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One of the objectives of WP5 is the communication and dissemination of knowledge
generated within the project via different channels. Presentation of the project and its results
in international conferences is one of the main dissemination channels.

This deliverable includethree contributions at different international conferences:
i.  Oralpresentation at the Spent Fuel Workslapril 2012, Avignon, France)
ii.  Oral presentation at ATALANTE 201(&eptember 2012, Montpellier, France)

iii. Papersubmitted at the EURDISS Workshop(October 2012, Montpellier, France)
that will be published as Proceedings.

Both oral presentations were given by the coordinator of the project Bernhard Ki&meler.
overall view of the organization and the work performed in the projegirasented in all the
contributions.
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m Details on FIRST-Nuclides m

Euratom 7™ Framework Programme
Collaborative Project “Fast / Instant Release of Safety
Relevant Radionuclides from Spent Nuclear Fuel”

FIRST-Nuclides EU Call: Research activities in support of implementation of
geological disposal (Fission-2011-1.1.1)

Spent Fuel Workshop, Avignon, £ April 18-19, 2012 Type: Smallfmedium scale Collaborative Project
TOPIC A: Studiesfor IRF determination . .
Financial: 4,741,261 € total costs

Bernhard Kienzler, KITINE, Karlsruhe, D 2,494,513 € EU contribution
Vanessa Montoya, AMPHO321, Barcelona, E Duration: 01. Jan. 2012 — 31.Dec. 2014 (3 years)
Volker Metz, KITINE, Karlsruhe, D

Acknowledgement: The research leading to these results has received funding fromthe
European Atomic Energy Community's Seventh Framework Programme (FP7/2007-2011)
under grant agreement no. 235722, the FIRST-Nuclides project. o
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Definition of instant / fast release
Project related definition or PA related definition

RN release by matrix corrosion €= initial (fast) release of RN
controlled by radiolysis, controlled by chemistry,
hydrogen, Cl-__. * gap spatial distribution, =
= largecracks  burm-up, lin. power‘l
= grain boundariegreactor operation®
» closeto surface
»1im
# grain boundaries
along cracks

Further aspects:

= PA term: Jnstant” release

= Experimental / lab related: fast release (for a specific fuel sample)
controlled by: sample preparation, fragment size,
presence of cladding, duration of experiments, ...

FIRSTNUCIOES, Spent Fuel \WOrkshog, Avigno

Rationale of FIRST-Nuclides
= Previous EU projects (MICADO, NF-Pro, SF5, )

— Improvement in understanding.

o Nigh burn-up UQC;, linear power, temperature, ramping, ..
— Relationship FGR. and release of non-gaseous FPs

o gases, Cs ] C compounds, PSe, "Tc and 50
— Grain boundary effects.
— Chemical speciation of relevant elements.

= Vision Report and SRA of the IGD-TP

— Key topic: Waste forms behaviour, in particular high burn-up
spent UO; fuels.

= Recommendations by the End Users (kick off meeting)
— Definition of instant — rapid — fast release and delineation to
long-term RN release processes.
— Up-scaling from lab sample to rod/assembly.
— Effect of geochemical conditions.

FIRSTNc)

The Consortium (1)
1. Partners /Beneficiaries
AT AmpHOS® 14 Aouch e
= |
Subatech —

2. Associated Groups (AG)

Groups participating at their own costs with specific RTD contributions or particular
information exchange functions, or mobilty measures (for European AGs only)

The Consortium (2)

3. End-user group:
Representatives:

Representatives:
(Mw S \“,\B/w
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Roles and Tasks within CP FIRST-Nuclides:
+ Review the work program

= 6 Workpackages

WP 1: Samples and tools

Selection, characterization and preparation of
and set-up of tools for handling and transportation of
the highly radioactive matenal

WP leader: Volker Metz (KIT)

