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Foreword

Prof. Dr. Horst Geckeis
Director of the Institute for Nuclear Waste Disposal

2014 was another very important and successful year for the Institute for Nuclear Waste Disposal. In spring 2014
the R&D activities of INE within the Helmholtz Program “Nuclear Waste Management and Safety as well as
Radiation Research (NUSAFE)” were reviewed for the third time in the course of the “Program Oriented Fund-
ing (POF)” evaluation. The members of the international review panel stated clearly that the research results as
well as the proposed research strategy in the field of nuclear waste management are “outstanding and on a world-
class level” (extracted from: NUSAFE evaluation report). This very positive rating of INE research stated by
internationally accepted experts provides an ideal basis and a strong motivation to start into the new POF period
starting from beginning 2015 and running for 5 years.

The scientific report in hand again shows features of INE research activities: Projects are strongly embedded into
national and international collaborative projects and range from applied technology development to very funda-
mental science partly applying state-of-the-art spectroscopic techniques and theoretical approaches. Topics span
from aquatic environmental radionuclide science, waste conditioning, separation chemistry and radiation protec-
tion issues. INE-scientists are involved in teaching activities and the organization of international workshops and
conferences on various topics related to our research. Numerous publications in peer-reviewed international
journals and presentations at international conferences document their visibility.

In addition, INE has expanded its portfolio to two new research fields. Dr. Eva Schill will set up a working group
for research activities in the field of “Geoenergy”. Prof. Dr. Sascha Gentes heads the group “Decommissioning
of Conventional and Nuclear Facilities” at the Institute for Technology and Management in Construction and
will be integrated with part of his nuclear decommissioning activities into the INE research program. Both re-
search fields together with the investigations related to nuclear waste disposal and radiation protection are per-
fectly in line with the German “Energiewende” policy. Our research contributes to various aspects of a safe nu-
clear phase-out strategy in Germany and to the safe utilization of regenerative geoenergy sources such as geo-
thermal energy.

By the end of 2014 Dr. Klaus Gompper the long-standing deputy director of INE and head of the department
“Scientific/Technical Coordination, Analytical Chemistry” left the institute. Dr. Gompper can look back on a
successful career and I would like to thank him for his support and tireless dedication to our institute.

His successor is Prof. Dr. Thorsten Schifer who was appointed as KIT Professor within the Department of Civil
Engineering, Geo and Environmental Sciences in 2014. Prof. Schifer is teaching in the field of environmental
geology and at INE he is heading the department of Geochemistry.

Since 2013 KIT-INE is founding member of the “Deutsche Arbeitsgemeinschaft fiir Endlagerforschung
(DAEF)”. As a major event, the first international conference “Key Topics in Deep Geological Disposal”, was
organized in 2014 with INE being part of the local organizing team. This conference provided an excellent and
comprehensive overview of all central aspects in the field of deep geological disposal. The interdisciplinary
approach with experts from scientific, technical and sociotechnical disciplines represented an ideal platform for a
fruitful exchange and new ideas.

Finally, I would like to express my gratitude to our numerous partners, visitors and collaborators. Last, but not
least, I extend a sincere thank you to the entire staff of INE for their dedication in both scientific activities and in
administrative and technical support.
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1 Introduction to the Institute for Nuclear Waste Disposal (INE)

The Institute for Nuclear Waste Disposal, INE,
(Institute for Nuclear Waste Disposal) at the Karls-
ruhe Institute of Technology KIT performs R&D
focusing on

(i) Long-term safety for nuclear waste dis-
posal

Immobilization of high-level radioactive
waste (HLW)

Separation of minor actinides from HLW
Radiation protection

(i)

(iii)

(@iv)
In 2014 two new research activities were integrated
into the portfolio of INE. A new department for
‘decommissioning of nuclear and conventional
facilities’ and a new working group ‘geoenergy’
will be set up at INE.

All R&D activities of KIT-INE are integrated into
the program Nuclear Safety Research within the
KIT-Energy Center. INE contributes to German
provident research for the safety of nuclear waste
disposal, which is the responsibility of the Federal
Government.

Following the decision taken by Germany to
phase out the use of nuclear energy, the safe dis-
posal of long-lived nuclear waste remains as a key
topic of highest priority. Projections based on
scheduled operation times for nuclear power plants
(Amendment to the German Atomic Energy Act,
August 2011) in Germany, indicate that a total of
about 17,770 tons of spent nuclear fuel will be
generated. About 6,670 tons have been shipped to
France and the UK until 2005 for reprocessing, to
recover plutonium and uranium. The resulting high-
level radioactive waste (HLW) was vitrified and
was/will be transferred back to Germany. Conse-
quently, two types of high-level, heat producing
radioactive waste have to be disposed of safely:
spent fuel and vitrified high-level waste from re-
processing (HLW glass). The disposal of low- and
intermediate level waste present in much larger
quantities likewise needs to be addressed.

