scale demo facilily 12.8.4 I I II I I 1 1’ I
1 SUBTOTAL I I 216.5i 36725( 195201 35CWI I 91245[ 172! 260col 9503 I 250 i 35750

Pmjsd Year.> ! 18 19
Fy .> I 2017 2ola

WBs
I

Research Task Description WBs
“s =E~ Laba Cost Material

Car’ih’ ‘ok’ cost US F7E
Labw Cost; Material I Capital Total Cost

I (SK) Cost (SK) Cost (SK) ($K) ($K) : Cost (SK) I COSt (SK) (SK)

3 ,Waste Fomns 3 I 1
1 I

3.1 ;Glass-Bonded Sodalite Waste Form 3.1 I 1 I
3.1.1 i Processing flowsheet definimm 3.1.1 ~ 01 o\ 01 0 01 0[ Oi o 0 0

3.1.2 :Salt traatment method development 3.1.2 i 01 0[ o 0 01 01 01 0 0 0

3.s.3 (Waste form fabncatson development 3.1.3 \ 01 01 0 0 Oi O! 08 0 0 0

3.1.4 ;Waste form evaluation 3.1.4 [ 01 Oi o o~ 0! 0[ o! 0! o 0

3.1.5 :Pilot-scale demonstration 3.1.5 I of o 0 01 01 oi 01 01 0 0
3.1.6 ;Damo plant prwwing aqpt for* 3.1.6 81 1500 20@3 o’ 35001 0! 0, 0[ o 0
3.~.7 ;Demonstmtion operations 3.1.7 ~ 01 0 0 0 01 51 1250: lml

3.2

0
2250

!2f-Metal Wasta Form 3.2 \ 1 !
3,2.1 iPmcassing fiowsheet definition 3.2.1 0 0 0 0 o! o 0! 01 0 0

3.2.2 ~Casting memod devalo~nt 3.2.2 0 0 0 0 0 0 01 01 0 0
3.2,3 i2r-6 W.% SS waste form alloy dev. 3.2.3 0 0 0 0 0 0 01 01 0 0

3.2.4 iWaste form evaluation 3.2.4 0 0 0 0 0 0 01 0! o 0

3.2.5 iPilot-scale demonstration 3.2.5 0 0 0 0 0 0 0 0 0 0

3.2.6 IDam. plant processing aqpt for MM 3.2.6 6 1500 , 2000 0 350i2 o 0 0 0 0

3.2.7 [Demonstration operatimss 3.2.7 0 0[ o 0 0 5 1260 10CO o 2260

3.3 lAltemative waste forms 3.3 I
3.3.1 lGlass for TRUEX option 3.3.1 0 0 0 0 o\ o 0 0 0 0

3.3,2 [Mineral waste fores, fluoride proc. OptiafI 3.3.2 0 0 0 0 01 0 0 0 0 0

3.4 IRepasltory interfaa activities 3.4

3.4.1 !CWF QualiftC4b0n testing 3.4.1 1 250 100 0 350 1 250 100 0 35a

3.4.2 1MWF C3ualifi~tion testing 3,4,2 .1 Zm 1(M o 350 1 250 lCQ o 3W

3.4.3 ‘Petiorrnaw assesamenta 3.4.3 1 250 0 0 2m 1 250 0 0 250

3.4.4 ~Waste package aeveiopmant 3.4.4 1 250 100 0 350 1 250 lcm o 350

I SUt3TOTALl 161 4000 4300 I o 6300 14 35001 23001 01 6802

I I I I I I
TOTALS ! 402.5/ 81975 39020 I 135CC0 255S95 391 72Y13\ 160001 2501 93760

I I I
Project Year -> I 18 19
Fy .> I 2017 2018

W8S Research Task Dasalpticm VvES
us ~E Labor Cost Material Capifat Total Ccst

(SK)
ca~h’ lo:;? US FTE La:Ky ~!s:(ym co~t ~~m

Cost (SK) Cost (SK) (SK)

AIWeepcostest



ATW Separations Technology and Waste Forma
Research, Development and DemonstrationCoat Estimate

