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Part 1:
 Introduction and nuclear safety motivation of the 
IFMIF-DONES Target Assembly (TA) model updates



Monte Carlo High Fidelity computations (MCHIFI on PITAGORA HPC system)

ID Acronym Title Proponent email Beneficiary CPU
[ node hours ]

GPU
[ node hours ]

Storage 
[ TB ]

68 MCHIFI

Monte Carlo High Fidelity 
computations for IFMIF-
DONES, DEMO, and JET 
neutronics applications

Arkady Serikov arkady.serikov@kit.edu KIT 120000 7200 20

The radiation transport parallel computations for the IFMIF-DONES project 
https://ifmif-dones.es/ have been performed on the CPU-based partition of the 
PITAGORA supercomputer hosted by CINECA at Casalecchio, Bologna, Italy 
https://www.hpc.cineca.it/systems/hardware/pitagora/ in the framework of the 9th cycle 
of the MCHIFI (Monte Carlo High Fidelity) HPC EUROfusion project. 
In the 10th MCHIFI project cycle, from 01 Mar 2026 to 28 Feb 2027, the 
following HPC resources have been provided to us by EUROfusion: PITAGORA HPC resources for the 10th MCHIFI EUROfusion project cycle 

mailto:arkady.serikov@kit.edu
https://ifmif-dones.es/
https://www.hpc.cineca.it/systems/hardware/pitagora/


Motivation for these neutronics computations
• Functionality of the whole DONES facility  depends on safe interaction of D+ beam with liquid Li target, avoiding any 

interactions of D+ with Target Assembly (TA) structural components, such as Beam Duct, Li-inlet and outlet channel, and 
Back-plate. That is accomplished by the precise D+ beam dynamics, CAD design modeling, and accurate neutronics 
analyses. This work presents neutronics aspects of the D+ interaction with TA lithium and structures.

• The D+ beam dynamics has been assessed in the “ANALYSIS OF TARGET BEAM WALL IN BEAM DYNAMICS” report IT-T73 -
2025-2 (Versions v1 & v2) by Concepcion Oliver from CIEMAT Accelerator Unit. The two versions (v1 & v2) of this report 
supplied the D+ beam profiles for subsequent neutronics analyses.

Target Assembly (TA) components.

Neutronics and Thermo-mechanical analyses of the TA components:
1) MCNP geometry modification of the Li channel in Target Assembly;
2) Define the D+ profiles from the CIEMAT results of D+ beam dynamics 

analyses

Calculate total heat deposition densities (W/cc) caused by all types of 
atomic and nuclear interactions: D+ interaction with atomic electron clouds 
and cascade of nuclear reactions of D+ with nuclei of lithium and structural 
material of the TA channel (D+, neutron, photon, proton). All processes are 
taken inot account producing heating sources in all the materials of TA 
(lithium, EUROFER, SS316L steel).

3)  Neutronics heat sources (W/cc) input for thermo-mechanical simulations 
with the STAR-CCM+ code. Temperature maps at TA are calculated as one of 
the thermal analysis outcomes.



Horizontal shift in definition of the beam profile in MCNP
To eliminate the misalignment of the Target lithium jet center and beam axis, a shift in horizontal direction should be introduced in the definition of the X-coordinate of the 
beam profile in MCNP. In case of beam axis focused to the center of the lithium jet at the front surface of the lithium jet layer, all the Y-coordinates (in the MCNP coordinate 
system) of the beam profile should be shifted to delta_Y = -(9cm * tan(9°)) = -1.425cm. The perpendicular to the X-axis plane is used as the plane D-source at X=-11.7 cm in the 
MCNP calculations. This beam center has the following coordinates: X= -11.7cm, Y= -1.425cm, and Z=0.

