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The Collaborative Project “Fast / In-

stant Release of Safety Relevant Radi-

onuclides from Spent Nuclear Fuel 

(FIRST-Nuclides)” started in January 

2012 and extends over three years. It 

falls within the European EURATOM 

(European Atomic Energy Community) 

program and is implemented within 

the European Commission's 7th Frame-

work Program.  

  About FIRST-Nuclides 

  3rd Annual Newsletter 

The objective of the Annual Newslet-

ters is to inform the project beneficiar-

ies and the broader community on the 

progresses achieved within the FIRST-

Nuclides project.  

This edition falls together with the 2nd 

Periodic Activity and Management Re-

port and the end of the Project. 

For this reason, the 3rd, and last, Annu-

al Newsletter provides an overview of 

The project consortium consists of 10 

Beneficiaries, 6 End User Members 

from National Waste Management 

Organizations and 12 Associated 

Groups. 

The overall objective of the FIRST-

Nuclides project is to provide for im-

proved understanding of the fast / 

instantly released radionuclides from 

disposed high burn-up UO2 spent nu-

clear fuel.  

the work carried out and the main re-

sults obtained in each workpackage 

during the three years of the project. 

More detailed information of the pro-

ject can be found at the FIRST-

Nuclides webpage. All deliverables 

published during the project are avail-

able at the web. 
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The Project 

Elements and bodies of the project providing the basis for 

adequate project implementation 

fast/instant radionuclide release 

when high burn-up spent fuel 

comes into contact with the aquatic 

phase.  

6. Experimental quantification of the 

effect of fuel characteristics, burn-

up and burn-up history, and of the 

characteristics of the samples un-

der investigations on fast/instant 

radionuclide release from high burn

-up fuel. 

7. Implementation of the fast/instant 

release mechanisms into models 

which allow prediction of i) chemi-

cal speciation of the relevant ele-

ments in the spent fuel, ii) relation-

ship between the fission FGR and 

non-gaseous FP, and iii) long-term 

retention of FP in the rim and onto 

grain boundaries. 

  •   Objectives 

1. Selection, characterization and 

preparation of materials and set-

up of tools for handling and trans-

portation of the highly radioactive 

material. 

2. Experimental determination of fis-

sion gas (FG) distribution in fuel 

pellets and determination of fis-

sion gas release (FGR). 

3. Experimental determination of rim 

and grain boundaries inventories 

and the contribution of these in-

ventories to the fast/instant re-

lease. 

4. Quantification of mechanisms rele-

vant for the release of fission prod-

ucts (FP) from fractures, rim and 

grain boundaries of high burn-up 

UO2 fuel by diffusion experiments. 

5. Experimental quantification of the 
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  •   Organization 

The CP FIRST-Nuclides is composed by four   

project bodies:  

 

 The Coordination Team (CT) consists of 

the two organizations responsible for pro-

ject management, knowledge manage-

ment, documentation, dissemination and 

training.  

 The End-User Group (EUG) consists of 

representatives from both implementation 

and regulatory oriented organizations.  

 The Executive Committee (ExCom) is com-

posed by the CT and the WP leaders  

 The General Assembly (GA) represents the 

interests of all project partners. In the GA 

the overall decisions are taken and the 

past performance and future planning is 

accepted. 

To achieve the objectives, the CP is structured in six workpackages (WP). Four Research and Technical WP: WP1 

focuses on the selection and preparation of samples and tools, WP2 and WP3 are oriented to experimental re-

search and WP4 develops the modelling task. In addition, specific WP on knowledge, reporting and training (WP5) 

and administrative management (WP6) are included in the project. 
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WP1: Samples and tools 

SCK·CEN collected manufacturing and 

operational data of a PWR fuel with an 

average BU of 50 GWd/tHM. Fuel frag-

ments were prepared for consecutive 

investigations within WP3. Mennecart 

et al. (2014) described the main ex-

perimental parameters, i.e. the type of 

fuel, the sample preparation, the ex-

perimental setup, the leach test con-

ditions, the sampling scheme and the 

surface and solution analyses. 

Exemplary section images 

of initially 3.8 wt.% 235U 

enriched pellets of fuel seg-

ments N0203 and N0204. 

Ceramography images of 

N0203 are taken from F. 

Weiser (KfK-HZ). 