Over the last decades, a consensus within the in-
ternational scientific/technical community was
established, clearly emphasizing that storage in
deep geological formations is the safest way to
dispose of high-level, heat producing radioactive
waste. Disposal concepts with strong passive safety
features ensure the effective protection of the popu-
lation and the biosphere against radiation exposure
over very long periods of time. The isolation and
immobilization of nuclear waste in a repository is
ensured by the appropriate combination of redun-
dant barriers (multi-barrier system).

Long-term safety research for nuclear waste
disposal at KIT-INE establishes geochemical ex-
pertise and models to be used in the disposal Safety
Case, focusing primarily on the detailed scientific

description of aquatic radionuclide chemistry in the
geochemical environment of a repository. Work
concentrates on the disposal of spent fuel and
HLW-glass in the relevant potential host rock for-
mations currently considered: rock salt, clay and
crystalline rock formations. Actinides and long-
lived fission products play a central role, as they
dominate HLW radiotoxicity over long periods of
time. Long-lived anionic fission products are like-
wise investigated as significant contributors to the
maximum radiation dose projected for relevant
scenarios.

Thermomechanical studies are performed at INE,
in order to describe the evolution of the constructed
repository after closure. Relevant long-term scenar-
ios for nuclear repositories in deep geological for-
mations have to take into account possible radionu-
clide transport via the groundwater pathway. Possi-
ble groundwater intrusion into emplacement cav-
erns is assumed to cause waste form corrosion and
eventually radionuclide release. Radionuclide mo-
bility is then determined by the various geochemi-
cal reactions in complex aquatic systems: i.e. disso-
Iution of the nuclear waste form (HLW glass, spent
fuel), radiolysis phenomena, redox reactions, com-
plexation with inorganic and organic ligands, col-
loid formation, surface reactions at mineral surfac-
es, precipitation of solid phases and solid solutions.

Prediction and quantification of all these process-
es require fundamental thermodynamic data and
comprehensive process understanding at the molec-
ular scale. Radionuclide concentrations in relevant
aqueous systems typically lie in the nano-molar
range, which is exceedingly small in relation to
main groundwater components. Quantification of
chemical reactions occurring in these systems re-
quire the application and development of advanced
sophisticated methods and experimental approach-
es, to provide insight into the chemical speciation
of radionuclides at trace concentrations. Innovative
laser and X-ray spectroscopic techniques are con-
tinuously developed and applied to this end. A
specialized working group performing state-of-art
theoretical quantum chemical calculations for acti-
nide chemistry support both interpretation of exper-
imental results and optimized experiment design.

The long-term safety of a nuclear waste repository
must be demonstrated by application of modeling
tools on real natural systems over geological time
scales. Geochemical models and thermodynamic
databases are developed at INE as a basis for the
description of radionuclide geochemical behavior in
complex natural aquatic systems. The prediction of
radionuclide migration in the geosphere necessi-
tates coupled modeling of geochemistry and
transport. Transferability and applicability of model
predictions are examined by designing dedicated



laboratory experiments, field studies in under-
ground laboratories and by studying natural analog
systems. This strategy allows to identify and ana-
lyze key uncertainties and continuously optimize
the developed models.

Within the R&D topic immobilization of high-
level radioactive waste, INE contributes to the
decommissioning of nuclear facilities. The core
process technology for the Vitrification Plant
(VEK) on the site of the former Karlsruhe Repro-
cessing Plant (WAK; located at KIT Campus
North) has been developed by INE. The vitrifica-
tion technology developed at INE is highly compet-
itive on an international level. INE was involved in
designing and building core components of a vitri-
fication plant being currently built within coopera-
tion with a German industrial consortium in China.

The Partitioning & Transmutation (P&T) strategy
is pursued and developed in many international
research programs and is very controversially dis-
cussed. INE research activities in this field are
focused on the partitioning step, i.e. separation of
minor actinides from HLW. The R&D aims to
develop efficient separation processes for minor
actinide for subsequent transmutation into short-
lived or stable fission products. INE develops high-
ly selective extracting agents and performs experi-
ments to derive kinetic and thermodynamic data to
assess and optimize extraction reactions. R&D
spans experimental, analytical and theoretical work,
dedicated to understanding extraction ligand selec-
tivity on a molecular scale. INE contributed as well
to an interdisciplinary project coordinated by the
National Academy of Science and Engineering
(ACATECH) to critically discuss the use of P&T
under the specific German boundary conditions.

The R&D topic radiation protection at INE fo-
cuses on the assessment of radiation exposures to
human beings by estimating doses either from ex-
ternal radiation fields or from incorporation of
radionuclides. The strategy driving this work is to
provide techniques and models for an individual-
ized dosimetry, which goes beyond the current
approach of applying reference models in dose
assessments. R&D is extended to simulate and to
assess radiation exposure to workers in nuclear
waste disposal facilities. Work is performed in
close cooperation with the KIT safety management
SUM.

