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Abstract: The Joint European Torus (JET) is playing an important role in preparing for the operation
of the future world’s largest tokomak, ITER. In this respect, the tritium campaign (C40) and second
deuterium-tritium experiment (DTE2, C41) took place in the JET during the years 2021 and 2022. In
this work, a corresponding irradiation scenario was utilized for the activation calculations of eight
material foils located at the JET outer long-term irradiation station (OLTIS). Neutron-induced activities
and dose rates at a 30 cm distance after shutdown at specified cooling intervals were calculated with
the FISPACT-II code, employing the EAF-2010 nuclear and TENDL-2021 data libraries. The Monte
Carlo MCNP6.2 particle transport code equipped with the FENDL-3.1d nuclear data library was used
for the calculation of the neutron flux densities.
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1. Introduction

The Joint European Torus (often referred to as just the JET) is the biggest tokamak
experimental device ever operated, and it is one of only two devices to employ a deu-
terium/tritium mixture as fuel, the other being TFTR, which was discontinued in the late
1990s. The JET’s operations began in 1983, with the initial tritium experiment conducted
in 1991 (the first time tritium was used in a tokamak for a fusion reaction), followed by
DTE1 in 1997, and the trace tritium experiment in 2003. At the moment, the JET is in its
decommissioning stage after the successful completion of DTE2 and DTE3, which included
a long period of deuterium and tritium operations carried out between 2018 and 2023. The
experimental campaigns conducted will significantly contribute to the development of
the ITER project. The JET will provide crucial experimental data for formulating ITER’s
operational strategies and advancing early designs for its optimal performance. The focus
of the JET’s DT operation and the use of its data will be dedicated to supporting efforts
toward achieving ITER’s research goal [1,2].

The following paragraph provides a summary of the JET’s experiment global technical
parameters. The most crucial technical data are composed of numerous fundamental
components. The first wall is made of solid tungsten (the divertor), tungsten-coated carbon
fiber composites (CFCs) (also in the divertor’s construction), and Be (the main chamber).
The JET employs 16 toroidal field coils and 12 poloidal field coils, producing a maximum
magnetic field of 3.45 T (normal) and 3.9 T (exceptional). The plasma current ranges from
1.0 MA to 4.0 MA, with pulse durations of <10—40 s, depending on TF, heating, and other
factors. The JET can achieve plasma heating of up to ~40 MW with neutral beam injections
of 32 MW of deuterium, 36 MW of tritium, and 14 MW of helium, with pulse times as short
as ~30 min. The injection energy can reach 125 kV, and the ion cyclotron heating can be as
much as 5 MW at 25-55 MHz [2,3].
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JET tests using a deuterium and tritium (D-T) fuel combination, which is intended
for fusion power plants, offer a rare chance to verify current D-T fusion power predic-
tion techniques in support of developing future fusion reactor machines and operation
preparedness. To improve the D-T operating scenarios and develop future D-T fusion
reactors, reliable predictions of deuterium and tritium (D-T) neutronics and radiological
characteristics are essential. The second JET D-T experimental campaign was conducted by
EUROfusion in 2021 using optimized operating scenarios. Under ITER-relevant conditions,
i.e., operation with a baseline or hybrid scenario in the complete metallic wall, D-T fusion
power sustained for over 5 s was attained [2,3].

Many assumptions based on D discharges were used in D-T prediction modeling,
which was carried out in advance of the 2021 JET D-T experimental program. It is crucial
to indicate the accuracy of D-T neutron predictions, together with the experiments, and to
apply the simulation input data from the 2021 JET D-T discharges to current radiological
characteristic modeling in order to increase the validity of ITER D-T predictive modeling in
the future [2,3].

It is crucial to analyze in detail the models and simulation settings used in inven-
tory modeling to indicate additional improvements needed in current nuclide pathway
estimation tools and to indicate the accuracy of D-T fusion neutronic predictions with
respect to measured values in 2021 JET D-T discharges in order to increase the validity of
deuterium—tritium neutron source modeling.