9 cm

Delta_Y Shift = -1.425 cm

In the picture, the distances are not in scale. X’ corresponds to Y in MCNP, Y’ corresponds to the X-axis



Two cut-outs at the lateral 
walls of the Li-channel

Modifications: Cut-outs at the lateral walls of the 
Lithium (Li) channels to prevent direct interaction of 
the 40 MeV-energy, 125 mA-current Deuteron ion 
(D+) beam with the Li-channel’s structural material

CAD and MCNP models’ geometry 
modificationsMCNP model 

CAD model 



MCNP deuteron source definition in the text file “D-source_9cmBP” 

• The D-beam profile is rotated by 9 degrees and projected to the perpendicular to the X-axis plane used as the plane source at X=-11.7 cm in the MCNP calculations. This 
beam center has the following coordinates: X= -11.7cm, Y= -1.425cm, and Z=0.

• The X-coordinate counts in the negative direction from X=0 of the MCNP coordinate system center point located at the back surface of the Target Back Plate. The length of 
11.7cm consists of 0.2 cm thickness of BP, plus 2.5cm thickness of Li layer at the target, plus 9cm distance from the front surface of the liquid lithium target, so instead of 
Target BP (TBP) used before in the MCNP calculations, now the beam profile is called “9cmBP”.

• We have created the MCNP deuteron source definition with an excellent 1-mm resolution in both vertical and horizontal directions as a matrix of 204 vertical and 284 
horizontal averaged in the 1-mm interval values of the D-intensity matrix. For that, we have used 495 MCNP probability distribution functions (PDFs). The MCNP D-source 
defined in a text file “D-source_9cmBP”, it is created for the particular not collimated case #1 Beam Profile defined in the file “File_for_target_9rotated_Case1_nocollim” – 
it is recorded 9 cm upstream from the front surface of the Li target. The MCNP D-source was created with a MATLAB script. The excerpts of “D-source_9cmBP” are below:

c ==============================================================================
c                D-SOURCE 1-mm resolution, 9-rotation, 9-cm upstream, issue Sep2025
c ------------------------------------------------------------------------------
sdef X=-11.7 Y=frad=d6 Z=frad=d7 par=d 
     erg=40 vec=0.987688 0.156434 0 dir=1 RAD=d5
c ------------------------------------------------------------------------------

c ------------------------------------------------------------------------
c start of shifting by -1.425cm in Horizontal direction,
c the beam is at 9cm distance from Li-Target surface: 9cmBP, it is not TBP
c 9-cm Beam Profile (9cmBP):
c ------------------------------------------------------------------------
SI8  H  -1.562500e+01    -1.552500e+01
SP8  0  1
SI9  H  -1.552500e+01    -1.542500e+01
SP9  0  1
SI10  H  -1.542500e+01    -1.532500e+01
SP10  0  1
SI11  H  -1.532500e+01    -1.522500e+01
SP11  0  1
……………..
………………

…………………………….
SI290  H  1.257500e+01    1.267500e+01
SP290  0  1
SI291  H  1.267500e+01    1.277500e+01
SP291  0  1
c ------------------------------------------------------------------------
c end of shifting by -1.425cm in Horizontal direction,
c the beam is at 9cm distance from Li-Target surface: 9cmBP, it is not TBP
c ------------------------------------------------------------------------
SI292  H  -1.020000e+01    -1.010000e+01
SP292  0  1
……………………………
…………………………..
SI494  H  1.000000e+01    1.010000e+01
SP494  0  1
SI495  H  1.010000e+01    1.020000e+01
SP495  0  1



Curved surface 
with Bragg peak 
at the d-Li 
footprint area

Old D+ beam profile IFMIF/EVEDA: ion beam energy deposition in Li target



• D+ ion beam stops in the lithium jet delivering a total power of 5 MW on a 
volume of 5×20×2.5 cm3, with d-Li footprint area of 5x20 cm2.

• Deuterons lose their energy in Li by interactions with Li electron clouds 
and nuclei – all the processes have been taken into account in the MCNP6 
energy deposition calculations with the TMESH card.