INE laboratories are equipped with all necessary
infrastructures to perform radionuclide/actinide
research, including hot cells, alpha glove boxes,
inert gas alpha glove boxes and radionuclide la-
boratories. State-of-the-art analytical instruments
and methods are applied for analysis and speciation
of radionuclides and radioactive materials. Ad-
vanced spectroscopic tools exist for the sensitive
detection and analysis of radionuclides. Trace ele-
ment and isotope analysis is made by instrumental
analytical techniques such as X-ray fluorescence
spectroscopy (XRF), atomic absorption spectrosco-
py (AAS), ICP-atomic emission spectroscopy (ICP-

AES) and ICP-mass spectrometry (Quadrupole-
ICP-MS and high resolution ICP-MS). Methods
available for surface sensitive analysis and charac-
terization of solid samples include X-ray diffraction
(XRD), atomic force microscopy (AFM) and laser-
ablation coupled with ICP-MS. A modern X-ray
photoelectron spectrometer (XPS) and an environ-
mental scanning electron microscope (ESEM) are
installed. INE has direct access to a TEM instru-
ment on the KIT Campus North site (Institute for
Applied Materials, IAM). For actinide detection
down to 10> M KIT-INE has access to the Accel-
erator Mass Spectrometry (AMS) at the Vienna
Environmental Research Accelerator (VERA).

Laser spectroscopic techniques are developed and
applied for sensitive actinide and fission product
speciation such as time-resolved laser fluorescence
spectroscopy (TRLFS), laser photo acoustic spec-
troscopy (LPAS), laser-induced breakdown spec-
troscopy (LIBS) and Raman spectroscopy. Struc-
tural insight into actinide species is obtained by
extended X-ray fine structure (EXAFS) spectrosco-
py at the INE-Beamline at the Karlsruhe synchro-
tron source ANKA. The INE-Beamline, in the di-
rect vicinity of INE hot laboratories and in combi-
nation with the other analytic methods, represents a
world-wide unique experimental and analytic infra-
structure, which both profits from and contributes
to INE’s leading expertise in the field of actinide
chemistry and spectroscopy. INE’s synchrotron-
based instrumentation is currently augmented by
installing the CAT-ACT beamline at ANKA, a
state-of-the-art X-ray absorption spectroscopy
beamline jointly funded, constructed, and operated
by KIT institutes IKFT/ITCP for CATalysis re-
search and INE for ACTinide/radionuclide re-
search. The CAT-ACT beamline is foreseen to
become fully operational towards the end of 2016.
Quantum chemical calculations are performed on
INE’s computing cluster, which is equipped with 17
nodes and 76 processors. A 400 MHz-NMR spec-
trometer adapted to measuring radioactive liquid
samples adds to the analytical and speciation port-
folio of INE. Additional facilities at INE include a
non-radioactive vitrification test facility (PVA)
used to investigate and to simulate vitrification
processes for hot plants. The INE CAD work-
stations enable construction and planning of hard-
ware components, process layout and flow sheets.
The institute workshop is equipped with modern
machine tools to manufacture components for spe-
cific experimental and analytical devices in hot
laboratories.

In 2014 the Institute for Nuclear Waste Dispos-
al had 120 employees working in the seven de-
partments, which reflect the R&D and organiza-
tional tasks of the institute (Figure 1): (i) safety of
nuclear waste disposal, (ii) geochemistry, (iii) radi-
ochemistry, (iv) actinide speciation, (v) vitrification
of high-level waste, (vi) radiation protection re-
search and (vii) scientific/technical coordination
and analytical chemistry.
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Fig. 1: Organizational chart of the Institute for Nuclear Waste Disposal (INE)






2 Education and training

Teaching of students and promotion of young scien-
tists is of fundamental importance to ensure high-level
competence and to maintain a leading international
position in the fields of nuclear and radiochemistry.
INE scientists are strongly involved in teaching at KIT
Campus South and the Universities of Heidelberg,
Berlin, Jena and Strasbourg as well as the Baden-
Wouerttemberg Cooperative State University.

Prof. Dr. Horst Geckeis, director of INE, holds a
professorship for radiochemistry at KIT Campus
South, Department of Chemistry and Biosciences. He
teaches fundamental and applied radiochemistry for
chemistry students in bachelor, master and diploma
courses. A radiochemistry module consisting of basic
and advanced lectures on nuclear chemistry topics and
laboratory courses has been set up for diploma and
master students in Karlsruhe.