The neutron energy from D-T fusion reactions scales higher than it does for DD re-
actions. Therefore, this calls for complex integrated modeling that accurately forecasts
radiological properties through the simulation of neutron transport, decay heat, activation,
and dose rate. Thus, it is essential to quantitatively evaluate current neutronics and inven-
tory modeling tools using available experimental data in order to ensure reliable nuclide
generation prediction and to identify the areas in which simulation tools need to be used
in order to ensure safe operational conditions for fusion reactor operators. Having this in
mind, nuclear waste management is very sensitive to materials’ radiological characteristics,
making it a difficult process to predict. The JET D-T experimental campaign offered a
unique opportunity to validate current D-T fusion power materials” activation predictions
prior to the ITER D-T experiments since no additional D-T experimental campaigns are
anticipated in 2024 in any other ITER partner’s current facilities before the ITER operation
and experiment campaigns using the deuterium-tritium neutron source [4,5].

The main objective of this work was to perform a detailed calculation of activities and
dose rates for metal foils located at the JET outer long-term irradiation station (OLTIS) [4-6].
Irradiation simulations are based on the actual tritium (C40) [7,8] and DTE2 (C41) [9-11]
campaigns. Neutron-induced activation after the shutdown was calculated with FISPACT-
II activation and the transmutation inventory code [12] by employing the EAF-2010 [13]
and TENDL-2021 [14] nuclear data libraries.

2. Methods and Materials

FISPACT-1I is a nuclide inventory code that models radiation damage, time-dependent
inventory, and activation—-transmutation processes using nuclear data library databases.
The Culham Center of Fusion Energy (CCFE) is where the FISPACT code was conceived
and created. The code algorithm was created for computations of material activation
produced by neutrons, deuterons, and protons in nuclear devices.

The FISPACT-2 code computational framework encompasses a few key stages aimed
at resolving a given problem. Firstly, nuclear data libraries serve as the primary sources
of information. In this study, computations were performed employing the EAF-2010 and
TENDL-2021 nuclear data libraries. EAF-2010 is an original FISPACT data library based on
the JEF-1 [15] and JEFF3.1.1 [16] nuclear libraries. TENDL-2021 is a third-party universal
nuclear library encompassing reaction energy data caused by various particles, including
neutrons, protons, photons, alpha particles, and others, up to an energy of 200 MeV. The
TENDL nuclear data libraries are regarded as some of the most comprehensive available and
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are routinely updated every few years. Both nuclear databases use evaluated experimental
data to describe the reaction cross-sections (the data are weighted by the relevance and
reliability of the experiments performed). Outside of the novelty of experimental data,
the main difference between EAF-2010 and TENDL-2021 is that the latter, besides the
experimental data, also uses mathematical modeling to account for the missing isotopes
and energy ranges [14].

After the selection of libraries, a number of input files are prepared that describe the
irradiation scenario and material composition. An irradiation scenario is divided into
irradiation history and particle spectra. Our original neutron spectra obtained with neutron
transport calculations correspond to a 175-energy-group structure [17], which is a standard
for EAF-2010 deuterium—tritium nuclear fusion applications. The FISPACT-II code converts
this spectrum into its own standard of 709 energy groups [18], interpolating values in
between. TENDL-2021, on the other hand, only uses 1102 energy groups, so another
conversion is required.

After the input deck is set, deterministic methods are employed to obtain activation
results through the solution of a set of differential rate equations. By solving Bateman
differential equations, the yield of various radionuclides in materials following irradiation
and cooling steps is derived. In FISPACT-II calculations, a slab of homogeneous material
extending infinitely and diluted to an infinite degree is exposed to a time-varying flux of
neutron projectiles, corresponding to the operational sequences of a fusion device [19].

Finally, radiological quantities are computed and generated. Additionally, the code
provides information about uncertainty, and a pathway analysis of nuclear reactions is
carried out. Presently, the FISPACT code is widely adopted by multiple research teams
across Europe, playing a pivotal role in computing neutron activation products in the JET
experimental fusion reactor.

In our case, we used an elaborate irradiation scenario representing two JET campaigns
consisting of three parts: a tritium experiment (C40) and Deuterium-Tritium Experiment 2
(C41). We have used daily DD (2.45 MeV) and DT (14 MeV) neutron budgets from irradia-
tion sessions. As for tritium—tritium (TT) reactions, a neutron conservative assumption was
applied: that the neutron yield for this reaction is two times larger than for DD neutrons.
Tritium can be injected into the plasma mixture, or it can be created from DD reactions.
There is also a possibility of having traces of tritium in a system from previous operations.
The neutron budgets for DD and DT reactions are seen in Figures 1 and 2. Also note
that the tritium campaign was split into two parts and was conducted before and after
the DTE2 experiment. Every experiment in the C40 and C41 campaigns serves multiple
purposes, focusing on issues such as plasma confinement modes, radiometric and neutronic
measurements, and the testing of operational and auxiliary systems and procedures.

