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The waste management strategy of partitioning and transmutation is currently the cutting edge
development of nuclear technologies, which has been intensively researched over the last several decades, as it is
highlighted in the following two excerpts on the history of partitioning and transmutation given below.

“Nuclear Partitioning and Transmutation is one of the
most promising fields of nuclear technology. We expect that
partitioning and transmutation technology would contribute
to the enhancement of the efficiency of high-level waste
disposal and the utilization of resources in the spent fuel. We
believe that the basic research and development effort in this
field would be beneficial for the future generations although
it is not quite an alternative to the present back-end policy”
[1]. These are the words of T. Yamamoto of the Atomic
Energy Bureau Science and Technology Agency, taken
from the welcome address at the First International
Information Exchange Meeting on Actinide and Fission
Product Separation and Transmutation (IEM P&T) 1990 in
Mito, Japan. This meeting initiated a series of exchange
meetings organized by the Nuclear Energy Agency (NEA),
with the 15 Information Exchange Meeting recently held
in Manchester, UK. The NEA is an agency, specialized in
the support of the development of nuclear systems, within
the Organization for Economic Co-operation and Develop-
ment (OECD).

“One of the greatest challenges in the use of nuclear energy
is the highly radioactive waste which is generated during
power production. It must be dealt with safely and effectively.
While technical solutions exist, including deep geological
repositories, progress in the disposal of radioactive waste
has been influenced, and in many cases delayed, by public
perceptions about the safety of the technology. One of the
primary reasons for this is the long life of many of the
radioisotopes generated from fission, with half-lives on the
order of 100,000 to a million years. Problems of perception
could be reduced to an essential degree if there were a way to
burn or destroy the most toxic long-lived radioactive wastes
during the production of energy” [2]. These are the words of
Victor Arkhipov a consultant in the IAEA division of nuclear
power and the fuel cycle, in the nuclear power technology
development section which highlights the importance of
the topic for the future acceptance of nuclear technologies,
published in the IAEA Bulletin number 39 in 1997.

The discussion of partitioning & transmutation of nuclear
waste, mainly concerning transuranic nuclides, is a
phenomenon which received a large amount of attention
in the late 1980’s and early 1990’s. The increasing
importance of the topic is reflected by the creation of the
Information Exchange Meeting on P&T organized by the
NEA every second year, as outlined in the previous section.
The title of the meeting ‘Exchange Meeting on Actinide
and Fission Product Separation and Transmutation’
already points out that the vision of P&T is much larger
than just recycling and burning Plutonium. However, the
first experiments to insert minor actinides containing fuel

into nuclear reactors to burn these isotopes are much
older. “In the 70’s, minor actinide (Np, Am) containing
mixed oxide fuels were designed and successfully irradiated in
fast reactors: KNK Il and PHENIX. The composition of the fuel
covered the homogeneous as well as the heterogeneous recycle
of minor actinides” [4].

The first strong push to the technology of partitioning &
transmutation (P&T) of transuranium isotopes has been
given by two important international projects: the OMEGA
program in Japan and the CAPRA/CADRA project in
France. The OMEGA program, launched in 1988: “In
addition, the Japan’s Atomic Energy Commission submitted
in October 1988 a report entitled “Long-Term Program for
Research and Development on Nuclide Partitioning and
Transmutation (P&T)”, from the viewpoints of conversion of
HLW into useful resources and its disposal efficiency. The
program plots a course for technological development up to
the year 2000 and is called “OMEGA” which is the acronym
derived from Options for Making Extra Gains from Actinides
and fission products” [5] is the first major project related to
P&T. Shortly after the OMEGA program, the CAPRA/
CADRA project started in France in the begin of the 1990’s:
“CAPRA/CADRA was created in response to the 1991 French
law which mandated a 15-year research programme to
investigate the technical options available for the nuclear fuel
cycle in France” [6] with the aim to investigate future
opportunities to apply fast reactors for the burning of
excess plutonium. In contrast to the Japanese OMEGA pro-
ject focused on partitioning as well as on transmutation,
the French CAPRA/CADRA project was only dedicated to
transmutation, with a major focus on the reuse and incin-
eration of Plutonium in Superphenix. “The potential of fast
reactor systems to burn plutonium and minor actinides
(MAs) (Np, Am, Cm) is studied within the CAPRA/CADRA
program (Barré, 1998)'. CAPRA mainly deals with managing
the plutonium stockpile and CADRA is related to the burning/
transmutation of MAs and long-lived fission products” [7].
The next major step in Europe was the launch of the
Integrated Project EUROTRANS as a part of the 6™ EU
Framework Program (FP). “Among the prior research and
development topics of EURATOM 6th Framework Programme
is the management of high-level nuclear wastes. In particular,
the development of technical solutions of nuclear waste
management is considered important” [8]. IP EUROTRANS
has been followed by a large number of smaller projects in
FP 7 and now in HORIZON 2020. The focus is on specific
problems related to partitioning and transmutation or
integrated into projects with a wider focus like fast reactor
development.