γ-scan of BWR42 illustra-

ting the location of the fuel 

pin sample and showing the 

pellet positions in the  

sample (see also the  

macrograph of the axially 

cut open pin in the upper 

left corner).  

Partners: KIT, JRC-ITU, JÜLICH, PSI, 

SCK•CEN, CNRS, CTM, MTA EK and 

STUDSVIK 

Initially the activities within workpack-

age #1 were planned to be conducted 

until June 2013. Since there were de-

lays in the documentation and with the 

sample preparation of SNF materials 

used by JRC-ITU and CTM, it was decid-

ed to extend this workpackage until 

summer 2014.  

The basic activities of WP1 were to 

select, provide and prepare spent nu-

clear fuel (SNF) samples for subse-

quent experimental investigations.  

Objectives: complete characterization 

of the selected SNF materials with 

respect to the individual fuel charac-

teristics and irradiation history, achiev-

ing permission by the fuel owners for 

publication of key parameters as well 

as the installation of experimental and 

analytical tools.  

  •   Introduction 

  •   Achievements  

Most partners dealt with high burn-up SNF, which had been irradiated in commercial 

nuclear power reactors, while the JÜLICH group studied so-called TRISO fuel. CNRS 

worked with unirradiated TRISO particles. MTA EK studied damaged and leaking 

VVER fuel rods.  

Samples (pellets, powders, TRISO kernels etc.) of these fuel materials were charac-

terized to a certain extent and prepared for various spectroscopic, metallurgic  

and chemical analyses as well as subsequent investigations in WP2 and WP3 .  

KIT studied the SF rod segment 

SBS1108-N0204, which was irradiated 

in a PWR together with the adjacent 

segment SBS1108-N0203, achieving an 

average BU of 50.4 GWd/tHM. Up-dated 

data on irradiation history and experi-

mental data of the segment were report-

ed by Metz et al. (2014). 

JRC-ITU and CTM characterized 

BWR spent fuel samples (average 

BU of 42 and 54 GWd/tHM). The 

properties of the fuels and prepara-

tion of segment and powder sam-

ples for IRF investigations and oxy-

gen diffusion experiments are de-

scribed by Wegen et al. (2014). 

PSI selected a BWR UO2 fuel with an 

average BU of 57.5 GWd/tHM
 and a 

PWR UO2 fuel with 62.2 GWd/tHM. Addi-

tionally, a PWR MOX fuel with 63 GWd/

tHM was selected for subsequent stud-

ies in WP3. Günther-Leopold et al. 

(2014) described the preparation of 

samples and the installation of leach 

equipment in a dissolution box of the 

PSI hot laboratory. 

All the references are scientific and technical contributions published at the 2nd Annual  

Workshop Proceedings. 



WP2: Gas release + rim and grain boundary diffusion 

Schematic of the actual 

Knudsen Effusion Mass 

Spectrometry (KEMS)  

system at ITU  
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The laser ablation hot 

cell and the sample 

transfer cask of 

STUDSVIK 

CNRS investigates the oxidation of UO2 

in unirradiated HTR fuel kernels by α-

radiolysis products of water. The ob-

tained results show that UO2 surface 

oxidation depends on the composition 

of the gas phase in the open or closed 

system and the dose. In open system 

an oxidation of UO2 by radiolytic pro-

duced H2O2 was indicated by the for-

mation of studite (UO4··4(H2O)) on the 

UO2 surface. Despite the fact of a high-

er H2O2 concentration in the closed 

system, the oxidation of UO2 is slower. 

The radiolytically produced H2 reacts 

as a reducing agent and limits the oxi-

dation process of UO2. 

JÜLICH investigates UO2TRISO coated 

particles from spent HTR fuel. No FG is 

released during the irradiation process, 

hence the complete activation/fission 

products are located in the particles. 

~35% of the complete gas inventory 

was instantaneously released (85Kr 

main component). 

During static leaching experiments no 

actinides were detected in solution. A 

high release of Cs was observed, what 

underlines the location of Cs at the GB.  

Lower release is observed under oxic 

conditions and it can be explained as-

suming  formation of a protective 

UO2.33 layer . 

high burn-up (HBU) UO2 spent nuclear 

fuels (SNF); (2) investigations on oxy-

gen diffusion in spent UO2 fuel. 

Partners: KIT, JRC-ITU, JÜLICH, CNRS, 

and STUDSVIK 

WP2 is divided into the two components 

“Experimental determination of fission 

gas release” and “Rim and grain bound-

ary diffusion”.  