FIRST-Nucligzs, Spant Fuu

St [e=» . b “ + Review the scientifictechnical progress and contributionstothe proceedings
@% Mationel Nedear Labora w':.‘. + Assessthe project status and provide recommendations for the work program
+ Review the plan for dissemination ofthe final results.
Al \'I ] Al \l iy il
FIRSFNucioe: ¢ Fuel @ 5 FIRSTNuciaes, Spent Fuel 1o @) -]
_ﬁ Work Programme: Fuel data under investigation “

PWR BWR THTR /WER
Dischargs 1985 -2008 2005 - 2008
Areval
Manufaciurer AREVA Wessngnouse
Cladding Maferial Zry-4- M5 Zyr2 Graphite / Zri%Nb
el 9.50-10.75 mm 9.84-10.2mm
Thickness 0.62-0.73 mm
Pellet Enrichment J80-484% 330435% 24-16.8%
Grain size 540 um §- 25um 2080 ym
Density 10.41 g co® 10.52gcm® 10.8 gem®
- - standard standard and
Speciics NIKUS! producson AVCr addison
imadiaiion Bum-up 30.4-70.2GWdit | 48.3-57.3GWditU
Cycies 2-14 5-7
n. Power average 186-330 Wicm 160 Wiem 130 - 228 Wiem
FGR 49-3% 1.2-31%
FIRSTNuclides, Spant Fuel Warksho ]
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2 WP 2: -

Gas release and
rim and grain boundary diffusion

WP leader: Detlef Wegen (JRC-ITU)

» Experimental determination of fission gas release

KIT: Set-up fcalibrate analytical methods.

Application to hot gas samples from a segment
STUDSVIK: Laser-Ablation Mass Spectroscopy for determination of
radial fission gas distribution.
Annealing up to 1600 Kto determine wventing/volatilization
from the grain boundary. Knudsen cell effusion test

JRCTU:

FIRSTNUCIOES, Spent Fuel \WOrKshop, AVInOn, Aprl 1610, 2072

_ﬁ we 2:

Gas release and
rim and grain boundary diffusion
WP leader: Detlef Wegen (JRC-ITU)

= Experimental investigation of rim / grain boundary diffusion

JRCTU: Static experiments with'30 water, incl.
specificanalysis
Grain boundaries, pores and p-cracks
for reaction with and intrusion ofwater.
JULICH : Determination of microstructure and
element distributionsin fuel samples
before and after leaching.
Dissolution experiments with
in-situ p-Raman spectroscopy.
w-irradiation of grain boundaries
under Ar and ArH;.

© beam irradiation of
grain boundaries

CHNRS:

FIRSTNUCIOES, Spent Fuel \WOrKshop, AVInOn, Aprl 1610, 2072

? B

= Dissolution based radionuclide release and to the extent
possible the chemical speciation of the relevant isotopes.

WP 3: Dissolution based release
WP leader: Karel Lemmens (SCK-CEN)

Partners:  KITINE, JRCITU /CTM, PSI, Studsvik, EK (MTA), SCK+CEN
Variations: - Fuel types (WP 1)

- Experimental details {leachants / replacements)

- Test durations (100 days — 1 year)

-Analyses
Specific Analyses: Before and after leach experiments by

beam line techniques (e.g. for redox state)

Tc (L-edge) == EXAFS + XANES, Se (K-edge) => XANES

I (Li-edge) == XANES

FIRSTNucliges, Spent Fuel Workshop, Avignor

WP 3: Experimental details

i = Sample preparations: powder, fragments,
pellets +/- cladding

= Atmospheric conditions

=
KIT
TUCTM 0xic
SCK-CEN 0XIC
Shadsvik oxic

o5 ) 013 | 013 11 - - - 35
KT - 10 - 10
TUCTM - 19 - 19 1 - - - 74
SCK-CEN
Studsvik - 226 - 14 13 0454 019 01 8182
FIRSTNuX 2

?

WP4: Modelling
WP leader: Joan de Pablo (CTM/UPC)

Aims of the concepiual and numerical modelling

= Quantify the fastinstantrelease fraction offission products.