Prejaa Year.>, m
Fy .>

21
2019

w; Research Task Oasaipticm W-S
“~ HE Labor coat Matesfal

(SK)
- To:y US FTE 1

M~~al capital Totsl Cost
Coat (SK) Cost (SK) I ~s%Q I CUSt(SK) Cost (SK) (SIQ

1 LWR Fuel Tr6strrwnt 1 I
/Aq.aous Precaaa Opdon fw Uranium

1.1 ‘Separation (UREX) 1.1

1.1.1 Select solvent estaction prccess nwdd 1.1.1 I
$

1.1.2
fStudies of Icdne racovary from air spaqe
:stream

1.12

1.1.3 ZPu rad@ant studias 1.1.3 I
1.1.4 ]-straction studies of Tc and Np 1.1.4

1.1,5
!Convaraion studies on aqueous raffinate to ,.15
i solid oxides

1.1.6 Dissolution smdies of noble metals from hulls 1.1.6

1.1.7
Pilot-szale process rlcw shaat sefetion and ,.1,

,design

1.1.8 lConswdonofpilot-s-leUREXte$tfaal~ ,,1,8

1.1.9 Cold Test of pilot-scale UREX lest faatity 1.1.9

1.1.10 Operation of pilot-scale UREX test facility 1.1.10 15 3750 200 0 3950 15 3750 203 0
1.2

395Jl

Prec8ss transition studtea 1,2

Cenvaraion of aquaaus raffmate to solid

1.2.1 osides 1.2.1

1.2.2 COnvaraiOn of aqueous Tc to metal 1.2.2

1.2.3 iConversion of icdirse to target form 1.2.3

1.2.4 ‘Cenvefsion of oxide to metal 1.2.4

Aqueous Pmcaaa Option forTRU & FP

1.3 Separation (Mcdiied TRUEX) 1.3

Lab studies on extaction behavior of UREX

1.3.1 raffmate 1.3.1

1.3.2 Precass model ing for opbmizatien 1.3.2

1.3.3 /Improved TC extraction studies 1,3.3 I

1,3.4 lSe!ection of solvent wash reagents 1.3.4

1.3.5 ~Development of shipping reagenta 1.3.5

]PilOt-SCde process flow sheet selection and

1.3.6 Idesign 1.3.6

iConstruction of pilot-scale madified TRUEX
1.3.7 Itest facility 1.3.7

!:d,w
otd Test of pilot-scale modified TRuEX test

1.3.8 1.3.8

1.3.9
/@=ation Of Pilot-s=le Mtilfied TRUEX test
lfacility 1.3.9

/Remote maintenance & operations

1.3.10 !enginasring i 1.3.10

~process control& rrmnitorfng instsumentition ,,3,,1
1.3.11 I I

~Electremetallurgical Processing Option fer I
1,4 Uranium, TRU, and FP separation ~.41i’ ‘ ii

]Vanfy flowsheet chemis&y for all phases of

1.4.1 prccass using irradiated fuel ~ ‘i1.4.1

~studys=le.up issues regarding all aspacta

1.4.2 ~OfEM PP3C8SS 1.4.2 Ii

development of electrodes for salt-racovery I
1.4.3 ~step ,4.3 I i I

optimization of salt-recovery step call

1.4.4 Iccmrig.ratien 1.4.4

)study methcus to separate Tc from Zircaioy

1.4.5 icladding 1.4.5

1.4.6 study methods to prepare non-TRU uranium 1,4.6

‘study concarrant and Sequential operation of

solid steal and tiquid cadmium Sathodes (all.
1.4.7 pyro option afsly) 1.4.7

study means to isolate 1and Tc and pmpara

1.4.8 targata 1.4.8

study bahavier cdTFKI pmdti with rOgard to

1.4.9 Am. +.4.9

Pilot-scala prccess flow sheet eakfion and

1.4.10 design 1.4.10

1.4.11 ~Conshuction of pilot-scale EM lest facility 1.4.11

l..
engmeanng-scale (kg batch) tests et

1.4.12 Iti”donstepindWing”se& im*attitiel 4.4.42

l~~~:#n*s~le tes~ of salt-rawva~ step
1.4.13 1.4.13

conusion testing of prOspOc@mcxxdtmdon
materials for pilot and dmatration-scale

1.4.14 Iplants 1.4.14

engwwering-scale tests ef elaarerariner with

1.4,15 ~mdw.%dirradlatedfual 1.4.15

!plot-scale plant trtals with unimadkrfad ard

1.4,16 !irradlatad fud 1.4.16

ATWsepa.stesMa



ATW .Separatins Technology and Waste Forms
Research,Development and Demonstration Cost Estimate