Objectives: (1) the quantification of fis-

sion gases and fission gas release in 

  •   Introduction 

  •   Rim and grain boundary (GB) diffusion  

  •   Experimental determination of FGR  

STUDSVIK evaluated the Laser Ablation 

data obtained on cross sections from a 

standard UO2 fuel and an Al/Cr-

additive fuel. The findings of the Laser 

Ablation study on both pellets indicate 

Cs and I profiles that are very similar 

and appear to follow the radial burn-up 

profile. Cs, I and to some extent Se 

also appear to collect in some fuel 

cracks.  For the additive pellet Cr and 

especially Al are heterogeneously dis-

tributed in the pellet.  

KIT has analysed the experimental FGR 

data obtained after the plenum punc-

turing of the PWR fuel segment 

N0204. The FGR was 8.35% of the 

total inventory.  

A leaching experiment on a PWR seg-

ment sample was started under anoxic 

conditions. After a cumulative contact 

time of 57 days, 4.3% of the Xe and 

17% of the Kr inventories were re-

leased into the gas phase. 

 

JRC-ITU did a literature review of spent fuel oxidation and oxygen diffusivity.  

During refurbishment of the autoclave in the hot cell, intended for oxygen diffusion 

experiments, a Ti-welded tube joint broke. This causes a delay and it is not possible 

to finish the study in the given time frame of FIRST-Nuclides. It was decided to re-

port all results obtained until project month 33 and later results will be published in 

an open journal with reference to FIRST Nuclides.  
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Damaged VVER fuel, 

showing a similar Cs  

release rate as fuel  

segments in leach tests. 

WP3: Dissolution based release 

lar fission gas release. Preferential 

leaching was observed also for Tc, 14C 

and Se, but to a lesser extent. The re-

lease rate decreases quickly with time, 

and consists of contributions from gap 

and grain boundaries, but a deconvo-

lution of the various contributions is 

not obvious. The dissolution rate 

measured in leach tests with BWR and 

PWR fuel and for damaged and leak-

ing VVER fuel match very well, if only 

the non-oxidative dissolution is consid-

ered. The analytical results of the 

leach tests are still incomplete. The 

last data are expected in the coming 

months.  

To improve the knowledge on FP re-

lease from high burnup fuel, leach 

tests of varying designs and durations 

were performed by seven laboratories. 

One of the main objectives, was to 

look for correlations between the FP 

release and fission gas release. Re-

sults for test durations up to one year 

are available. As expected, iodine and 

caesium were the most important 

easily leachable radionuclides. The 

fractional release is in general higher 

for iodine than for caesium in tests 

where the cladding is present, but in 

general lower than the fractional fis-

sion gas release. The release is simi-

lar for BWR and PWR fuel with a simi-

The basic activities of WP3 were to 

perform leach tests with different SF 

samples prepared within WP1. 

Objectives: quantification of the fast/

instant radionuclide release when HBU 

  •   Introduction 

  •   Achievements  

Fractional dissolution rates of Cs isotopes from various PWR, BWR, MOX and VVER fuels,  

and comparison with the simplified release scheme from an early publication  

[Johnson et al., 1985] 
 

L. Johnson, N.C. Garisto and S. Stroess-Gascoyne, Proceedings of Waste Management, p.479 (1985) 

spent fuels comes into contact with the 

aquatic phase. 

Partners: KIT, JRC-ITU, PSI, SCK•CEN, 

CTM, MTA EK and STUDSVIK 



WP4: Modelling 

Amphos 21:Tracer concen-

tration (log10[mol/L] –  

calculated at time 3 hours in 

“macro cracks” of the (1/16th)

fragment of the pellet  

  •   Introduction 
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WP4 focuses on the development of 

models for the assessment of IRF, in-

volving both conceptual and numerical 

modeling. To this aim, models at differ-

ent levels have been developed.  

Objectives: development of models to 

quali and quantitatively assess the re-

lease of first nuclides leached from the 

spent fuel under repository conditions.  