Prof. Dr. Petra Panak, heading a working group on
actinide speciation at INE, holds a professorship of
radiochemistry at the University of Heidelberg. A
basic course in radiochemistry is offered for bachelor
and/or master students. An advanced course com-
prised of the chemistry of f-elements and medical
applications of radionuclides is also offered. The ad-
vanced radiochemistry lectures are supplemented by
scientific internships at the INE radioactive laborato-
ries.

Nearly 40 students from Karlsruhe and Heidelberg
participated in two 3-week radiochemistry laboratory
courses in 2014 held at KIT Campus North in the FTU
radiochemistry and hot laboratories at INE. Some
students are intensifying their knowledge in nucle-
ar/radiochemistry topics during scientific internships
at INE. Obviously students became interested in nu-
clear chemistry topics and appreciate the various se-
mester courses.

Dr. Tonya Vitova gave lectures at the KIT Campus
South, Department of Chemistry and Biosciences, in
the field of instrumental analytics and Dr. Eva Schill
and Dr. Marika Vespa at the Department of Civil
Engineering, Geo and Environmental Sciences in the
field of geophysics, general geology and analytical
methods in applied mineralogy. Dr. Volker Metz gave
lectures at the Department of Mechanical Engineering
in the field of reactor physics. Prof. Dr. Sascha Gen-
tes Head of Deconstruction and Decommissioning of
Conventional and Nuclear Buidlings at the Institute
for Technology and Management in Construction
(TMB) at the Department of Civil Engineering, Geo-
and Environmental Sciences at KIT Campus South
gave lectures in the field of Decommissioning and
civil engenieering.

Lectures and practical units taught by Prof. Dr.
Thorsten Schifer at the Freie Universitit Berlin,
Institute of Geological Sciences, Department of Earth
Sciences, focused in 2014 on a master degree course
on laboratory and field methods in hydrogeology,
including performance and analysis of tracer tests

using conservative, weakly sorbing tracers and col-
loids, pumping tests and determination of hydraulic
parameters (Applied Hydrogeology IIT).

Dr. Andreas Bauer is lecturing Clay Mineralogy at
the University of Jena. His lecture deals with the min-
eralogical characterization of these fine materials and
the importance of quantifying surface reactions. In the
second part of the lectures sound, practical advice on
powder X-ray diffraction in general is provided, as
well as a useful set of step-by step instructions for the
novice.

Dr. Andreas Geist gave lectures at the Ecole eu-
ropéenne de chimie, polyméres et matériaux in Stras-
bourg concerning the solvent extraction of metal ions.

Dr. Frank Becker gave lectures at the Baden-
Wuerttemberg Cooperative State University (DHBW).
The lectures comprised principles of statistics and
measurements, atomic physics and nuclear physics.

Moreover INE was involved in many schools and
workshops concerning the education and teaching of
students and young scientists:

- 3" ITU-INE Research Fellow Day, February
6,2014

- 4™ PhD workshop on Reactive Transport
Modeling and Experiments, March 8-9, 2014

- ThUL (Theoretical User Laboratory) work-
shop on Actinide Chemistry, June 2-6, 2014

- 8™ European Summer School on Separation
Chemistry and Conditioning as well as Su-
pra-molecular, Intermolecular, Inter-
aggregate Interactions, July, 7.-9, 2014

- European Nuclear Safety and Security School
Training Courses: Introduction to the back-
end of the nuclear fuel cycle, November 24,
2014

- Joint ITU-INE Workshop: Synchrotron-based
spectroscopy for actinide science, Decem-
ber 5,2014

Through this close cooperation with universities, stu-
dents are educated in the field of nuclear and actinide
chemistry, which most universities can no longer
offer. Hence, INE makes a vital contribution to the
intermediate and long perspective of maintaining
nuclear science competence. Moreover INE is in-
volved in the education of trainees (chemical lab tech-
nicians, industrial mechanics and product designers)
as well as student internships like BORS and BOGY.

PhD students
In 2014 26 PhD students worked at INE on their doc-
toral dissertations; 3 of them were awarded their doc-
torate. Topics of the theses are listed below:
- Structural study on Cm(IIl) and Eu(IIll) com-
plexes with ligands relevant to partitioning

_5-



The effects of porosity clogging on transport
properties of porous materials under geo-
chemical perturbation

Sorption of trivalent actinides on iron oxides

Development of body models for in-vivo
measurements in radiation protection

Comparative NMR studies of extraction
agents for the separation of trivalent actinides

Advanced spectroscopic and microscopic
structural investigations of nuclear waste
glass forms

Interaction of human serum transferrin with
actinides and lanthanides

Technetium interaction with inorganic lig-
ands and retention processes in the sulfide
system

Release and speciation of actinides by the
fabrication and dissolution of Mo- and Zr-
based nuclear fuel oxides

Redox-speciation of repository relevant and
redox-sensitive elements in aqueous solutions
by capillary electrophoresis coupled to ICP-
MS