— FP migration along the grain boundaries and fractures,
— effects of defects in the cladding on the fast relesse.
emolies.

Up-scaling fromfragments/pellets to fuel a:

Maodelingthe chemical state ofrelevant elements.

Transition between fastrelease andthe significantly slowerrelease
processes dueto radiolytically driven matrix dissolution

Assessingthe potentialimpact onthe Safety Case.

FIRST-Nucliass, Spant Fual WWorkshop, Avignon, Aprll 15-10, 2012

7@ WP5: Knowledge, reporting and training:
WP leader: Vanessa Montoya (AMPHOS21)

= Knowledge management and documentation of the State-of-the-
Art with reqular up-dating.

= Stepwise build-up of scientific-technical reporting

= Dissemination and Communication,

= Training

All the information is included in the project
webpage

www.firstnuclides.es

FIRST-Nucliazs, Spant Fuel Warkshop, Avignon, Aprll 18-10, 3012
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_Wi Dissemination and Communication

FIRST-Muclides ProjectWorkshops (after 10, 24 and 33 months)
# Mandatory for beneficiaries
# 1¥ Annual Workshop: October 9-11, 2012 in Budapest, HU
Web portal: wiirstnuclides.eu
Generic poster

Presentations, e.g.in
"EURATOM FPT Research Projects and Training Activities Viol. 3°

Newsletter
Reporting

# Deliverables

» Scientific-technical results in peer reviewed publications

#* Proceedings of Annual Workshops: KIT Scientific Report Series
Presentation of FIRST-MNuclides, results and conclusions atinternational
workshops, conferences, etc.

FIRSTF-NUGIES, SPent Fuel \Warcsnop, Avigno

_Wi WP6: Coordination and management
WP leader: Bernhard Kienzler (KIT)

= Thanks to the organizers of the Spent Fuel Workshop 2012.
= Thank you for listening.

FIRST-NUCIES, Spen Fi

~
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o Euratom 7™ Framework Programme
Collaborative Project “Fast / Instant Release of Safety

Relevant Radionuclides from Spent Nuclear Fuel”

FIRST-Nuclides

ATALANTE 2012 Montpellier, £ September 2-7, 2012
Session: Geological repository nuclear chemistry

Bernhard Kienzler, KIT-INE, Karlsruhe, D
Alba Valls, AMPHOS21, Barcelona, E
Volker Metz, KIT-INE, Karlsruhe, D

Acknowledgement: The research leading to these results has received funding fromthe
European Atomic Energy Community's Seventh Framework Programme (FP7/2007-2011)
under grant agreement no. 285722, the FIRST-Nuclides project.
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? Details on the CP FIRST-Nuclides

EU Call: Research activities in support of implementation of
geological disposal (Fission-2011-1.1.1)
Type: Small/medium scale Collaborative Project
Financial: 4,741,261 € total costs
2,494,513 € EU contribution
Duration: 01.Jan. 2012 - 31.Dec. 2014 (3 years)

Definition of instant / fast release
Project related definition or PA related definition

RN release by matrix corrosion €2 initial (fast) release of RN
controlled by radiolysis. controlled by chemistry,
hydrogen, Cl-_... * gap spatial distribution, g=¢
= largecracks  burn-up, lin. power, i
= grain boundariegreactor operation®
# closeto surface
> rim
» grain boundaries
alongcracks
Definitions:
= PA term: Jnstant® release

= Experimental / lab related: fast release (fora specific fuel sample)
controlled by: sample preparation, fragment size,
presence of cladding, duration of experiments, ...