JET campaigns (14 MeV neutrons)

——C40 1st stage ——C41DTE2 ——C402nd stage
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Figure 1. The 14 MeV neutron (D-T reaction) budget for irradiation campaigns.
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JET campaigns (2.45 MeV neutrons)
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Figure 2. The 2.45 MeV neutron (D-D reaction) budget for irradiation campaigns.

The entire scenario consists of 425 days, of which 151 days are dedicated to irradiation.
As for the second stage of the tritium experiment, some other experiment sessions referred
to as M18 and M21 are also included in this campaign in our calculation due to their being
mixed into the C40 campaign and presenting significant budgets for DD and DT neutrons.
In general, the DTE2 (C41) daily neutron total budgets are much higher on average
(almost by two orders of magnitude) compared to those of the C40 campaigns. However,
the difference is smaller if you consider the cumulative neutron budgets.
The subject of investigation were eight metallic foils of different elemental composi-
tions located at the JET outer long-term irradiation station (OLTIS):
- Silver;
- Gold;
- Manganese (88%) and nickel (12%);
- Niobium;
- Nickel;
- Rhodium;
- Titanium;
- Yttrium.

The compositions of the foils are selected in accordance with their potential use as part
of activation detectors [20].

The specific activities and dose rates for the metallic foils were calculated in accordance
with the JET C40 and DTE2 campaigns. Foils located at the JET OLTIS are affected by
neutrons created from deuterium-deuterium, deuterium—tritium, and tritium—tritium
fusion reactions. The neutron flux densities were calculated with the Monte Carlo N-
Particle transport code (MCNP6.2) [21] with an already validated JET MCNP model [22]
(the MCNP geometry is presented in Figure 3) together with the FENDL-3.1d [23] nuclear
data library.

Neutron spectra (Figures 4 and 5) were adapted for the C40 and DTE2 campaigns. In
total, 151 unique spectra were created for each irradiation day by varying the DD, TT, and
DT neutron budgets.
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Figure 3. MCNP geometry model of the JET and the location of the OLTIS.

Neutron Spectra for C40 at OLTIS
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Figure 4. Neutron spectra for DD, DT, and TT reactions for the OLTIS sample irradiation location
during the C40 campaign (day 54).
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Figure 5. Neutron spectra for DD, DT, and TT reactions for the OLTIS sample irradiation location
during the DTE2 campaign (day 257).
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The irradiation scenario considered for the activation calculations was based on the
current JET operation schedule. For simplification, the assumption was made that the
device operated continuously on the day of operation. The operation schedule is provided
on a day-to-day basis. In reality, the irradiation pulses are very short and often scattered
across the day for a specific experimentation task at the JET.

(1) C40 Campaign, part 1:

The C40 campaign (also known as a tritium experiment) is expected to have
2.92 x 10'8, 5.84 x 10", and 1.28 x 10" neutron yields for DD, TT, and DT fusion re-
actions, respectively. Although it is a pure tritium experiment, due to the possible residual
presence of deuterium in the vacuum vessel (with a conservative estimate of 1%), the ma-
jority of fusion reactions will still be DT reactions. Before the start of the tritium campaigns,
efforts to minimize the presence of deuterium are expected.

(2) DTE2 Campaign:
The DTE2 campaign (also known as a deuterium-—tritium experiment) is expected to
have 6.10 x 10'8,1.22 x 10", and 9.29 x 10 neutron yields for DD, TT, and DT fusion

reactions, respectively. DTE2 should provide the highest fusion neutron yield so far of all
magnetic confinement fusion devices in experimental settings.

(3) C40 Campaign, part 2:

The second part of the C40 campaign is expected to have 5.08 x 10'8, 1.16 x 107,
and 2.26 x 10! neutron yields for DD, TT, and DT fusion reactions, respectively. In
the calculation, this campaign also includes other experiments that were conducted with
deuterium and tritium within the timeframe of the C40 campaign but are not covered by
the C40 denomination.

3. Results

The neutron-induced specific activities and dose rates at 30 cm from the point source
of 1 g of material after shutdown were calculated at the following cooling intervals: 1 s,
1 min, 1 h, 1 day, 1 week, 1 month, 1 year, and 2 years. Later on, a short analysis of the
irradiation sequence is also presented, focusing on the DTE2 campaign.