Pmjau Year.>! 20
F“+

21
\ 2U19 2020

WBs
I

Reaaadi Taak Daaaiption W’BS
“~ HE Lab cost Mstarial capital Total Co$t ~~ HE Labor MsfsrjsI ~ T~ ~

(Sq cost (SK) Coat ($IQ ($x) cast (SK) cost (SK) CXraf(Sx)
~Full-Scale OamonsbsIJwI Facility (UREX and

(Stq

1.5 [Pyro A) 1.5

,Full-scale demo @st pfocasa tlrswshad

1.5.1 iadaclion and design 1,5.1 ~

1.5.2 ~COnabuclim of full-scale denw facility 1.5.2

1.5.3 ;Cdd Tear of full-scale ckrno facility 1.5.3 93 225C0 WY3[ o

1.5.4

25500

Oparatkm of full-scale *O fadlity 1.5.4 w 22500 3CGQI o 25500 1s5 4s2S3 Soo3 2030 562*

SUBTOTAL I 1951 46750 I 62001 01~ 2031 5c030‘, ~ 820U

Projad Year.> I 20
Fy .>

21
j 2019 2020

WBS Research Task Cesaiption WSS
us HE Labor Cod Material

($x)
‘pa’ To:w~st us FTE ‘- Material Capital Total cos

cost (Slq Cost (SK) oat (SK) Coat ($IQ Coat (SK)