C

FIRST-Nucliges 3

Power and temperature history

Pellet KKG GKN Il KKL
Bum-ug,, [GWAAHM] [ 5 5
125 [mm] 93 8.05 85
Lin power [Wicm] 28 167 184
AT [K] 725 528 585
Tessiee: [K] 325 305 63
Teare- [K] 1050 833 848
harsa e = 2.5 W MK (Lucuta 1996)
AT =lin. power/(4z-.)
Lin. Power Change [Wicm] 100
[aTi 8 |

FIRST-Nucliges
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l\? Complex structure of spentfuel

Cladding: C
Gap region:C, I, Cs, Se,

Enriched rim: Pu —

a-radiography

fuelgrains
U, Py, Ln, S

s-particles
metallic precipitates

> o

z

fiss

& wrlp

oxide precipitates

—.@ Rim Zone

e 2
§=BU_ -d -exp|-d,+d, '7i
\ B

Porosity:

BU, =133-BU, ...

Rim burn-up:

RimThickness: R,=5.44BUy-231

= Previous EU projects (MICADO, NF-Pro, SFS, )
— Improvement in understanding.
o high burn-up UO;, linear power, temperature, ramping,
— Relationship FGR and release of non-gaseous FPs
o gases, "HCs, 9 “C compounds, "Se, ¥Tc and ™Sn
— Grain boundary effacts.
— Chemical speciation of relevant elements.

= Vision Report and SRA of the IGD-TP

— Key topic: Waste forms behaviour, in particular high burn-up
spent UDsz fuels.

£l a‘.r::"r:sd
2 Rationale of FIRST-Nuclides H 2 The Consortium (1) m
1. Partners /Beneficiaries

AT AmpHOs® U A)jouck i m

% = .\.:'...f.

Subatech

© -
CIM  Hugarian Acsdemyor Studsvik
= Seiznces, Centre for
Energy Research

2. Associated Groups (AG)

Groups participating at their own costs with specific RTD contributions or particular
information exchange functions, or mobilty measures (for European AGs onhy)

3. End-user group:

Representatives:
ANDRA 10 men
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&

i fa o abienaets

enresa

s

marschasishsacasing 8

Y =)
-

Roles and Tasks within CP FIRST-Nuclides:

* Review the work program

+ Review the scientific-technical progress and contributionstothe proceedings
+ Assessthe project status and provide recommendations for the work program
+ Review the plan for dissemination ofthe final results

FIRST-Nuclges 9

= Recommendations by the End Users (kick off meeting) sl = ! .
— Definition of instant — rapid — fast release and delineation to - Los Alamos @m G0 N””""m"iarub“at“‘:.o.
long-term RM release processes.
— Up-scaling from lab sample to rodfassembly. .I
- Effect of geochemical conditions. I}i?m\— ™D m
e 1] il - e 1] l
*E The Consortium (2 ) “ *E Work Pr ogramme: “

= 6 Workpackages

WP 1: Samples and tools

Selection, characterization and preparation of
and set-up of tools for handling and transportation of
the highly radicactive material

WP leader: Volker Metz (KIT)

FIRST-Nuclges 0
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_?i Fuel data under investigation - _?i WP 2: Gas release and -

rim and grain boundary diffusion
WP leader: Detlef Wegen (JRC-ITU)

Discharge 1969-2003 2003 - 2003 = Experimental determination of fission gas release
Pellet Enscamant 380-494% 3304 25% 2416 8%

rradiabon Burn-up 50.4-70.2GWdit | 483575 GWditU

T Cyoies = ;1]1:\(' 15415v_\r'7 FENEETIT KIT: Set-up /calibrate analytical methods.

. PowEr ueraeE 0 wem cm - en Application to hot gas samples from a segment
FeR 49-13% 12-31%

STUDSVIK: Laser-Ablation Mass Spectroscopy for determination of
radial fission gas distribution.

JRCATU:  Knudsen cell effusion test. Annealing up to 1600 Kto
determine venting/volatilization from the grain boundary.

FIRSTNUCIGES b1 FIRSTNUCIGES

—K WP 2: G_as refease_ and ) i - —?; WP 3: Dissolution based release -
rim and grain boundary diffusion WP leader: Karel Lemmens (SCK-CEN)

WP leader: Detlef Wegen (JRC-ITU)
= Dissolution based radionuclide release and to the extent

* Experimental investigation of rim / grain bounday difiusion possible the chemical speciation of the relevant isotopes.