The majority of activation reactions were basic neutron capture processes with corre-
sponding photon emissions. Subsequent analyses are presented for the results obtained
with the EAF-2010 nuclear data library; however, some cases include extra information on
the TENDL-2021 results.

3.1. Silver

The silver (Figure 6) foil exhibits the third highest initial activity and the highest activity
after 2 years of cooling, with values exceeding the 12 MBq/kg limit in all the examined
scenarios. Natural silver is made of Ag107 (~52%) and Ag109 (~48%) isotopes. The most
significant contributors to total activity and dose rates at the end of irradiation are Ag110
from Agl09(n,g), Agl08 from Agl07(n,g), and Agl10m from Agl09(n,g). Agl10m retains a
relatively level of high activity and photon emissivity for the whole 2-year cooling period.

3.2. Gold

Gold (Figure 7) has the second highest activity and the second highest dose rate after
the end of irradiation. It retains a high level of activity for around one week. Au198 (half-life
~2.7 days) produced from an Aul97(n,g) reaction is, by a large margin, the most important
radionuclide in gold activation. Gold activation is also contributed to by metastable isotopes
with different excitation energies. Gold is also the material that loses the largest amount of
activity after 2 years of cooling.

3.3. Manganese/Nickel

The manganese /nickel foil (Figure 8), with, respectively, 88% and 12% weight fractions,
has the fourth highest activity and the highest dose rate among the investigated materials
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at the end of irradiation. Its activity and dose rate significantly decrease in the first hour
of cooling. Mn56 (half-life ~2.5 h) is the dominant radionuclide produced from Mn55(n,g)
reactions. Mn54 (half-life ~312 days) from Mn55(n,2n) reactions is responsible for the majority
of activity and dose rates after 2 years of cooling. Ni63 is a radioisotope that is known for its
relatively long half-life, contributing to its activity beyond the investigated interval.
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Figure 6. Specific activities in silver after full irradiation.
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Figure 7. Specific activities in gold after full irradiation.
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Figure 8. Specific activities in manganese/nickel foil after full irradiation.
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3.4. Niobium

The activity of niobium (Figure 9) within the first few minutes of cooling is mostly
contributed to by Nb94m produced from a Nb93(n,g) reaction. Nb92m produced from
Nb93(n,2n) is responsible for the majority of activity within the first month of cooling. As
for the dose rate, the gap between Nb94m and Nb92m is much more pronounced, as in
the case of activity. Despite having comparable activity to gold, manganese, and silver,
its dose rate is lower by a factor of an order of magnitude or more. Compared to the
TEND2021 results, the EAF-2010 activity just after irradiation is almost two times higher;
however, the main radioisotopes are the same. This means that the TENDL-2021 reaction
cross-sections are simply smaller compared to those of EAF-2010 for the analyzed neutron
spectra. This difference in activity persists after two years; however, it is now inversed, and
TENDL-2021 exhibits a higher level of activity, mainly due to Nb 93m, which is irrelevant
in the EAF-2010 case.
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Figure 9. Specific activities in niobium after full irradiation.

3.5. Nickel

Nickel (Figure 10) has a relatively low level of activity and dose rate. The main
contributors are Ni57 from Ni58(n,2n), Co60m from Ni60(n,p), and Co58 from Ni58(n,p)
(~55%) and from the isomeric transition of Co58m (~45%). Nickel also has a few long-lasting
isotopes, namely Co60 (half-life ~5.27 years) and Ni63 (half-life ~100.1 years).
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Figure 10. Specific activities in nickel after full irradiation.
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3.6. Rhodium

The rhodium (Figure 11) foil has the highest activity among the investigated materials.
Rh104 (half-life 42.3 s) is mainly produced from Rh103(n,g) and is the most important
radionuclide within the first few minutes of cooling, followed by Rh104m from the same
reaction. Rh104m also turns into Rh104 after an isomeric transition. Rh102 and Rh102m are
produced from Rh103(n,2n) and are mainly responsible for the activities and dose rate in
later cooling periods. Despite its notable activity, the dose rates of rhodium do not stand
out from the others.
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Figure 11. Specific activities in thodium after full irradiation.

3.7. Titanium

Titanium (Figure 12) has the lowest level of activity and the second lowest dose rate
among the examined foils after the end of irradiation. Three nuclides stand out: Ti 51
produced from Ti50(n,g), Sc48 produced from a Ti48(n,p) reaction for activity, and Sc46
mainly produced from Ti46(n,p) for activity and dose rate. Sc46 is produced from Ti46,
which constitutes around 8% of its natural abundance.
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Figure 12. Specific activities in titanium after full irradiation.