Study of repository relevant carbon com-
pounds and their influence on the '‘C- re-
spectively actinide immobilization

Investigation of the solubility and complexa-
tion of trivalent actinides: hydrolysis and
complexation with organic ligands

Influence of anions on the lanthanide/actinide
interaction with mineral surfaces

Characterization of actinide species in sys-
tems relevant for safety assessment of a nu-
clear waste repository by high-resolution X-
ray emission/absorption spectroscopy

Characterization of bonding differences by
high-resolution X-ray emission and inelastic
X-ray scattering techniques

Bentonite erosion and colloid mediated radi-
onuclide transport in advection controlled
systems

Development of methods for the individual
dosimetry of the staff in disposal facilities

Investigation of solubility and complexation
of Plutonium and Neptunium in highly reduc-
ing aquatic systems

Description of radionuclide sorption at clay
minerals at high ionic strength

Impact of fracture geometry and colloid
transport on permeability evolution of poten-
tial  crystalline  geothermal  reservoir
rocks.Redox behavior, solubility and sorption
of Pu(IllI/IV) in the presence of ISA

Effect of supersaturation index and precipita-
tion kinetics on the incorporation of trivalent
actinides/ lanthanides in sulfate/carbonate
minerals and CSH phase

Tc migration in advection/diffusion con-
trolled natural systems: Influence of ferrous
iron pool

Spectroscopic and thermodynamic investiga-
tions of the complexation of An(Ill) and
Ln(IIT) with hydrophilic Bis-
triazinylpyridines

Investigation of the retention of actinides,
lanthanides and long-lived fission products
on stable solid phases within the system
Mg —Na+ Cl+ CO, - H,0O

Technetium redox processes and Tc(IV) sol-
ubility studies



3 National and international cooperation, conferences and

workshops

INE R&D involves numerous national and interna-
tional collaborations and projects. These are de-
scribed in the following.

National

INE is involved in various bi- and multilateral col-
laborations with national research centers, universi-
ties and industrial partners on different topics. The
projects are partly supported by the German Federal
Ministry for Economics and Technology (BMWi),
the Federal Ministry for Education and Research
(BMBF), the Federal Ministry for the Environment,
Nature Conservation, Building and Nuclear Safety
(BMUB), the German Research Foundation (DFG)
and the Helmholtz Association (HGF).

The work of KIT-INE within VESPA (ended in
June 2014) is highlighting the key relevance of
geochemical research for evaluating radionuclide
retention and mobilization in the frame of nuclear
waste disposal. Based upon new systematic exper-
imental studies, a significant increase of under-
standing regarding the behavior of long-lived fis-
sion and activation products, i.e. 14C, 79Se, 1 and
“Tc, in relevant systems has been obtained. Fun-
damental site- and host-rock independent thermo-
dynamic data derived within VESPA allow a better
modeling and prediction of radionuclide chemistry
in aquatic systems. The retention of radionuclides
on several relevant mineral phases was analyzed
and quantified. As a result of the work performed
by KIT-INE within VESPA, the long-term safety of
different repository concepts and scenarios can be
assessed on a decisively improved scientific level.

Within the national THEREDA project, INE
generates and appraises thermodynamic data —
complex formation constants, solubility data — for
selected radionuclides from experiments and litera-
ture data that are incorporated into a centrally man-
aged and administered database of evaluated ther-
modynamic parameters. This database is generated
in a cooperation of INE, Gesellschaft fiir Anlagen-
und Reaktorsicherheit (GRS), Helmholtz-Zentrum
Dresden-Rossendorf (HZDR), TU Bergakademie
Freiberg, and AF-Consult Switzerland Ltd. Ther-
modynamic data are required for environmental
applications in general and radiochemical issues in
particular. This database is developed to a national
(reference) standard and will be the basis for per-
formance assessment calculations for a national
nuclear waste repository. More information about
this project can be obtained from the web page:
www.thereda.de.

The national HATT project focuses on the migra-
tion of radionuclides in natural clay formations and
in saline systems. Within this project not only the
mechanism of radionuclide sorption onto clay is

studied, but also the influence of organic matter
naturally occurring in the clay stone on the radionu-
clide migration is a matter of interest. Because of
special geochemical conditions in Lower Creta-
ceous Clays in North Germany regarding ground-
water or pore water, retardation processes at higher
ionic strengths are of special interest. Additionally,
the influence of borate, a component of the high-
radioactive waste, on the solubility of actinides is
another important issue of the project. Besides INE,
the members of this collaborative project are GRS,
HZDR, University of Mainz, University of Pots-
dam, Technical University of Munich, University of
Dresden and University of Saarland.