• For calculation of deuteron beam energy deposition  in Li at the d-Li 
footprint area, transport of neutrons, photons, deuterons, and protons  
– 4 particles have been transported with the MCNP6 mode n p d h

IFMIF/EVEDA D+ beam profile: Deuteron beam energy deposition

Li

Steel

HFTM
DONES High-Flux Test 
Module (HFTM)

Energy deposition, W/cc 

MCNP6 horizontal cut of the D+ beam energy deposition 
at the d-Li footprint area with heat peak of 110 kW/cc

MCNP6 TMESH result for 
0.5x1x1 mm3 (xyz) mesh

Horizontal cut of the MCNP6 geometry at d-Li footprint

10

Bragg peak of heat is 1.86 cm 
deep in Lithium. As thickness 
of the Li-jet is 2.5 cm, only a 
0.64 cm distance separates the 
Li heat peak and the back plate 
made of steel (Eurofer-97)



Part 2:

 All-particles heating for the 9-cm upstream Beam 

Profile (9cmBP) – the Safety Reference case 9cmBP



Touch at the channel’s bottom
on the Left side

MCNP cut PZ=0



Touch at the channel’s bottom
on the Left side, where flux is 5 orders of magnitude smaller than the maximum. Flux in linear scale.

MCNP cut PZ=0

Front surface of Li jet at 2.7 cm 

Lithium jet 2.5 cm thicknessTarget Back Plate 
0.2 cm thick



Heat distribution at the Target footprint area in Li and Eurofer with the location of the slice PZ=0 cm
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at the lateral wall 



Large-scale mesh at the Target Assembly 
components. The total nuclear heating is 
caused by nuclear and atomic heating 
depositions caused by three particles: d, n, p



D, n, p - heatingD heating only

BP



Part 3:

TA heating distribution for the Safety Worst-case 9cmBP.

The Worst-case 9cmBP misalignment in respect to the Li target is defined as an 

additional shift by 3 mm in horizontal Y-axis negative direction.



Touch at the channel’s bottom
on the Left side, where flux is 5 orders of magnitude smaller than the maximum. Flux in linear scale.

MCNP cut PZ=0

Front surface of Li jet at 2.7 cm 

Lithium jet 2.5 cm thicknessTarget Back Plate 
0.2 cm thick

Expected direction of potentially 
worst-case Beam Profile (BP) move

The Reference 9cmBP location 



The Worst-case 9cmBP with a detected D+ beam touch at 
the lithium channel’s lateral wall at the negative –Y axis 
side ap the pz=0 slice. 



Heating (W/cc) by all particles for 
the Worst-case 9cmBP

Comparison of total heating at the central slice (pz=0) 

Heating (W/cc) by all particles for 
the Reference case 9cmBP



Conclusions for TA neutronics and thermal hydraulics analyses

• Thermal-hydraulic and thermal-mechanic calculations of 
TA components have been updated with new nuclear 
heating data;
• Thermal-hydraulic simulations for the reference and the 
worst case have been conducted. The worst case is 
associated with an additional misalignment of the 
deuteron beam by 3 mm in the negative Y-direction; For 
simulations the new data of nuclear volumetric heating 
were implemented.
• Temperature fields and thermal stresses have been 
compared;
• Shifted position of D+ beam causes the development of 
the small hot spot in the channel wall. The maximum 
temperature is of 524°C. The thermal stress peak value 
(von Mises) in the wall is increased up to 220 MPa. 
Although the maximum thermal stress does not exceed the 
limited value of 340 MPa, considering that the 
temperature rise in the heated area exceeds 100°C within 
4 seconds, dynamic fatigue investigations can be 
reasonable.



Part 4:

 Activation analyses of the TA Back Plate two materials:

Fe 63.923
C 0.080

Mn 2.000
Si 0.750
P 0.045
S 0.030
Cr 17.000
Ni 12.000

Mo 2.500
N 0.100
B 0.002

Cu 1.000
Co 0.050
Nb 0.010
Ti 0.500
Ta 0.010

SS316Ti          vs.       Eurofer-97

Fe 88.653
C 0.11
Mn 0.4
Si 0.05
P 0.005
S 0.05
Cr 9.0
Ni 0.01
Mo 0.005
N 0.03
B 0.002
Cu 0.01
Al 0.01
Co 0.01
Nb 0.005
Ti 0.02
Ta 0.12
V 0.2
W 1.1
As 0.05
Sn 0.05
Sb 0.05 
Zr 0.05
O 0.01

(wt%) (wt%) • For DONES licensing and to qualify the Target Assembly (TA) Back Plate 
material to be disposed of as the Low- and Intermediate Level Radioactive 
Waste (LILW) by the ENRESA company at the El Cabril Spanish radwaste 
facility, the corresponding activation calculation must be performed.