Avery specific project has been undertaken in Germany
following the nuclear phase out decision taken in 2011.
The Federal Ministry for Economic Affairs and Energy
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(BMWi) and the Federal Ministry of Education and
Research (BMBF) launched a comprehensive study
managed by the National Academy of Science and
Engineering (acatech) to create a robust scientific basis for
an evidence based approach on the future of the P&T re-
search under the boundary conditions of the nuclear phase
out. The study consists of two parts: the first part
is concerned with technological issues (,Studie zur
Partitionierung und Transmutation (P&T) hochradio-
aktiver Abfille“ [9]) while the second part is concerned
with an evaluation of chances and risks of the technology
to the society (“Gesellschaftliche Implikationen der Parti-
tionierungs- und Transmutationsforschung” [9]). The
information collected in the German study on P&T [10]
created the basis for the acatech POSITION “Partitioning
and Transmutation of Nuclear Waste. Chances and Risks
in Research and Application (“Partitionierung und
Transmutation nuklearer Abfélle. Chancen und Risiken in
Forschung und Anwendung” [11]). The results of this
study, as well as the acatech POSITION have been
presented at both national [12] and international levels
[13].

At the last International Information Exchange Meeting
on Actinide and Fission Product Separation and Trans-
mutation (IEM P&T) in Manchester in 2018, Russia
announced its commitment to P&T [23]. Their approach
will be based on aqueous reprocessing with downstream
minor actinide separation in the Mayak facility and trans-
mutation in homogeneous or heterogeneous mode in the
sodium cooled fast reactor BN-800. This will incorporate
investments into scaling of BN-800 spent nuclear fuel
(SNF) management process (transportation, storage and
reprocessing) in the first approach, complemented with
the Brest-OD three stage development: 1) the construction
and commissioning of a nitride fuel production facility; 2)
the construction and commissioning of the reactor itself;
and 3) the spent nuclear fuel reprocessing facility. In the
same time, the long-term research will focus on minor
actinide burning in molten salt reactors.

Partitioning & Transmutation cannot be seen as a single
process. In fact, it is a whole chain of interlinked processes
which have to be worked through in a cyclic way, see
Figure 1. The whole chain of the process has been followed
for the successful lab scale demonstration of the feasibility
of Partitioning & Transmutation using French facilities
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for reprocessing, fuel production and the sodium cooled
fast reactor Phenix [14]. However, it has to be kept in mind
that almost each of the steps of demonstration is based on
technologies which have been available at this time, even if
developed for another purpose - the production and the
separation of Plutonium.

The introductory step into the technology is what is
currently known as aqueous reprocessing amended with
some downstream processes to recover Americium. The
discussion about reinsertion of Curium into the reactor has
been at least postponed due to the challenges in the
radiation protection during fuel production. The opening
step: classical aqueous reprocessing of LWR fuel, is
currently commercially performed on industrial level in at
least three facilities, in France at La Hague, in Russia in
Mayak, and in the THORP facility at the Sellafield site in
the UK which has just been finished operation. There have
been several downstream processes and advanced
reprocessing flow sheets developed on lab scale. The down
selection of possible processes for a future industrial
application is currently part of the GENOIRS Horizon
2020 project [20]. Different styles of transmutation fuels
have been produced, irradiated, and examined in IP
EUROTRANS and several follow up projects [21, 22]. How-
ever, all these processes have only been demonstrated in
laboratory scale and even the production of mixed oxide
fuels (MOX) with plutonium loadings required for fast
reactor operation has never been brought from the pre-
industrial level used for the fuel production of Super-
phenix to the industrial level. New Russian studies [19] on
the expected cost and the cost structure of closing the fuel
cycle point out that the production of high loaded MOX
will be a major cost driver. The study indicates that the
front-end cost (fuel production) versus back end cost
(reprocessing) will be shared ~75% to 25% based on the
application of currently available technologies in Russia.
The cost of Americium bearing fuels will be even higher
due to the lack of experience. However, cost is only one
of the challenges. Another important point is addressing
the high radiation exposure [23] associated with the
production of Americium targets (i.e. fuel rods with a high
Americium content). It will require fully remote (auto-
mated) fuel fabrication and handling technologies due to
an increase of the radiation exposure from the fuel
assembly by a factor of ~100 compared to standard fast
reactor MOX fuel, based on data given in [23].