JRCATU: Static experiments with'30 water diffusion

in grain boundaries, pores and p-cracks . Partners:  KITIINE, JRC-ITU /CTM, PSI, Studsvik, EK (MTA), SCK«CEN
JULICH : Microstructures and elements.

in fuel samples before and after o beam irradiation of

leaching grain boundaries

CHNRS:  in-situ p-Raman spectroscopy.
w-irradiation of grain boundaries
underAr and ArfH;.

FIRSTNuciiges FIRSTNuciiges

7 WP 3: Experimental details - N4 WP4: Modelling -

. WP leader: Joan de Pablo (CTM/UPC)
pellets +/-cladding Aims of the concepiual and numerical modefling

I = Sample pr

= Atmospheric conditions = Quantify the fastinstantreleasefraction offission products.

— FP migration along the grain boundaries and fractures,

= — effects of defects inthe cladding on the fastrelesse.

FRXCEXE »  Up-scalingfrom fragments/pellets to fuel assembliss.

KT anoxic

TUCTM oxc

SCK-CEN oxic

Stdsvik oxc

= Leach media (simple to complex or buffer solution)

N2 r cr HCOy € ¥g™ 807 pH

ES 2 3013 | 013 11 3 - - 35 = Modeling the chemical state ofrelevant elements
KT - 1 = 10 - < <. 2 = Delineation from matrix dissolution process.
TUCTM - 19 - 19 1 - - - 74

SCK-CEN

Shssvk - 2% | - 14 18 [ oast [ 019 | o1

FIRSTNucIozs
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? WP5: Knowledge, reporting and training: n ? WP6: Coordination and management n
WP leader: Alba Valls (AMPHO $21) WP leader: Bernhard Kienzler (KIT)
= Knowledge management and documentation of the State-of-the-
Art with regular up-dating.
= Stepwise build-up of scientific-technical reporting
= Dissemination and Communication,
= Training
= Thanks to the organizers of ATALANTE 2012.
All the information is included in the project 3 Thank you for listening.
webpage
www.firstnuclides.es
rakk iy
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EURATOM 7" FRAMEWORK PROGRAMME:
COLLABORATIVEPROJEC T AFAST / | MESISEORT RE
SAFETY RELEVANT RADI ONUCLIDES FROM SPENT NUCLEAR
FUELO (-NUclR&)T

Bernhard Kienzléer, Volker MetZ, Alba Vallg

Karlsruhe Institute of Technology, Institute for Nucl¥éaste Disposal (DE)
Amphos21 (ES)

* bernhard.kienzler@kit.edu

Abstract

The EURATOM FP7 Col |l afNarcdti idees 0P ] eectt abF li B3
objective to provide for improved understanding of the fast / instantly released radiosuclide

from disposed high burap UG, spent nuclear fuel. This issue is given high priority by the
European Implementing Geological Disposal Technology Platform and the outcome of the
project is relevant for all types of host rocks in Europe.

The project provids for experiments combined with modelling studies applying the different

results as well as for ugraling from experimental conditions to entire Light Water Reactor

fuel rods. Spent fuel materials of known initial enrichment, fuprand irradiation histies,

are selected and characterized. Experiments and modelling studies address the correlation
between the fast release of fission gases andyasaous fission products.

p—
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In this paper, the objectives of the Collaborafveject, the implementation armtganization

are presented. The integration and communication within CP FNRElides is
demonstrated in the context of the kiok meeting and the *LAnnual Workshop held in
February and October, 2012, respectively. An overview on the scientific emhahi¢al
achievements is given as well as the efforts for harmonization and adjustments of the
experimental work.