• Activation level depends on the material composition, neutron flux spectra, 
and irradiation time (1 FPY).

• The activation analyses of the TA Back Plate two candidate materials 
(SS316Ti and Eurofer-97) have been performed, assuming neutron 
irradiation during 1 full power year (1 FPY) in DONES operated 
with 1 accelerator with 125 mA current of 40-MeV deuterons.

• The TENDL-2017 cross-section data library has been used in the activation 
calculations
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Eurofer Back Plate (BP) segment number
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Activation of SS316Ti as the Back Plate material



Eurofer Back Plate (BP) 
segment number

BP-1 BP-2 BP-3 BP-4 BP-5 BP-6 BP-7 BP-8 BP-9 BP-10 BP-11 BP-12 BP-13 BP-14 BP-15 BP-16 BP-17 BP-18 BP-19
Total BP made 

of Eurofer

Total neutron flux, 
n/cm2/s

6.166E+14 1.355E+14 1.754E+14 1.895E+14 1.802E+14 2.562E+13 6.476E+13 6.145E+13 2.295E+13 7.269E+12 1.305E+13 1.345E+13 1.188E+13 3.285E+13 1.280E+13 3.786E+13 1.424E+13 4.909E+12 5.150E+12

MCNP cell number (42642 42645) (42643 42646) (42644 42647) 42640 42641 40155 40156 40159 40160 40161 40162 40163 40164 40165 40166 40167 40168 40169 40170

Cooling time Cooling time, years BP-1 BP-2 BP-3 BP-4 BP-5 BP-6 BP-7 BP-8 BP-9 BP-10 BP-11 BP-12 BP-13 BP-14 BP-15 BP-16 BP-17 BP-18 BP-19 Whole BP
1 sec 3.17E-08 6.33E+13 9.44E+11 1.81E+12 2.37E+13 2.22E+13 1.09E+13 1.91E+13 1.86E+13 1.07E+13 1.78E+12 6.70E+11 2.32E+12 2.42E+12 5.46E+12 1.66E+13 8.72E+12 2.49E+13 4.06E+11 4.84E+11 2.35E+14
1 day 2.74E-03 3.91E+13 5.62E+11 1.10E+12 1.41E+13 1.32E+13 6.38E+12 1.10E+13 1.07E+13 6.23E+12 1.10E+12 4.04E+11 1.38E+12 1.43E+12 3.12E+12 9.66E+12 5.11E+12 1.46E+13 2.50E+11 3.00E+11 1.40E+14
7 days 1.92E-02 3.73E+13 5.35E+11 1.06E+12 1.35E+13 1.26E+13 5.96E+12 1.05E+13 1.02E+13 5.82E+12 9.37E+11 3.65E+11 1.26E+12 1.31E+12 2.94E+12 8.78E+12 4.83E+12 1.35E+13 2.05E+11 2.52E+11 1.32E+14
30 days 8.21E-02 3.29E+13 4.73E+11 9.32E+11 1.20E+13 1.12E+13 5.29E+12 9.28E+12 9.03E+12 5.15E+12 8.16E+11 3.21E+11 1.11E+12 1.15E+12 2.61E+12 7.75E+12 4.28E+12 1.19E+13 1.78E+11 2.20E+11 1.17E+14
1 year 1.00E+00 1.97E+13 2.77E+11 5.51E+11 7.01E+12 6.55E+12 2.96E+12 5.32E+12 5.17E+12 2.89E+12 3.93E+11 1.71E+11 5.95E+11 6.24E+11 1.47E+12 4.11E+12 2.46E+12 6.56E+12 8.17E+10 1.06E+11 6.70E+13
5 years 5.00E+00 5.88E+12 7.94E+10 1.61E+11 2.01E+12 1.87E+12 8.14E+11 1.47E+12 1.43E+12 7.98E+11 1.06E+11 4.74E+10 1.64E+11 1.73E+11 3.98E+11 1.09E+12 6.84E+11 1.81E+12 2.16E+10 2.86E+10 1.90E+13
10 years 1.00E+01 1.63E+12 2.18E+10 4.46E+10 5.52E+11 5.17E+11 2.23E+11 4.01E+11 3.91E+11 2.18E+11 2.92E+10 1.30E+10 4.48E+10 4.72E+10 1.08E+11 2.95E+11 1.88E+11 4.93E+11 5.93E+09 7.88E+09 5.22E+12
20 years 2.00E+01 1.39E+11 1.85E+09 3.81E+09 4.73E+10 4.39E+10 1.86E+10 3.36E+10 3.29E+10 1.82E+10 2.48E+09 1.09E+09 3.77E+09 3.97E+09 9.03E+09 2.47E+10 1.58E+10 4.14E+10 5.06E+08 6.74E+08 4.42E+11
100 years 1.00E+02 1.70E+08 2.49E+06 5.08E+06 6.39E+07 5.97E+07 2.96E+07 4.81E+07 4.67E+07 2.81E+07 5.14E+06 1.92E+06 6.50E+06 6.43E+06 1.34E+07 4.20E+07 2.24E+07 6.31E+07 1.00E+06 1.23E+06 6.17E+08
1000 years 1.00E+03 8.23E+06 2.14E+05 3.11E+05 5.04E+06 4.81E+06 6.27E+06 7.62E+06 7.29E+06 5.71E+06 1.54E+06 4.64E+05 1.65E+06 1.49E+06 2.69E+06 1.09E+07 3.23E+06 1.25E+07 2.94E+05 3.13E+05 8.06E+07