Transmutation of transuranic (TRU) isotopes like
Plutonium, Americium or Curium could theoretically be
achieved in any kind of nuclear reactor where a high
enough neutron flux is available for efficient burning.
However, studies have shown that the efficiency of
the transmutation process depends significantly on the
amount of fast neutrons available in the specific reactor.
“The fission/absorption ratios are consistently higher for
the fast spectrum SFR. Thus, in a fast spectrum, actinides
are preferentially fissioned, not transmuted into higher
actinides” [26]. Thisis due to the strong energy dependence
of the relation between the fission and the absorption cross
sections. This relation thus depends strongly on the
average neutron spectrum available in a specific nuclear
reactor. The mentioned fission-to-absorption ratio
describes the probability of a desired fission event — which
will destroy the TRU isotope, compared to an undesirable
absorption event — which will only lead to breeding of a
heavier TRU isotope. Studies have shown a significant
difference between the PWR and the SFR, with regard to
transmutation efficiency [26]. In the PWR the main
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isotopes which have a high fission-to-absorption ratio are
U-235, Pu-239, and Pu-241. Thus these isotopes have a
high probability to undergo a fission reaction. Typical
other isotopes (Np-237, Pu-238, Pu-240, Pu-242, Am and
Cm) indicate a low or very low fission-to-absorption ratio,
thus these isotopes have a high probability to undergo an
absorption reaction leading to a breeding process. In the
fast neutron spectrum, almost all transuranium isotopes
show a significantly higher fission-to-absorption ratio than
in thermal reactors. This demonstrates that a fast neutron
spectrum reactor, is essential to achieve reasonable
transmutation rates for TRU isotopes.

Different kinds of fast reactors can be dedicated for the
transmutation of TRU isotopes. Up to now only sodium
cooled fast reactors have been envisaged and used for the
demonstration of closing the nuclear fuel cycle as well as
for the demonstration of transmutation, due to their
availability - mainly the Phenix reactor in France — and due
to the experience in the operation of this reactor type [14].
However, two problems have to be highlighted: 1) It would
be necessary to demonstrate an industrial level of fast
reactor operation, employing a closed fuel cycle whilst
applying transmutation, but these efforts have received a
significant setback due to the decision to delay the
industrial demonstration of SFR technology to 2080 in the
ASTRID project [25]; and 2) The insertion of trans-
mutation fuel, mainly a high amount of Americium, will
have a significant effect on reactor stability and thus
operability. “Increasing the minor actinide content [in a SFR
core] enforces the positive coolant temperature and sodium
void effect. Additionally, the absolute value of the negative
Doppler effect and the delayed neutron fraction are decreased
as well as the melting temperature of the MOX fuel. These
changes degrade system safety, making the enhancement of
the feedback effects mandatory for a transmutation system to
enable it to attain the safety characteristics comparable to
those of a classical SFR” [14].

The first step which would be required to demonstrate
P&T technology at an industrial level by completing
the cycle for Pu, thus demonstrating closed fuel cycle
operation, since plutonium forms more than 90% of the
transuranic nuclides which are produced during LWR
operation. However, due the reconfiguration of the
ASTRID project, the objective of industrial demonstration
pertaining to closed fuel cycle operation, has been post-
poned until 2080. This will create uncertainties related to
deployment due to the unavailability of any fast reactor
irradiation facility for future steps related to the demon-
stration of Americium incineration in Europe. This delay
will impact on the reprocessing of Americium bearing
fuel/targets, too. There are two limitations, firstly there is
no driver for the development and the manufacturing of
Americium bearing fuel when it cannot be irradiated, and
secondly there will be no irradiated fuel available for hot
lab tests to develop the technology required for the specific
fuel form which is not yet decided for.

To summarise, it becomes clear that the demonstration
of P&T technology at the lab-scale has been deployed
successfully. However, most of the steps have been based
on technologies which have not been designed for the
purpose. The demonstrations have been based on alter-
native application and extension of existing equipment
like aqueous reprocessing and the sodium cooled fast
reactor PHENIX. A major question for the future is how
to proceed with the application of P&T technology at the
pre-industrial and later industrial level. One should
recognise the enormous challenges moving from small

scale to large scale particularly in applications where the
uncertainties and the required investments are high. In
this case we cannot predict accurately enough how the
performance at scale will be influenced by small imper-
fections in the technological solution at the lower scale.
Here the lack of a credible demonstrator at scale is laid
bare. This leads directly to the major question for the
future: Is it the right way to base the future development
on existing technologies and solve the massive challenges
or should cutting edge research in nuclear be focused on
developing a system specially dedicated to the require-
ments of P&T?

To answer this question, we need to have a more holistic
view of the socio-economic costs of each proposed solution.
This is a much greater problem than a business deciding
what product to bring to market. Here we have to pose the
question — how much society is willing to ‘loose’ (in the
form of an unattractive investment) to make a problem
safe or to avoid another ‘imperfect’ solution which is seen
as a worse choice by the society. P&T needs to beat the next
best option for the problem to be viable.

The following Figure 2 is used to collate the key challenges

of P&T based on the current technologies, which are:
The challenge in partitioning relates to the demand for
very high recovery rates for the TRUs requiring multi-
stage processes. However, these recovery rates are
essential to avoid a carryover and accumulation of
TRUs in the waste stream which would reduce the
effects of P&T on the final disposal. In addition, repro-
cessing and especially the downstream processes form
a costly challenge both for the development as well as
for the application.
The challenge in solid fuel production is due to the very
high cost and significant increase in radiation levels
during fuel production and handling. The high
radiation levels will require remote handling and
manufacturing technologies [23].
The challenge in transmutation is the requirement for a
solid fuelled fast reactor where the right balance
between efficiency (requiring a high Pu and minor
actinide content in the core) and the effect of the TRUs
on reactor stability [27]. In addition, the currently high
cost of fast reactor technology and the relatively limited
experience in operating these reactors at demonstrator
level also create further uncertainties.