3.8. Yttrium

Yttrium (Figure 13) has a relatively low level of activity and a high dose rate compared
to the other foils. Y90 produced from an Y89(n,g) reaction is responsible for most of the
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activity within the first week of cooling, later surpassed by Y88 from Y89(n,2n). As for the
dose rate, Y88 dominates over the whole cooling interval.
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Figure 13. Specific activities in yttrium after full irradiation.

3.9. Irradiation Sequence Analysis and General Overview of Nuclear Data Comparison

In this section, the results from the irradiation sequence are presented. As can be seen
from the neutron budgets in the previous graphs, the DTE2 reaction has the highest level of
activity (Figure 14) and dose rates. Like in the after-irradiation analysis, rhodium exhibits
the highest level of activity during irradiation, peaking at over 10 x 10'° Bq/g a couple
of times, followed by less-active silver and gold. Interestingly enough, despite the rapid
decay, gold remains quite active throughout the entire campaign.
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Figure 14. Evolution of specific activities during the DTE2 campaign.

As stated in the previous niobium analysis section, it has the biggest discrepancy
between the nuclear databases utilized. It is evident (Figure 15) that on every irradiation
day, the EAF-2010 data library produced higher levels of activation. Surprisingly, the
inversion of the activity trend is only seen at the very end of the last tritium campaign.
FISPACT-2 gives a very different interpretation of Nb93m generation for the different data
libraries. In the case of the EAF-2010 nuclear data library, radionuclide is produced mostly
by Zr93 beta decay, while in TENDL-2021, its production is grounded in neutron excitation

(n,n) reactions.
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Niobium during irradiation
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Figure 15. Specific activity of niobium during irradiation. Comparison between the EAF-2010 and
TENDL-2021 nuclear data libraries.

In the following tables (Tables 1 and 2), the numerical values of the results are pre-
sented for the activities and dose rates for different nuclear data libraries. Outside of
niobium, some other cases also have significant differences in the obtained values. Gold’s
activity decrease is less in EAF-2010 compared to TENDL-2021 due to larger Aul95 pro-
duction, which is the most relevant isotope for a 1-year cooling period. There is also a
noticeable difference in gold’s dose rates. Initially, different estimations of Aul98 cause
these differences, but at longer cooling intervals, Aul95 is the responsible isotope. While
some uncertainties are present in the nuclear data, such as the cross-sections themselves,
there are also uncertainties stemming from the selection of energy groups. Uncertainties
also tend to increase with the increase in cooling times as more rare radionuclides show up,
originating from the difficult decay schemes.

Table 1. Specific activities of metallic foils. Comparison between the EAF-2010 and TENDL-2021
nuclear data libraries.

Material 0s,Bq/g 0s,Bq/g 1 Month, Bq/g 1 Month, Bq/g 1 Year, Bq/g 1 Year, Bq/g
Silver 6.08 x 107 6.18 x 107 7.72 x 106 7.86 x 106 3.31 x 106 3.36 x 106
Gold 6.53 x 107 6.11 x 107 3.38 x 104 3.17 x 104 447 x 1071 3.09 x 107!

Manganese/Nickel 9.90 x 106 1.06 x 107 2.35 x 104 2.23 x 104 1.13 x 104 1.08 x 104

Niobium 1.10 x 106 6.25 x 105 5.66 x 102 8.82 x 102 4.10 x 102 7.16 x 102
Nickel 5.45 x 104 5.47 x 104 3.76 x 104 3.82 x 104 1.89 x 104 1.98 x 104

Rhodium 1.13 x 108 1.08 x 108 1.38 x 104 1.48 x 104 6.60 x 103 6.50 x 103

Titanium 1.10 x 104 1.09 x 104 2.06 x 103 2.01 x 103 3.04 x 102 2.90 x 102

Yttrium 6.77 x 105 6.58 x 105 2.26 x 104 2.20 x 104 2.51 x 103 241 x 103

Data Library EAF-2010 TENDL-2021 EAF-2010 TENDL-2021 EAF-2010 TENDL-2021

Overall, the gold foil has the highest dose rate after the end of irradiation out of the
investigated materials. The dose rates for all the foils fall into a range between 50 nSv and
1 pSv per hour after the end of irradiation. Therefore, it should not pose a high radiation
exposure risk if care is taken.
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Table 2. Dose rates at 30 cm distance from 1 g of material. Comparison between the EAF-2010 and

TENDL-2021 nuclear data libraries.