 Mass, kg Eurofer 1.76E-01 2.69E-02 2.70E-02 4.38E-01 4.46E-01 5.18E+00 2.30E+00 2.30E+00 5.15E+00 5.04E+00 7.79E-01 2.73E+00 2.67E+00 1.65E+00 1.79E+01 1.65E+00 1.79E+01 1.36E+00 1.36E+00 6.91E+01

Total Activity (Bq) after cooling time:

SS316Ti Back Plate 
(BP) segment number

BP-1 BP-2 BP-3 BP-4 BP-5 BP-6 BP-7 BP-8 BP-9 BP-10 BP-11 BP-12 BP-13 BP-14 BP-15 BP-16 BP-17 BP-18 BP-19
Total BP made 

of SS316Ti

Total neutron flux, 
n/cm2/s

6.166E+14 1.355E+14 1.754E+14 1.895E+14 1.802E+14 2.562E+13 6.476E+13 6.145E+13 2.295E+13 7.269E+12 1.305E+13 1.345E+13 1.188E+13 3.285E+13 1.280E+13 3.786E+13 1.424E+13 4.909E+12 5.150E+12

MCNP cell number (42642 42645) (42643 42646) (42644 42647) 42640 42641 40155 40156 40159 40160 40161 40162 40163 40164 40165 40166 40167 40168 40169 40170