Partitioning
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The challenge of the whole cycles lies in the request for

a multiple recycling scheme since only a part of the

TRUs or minor actinides can be transmuted during one

operational cycle of a fuel assembly. The multi-recycling

requirement will demand to run through the whole
costly system in a multiple way accumulating cost and
time while creating a huge number of handovers with
each handover creating a proliferation risk. However,
there is another limiting factor which has a conse-
quence for the whole system, this is the accumulation of
losses which depends on the one hand on the losses in
the partitioning and the fuel production and on the

other hand on the efficiency of the transmutation [24].

Thus the multi-recycling request poses high challenges

onto the separation chemistry and fuel production as

well as on the reactor design. In addition, multi-
recycling will lead to a significant mass of fuel being
resident in the fuel cycle due to the requested times for
cooling, reprocessing, and fuel manufacturing.
Based on the mentioned challenges, it is important to at
least consider other advanced technologies and proposals
relating to how P&T technology could be made accessible
without requiring a costly engineering solution for the
above challenges. Recently, two different approaches have
been proposed in the acatech POSITION [11] which has
been developed in the aftermath of the acatech P&T Study
[10]. The proposed solutions are either the application of
accelerator driven systems (ADS) for transmutation or the
application of molten salt reactor technologies for the
whole P&T process.

In our view the application of ADS systems for trans-
mutation has the potential to improve the transmutation of
TRUs since due to the promised enhanced neutron physical
reactor stability and the external neutron supply, a
higher load of TRUs is possible which has the potential
to improve the efficiency of the transmutation as well
as to reduce the number of multi-recycling cycles.
However, this approach tackles only the reactor part of
the quadrangle and effects slightly the multi-recycling. A
more comprehensive view onto the problem with the focus
of avoiding most of the challenges leads to the application
of molten salt reactors for P&T [15, 16, 17] since a liquid
fuelled reactor offers the opportunity to integrate major
parts of the fuel cycle into the reactor while avoiding
some of the major challenges associated with solid fuel
production. Taking into account all advantages of a liquid
fuel technology associated with molten salt reactors, leads
to the recognition that the molten salt fast reactor approach
has the potential to eliminate some of the most costly steps
of the P&T technology. If a molten salt reactor would be
used, solid fuel production, one of the major cost drivers as
well as one of the major time consuming research
challenges would be eliminated and replaced by another
process. The approach focuses research into another tech-
nology that may offer a superior solution based on current
research priorities in nuclear technology. One of the
keys to making of MSR technology available would be to
produce nuclear fuel in the salt phase like, as is already
required for the advanced reprocessing relying on pyro
processes. Pyro processes are already under research in
several countries, including in the UK as part of the REFINE
project [28].

The challenges in the reactor are partly reduced since a
homogeneous system is employed with the fuel dissolved
within the coolant. These systems provide much stronger
feedback effects than solid fuelled fast reactors since in
the case of an appropriate design, the amount of fissile
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material in the core is reduced when the density is reduced
due to temperature increase which will allow a significant-
ly higher loading of transuranic nuclides as long as the sol-
ubility of the transuranics in the carrier salt can be assured.
In

addition, there is neither an inhomogeneous core com-
position like it would be the case in heterogeneous
Americium burning using targets nor a problem
with the fission gas accumulation in the fuel pellets and
rods which limits the burnup of minor actinides due
to the pressure increase in the fuel rods. However,
due to the release of the fission gas directly in the
liquid fuel most probably a reliable off-gas treatment
with the demands on a safety grade system will have
to be operated.

The challenges of the multi-recycling will be eliminated
completely in a molten salt reactor, since in these kinds of
reactors, the salt has to be cleaned in an online process.
This means a small share of the salt will be continuously
withdrawn from the operating reactor. This stream will be
cleaned from the fission products which prevent the
reactor from achieving long term operability and the
cleaned stream will be fed back into the reactor. This
reduces the proliferation risk significantly if the processes
are designed in an appropriate way since the fissile
material will stay in the solution, the plutonium quality
will always be reduced due to the mixing of all materials
and the handovers of fissile material are eliminated.
However, it has to be mentioned that the required clean-up
processes have to be developed following a completely
new approach, instead of the separation of fissile materials
like in the conventional reprocessing, the new processes
have to be designed to separate specific isotopes like
Neodymium and Caesium which cause almost 50% of the
effect on criticality, with Zirconium and Samarium causing
further 30% of the fission product effect on criticality [29].
Nevertheless, a successful design of the salt clean-up sys-
tem will eliminate the step of partitioning of fast reactor
fuel completely since there is no demand to separate fissile
material to produce new, clean fuel. In contrast, all materi-
al which is foreseen for transmutation will stay in the reac-
tor until the nuclei have undergone a fission process.