Introduction and Objectives

I n the Vision Report and the Strategic Res
Geological Disposal Technol ogy PriPat,f oar nkogyl Gtbopi ¢ deal s
and their behaviouro. On this background, tF
Instant Release of Safety Relevant Radionuclides from Spent Nuclear Fuel (CP- FIRST
Nucl i de s )ted and startedgnBanuary 2012. lis planned fothree yearsand the
experimental period will span the first 30 months: Spring (A&l 2014. The total costs of
CPFIRSTNuc !l i des amount to 4,741,261 0 a5i3%a t he
a. Karl sruhe 1| nst i tefortNuclearfiWasteedDsposdKIT-ING) ys,the | nst i t
coordinator of thigCollaborativeProject(CP).

The CP FIRSINuclides deals with understanding the behaviour of high -bprrspent

uranium oxide (U@ fuels ingeological repositories. This waste type represents one of the
sources for the release of radionuclides after loss of the disposed canister integrity. Therefore,

the timedependent release of radionuclides from spent high-lpitdQ; fuel is also required

for safety analyses. The first release fraction consists of radionuclides (1) in gaseous form,

and (2) those showing a high solubility in groundwater.

With respect to the fast / instant release of radionuclides (RN) from spent nuclear fuel
elements under deep underground repository conditions, a number of questions are still open.
Consequently, the CP FIR®Nucl i des ai ms on t heantdreldaser mi na
fraction (I RF)O0O values of iodine, chlorine,
The elements I, C, Cl and Se tend to form anionic species. Such anions are hardly chemically
retained in the repository barrier system.

Organization of FIRST-Nuclides

The CP is organized in six workpackages ( WP
deals with the selection, characterization and preparation of the materials to be studied and the
setup of tools. One of the essential requiretsesf the project is that typical and sufficiently

well characterized spent fuel is being used for the experiments and modelling studies. WP 2
covers the MnGas release and rim and grain

i ncludes nADi slsendsud | 9Nnu biasssead. rfehese WP inclu
chemical form of released radionuclides, fission gasess, 9, *C, "Se, **Tc and*?®sn.
WP 4 AModellingo deals with modelling of mi ¢

in the spen fuel structure. Special attention is attributed to model the fission product
migration along the grain boundaries, the effects of fractures in the pellets and of
holes/fractures in the cladding. The modelling work within FIR&IElides will help to

lof28 10
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clarifi y whi ch geometric scales dominate the fas
and trainingo is responsible for the knowl ec
stateof-the-art report, the general reporting, keeping the documentaticto-dg@te and
organizing training measures. The management of the Collaborative Project is included in WP

6.

The composition of the different bodies involved in the project structure is described below.

The project is implemented by a consortium with teandiiciaries AEKI/MTA,
AMPHOS21, CNRS, CTM, JULICH, JRC T U, KI' T, PSI, SCKATGBEN and
Coordination Team consists of KIT (Coordinator) and AMPHOS21 (Coordination
Secretariat) which are responsible for project management, knowledge management,
documentation, dissemination and training. Their responsibilities include further the
coordination of the project work and activities, communication between the Project
Consortium and the Commission, monitoring the use of resources and transferring Ifinancia
resources, communication between different project beneficiaries and bodies, documentation

of the project outcome and its dissemination and communication to interested parties.
Workpackage leaderkead the individual workpackages (i.e. WP1 and WP6 (KW}2

JRGI TU), WP3 (SCKACEN), WP4 (CTM) and WP5 (Al
Several organisations from France (CEA), USA (LANL, SANDIA), UK (NDA, NNL and a
consortium coordinated by the University Cambridge), Finland (Posiva, TVO), Germany
(GRS) contributeto the projet without any fundingas Associated GroupgAG) with

particular information exchange functionBinally, a group of six implementation and
regulatory oriented organizations (SKB, NAGRA, ONDRAF/NIRAS, ANDRA,SBf
ENRESA) are participating as &hE AUserGr o u p ( Eid Grpup ensures that end

user interests are reflected in the project work, and reviews the project work and scientific
technical outcome.