2
(SKI

ATW Fuel Proceaaing 2

2.1 Spent Fual Chopping/Grinding 2.1 *
2,1.1 [Pilot-scale 2.1.1

2.1.1.1 Engineering design 2.1.1.1

2,1.1,2 System operation 2.1.1.2

2.1.2 Demc-scde 2.1.2

2.1.2.1 Engineering design 2.1.2.1

2.1.2.2 System operation 2.1.2.2

2.2 !Off-Gas System 2.2

2.2.1 ]Lab-s@e 2.2,1

2.2.1.1 I12getter materials 2.2,1.f

2.2.1.2 I12/ C12 dremistry

~~~~forhandting tilorinea~nlatile

2.2,1.2

2.2.1.3 2.2.1.3

2.2.1.4 IEngineenng design for pilot-scale system 2.2.1.4

2.2.2 ]pilot-scale 2.2.2

2.2.2.1 jGetter effiaency stud ea 2.2.2.1

IEvaluate interface with chloride volatility

2.2.2.2 Isystem 2.2.2,2

IEngineering design for demc-scale

2.2.2.3 ]i”tegrated system 2.2.2.3

2.2.3 ;Demo-scale 2.2.3

2.2,3.1 :Getter efficiency for Xe, Kr, T2, and 12 2.2.3.1

2.3 ~Chloride Volatility 2.3 I
2.3.1 ;Lab-scale 2.3.1 1

2.3.1.1 jTc chemistry and metallurgy 2.3,1.1 I I
2.3.1.2 iMaterials compatibility 2.3.1.2 I I 1
2.3.1.3 iPrccass parameter optimization 2.3.1.3 I
2.3.1.4 ~Material balance studies ,2,3.1.4 I I
2.3.1.5 ;2r recovey arrd recycle !2.3.1.5 I I
2.3.1.6 ~TRU transporl studies 12.3.1.6 I I
2.3.1.7 !Fission product tmnsporl studies ;2.3.1.7 I I
2.3.1.8 IEngineenng design for fxlot-acsle system 12.3.1.8 1 ,

2.3.2 jPiot-scale 12.3.2 I I
2.3.2.1 ChemWry/metalllurgy 12.3.2.1

‘Materials balancs studietiparanwter

2.3.2.2 ~optimi=tio”
~2.3.2.2 I ~

2.3.2.3 ,Materials p~ssing i2.3.2,3 I I
2.3.2.4 Materials compatibility !2.3.2.4

~~gineenng design for demo-scale 1
2,3.2.5 mtagrated system 2.3.2.5

~~

2.3.3 Oemo-smle 2.3.3 I I !

!Material balance sludiesrparamatsr I I
2.3.3.1 Ioptimtzatimr 12.3.3.1 / I II
2.3.3.2 ~Material processing ]2.3.3.2

2.3.3.3 ~Engmaaring design fcf plant-s@e system 2.3.3.3 I
2.4 1TRU ElaUrorefinmgElactrcwinnmg 2.4

2.4.f ;Lab-scale 2.4:1 I

2.4.1.1 ITRU electrcrchemiaby (i.e., Np, Cm) 2.4.1.1 I
I

2.4.1.2 iTRU reuwary (i.e., sepamtico) a~tiencies 2.4.1.2

2.4.1.3 JElactmchermatry press optimization 2.4.1.3

2.4.1.4 IMaterials CornpatibIIIty 2.4.4.4

2.4.1.5 ]#made system 2,4.1.5

2.4,1.5.1 High Ihmughput dasign 2.4.1 .5.1

2.4.1.6 Cathode system and dasign 2.4.1.6

2.4.1.7 Tc Elactro@nrisby 2.4.1.7

2.4.1.0 Fission prcduct behavior 2.4.1.8

2.4.1.9 Engmaring dasign for plo&acale system 2.4.1.9

2.4.2 ipilot-scale 2.4.2

2.4.2.1 iChemrsbyhnstalllurgy 2.4.2.1

Materials bslanca studiea$xocsss parameter [

2.4,2.2 ~.ptimization ]2.4.2.2

2.4.2.3 ~Materials pfocasslng 2.4.2,3
2.4.2.4 1Materials compatibility

l:%%:T:#f”*mH,e

2.4.2,4

2.4.2.5 2.4.2.5
2.4.3 iDarnO-scale 2.4.3

ATWseparatest



ATW SeparationsTechnology and Waste Forma
Research, Development and Demonstration Cost Estimate

Prqacf Year-. I 20
Ff.

21
I 2019 2020

m Reaaarch Task OeamipWa V@
~~ HE Lsh Cd Matedaf Capital I Total Cost ~~ ~E Lsbor

I (SKI coat (SK) cost (W)
r

Mat*~ @ifsf TotaICas
(SK) coat (SK) C4at (SK) CQaf (Stq (SK)

2.4.3.1 i$~::- ‘w~t” 2,4.3.1

2.4.3.2 IMaterials procaasing 2,4.3.2 I
2.4.3.3 i Ertginearicg dasign m @ant-ecate systam 2.4.3.3

I
1=

2.5 ;As&a Metal Fissim Ptiuct Removal 2.5 I
2.5.1 lLab-ecala 2.5.1 I ~
2.5.1.1 iPrecaas tasting SKI aaiaaion 2.5.1.1

2.5.1.2 !Process Optimization 2.5.1.2 +

2.5.2 IPtlot.scale 2.5.2 -

2.5.2.1 IMaterial balanca studies 2.5.2.1

2,5.2.2 IPMc8s5 optimization 2.5.2,2