The manuscript has been opened with the remark
that P&T is the cutting-edge research topic of nuclear
technology and that the lab scale demonstration of the
technology has been accomplished successfully. In general,
if we intend to get the technology into an industrial
application, which will be required if we intend to reduce
the long term challenges in final disposal, a significant
amount of research and development work will be required
[11]. Tt is now on the community to define the ideal
strategic approach which will in our view require a careful
evaluation of the available approaches to identify the ideal
approach. All approaches require a strong development
demand to achieve industrial application and the research
community will have to face a wide set of new challenges.
However, it will be more promising to invest into tailored
approaches to solve existing problems with innovative
approaches which are ideally based on the application
of already existing skill sets (e. g. nuclear chemistry,
advanced fluid dynamics) taking advantage of technolo-
gical approaches which are already available or under
development in other technologies (e. g. pyro-reprocessing
for fuel production, or off-gas cleaning like in reprocessing
facilities).

Before entering into the next step of development
the community should undergo a strategic development
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process for demand driven research planning [31] with
an unbiased analysis of different options before taking
major investments into R&D. Getting P&T into industrial
application is a very long, time consuming mission
requiring a massive investment even when we would rely
on existing technologies. Why not focus on an improved
solution to direct the future R&D into a more innovative
dimension which promises some clear benefits. The focus
should lie on creating innovative, demand driven solutions
which on the one hand have the potential to provide new
IP and market opportunities while promising the
elimination of some major challenges which would require
very costly engineering solutions. The focus on disruptive
solutions has the potential to bring more innovation
into nuclear technologies which have suffered from a
lack of ground breaking innovation in the last several
decades. The proposed application of molten salt reactors
for transmutation is not a singular view of the authors,
see MA burning in molten salt reactors proposed by
Russia [29] and early proposals to use molten salt reactors
for the burning of weapon grade plutonium in the 1990’s
[33].

All thoughts mentioned up to now have focused on the
issue of developing the P&T technology as a waste
treatment technology separate from the development of
power reactor technology. There are currently clear
reasons for this approach since the current reactor fleets
worldwide are based on light water reactor technology
while P&T will require fast reactor technology. However, a
slight change in the approach to the problem has the
potential to create a new way of thinking. We currently
tend to look at the spent nuclear fuel (SNF) of light water
reactors as waste to be stored safely instead of the common
approach of other industries when developing production
chains - ‘up to now, this is a material we haven’t found the
ideal use for’. On this basis, we have to see SNF as a
resource, a potential energy source for the future. The
same approach can change the recognition of the fission
products, a resource we have to find a better solution or
use. Taking this alternative view and looking into the
future of nuclear hopefully based on closed fuel cycle
operation creates the opportunity to bring the major
nuclear technologies — power production and waste
management — closer together. The last consequences
could be the recently proposed operation of molten salt
reactors directly on spent nuclear fuel originating from
light water reactors without prior reprocessing [30, 31,
32]. This approach has the potential to eliminate the very
costly pre-step into closing the fuel cycle which has all the
time been accepted as unavoidable — the reprocessing of
the LWR fuel - thus eliminating on of the most challenging
and costly hurdles to get closed fuel cycle operation into
future application. Thus, this new approach can ideally
provide society with the advantages of closed fuel cycle
operation without the massive pre-investments into
chemical separation of Plutonium and the related
production of mixed oxide fuel with high plutonium
content. The approach would allow society to solve P&T as
a side effect of a new and disruptive, highly efficient and
sustainable nuclear energy system which could serve as a
reliable low carbon energy source for the world. The
strategic thinking leading to this development and the
process which would have to be established will be
described in another article in the next edition of this
journal [34].

The waste management strategy of partitioning and
transmutation (P&T), encompassing reprocessing and
reactor technology, is currently the cutting-edge develop-
ment of nuclear technologies. It has been intensively
researched over the last few decades with most effort
spent in the I[P EUROTRANS program and several follow
up projects. Almost all required technological steps have
been demonstrated at least at laboratory scale based on
existing technologies like aqueous reprocessing with
added downstream processes, mixed oxide fuel production
and sodium cooled fat reactor operation. However, putting
a deep look into the described challenges faced during
these demonstrations as well as taking an outlook to the
much larger challenges which will appear during upscaling
of the technology to industrial scale gives rise to the
question, ‘Is the chosen way for the demonstration the
right, most efficient way forward or do we need to adopt a
much more disruptive approach?? A detailed discussion of
the key challenges as well as the evaluation of possible
innovative approaches has been given working out
approaches which would be required to make P&T an
attractive choice for real industrial application.

The discussion leads the way to an innovative, demand
driven re-thinking of the whole technological process
typical for solid fuelled reactor systems and their related
fuel cycle. The outcome of this discussion delivers an
approach that avoids the most costly and challenging
process steps associated with the solid transmutation fuel
production by applying a demand driven technology
development using a liquid fuel operated system like a
molten salt reactor specially designed for the challenges of
P&T.