MANAGEMENT

Knowledge, reporting and trainin
WP 5

]
—
=
Q
=
=
(]
o
x
L

Modelling

1
Samples and tools

Figure 1. Project Workpackages interdependencies
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Integration and Communication within CP FIRST-Nuclides

Integration, communication, discussion of scientific and technical results and dissemination of
the projectds achievements are fundament al
workshops are organized for presenting the status of tike programme. Moreover, these
events give the project beneficiaries the opportunity to discuss administrative and future
implementation issues. These project workshops additionally include meetings of the ExCom
(Executive Committee), and of the EUG membeasswell as special meetings where the AGs
have the opportunity to present their work and ideas. Furthermore, as training and education
component, ATopi cal Sessionso are included
scientifictechnical aspect&levant to the project.

The Project Workshops contribute to the integration within the project and communication
with a broader interested communityhis is done both by invitation of external groups to the
workshops and by documentation of the progiasgublic AnnualWorkshopproceedings.

These proceedings include i) a summary of the project and the ongoing research and technical
activities, ii) abstracts of the Topical Session presentations and presentations of the AGs.
Moreover, the details of the woare described in scientific/technical contributions (S&T)
written by the beneficiaries and reviewed by the EUG.

Kick-off Meeting

The kickoff meeting was held in Barcelona, Spaili;i910" February 2012. The participants
came from the beneficiary organisations (32), Associated Groups (8) and 5 from the
organizations representing the End User Group. Besides an intensive discussion of the work

programs of the workpackages, key note lecturesrwe gi ven on Al mpact
hi story of nucl ear fuels on the corrosion
SerranePurroy (JRGI T U) and on AThermodynamics of fi
fuel 60 by On dITW. FurtBeermoe, Havid SaRs@ni, as representative of the AG
SANDI A g aOwvervieva of Used Fuel Degradation & Radionuclide Mobilization
Activities within the Used Fuel Di sposition

Several remarks by the End User Group were of high importance for theetprohe CP
FIRST-Nuclides fits in the overall view of WMOs (Waste Management Organizations)
including their engagement in the SRA of IGIP’. A series of general comments of EUG on
FIRST-Nuclides Description of Work (DoW) were provided. It was positivelknawledged

that the CP FIRSNuclides covers a broad scope and overall approach. It was also
highlighted that the structure is expected to lead to useful results.

For the WMOs it is important that the key project results will be published in the dcientif
literature. The EUG acknowledged also that efforts have been made to get background data on
spent fuels (irradiation history, etc.) that will be studied in the project. They pointed out that
the variety of fuels used in the experimental program neduk toepresentative for power
reactors under typical operating conditions, including the range ofupusalues and the
present trend to higher buups. For fuels irradiated under different conditions, the details
need to be documented as well. Some sjgecdmments of members of the EUG covered
inter alia the effects of solution chemistry and of temperature on rapid release processes. The
effects of reducing conditions are of great interest as well as the fast radionuclide release from
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MOX fuel which is mt covered in the project. Other questions concerned the
representativeness of the results for a fuel rod or fuel assembly obtained by leaching
individual rod sections where discussed during the meeting.

First Annual Workshop

The First Annual Workshop wéaeeld already in Budapest, Hungaryf, 911" October, 2012.

At this workshop, a Topical Session was organized as part of training activities within the
project. The first presentation in this session was given by Christoph Gebhardt and Wolfgang
Gol, AREVA) Cohhnmarfacteristics of Spent Nucl ear Fu
on fuel management for Pressurii&dterReactor (PWR) and Boiling Water Reactor (BWR)

fuels, including neutrohysical aspects of the different modern fuel types and theupurn
distributions as well as the power/temperature histories. The manufacturing processes and
inventory of nuclides, additives and impurities of fuel pellets were explained as well as the
types, element inventory and corrosion and hydrogen uptake ofdhetlcladding. Finally,

the defect mechanisms during storage of fuel under various conditions were discussed.