The bilateral GRS-INE project KOLLORADO-¢
started in March 2013 with a duration of three years
as a successor of the KOLLORADO-2 project,
focusing on the erosion stability of compacted ben-
tonite (geotechnical barrier) as a function of the
contact water chemistry/hydraulics and the for-
mation of near-field colloids/nanoparticles as po-
tential carriers for actinides/radionuclides. Both, a
detailed experimental program quantifying the
bentonite erosion and investigating the influence of
surface roughness/charge heterogeneity on nanopar-
ticle mobility and actinide bentonite nanoparticle
sorption reversibility, as well as approaches to im-
plement the acquired process understanding in
reactive transport modeling codes comprise the
project activities.

The general aim of the BMWi joint project on the
Comparison of Constitutive Models III is to
check the ability of numerical models to describe
correctly relevant deformation phenomena in rock
salt under various influences, and thus increase
confidence in numerical simulations and thereby
enhance acceptance of results. Another aim is to
identify possibilities for further model development
and improvement.

The BMBF funded joint research project Immo-
Rad (fundamental investigations for the immobili-
zation of long-lived radionuclides through interac-
tion with secondary mineral phases in deep geolog-
ical nuclear waste repositories) started in February,
2012. ImmoRad concentrates on application-based
fundamental research on retention processes in deep
geological environments. Within this project, struc-
tural incorporation/entrapment or formation of solid
solutions of radionuclides into host minerals in
aquatic environments is studied. National (KIT-
INE, HZDR, University Frankfurt, University of
Bonn) and international partners (PSI-LES; Swit-
zerland and University Oviedo; Spain) collaborate
within this project.

The project “Untersuchungen zum grund-
legenden Verstindnis der selektiven Komplexi-



erung von f-Elementen (f-Kom)* funded by the
German Federal Ministry of Research and Educa-
tion in the field of Basic Energy Research 2020+
aims at establishing a fundamental understanding of
the separation of actinides from nuclear waste. The
participating project partners from KIT-INE, KIT-
CS, Universitdt Erlangen, Universitit Heidelberg
and Forschungszentrum Jiilich are combining their
expertise and activities in synthesis, spectroscopy,
technology and theory, in order to be able to de-
scribe and ultimately predict and optimize liquid-
liquid extraction separation processes for actinides
at the molecular scale. The project includes a strong
component of education and training of young
scientists in research topics related to nuclear waste
disposal and promotes their networking in the Eu-
ropean research landscape.

The BMBF funded project “Disposal options for
radioactive residues: Interdisciplinary analyses and
development of evaluation principles (ENTRIA)”
aims to investigate, and to develop evaluation prin-
ciples for the three options for management of spent
nuclear fuel and high-level waste glass: prolonged
surface storage, emplacement in deep geological
formations without retrievability measures and with
monitoring retrievability measures, respectively.
Scientists from five German universities, major
research institutions and a Swiss partner participate
in ENTRIA and represent natural sciences, civil
engineering, philosophy, law, and social sciences.
Two major goals of the project are interdisciplinary
co-operation in the field of radioactive waste man-
agement and education of young scientists. Within
the project, KIT-INE is responsible for work pack-
ages on developing radionuclide source terms and
developing individual dosimetry for personnel with
respect to the three options. Moreover, KIT-INE
contributes to interdisciplinary publications and
workshops naming specific challenges and target
conflicts of importance when deciding about man-
agement options.

The collaborative project EDUKEM, aiming at
an improved understanding of uranium chemistry in
saline systems and establishing targeted experi-
mental techniques, was started in December 2014
with a projected 3 year duration. Work of KIT-INE
within EUDKEM focusses on the aquatic chemistry
and thermodynamics of hexavalent and tetravalent
uranium in relevant saline solutions. Based upon
new solubility studies, spectroscopic evidence and
literature, a comprehensive description of U(IV)
and U(VI) solubility and speciation in key saline
systems relevant for nuclear waste disposal in salt-
based repositories will be established.

The Helmholtz young investigator group (HYIG)
“Advanced synchrotron-based systematic inves-
tigations of actinide (An) and lanthanide (Ln)
systems to understand and predict their reactivi-
ty” started in July 2011 and systematically investi-
gates the electronic and coordination structure of
actinides and chemical homologue lanthanide sys-
tems with novel synchrotron-based high-resolution

X-ray emission/inelastic scattering techniques
(XES/RIXS). Using advanced spectroscopic meth-
ods to secure the knowledge of actinide redox spe-
ciation and the electronic structure can improve
predicting actinide environmental behavior and
provide benchmark data for the improvement of
quantum chemical codes. The utility of high-energy
resolution X-ray absorption near edge structure
(HR-XANES) studies in studies of actinide ele-
ments was the motivator for installing and commis-
sioning a multi-analyzer Johann type XES spec-
trometer (MAC-spectrometer) at the INE-Beamline
for actinide research at the ANKA synchrotron
radiation facility, Karlsruhe, Germany. A number
of systems for the determination of actinide redox
states in liquids and solid crystalline and amor-
phous systems were investigated. Finally, results
from characterization of U and Pu oxidation states
in a highly active glass sample from the "Ver-
glasungseinrichtung  Karlsruhe" (VEK), which
vitrified high-level liquid nuclear fuel reprocessing
waste, and a glass simulate containing variable U or
Pu loadings were obtained.