Partners: CTM, KIT, Amphos 21, JRC-ITU,  

KIT used data gathered by Studsvik and 

develop a model to calculate the tempera-

ture dependent diffusion and retention of 

volatile radionuclides within a fuel pellet 

during the irradiation period. The results 

of the model, calculated with the FlexPDE 

6.35 code, indicated that diffusion takes 

place significantly only in the inner part of 

the fuel pellet. A temperature-dependent 

sorption parameter for I, Xe and Cs was 

assumed . A profile of the calculated in-

ventory on these elements at the end of 

the irradiation period is shown in  the low-

er left margin of this page. According to 

the calculations, the release of volatile 

elements account for 1.3%, in the range 

of the fission gas release. 

  •   Achievements  

CTM developed an empirical kinetic mod-

el based on experimental results ob-

tained with powdered and fragments of 

fuel during static and dynamic leaching 

tests. Conceptually, the release of radio-

nuclides from different phases, point to-

wards water penetration as the rate limit-

ing step.  

Water gets in contact in first place with 

the gap and micro fractures as well as 

readily available exposed grain bounda-

ries, latter to micro fissures and less ex-

posed grain boundaries, and, finally, to 

the complete inventory present in the 

closed grain boundaries. This behavior is 

experimentally observed for the samples 

studied.  

The final year of the project resulted in the development of empirical and numerical 

models to account for the release of rapid elements from the fuel.  

KIT model: Concentration 

distribution of the volatile 

elements in the pellet (red 

highest , blue: initial , ma-

genta: zero concentration).  

The model developed by Amphos 21 based on the calculation of the saturation of the 

pellet by water (see figure in upper left margin) is in rather good agreement with the 

other two models developed in this WP. This model, developed with the code COMSOL,  

assumes saturation of macro– and micro-cracks and results in a rather good compari-

son with the experimentally available data assuming that  40% of the tracer mass is 

initially associated with macro-cracks, as shown in the picture below. 

Experimental laboratory data 

(González-Robles, 2011) on radionu-

clide release from SNF pellet 

(normalized to unity) and model    

prediction. 
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IRF database compiled  

in the frame of FIRST-

Nuclides 

WP5: Knowledge, reporting and training 

within the project; (3) organization of 

training activities for young scientist. 

Partners: All beneficiaries (led by AM-

PHOS21) 

Objectives: (1) preparation and update 

of an SoA of radionuclides release from 

SF; (2) development of different tools to 

disseminate the knowledge generated 

  •   Introduction 

  •   State of the Art 

  •   Dissemination activities 

  •   Training activities 

The SoA report was published in 2012 

and updated in 2013. It is structured in 

two main sections: basic information 

(e.g. characteristics of fuel, evolution of 

UO2 during irradiation, etc.) and sum-

mary of published data on IRF.  

The 2014 update consists on the de-

velopment of a IRF database which 

includes both, previously published 

data and data obtained during the pro-

ject. For each experiment both the ex-

perimental conditions and the results 

 Deliverables: periodic 

reports detailing the 

work carried out in each 

different WP and tasks. 

All of them are available 

at the project website. 

The dissemination activities are compiled in the Communication Action Plan. A 

summary is presented below: 

 WEB portal: public website with a pri-

vate intranet. All public information 

and documentation is published in 

the website. The intra-

net is used for sharing 

confidential information 

with the consortium. 

 Annual workshops and proceedings: the work done by each 

partner is presented and discussed at the Annual Workshops. 

The Proceedings of each workshop compiled the Scientific and 

Technical contributions of all the beneficiaries. 

 Presentations at international conferences and scientific publications:  

members from different beneficiary institutions have presented the 

work carried out in the frame of the project to international confer-

ences. Another way of presenting the results to the broad scientific 

community is the publication of an article in a Peer Review Journal. 

KIT/JRC-ITU/AMPHOS21 organized the 

FIRST-Nuclides training course where 

12 students were teach on RN release 

from spent fuel, experimental methods 

to analyse RN release  and disposal 

relevant properties of SF.  

A. Martinez, P. Szabo and D. García 

have applied for a mobility measure. All 

of them did the mobility at KIT/INE. 

7 students will attend the Final Work-

shop of the project with a travel grant.  

Training and education for the next generation of spent nuclear fuel specialists is 

provided by courses, training mobilities and travel grants.  

Lecture at KIT/INE during 

the training course 
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The institutions/organizations involved in the project and its activities can be divided 

into: beneficiaries, end-users-group (EUG) and associated groups (AG). 

Beneficiaries are in charge of the implementation fo the Project. 

EUG review the work done by  

beneficiaries  

AG are institutions which present an interest on the Project.  
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