Finally, overcoming frames of the historic separation of
power production and waste management is proposed
by applying wider out of the box thinking to improve
the attractiveness of nuclear technologies. A disruptive
approach of developing a molten salt reactor system with
demand driven salt clean-up directly operating on spent
nuclear fuel is worked out which will offer the potential to
operate a nuclear reactor in closed fuel cycle mode without
requiring prior reprocessing as initial step. Applying this
approach would allow, to make the large energy amount
available which is still contained in spent nuclear fuel,
while the requests of waste management using P&T are
fulfilled as a side effect. Both points together have the
potential to make nuclear one of the most promising
answers to the rapidly rising demand for low carbon
technologies.

[1] Yamamoto T (1990) WELCOME ADDRESS. Proceedings of the First International Information
Exchange Meeting on Actinide and Fission Product Separation and Transmutation 1990,
Mito, Japan https://www.oecd-nea.org/pt/docs/iem/mito90/mit-1-00.pdf, accessed
10.06.2013

[2]  Arkhipov V (1997) Future nuclear energy systems: Generating electricity, burning wastes. IAEA
BULLETIN, 39/2/1997 https://www.iaea.org/sites/default/files/publications/magazines/
bulletin/bull39-2/39204783033.pdf, accessed 27.02.2015

[3]  0i N (1998) PLUTONIUM CHALLENGES - Changing Dimensions of Global Cooperation,
IAEA Bulletin 40-1,Comparing Energy Options, Available http://www.iaea.org/
Publications/Magazines/Bulletin/Bull401/article3.html,
Accessed March 26, 2015

[4]  Koch L (1990) System-immanent Long-lived Radioisotope Transmutation. First International
Information Exchange Meeting on Actinide and Fission Product Separation and Transmutation
1990, Mito, Japan, https://www.oecd-nea.org/pt/docs/iem/mito90/mit-4-01.pdf, accessed
10.06.2013

[5] Nakamura M et al. (1992) Present Status of the Omega Program in Japan. Second International
Information Exchange Meeting on Actinide and Fission Product Separation and Transmutation
Argonne, USA, 1992, https://www.oecd-nea.org/pt/docs/iem/argonne92/arg02.pdf, accessed
10.06.2013

Serial | Major Trends in Energy Policy and Nuclear Power
The Current Status of Partitioning & Transmutation and How to Develop a Vision for Nuclear Waste Management 1 Bruno Merk, Dzianis Litskevich, Aiden Peakman and Mark Bankhead

matw



o
L
@)
o
o
<
L
1
)
)
=z
@)
=
<
>
)
-
O
(a9
>
O
o
L
=
L
=z
wn
@
=z
L
o
'_
o
O
<
=
—
<
o
L
wn

[6]  Plutonium Management in the Medium Term A Review by the OECD/NEA Working Party on the
Physics of Plutonium Fuels and Innovative Fuel Cycles (WPPR), Nuclear Science ISBN 92-64-
02151-5, OECD 2003, http://www.oecd-nea.org/science/docs/pubs/nead451-plutonium.pdf,
accessed 10.06.2013

[7] Vasile Aetal. (2001)The Capra - Cadra Programme”,Proc. ICONE 8, 8th conference on Nuclear
Engineering, April 2-6 2000, Baltimore,US, Professional Engineering Publishing, Suffolk, UK.

[8] Knebel J etal. (2004) IP EUROTRANS: A European Research Programme for the Transmutation
of High Level Nuclear Waste in an Accelerator Driven System. Actinide and Fission Product
Partitioning & Transmutation Eighth Information Exchange Meeting Las Vegas, Nevada, USA
9-11 November 2004, http://www.oecd-nea.org/pt/docs/iem/lasvegas04/11_Session_V/
S5_01.pdf, accessed 10.06.2013

[9]  Studie zur Partitionierung und Transmutation (P&T) hochradioaktiver Abfalle http://doku.uba.
de, accessed 10.06.2013

[10] Renn, Ortwin (Hrsg.): Partitionierung und Transmutation. Forschung - Entwicklung -
Gesellschaftliche Implikationen (acatech STUDIE), Miinchen: Herbert Utz Verlag 2014
http:/ /www.acatech.de/fileadmin/user_upload/Baumstruktur_nach_Website/Acatech/root/
de/Projekte/Laufende_Projekte/Transmutation/PuT_Studie_komplett_2013-10-22.pdf,
acsessed 27.11.2014

[11] acatech (Hrsg.): Partitionierung und Transmutation nuklearer Abfalle. Chancen und Risiken in
Forschung und Anwendung (acatech POSITION), Miinchen: Herbert Utz Verlag 2014 http://
www.acatech.de/de/publikationen/stellungnahmen/acatech/detail/artikel/partitionierung-
und-transmutation-nuklearer-abfaelle-chancen-und-risiken-in-forschung-und-anwend.html,
acsessed 06.03.2015