Cooling time Cooling time, years BP-1 BP-2 BP-3 BP-4 BP-5 BP-6 BP-7 BP-8 BP-9 BP-10 BP-11 BP-12 BP-13 BP-14 BP-15 BP-16 BP-17 BP-18 BP-19 Whole BP
1 sec 3.17E-08 9.54E+13 1.53E+12 2.80E+12 3.80E+13 3.58E+13 1.92E+13 3.32E+13 3.22E+13 1.86E+13 2.89E+12 1.13E+12 4.02E+12 4.11E+12 9.73E+12 2.96E+13 1.48E+13 4.26E+13 6.21E+11 7.45E+11 3.87E+14
1 day 2.74E-03 6.58E+13 1.04E+12 1.93E+12 2.59E+13 2.43E+13 1.26E+13 2.21E+13 2.15E+13 1.22E+13 1.73E+12 7.25E+11 2.57E+12 2.66E+12 6.43E+12 1.89E+13 9.90E+12 2.78E+13 3.65E+11 4.51E+11 2.59E+14
7 days 1.92E-02 5.99E+13 9.43E+11 1.75E+12 2.35E+13 2.21E+13 1.12E+13 1.99E+13 1.94E+13 1.09E+13 1.46E+12 6.36E+11 2.25E+12 2.34E+12 5.75E+12 1.67E+13 8.90E+12 2.47E+13 3.08E+11 3.85E+11 2.33E+14
30 days 8.21E-02 4.98E+13 7.81E+11 1.46E+12 1.95E+13 1.83E+13 9.25E+12 1.65E+13 1.60E+13 9.03E+12 1.18E+12 5.20E+11 1.84E+12 1.92E+12 4.73E+12 1.37E+13 7.36E+12 2.04E+13 2.47E+11 3.12E+11 1.93E+14
1 year 1.00E+00 1.93E+13 2.74E+11 5.44E+11 6.93E+12 6.47E+12 2.93E+12 5.29E+12 5.16E+12 2.86E+12 3.72E+11 1.67E+11 5.83E+11 6.15E+11 1.46E+12 4.06E+12 2.44E+12 6.48E+12 7.65E+10 1.00E+11 6.61E+13
5 years 5.00E+00 4.61E+12 6.32E+10 1.27E+11 1.60E+12 1.49E+12 6.58E+11 1.18E+12 1.15E+12 6.43E+11 8.68E+10 3.82E+10 1.33E+11 1.39E+11 3.23E+11 8.90E+11 5.50E+11 1.46E+12 1.78E+10 2.34E+10 1.52E+13
10 years 1.00E+01 1.27E+12 1.73E+10 3.51E+10 4.39E+11 4.09E+11 1.81E+11 3.25E+11 3.17E+11 1.77E+11 2.45E+10 1.06E+10 3.69E+10 3.87E+10 8.88E+10 2.47E+11 1.51E+11 4.03E+11 5.10E+09 6.63E+09 4.18E+12
20 years 2.00E+01 1.21E+11 1.67E+09 3.35E+09 4.24E+10 3.95E+10 1.79E+10 3.16E+10 3.08E+10 1.75E+10 2.72E+09 1.08E+09 3.74E+09 3.90E+09 8.75E+09 2.54E+10 1.47E+10 4.03E+10 5.89E+08 7.37E+08 4.07E+11
100 years 1.00E+02 2.48E+09 4.39E+07 7.65E+07 1.07E+09 1.01E+09 7.52E+08 1.10E+09 1.06E+09 7.11E+08 1.85E+08 5.39E+07 1.87E+08 1.81E+08 3.55E+08 1.35E+09 4.92E+08 1.71E+09 4.25E+07 4.62E+07 1.29E+10
1000 years 1.00E+03 3.88E+08 6.23E+06 1.15E+07 1.54E+08 1.45E+08 1.08E+08 1.52E+08 1.46E+08 1.00E+08 2.40E+07 7.51E+06 2.67E+07 2.48E+07 4.76E+07 1.71E+08 6.79E+07 2.24E+08 4.63E+06 5.18E+06 1.81E+09

 Mass, kg SS316Ti 1.77E-01 2.71E-02 2.72E-02 4.41E-01 4.49E-01 5.22E+00 2.32E+00 2.32E+00 5.19E+00 5.08E+00 7.85E-01 2.75E+00 2.69E+00 1.67E+00 1.80E+01 1.66E+00 1.81E+01 1.37E+00 1.37E+00 6.96E+01
 Mass, kg Eurofer 1.76E-01 2.69E-02 2.70E-02 4.38E-01 4.46E-01 5.18E+00 2.30E+00 2.30E+00 5.15E+00 5.04E+00 7.79E-01 2.73E+00 2.67E+00 1.65E+00 1.79E+01 1.65E+00 1.79E+01 1.36E+00 1.36E+00 6.91E+01