Material 0s,Sv/h 0s,Sv/h 1 Month, Sv/h 1 Month, Sv/h 1 Year, Sv/h 1 Year, Sv/h
Silver 352 x 1078 3.58 x 108 3.02 x 108 3.08 x 108 1.30 x 108 1.32 x 1078
Gold 436 x 1078 7.13 x 1079 227 x 10~ 1 3.70 x 10712 117 x 10715 8.01 x 1016

Manganese /Nickel 2.25 x 1078 2.39 x 1078 413 x 1071 3.89 x 10~ 1 1.83 x 10~ 11 1.72 x 10~

Niobium 6.23 x 1071 357 x 1071 1.27 x 10712 1.20 x 1012 9.44 x 10713 8.81 x 10713
Nickel 7.14 x 10711 7.05 x 10~ 11 5.12 x 10~ 1 5.10 x 10~11 121 x 10711 1.26 x 10711

Rhodium 434 x 10~? 3.97 x 1077 2.87 x 10711 2.76 x 10~11 1.80 x 10~11 1.61 x 1071

Titanium 1.09 x 10711 1.10 x 10711 321 x 10712 3.25 x 10712 2.03 x 10713 2.09 x 10713

Yttrium 1.09 x 1071 1.12 x 1071 8.95 x 10~ 11 8.76 x 1011 1.02 x 10711 9.85 x 10712

Data Library EAF-2010 TENDL-2021 EAF-2010 TENDL-2021 EAF-2010 TENDL-2021

4. Conclusions

The objective of this work was to numerically investigate the activation of eight metal
foils placed at the JET outer long-term irradiation station during the C40 (Tritium) and
C41 (Deuterium Tritium Experiment 2) campaigns. This was achieved by constructing a
complex irradiation scenario based on the daily DT and DD neutron yields used in the
experiment installation sessions. Numerical estimations of the induced activities after the
end of irradiation are important for the optimization of the methodology for handling
activated components, such as the activation foils. The FISPACT-II code and the EAF-2010
and TENDL-2021 nuclear data libraries were used for the calculations. In the comparison
results, some significant discrepancies were observed between the niobium and gold
results. The initial niobium activity, primarily from Nb94m resulting from the Nb93(n,g)
reaction, peaks within minutes of cooling. Within the first month, Nb92m, produced from
Nb93(n,2n), becomes the dominant contributor. Despite its comparable activity to gold,
manganese, and silver, niobium’s dose rate is significantly lower. TENDL-2021 exhibits
lower activity compared to EAF-2010, with these differences attributed to its smaller
reaction cross-sections. Surprisingly, the cross-sections for the peak 14 MeV energy are
higher for TENDL-2021 compared to EAF-2010 and are more true to the experimental data
obtained by Rigaud et al. [24]; however, TENDL-2021 has a dip in cross-section values
in the range 2 MeV-10 MeV compared to EAF-2021, as it follows the experimental data
by Poenitz [25] for up to 2.5 MeV. There are also discrepancies in the fast neutron and
thermal neutron resonance ranges. After two years, TENDL-2021 shows increased activity,
primarily due to Nb93m, which is negligible in EAF-2010. Gold exhibits the second highest
activity and dose rate post-irradiation, with its peak activity sustained for approximately
one week. Aul98, stemming from the Aul97(n,g) reaction and with a half-life of around
2.7 days, dominates gold activation. Metastable isotopes with varying excitation energies
also contribute to this. Notably, gold experiences the most significant decline in activity
after two years of cooling. In EAF-2010, gold’s activity decreases less than in TENDL-2021,
primarily due to an increased production of Aul95, which is the most relevant isotope
during the first year of cooling. The dose rates for gold also differ noticeably. Initially,
variations in the estimation of Au198 contribute to these differences, but over longer cooling
periods, Aul95 emerges as the responsible isotope.

The key findings are as follows:

e  The highest levels of activity after the end of irradiation were observed in the rhodium
foil, followed by the gold and silver foils.

e  The highest levels of activity after two years of cooling were present in the silver foil,
followed by the nickel and manganese and nickel alloy foils.

e  The highest dose rates after the end of irradiation were observed in the gold foil,
followed by the silver and nickel manganese foils.

e  The highest dose rates after two years of cooling were observed in the silver foil,
followed by the manganese nickel and rhodium foils.
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