In the frame of emergency measures for the salt
mine Asse, the sorption properties of the overlaying
rocks need to be quantified. Presently, an explora-
tion borehole was drilled in the overlaying rocks.
On behalf of the Federal Office for Radiation Pro-
tection (BfS), drill cores were sampled and charac-
terized. The rock samples cover different layers,
such as shell limestone, red sandstone, sulfate dom-
inated rocks and cap rock of the salt dome. The
samples were packed and stored under inert gas.
The preparation steps for the characterization were
also performed under inert gas. The characteriza-
tion covered different information such as porosity,
the specific surface areas, main and trace element
compositions as well as the mineralogical composi-
tions. These data provide the basis for interpretation
of the results of the planned sorption studies.

International
The international Colloid Formation and Migration
(CFM) project focuses on the stability of the ben-
tonite buffer/backfill in contact with water conduct-
ing features and the influence of colloids on radio-
nuclide migration in crystalline host rocks coordi-
nated by NAGRA (National Cooperative for the
Disposal of Radioactive Waste, Switzerland). The
project uses the experimental set-up in the con-
trolled zone at the Grimsel Test Site (Switzerland).
Additional partners involved are from Japan
(JAEA, AIST, CRIEPI), South Korea (KAERI),
Finland (POSIVA Oy and Helsinki University),
Switzerland (NAGRA, PSI-LES), Spain (CIE-
MAT), Sweden (SKB, KTH), United Kingdom
(NDA RWMD) and United States (LANL). INE
plays a decisive role in the laboratory program and
is also mainly carrying out the field activities.
Within the framework of the strategy of the Ger-
man Federal Government for the internationaliza-
tion of science and research to foster the bilateral



cooperation with Korea in the area of science and
technology (WTZ) KIT-INE has started a two year
project from 1.10.2014 entitled “Molecular-scale
investigation of interaction mechanisms between
uranium and iron-bearing minerals under diverse
geochemical conditions of groundwater (Bio-
FeRad)” with KAIST (Korean Advanced Institute
of Science and Technology), group of Prof. Woojin
Lee including student exchange and two bilateral
workshops.

EURATOM 7"Framework Program

An additional 7" framework Collaborative Project
(CP) continued this year, namely “Cation diffusion
in clayrocks” (CatClay), which began in June
2010. The aim of CatClay is to improve under-
standing of the phenomena governing migration of
radionuclides in clayrocks as potential host rocks
for the deep geological disposal of nuclear waste.
The project focuses on the diffusion-driven
transport of cationic species, Sr°*, Zn>", Co’" and
Eu’’, which are more or less strongly sorbed on
clay mineral surfaces. CatClay, coordinated by
CEA, combines model and experimental develop-
ments from the partners, ANDRA, BRGM, CEA,
SCK-CEN, PSI-LES, Appelo Hydrochemical Con-
sultant and KIT-INE.

INE continues to be a core member in TALIS-
MAN (Transnational Access to Large Infrastructure
for a Safe Management of ActiNide), the follow-up
project to the European “Network of Excellence for
Actinide Sciences” (ACTINET-I3), which will run
until January 2016. TALISMAN aims to reinforce
networking and facilitating the use of existing Eu-
ropean infrastructures in actinide sciences in order
to keep a leading position in the field of nuclear
energy. TALISMAN pooled facilities are accessible
as a multi-site user facility for selected joint re-
search activities (JRP). The pooled facilities offer
includes: CEA (France), CHALMERS (Sweden),
EC-JRC-ITU, HZDR-IRE, KIT-INE (all Germany),
Micro-XAS beamline at the Swiss Light Source,
PSI, Paul-Scherrer-Institut (Switzerland) and NNL,
National Nuclear Laboratory (United Kingdom).
These pooled facilities are laboratories licensed and
equipped with infrastructure and know-how for
handling radioactive material at various levels of
activity and under controlled conditions, with ac-
cess to analytical techniques and characterization
methods.

TALISMAN pooled facilities are the sites of
JRP’s proposed by European institutions and organ-
izations. These research projects potentially address
all the major fields of basic actinide sciences, keep-
ing in mind the potential applications for the pro-
duction of nuclear fission energy and the safety of
nuclear waste disposal, and include:

*  Actinide separation chemistry
* Actinides in the geological environment
*  Actinide materials

Further, these activities are complemented by two
so-called Joint Research Activities (JRA). The
objective of these JRA is to improve the quality of
the services offered to the users. One JRA is dedi-
cated to the implementation of spectroscopic data-
bases giving each user access to reference data. The
second JRA is continuing to develop the fundamen-
tal understanding of actinides in order to give more
elaborated modeling based tools for the analyses
and the understanding of experimental results ac-
quired within the JRPs (ThUL; Theoretical User
Laboratory).