The 2 talk of the Topical Session was given by Paul Van Uffelen (ORCU ) on MNAThe
potential of the TRANSURANUS code for source term calcutatioo f s pent nucl e
TRANSURANUS is a computer program for the thermal and mechanical analysis of fuel rods
during variousoperating conditions, generally referred to as a fuel performance code.
Emphasisvasgiven to assessingpththe temperature arttie stress levels in a fuel pin, since

they are linked to the crucial safety criteria, set by the regulators, to be fulfilled during the
entire inpile lifetime of the fuel rod. The lecture treated the main equations and the associated
limitations with the focus on fission product behaviour. Following mechanisms were
considered in greater detail: recoil, knemkt & sputtering, lattice diffusion, trapping,
irradiation resolution, thermal resolution, thermal diffusion, grain boundary diffusion, grain
bourdary sweeping, bubble migration, bubble interconnection and sublimation or
vaporisation. For each of these mechanisms, a brief description was provided along with a
discussion of its domain of application. An explanation of the main relevant mechavasms
described and, the various models for fission gas release and swelling available in the open
literature were reviewed.

Both presentations of this Topical Session provided knowledge which was new to most of the
participants and which will help to keep anamon level of understanding of fuel, fuel rods

and the modern modelling tools throughout the CP FHR8@lides.

Communication to internationaudiences

The CP FIRSINucl i des was presented orally at the
CEA, Avignon, April 18-19, 2012. The generic poster was shown at tHdRS 2012

SPRING MEETING,StrasbourgMay 1418, 2012. Furthermore a talk on the project was

given at the ATALANTE Conference, September,2012 at Montpellier. The coordinator is

invited to give atalk on FIRSTNuclides at the International Higtevel Radioactive Waste
Management Conferencapril 28 - May 2, 2013, Albuquerque, New Mexico, USA.
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Scientific and Technical Achievements

Deliverables

CP FIRSTFNuclides has been running for 10 montBianuaryOctober 2012). In this period,

two main deliverabl es have be StateofgheArtrand t e d .
Rationale for Experimental Investigation wi t h i-Nuclides$. R Tdeliverable presents

the Stateof-the-Art with respect tahe fast / instant release of safety relevant radionuclides
from spent nuclear fuel. In the first part of the report basic information is given, such as the
characterization of nuclear fuel, irradiation and temperatuteced processes in J@uring

its use in reactors, and disposal concepts for spent nuclear fuel in different countries. The
second part of the report documents, the Siktbe-Art on fast release summarizing the
results obtained from more than 100 published experiments with differenplesam
experimental techniques, and durations. The evaluated publications covered the gap and the
grain boundary contribution to the release from 80 experiments using PWR fuel of different
burnup, 20 experiments with BWR fuel and 8 MOX fuel experimentsaathors refer to a
definition of the fast / instant release as a fraction of the inventory of radionuclides that may
be rapidly released from the fuel and fuel assembly materials at the time of canister breaching.
In the context of safety analysis, th@é of mobilization of this fraction can be considered as

an instantaneous release of some radionuclides at the time of containment failure. The report
will be updated regularly according to the results obtained in‘tHeramework Programme
CollaborativeProject FIRSTNuclides.

The 29d el i v er ab | Ghardcterisatiom bfisgemt audleafifuel samples to be used in
FIRSTFNuclidesandr el evance of t he s anDataersfuefsampless he S
which are available for the FIRSNuclides partners, are classified according to their data
category with respect to the fuel / cladding characteristics. Moreover, thessetiatare
classified according to three information levels: (i) essential information representing the
minimum data that shddi be available for the fuel chosen for the study, (ii) parameters and
data, which are not directly measured, but derived from calculations, and (iii) supplemental
information referring to characteristics that may be needed depending on the studies to be
performed. Critical parameters of the selected fuel samples are compared to those of high
burnup fuels which need to be disposed of in Europe, to assure the relevance of the samples
for the Safety Case.

Spent fuel rods are owned mainly by the reactor dpeyatilities. Due to competition, it is

not easy to get the complete information on the actuakiyoiimistory of the fuel samples, as

well as the right to publish the data. To get access required a lot of work and negotiations for
many institutions. Théollowing table summarizes the most important characteristics of the
spent nuclear fuels to be used within FIRSclides
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