Total Activity (Bq) after cooling time:

SS316Ti Back Plate (BP) total activity distribution along the BP 19 segments:

Eurofer Back Plate (BP) total activity distribution along the BP 19 segments:

Activation comparison of Eurofer vs. SS316Ti as the Back Plate materials



Activation comparison of Eurofer vs. SS316Ti as the Back Plate materials



Decay of the whole BP Total Activity (Bq) depending on the BP material

Total Activity (Bq) of the whole BP made of:

SS316Ti Eurofer Cooling time

3.87E+14 2.35E+14 1 sec
2.59E+14 1.40E+14 1 day
2.33E+14 1.32E+14 7 days
1.93E+14 1.17E+14 30 days
6.61E+13 6.70E+13 1 year
1.52E+13 1.90E+13 5 years
4.18E+12 5.22E+12 10 years
4.07E+11 4.42E+11 20 years
1.29E+10 6.17E+08 100 years
1.81E+09 8.06E+07 1000 years
6.96E+01 6.91E+01 Mass, kg

Activation comparison of Eurofer vs. SS316Ti as the Back Plate materials



Backplate Material Selection as RW Management

• Feasibility of using EUROFER or 316SS steel as the material for the Backplate is under study, it becomes 
necessary to assess the potential conditioning of these materials as Low- and Intermediate Level Radioactive 
Waste (LILW) for ENRESA disposal at El Cabril repository at container types (drums 220L and parallelepiped 
containers).

• Comparisons have been made regarding the specific activation levels and the total activation 
values compared with ENRESA Waste Acceptance Criteria (WAC).

• Calculations and comparison have been performed for the moment after the shutdown (1 sec cooling time).
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ENRESA LILW Acceptance Criteria: Total Activity (Bq)
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Límite de actividad de nivel 1 para volúmenes de 220 litros (MBq) Máxima actividad aceptable por volumen de 220 litros (MBq) 

Criterios de aceptación de unidades de
Almacenamiento en el C.A. El Cabril. 031-ES-IN-0011



ENRESA Waste Acceptance Criteria  Level 1
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EMBALAJES CILÍNDRICOS EMBALAJES PARALELEPÍPEDOS
Isótopos Residuos 

Acondicionados
Residuos No 

compactables
Residuos 

Compactables
Todas Naturalezas Total Activiy SS316 (Bq) Total Activiy EUROFER (Bq)

H-3 2,12E+10 1,06E+10 9,81E+09 1,87E+10 1,36E+13 1,37E+13
Mn-54 1,06E+10 1,06E+10 4,91E+09 9,37E+09 2,94E+15 3,20E+15
Fe-55 1,06E+10 1,06E+10 4,91E+09 9,37E+09 5,93E+15 7,93E+15
Co-60 1,06E+10 1,06E+10 4,91E+09 9,37E+09 5,10E+13 1,11E+11
Zn-65 2,87E+10 2,87E+10 1,33E+10 2,53E+10 1,231E+10 1,24E+08
Ni-59 1,06E+10 1,06E+10 4,91E+09 9,37E+09 1,25E+10 1,042E+07
Ni-63 1,06E+10 1,06E+10 4,91E+09 9,37E+09 1,27E+12 7,169E+09
Nb-94 2,67E+08 2,14E+08 1,12E+08 1,66E+08 9,09E+08 1,388E+07
Tc-99 2,23E+09 1,78E+09 9,37E+08 1,39E+09 6,17E+08 1,235E+06



ENRESA Waste Acceptance Criteria Level 2

Meeting IFMIF-DONES ENRESA | Online | 17/02/2025 | Slide 35

Isótopo EMBALAJES CILÍNDRICOS Y/O PARALELEPÍPEDOS Residuos no compactables Residuos compactables bidón 220L Total Activiy SS316 (Bq) Total Activiy EUROFER (Bq)
H-3 2,23E+12 1,78E+12 9,37E+11 1,36E+13 1,37E+13
C-14 4,45E+11 3,57E+11 1,87E+08 7,80E+09 2,345E+09
Ni-59 1,40E+11 1,12E+11 5,90E+10 1,25E+10 1,042E+07
Ni-63 2,67E+13 2,14E+13 1,12E+13 1,27E+12 7,169E+09
Co-60 1,11E+14 8,92E+13 4,68E+13 5,10E+13 1,108E+11
Nb-94 2,67E+08 2,14E+08 1,12E+08 9,09E+08 1,388E+07
Tc-99 2,23E+09 1,78E+09 9,37E+08 6,17E+08 1,235E+06