Within the EURATOM 7% FP, INE coordinated
the Collaborative Project INE “Fast/Instant Release
of Safety Relevant Radionuclides from Spent Nu-
clear Fuel (CP FIRST-Nuclides)”. The CP was
started in January 2012 and ended in December
2014. Quantification and understanding of the re-
lease mechanisms of gaseous and readily soluble
radionuclides from high burn-up UO, fuel was
investigated experimentally and models were de-
veloped to predict the time-dependent mobilization
of the different radionuclides on the fuel rod/fuel
element scale as function of the time period be-
tween disposal and canister failure. INE performed
experiments under reducing conditions and deter-
mined the combined release of soluble radionu-
clides and fission gasses. These results are highly
acknowledged by scientists as well as by interna-
tional implementers and regulators of high-level
waste disposals independent on the respective host
rocks.

ASGARD (Advanced fuelS for Generation IV
reActors: Reprocessing and Dissolution; 1/2012—
12/2015) is a EURATOM FP7 Large Scale Inte-
grated Project focusing on advanced/novel nuclear
fuels fabrication and their respective reprocessing
issues. ASGARD seeks integration between reactor,
fuel and recycling communities, which today is
lacking. In some cases this results in discrepancies
between the reactor design on one hand, and the
technological feasibility of fabricating, dissolving
and reprocessing the selected fuel on the other
hand. ASGARD is an integrated effort of 16 institu-
tions from 9 European countries. It is coordinated
by Chalmers Technical University.

SACSESS (Safety of ACtinide SEparation pro-
ceSSes; 3/2013-2/2016) is a EURATOM FP7 Col-
laborative Project dealing with safety aspects of
hydrometallurgical and pyrometallurgial actinide
separation processes developed in previous EUR-
ATOM projects. SACSESS provides a structured
framework to enhance the fuel cycle safety associ-
ated to P&T. In addition, safety studies are per-
formed to identify weak points to be further stud-
ied. These data are used to optimize flow sheets and
process operation conditions. 26 Partners from
10 countries (plus JRC-ITU and Japan) contribute
to SACSESS. The project is coordinated by CEA;
KIT is in charge of the hydrometallurgy domain.

Recent safety assessments of nuclear waste repos-
itories in crystalline formations have shown that the



formation and stability of colloids may have a di-
rect impact on the overall performance of the repos-
itory. The main aim of the 7" framework collabora-
tive project BELBaR is to increase the mechanistic
understanding of the processes that control benton-
ite erosion, clay colloid stability, and ability to
transport radionuclides. The final outcome is to
examine how colloids and related phenomena can
be considered in the long-term safety case and to
make recommendations on the quantitative and
qualitative approaches that a safety case could pur-
sue to adequately address this potentially very sig-
nificant issue. BELBaR coordinated by SKB con-
sists of a consortium of 14 partners from Sweden,
Finland, Spain, Czech Republic, Great Britain,
Russia and Germany with KIT-INE leading WP3
on “Colloid radionuclide & host rock interaction”.
The 7™ FP Collaborative Project (CP) "CAST
(CArbon-14 Source Term)" was started in 2013.
The CP is coordinated by NDA (UK) and has a
duration until 2017. KIT-INE participates in 3 work
packages: “Steels”, “Zircaloy” and “Dissemina-
tion”. INE’s contribution to the project covers the
determination of the inventory of '*C in irradiated
stainless steel and zircaloy-4 as well as the specia-
tion of "*C compounds. The analytical set-up was
implemented in a glove box. The set-up together
with the detection technique was tested and the
recovery for inorganic and organic '*C compounds
quantified. The description of the system and the
analytical procedure for gaseous and dissolved '*C
species quantification was provided to the project.
Besides those research oriented cooperations,
KIT-INE has direct contracts comprising specific

-10 -

investigations with a series of national and interna-
tional organizations. These include the HMGU
(DE) and BfS (DE), the waste management organi-
zations ONDRAF-NIRAS (BE), SKB (SE) and the
consultant company Amphos S:L. (ES).

KIT-INE contributes actively to international or-
ganisations, such as the Thermodynamic Database
Project of the Nuclear Energy Agency (NEA).

Conferences and workshops
INE has organized a series of workshops and con-
ferences or has contributed significantly to the
organization:
— TrePro III — Workshop on Modeling of
Coupled Reactive Transport Processes,
Karlsruhe, March 5-7, 2014.

— 16" International Symposium on Solubili-
ty Phenomena and Related Equilibrium
Processes