[12] Merk B, Geist A, Modolo G, Knebel J (2015) Results and Conclusions from the German P&T Study
— A View of the Contributing Helmholtz Research Centres, 46th Annual Meeting on Nuclear
Technology, Berlin

[13] Merk B, Geist A, Modolo G, Knebel J (2014) The German P&T study - results and conclusions
in the view of the contributing Helmholtz research centers, Actinide and Fission Product
Partitioning and Transmutation 13th Information Exchange Meeting, 23.-26.09.2014, Seoul,
Republic of Korea

[14] Merk B, Stanculescu A, Chellapandi P, Hill R (2015) Progress in reliability of fast reactor operation
and new trends to increased inherent safety, Applied Energy 147, 1 June 2015, Pages 104-116

[15] Merk B, Rohde U, Glivici-Cotruta V, Litskevich D, Scholl S (2014) On the Molten Salt Fast Reactor
for Applying an Idealized Transmutation Scenario for the Nuclear Phase Out’, PLoS ONE 9(4):
€92776. doi: 10.1371/journal.pone.0092776 (2014). PMID: 24690768

[16] B. Merk, D. Litskevich: “Transmutation of All German Transuranium under Nuclear Phase Out
Conditions - Is This Feasible from Neutronic Point of View?", PLOS ONE, DOI: 10.1371/journal.
pone.0145652

[17] B. Merk, D. Litskevich: “On the Burning of Plutonium Originating from Light Water Reactor Use in
a Fast Molten Salt Reactor—A Neutron Physical Study’, Energies 2015, 8, 12557-12572;
doi:10.3390/en81112328

[18] acatech (Ed.): Partitioning and Transmutation of Nuclear Waste. Opportunities and Risks in
Research and Application (acatech POSITION PAPER), Munich 2014. http://www.acatech.de/
fileadmin/user_upload/Baumstruktur_nach_\Website/Acatech/root/de/Publikationen/
Stellungnahmen/acatech_EN__POS_Transmutationsforschung.pdf

[19] V. Dekusar, V. Usanov , A. Yegorov: "Comparative Analysis of Electricity Generation Fuel Cost
Component at NPPs with WWER and BN-type Reactor Facilities, International Conference on
Fast Reactors and Related Fuel Cycles: Next Generation Nuclear Systems for Sustainable
Development (FR17) Yekaterinburg, Russian Federation, 26 — 29 June 2017, available:
https://www-legacy.iaea.org/NuclearPower/Downloadable/Meetings/2017/2017-12-12-12-
12-NPTDS-test/FR17_WebSite/papers/FR17-435.pdf, accessed 26/02/2019

[20] GENIORS - GEN IV integrated oxide fuels recycling strategies, available: http://www.geniors.eu/,
accessed 26/02/2019

[21] Somers, J.: ,Fabrication of Fuel and Recycling of Minor Actinides in Fast Reactors".In: Science and
Technology, Volume 73,2010, S. 97-103.

[22] Delage, F./Arai, Y./Belin, R./Chen, X.-N./ D'Agata, E./ Hania, R./Klaassen, F./Maschek, W./
Oigawa, H./Ottaviani, J. P./Rineiski, A./ Sobolev, V./Somers, J./Staicu, D./Thetford, R./Wallenius,
J./Wemli, B.: Minor-Actinides Transmutation in an Accelerator Driven System Prototype: Results
from Fuel Developments within the European Program EUROTRANS, IEMPT11, San Francisco, CA,
1.-4. November 2010.

[23] A. Khaperskaya, Khomyakov Yu, Shadrin A, Feinberg O.,Conceptual approaches and the main
directions of R & D on partitioning and transmutation of minor actinides and long-lived fission
products in the Russian Federation State atomic energy corporation “Rosatom’, Manchester ,
15th International Exchange Meeting on Partitioning and Transmutation 2 October 2018
Manchester

[24] Magill, J & Berthou, V & Haas, D & Galy, J & Schenkel, R & Wiese, H.-W & Heusener, G &
Tommasi, J & Youinou, G. (2003). Impact Limits of Partitioning and Transmutation Scenarios on
Radiotoxicity of Actinides in Radioactive Waste. Nuclear Energy-journal of The British Nuclear
Energy Society - NUCL ENERG-J BRIT NUCL ENERG. 42. 263-277. 10.1680/nuen.42.5.263.37622.