2.5.3 jOwne-scale 2,5.3

2.5.3.1 IMaterial balanca studies 2.5.3.1

2.5.3.2 IEngineering design of plant-scale systam 2.5.3.2

2.6 ]MgC12 Elacfrewinning 2.6

2.6.1 lLa5saie 2.6.1 E
2.6.1.1 Oavatopment of C12 anode 2.6.1.1

2.6.1.2 Electrowinning IXW8SS opdmizaticm 2.6.1,2

2.6.1.3 Matwials balanc8 studias 2.6.1.3

2.6.1.4 Chlorine getter and recycle system 2.6.1.4

2.6.1.5 Matwfals cempatibitity studies 2.6.1.5

2.6.1.6 Enginaaring destgn of pilot-scale system 2.6.1.6

2.6.2 Piiot-scalaIDamc-scale SyStem engineering 12.6.2

2.6.2.1 Chemistry/rnetal’C..- ~ .. . . . ,5
,,,,”, gy L.o..c1

lMaterialsbalanca sfudiea4pmcasspararneW

2.6.2.2 Ioptimization 2.6.2.2

2623 !Materials omcessino ?673 n-.. . . . ,-------
2.6.2.4 iMaterials compafitilify

2.7

(2.6.2.4
pilot-scale Demonstration Facility (Fyro B) 2.7

PdOl-SCale prcass flow Sh6et selaaton and

2.7.1 ,design 2.7.1

2.7.2 Facility reeds for pilot-scale operation 2.7.2

2.7.3 ~Cold test of pilot-scale ‘-=””, -... H

2,7.4 iHot pilot-scale operations !2.7.4 I 221 3500 15001 0 5CQOI 221 350cIl

I I I I ~ I

15Q31

\ I ‘+

t~m

2.8 1Futl-Scale Damonsfration Faulty (Pyra B) 12.8

IFull-scale demo plant process fiw shaat I

,- ,dw,,y I,L{,J I I I I I I I I I I I

2.8.1 ISelacficmand design 2.8.1

2.8.2 !Ccasfrucdon of full-scale demo facdii 2.8.2 I I ! I I I
2.8.3 !Cold Test of full-scale demo facitify 2.S.3 75 I 11250 4000 ] lCQI 15350 I

2.8.4 10peration of fu(f-swle deme fadity i2.8.4 I 75/ 11250 4ml 100i 753501 f501 225COI 5000 100 27603

1 SUBTOTAL I I 1721 26000 I 9.500 I 203 I 35700 i 1721 26000 I 65WI 1001 326C0

Projea Year -> I ! I 20 21
m-> ~ I 2019 2020

,..

‘ ‘o@’ cost US FTE
LabM Matarial capital ‘ Total Cost

) I (SK) Cost (SK) Cost (SK) cast (SK) (SK)
1 I I

VvBs ,
Researrh Task Dasoiptim j- LaCW GOSt Malenal

Us FTE I ~$K)
Capital

1 1 Cost (SK) Cost ($K

3 ;Waste Forms 13. I I I

3.1 ~Glass-Bonded Sedalite Waste Fc+m 13.1 I
3.1.1 ;Processing flowslwat definition /3.1.1 I
3.1.2 ,Salt treatment nwthcd davalopmant i3.1.2 !

3.1.3 jWaste fomn fabrication devalepment i3.1.3

3.1.4 ,Waste fommevaluation 13.1.4 I 1 ,

1315
,–

~Pilot-scale demonstration !315 I I I 1

1 I I I I ~

I ! I 1

I I I 1 +==!,-....
3.1.6 iDemo plant procassmg aqpt fer CWF 13.1.6 I I I 1 I I I
3.1.7 ,Demonstration Opa-’--- ,--- 1==1

3.2 1.Zr-Mefal Wasta Form 13,2 I I I I I I ! I I I
3.2.1 IProcassina fiowstmat definiften 13.2 f I

Nauwla 1$.1. ( I I I I I I I I I /. . I

~3.2.2 ;Casting m~thcd development ~3.2.2 I I I ! I I
13.2.3 12r-a W% SS waste fcim alloy dev. 13.2.3 !

‘3.2.4
I

,Wa.la f.am a“mlt,slim 1?7. I ( I I I I H
I 1

‘-”” ~‘ , !
I

‘1 a
3.3.2 lMinaral waste form, ffucside prw Option 3.3.2

3.4 IRec.zsitory mtarfaca aaitifies ~3.4
. ,“.a-. ti-” ,...ti- 1 13.4.1 ~

! 1347;3.4.2 IMWF Clualificatiea tasting 1-. . . , , ! 1 I ,

3.4.3 IPerforrnan.a as.sessmanfa I3.4.3 1 I I
’34A

I I I
[Wasta oackaae deveioment la.44 I I I I I [ i

I I I I I I I I I

TOTALS 367 I 74754 I 15700 I 2001 SC650 3721 76WOI 14700[ 21OOI 926Q0

I I I I I
Pmfau Year ->

lv@-s luSHElLa~Cost12~atedat

21

W-> [ 2019 2020

WBS I Resaarch Task Ceeaipfkm
capital Total cOSt us HE Lahzr Material capital Total coat

(SK) Cost (SK) Cest (SK) ($0 Cost (SK) Coat (SK) Cost (SK) (SK)

ATWsepcostest.xle