Comparison ENRESA WAC  Levels 1 & 2
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Radionuclides Cylindrical Packaging (Bq) Parallelepiped Packaging (Bq) Total Activity 
SS316Ti 

(Bq)

Total Activity 
EUROFER 

(Bq)Conditioned Waste Non-compactable waste Compactable waste All Types
H-3 2,12E+10 1,06E+10 9,81E+09 1,87E+10 9,62E+10 9,46E+10
C-14 1,06E+10 1,06E+10 4,91E+09 4,91E+09 2.652E+08 7.900E+07

Mn-54 1,06E+10 1,06E+10 4,91E+09 9,37E+09 3,00E+13 3,42E+13
Fe-55 1,06E+10 1,06E+10 4,91E+09 9,37E+09 4,96E+13 6,46E+13
Co-58 8,587E+13 1,162E+11
Co-60 1,06E+10 1,06E+10 4,91E+09 9,37E+09 5,87E+11 1,51E+10
Zn-65 2,87E+10 2,87E+10 1,33E+10 2,53E+10 5,165E+07 5,161E+05
Ni-59 1,06E+10 1,06E+10 4,91E+09 9,37E+09 2,277E+08 1,884E+05
Ni-63 1,06E+10 1,06E+10 4,91E+09 9,37E+09 1,91E+10 1,06E+08
Nb-94 2,67E+08 2,14E+08 1,12E+08 1,66E+08 9,00E+06 1,11E+06
Tc-99 2,23E+09 1,78E+09 9,37E+08 1,39E+09 6,17E+08 1,24E+06

Radionuclides
Packages to be generated in 

cylindrical and/or parallelepiped 
packaging

Existing or unscheduled generation packages Total Activity 
SS316Ti

 (Bq)

Total Activity 
EUROFER 

(Bq)
All natures Non-compactable waste Compactable waste

H-3 2,23E+12 1,78E+12 9,37E+11 9,621E+10 9,46E+10
C-14 4,45E+11 3,57E+11 1,87E+08 2.652E+08 7.900E+07
Ni-59 1,40E+11 1,12E+11 5,90E+10 2,277E+08 1,884E+05
Co-60 1,11E+14 8,92E+13 4,68E+13 5,869E+11 1,513E+10
Ni-63 2,67E+13 2,14E+13 1,12E+13 1,912E+10 1,056E+08
Nb-94 2,67E+08 2,14E+08 1,12E+08 9,002E+06 1,111E+06
Tc-99 2,23E+09 1,78E+09 9,37E+08 6,17E+08 1,24E+06

Level 1

Level 2

The primary difference L1 vs. L2 is in the activity concentration and the required containment barriers. Level 1 waste is less hazardous and requires fewer 
structural safeguards, while Level 2 waste contains higher activity and necessitates more robust immobilization and long-term radiation control.



Conclusions

• An study the activity distribution across the entire BP through 
neutron calculations to identify specific areas with different 
activation levels. 

• It is clear that the levels in the footprint zone are much higher that 
the peripheral zones of the BP.

• Take all the BP neutronic result not only footprint refine values of 
H-3 and Nb-94 specific activity.

• Consider and evaluate the presence  no pyrophoric, explosive, 
or reactive substances as Li (permissible content lower <8%). 
The waste must not contain pyrophoric or explosive 
substances, or any that can cause strong chemical reactions 
with other waste components or packaging materials.

Both BP materials (Eurofer and SS316Ti) 
accomplish the ENRESA LILW Rad. Waste 

Acceptance Criteria Level 2
37
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