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Background

� By the end of the 80’s, based on the good relationship between 

Kansai Electric Co. and Endesa, it was successfully explored the 

opportunity of a LTA irradiation Program in a Spanish reactor 

supported by Japanese organizations

� Program was to be devoted to research of various promising fuel 

materials under bounding operational conditions

� In 1991, the so called “Segmented Fuel Irradiation                      

Program 5-Party General Agreement” was signed 

among KEPCO, Endesa, MHI, WEC and Enusa,                       

which established the bases for the collaboration
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LTA Irradiation Programs in Spain

� Thorough materials and product characterization 

� Extensive on-site PIE at every end of irradiation cycle 

� Selected rods removed along the irradiation for further PIE work at hot cells 

� Some of the removed rods also subjected to further in-reactor tests (i.e., ramp 

tests, BOCA, Cabri, NSSR, …)
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� Develop of “segmented fuel” concept to 
characterize performance of various

� cladding: Zirlo, MDA, texture 

� pellet: grain size (9, 12, 30 μm)

� burnup ∼ 60 MWd/kg

� power transients (ramp tests)

Vandellos LTA’s: Segmented Fuel Program

scope

� 4 FA’s  

� 32 segmented FR’s 

� 80 special FR’s

Hot Cell PIE

• FGR

• pellet characterization

• clad. Mech. properties

• clad. corrosion/hydriding

MWd/kg

EOC-1   15

EOC-2   28

EOC-3   45

EOC-4   52

• Ramp Test after 2, 3 & 4cy

• BOCA test up to 71MWd/kg
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Vandellos LTA’s: Irradiation Extension Program
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Segmented Fuel LTA Program

Burnup Extension LTA Program

Cabri SCIP ALPS Simulated RIA 
tests (EDC)

PWR fuel isotope array

CEIDEN programs 
on spent fuel

On-site and Hot cell PIE

On-site fuel inspection capabilities 
(SICOM)

on-site PIE

+ hot cell PIE and power ramps in 
Studsvik after 2, 3 and 4 cycles

+ additional irradiation in Studsvik
(“BOCA test”)

PWR Cladding creep laws

shipment to hot cells management 
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Scope

• 4  RFA LTA’s

• ∼ 60 rods with 

design variations

objectives

characterize representative 

comercial fuel  (RFA - Zirlo)

irradiated ∼ 70 MWd/kg 

@ relatively bounding conditions

 

 1999 2000 2001 2002 2003 2004 2005 2006 

 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Design & 

manufacturing

        

licensing 
        

Irradiation 
        

On-site 

inspection 

        

Hot cell 

inspection 

        

 

       

C-12 C-13 C-14 C-15

# Cladding Pellet

233 Zirlo Std

16 Zirlo
Std + 
Gd2O3

1 Zirlo
Large 
grain

1 Zirlo
High 

density

3 Zirlo 1 Std

3 Zirlo 2 Std

1 MDA-SRA Std

4
M-MDA-

SRA
Std

1
M-MDA-

Rx
Std

1 S2 Std

Vandellos LTA’s: High Burnup Program
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High Burnup LTA Program

SCIPALPS

Hot Cell PIE at end of irradiation:

20 fuel rods

+ small structural samples (grid tabs)

Halden

On-site PIE at end of each cycle

+ fuels assembly characterization at the end of the irradiation (growth, grid 

cell size, spring cell force, fretting marks…)

γ-scanner

FGR 

Pressure

visual

dimensional

gas analysis

corrosion

H2

metallography

density
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Scope

• Advance cladding rods: 174 (seven types)

• Optimized Zirlo rods: 88

• Two steps irradiation target: 62 / 70 MWd/kgU

• On-site and Hot cell PIE after 1, 2 y 3 cycles 

objective

advance cladding alloys

• Higher corrosion resistance

• Equivalent mechanical 

properties

Almaraz LTA’s: New Cladding Alloy Program
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Final remarks

• Almost 25 years of fruitful collaboration on different research 

programs on nuclear fuel performance

• Outstanding database on important fuel key characteristics has 

been gathered along the years to support commercial operation 

of the plants and to provide of adequate orientation on fuel 

design modifications

• An opportunity to get mutual benefit from each other 

experience, and to facilitate occasions for extended collaboration 

of another organizations on a wider kind of topics

• Valuable Contributions to other international research programs 

of the Nuclear Industry