[25] E. Abonneau: Astrid Project Overview, 3rd ASTRID Fast Reactor Seminar - Civil Engineering and
Construction plus ZEPHYR — CEA's Zero power Experimental PHYsics Reactor, Birmingham
University, Wednesday 31st January 2018

[26] Massimo Salvatores: Neutronics for critical fission reactors and sub-critical fission in hybrids,
WORKSHOP ONFUSION FOR NEUTRONS ANDSUB-CRITICAL NUCLEAR FISSIONFUNFIVilla
Monastero, Varenna, Italy, September , 2011

[27] B. Merk: Moderating Material to Compensate the Drawback of High Minor Actinide Containing
Transmutation Fuel on the Feedback Effects in SFR Cores, Science and Technology of Nuclear
Installations, Volume 2013, Article ID 172518, http://dx.doi.org/10.1155/2013/172518

[28] REFINE: A coordinated materials programme for the sustainable REduction of spent
Fuel vital In a closed loop Nuclear Energy cycle, UKRI, avaialble: https://gtr.ukri.org/
projects?ref=EP%2FJ000779%2F1, accessed 02/04/2019

[29] Merk B, Litskevich D, Gregg R, Mount AR (2018) Demand driven salt clean-up in a molten salt
fast reactor — Defining a priority list. PLoS ONE 13(3): €0192020. https://doi.org/10.1371/
journal.pone.0192020

[30] Merk B., Litskevich D., Whittle K. R., Bankhead M., Taylor R., Mathers D.:"On a Long Term
Strategy for the Success of Nuclear Power", ENERGIES, 8(11), 12557-12572.

[31] Merk B, Litskevich D., Bankhead M., Taylor R.:"An innovative way of thinking Nuclear Waste
Management-Neutron physics of a reactor directly operating on SNF*, PLOS ONE July 27,

2017, https://doi.org/10.1371/journal.pone.0180703

[32] Bruno Merk and Ulrich Rohde; Transmutation von Transuranen unter den Randbedingungen des

Kernenergieausstiegs — Technisch machbar?, ATW 259 (4) 2016

Serial | Major Trends in Energy Policy and Nuclear Power

atw Vol. 64 (2019) | Issue 5 1 May

[33] URIGAT and J. R., ENGEL, H. L. DODDS MOLTEN SALT REACTORS FOR BURNING DISMANTLED
WEAPONS FUEL, TECHNICAL NOTE, Nuclear Technoloy Vol. 100, Dec. 1992, available:
http://moltensalt.org.s3-website-us-east-1.amazonaws.com/references/static/
home.earthlink.net/bhoglund/uri_MSR_WPu.html, accessed July 15th, 2015

[34] B. Merk et al:iMAGINE - A disruptive change to nuclear or how can we make more out of the
existing spent nuclear fuel and what has to be done to make it possible in the UK?,
to be published in atw 6/7-2019

Authors Bruno Merk
Dzianis Litskevich

University of Liverpool,
School of Engineering,
L69 3GH,

United Kingdom

National Nuclear Laboratory,
Chadwick House,
Warrington,

WAS3 6AE,

United Kingdom

Aiden Peakman
Mark Bankhead

National Nuclear Laboratory,
Chadwick House,
Warrington,

WA3 6AE,

United Kingdom

The Current Status of Partitioning & Transmutation and How to Develop a Vision for Nuclear Waste Management 1 Bruno Merk, Dzianis Litskevich, Aiden Peakman and Mark Bankhead



	Welcome Addresses for the 50th Annual ­Meeting on Nuclear Technology (AMNT 2019)
	DAtF Notes
	Why Europe Should Put More Focus on Nuclear R&D and Fast Breeder Reactors

	Calendar
	Feature | 60 Years DAtF (German Atomic Forum)
	Atomkraft: „Nein danke.“ „Ja bitte.“

	Spotlight on Nuclear Law
	Atomgesetz-Novelle zur nuklearen ­Anlagensicherung geplant

	Serial | Major Trends in Energy Policy and Nuclear Power
	The Current Status of Partitioning & Transmutation and How to Develop a ­Vision for Nuclear Waste Management 
	A World’s Dilemma ‘Upon Which the Sun Never Sets’: The Nuclear Waste Management Strategy: Russia Part 2

	PARCS-Subchanflow-TRANSURANUS Multiphysics Coupling for High Fidelity PWR Reactor Core Simulation: Preliminary Results
	Guideline to Prepare a Preliminary ­Decommissioning Plan for Nuclear ­Facilities in Republic of Korea
	Special Topic | A Journey Through 50 Years AMNT
	Ja zur Kernenergienutzung in ­internationaler Sicherheitspartnerschaft

	KTG Inside
	Statistics
	Nuclear Power Plants: 2018 atw Compact Statistics

	News
	Report
	Operating Results 2018

	Nuclear Today
	Proposals to ‘Evolve’ Euratom Treaty Should Be Handled with Care

	Atomkraft: „Nein danke.“ „Ja bitte.“
	Serial | Major Trends in Energy Policy and Nuclear Power
	The Current Status of Partitioning & Transmutation and How to Develop a ­Vision for Nuclear Waste Management 
	Bruno Merk, Dzianis Litskevich, Aiden Peakman and Mark Bankhead

	A World’s Dilemma ‘Upon Which the Sun Never Sets’: The Nuclear Waste Management Strategy: Russia Part 2
	Mark Callis Sanders and Charlotta E. Sanders 


	Special Topic | A Journey Through 50 Years AMNT
	Ja zur Kernenergienutzung in ­internationaler Sicherheitspartnerschaft
	Klaus Töpfer


	Report
	Operating Results 2018




