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ABSTRACT ARTICLE INFO

The primary aim of this evaluation is to define the radiation level on performing Keywords:
the measurement quantitatively. Three different methods were applied during this
process, including simulating by FORTRAN code, measuring by Geiger Muller Geiger Muller Counter
Counter and calculating with the activity data we had obtained. The simulation FORTRAN
provided us an initial value range the radiation would lie in prior to our real Dose rate
operation. It acted as a guide. Measuring the dose rate by handheld Geiger Muller Copper
Counter provided the real radiation level during the experiment and can be used to
reconfirm the safety condition of the experiment attendant. However, due to the fact  Received: 2022-07-13
that only a copper sample from 9 MeV was detected by the Geiger Muller Counter, Accepted: 2022-09-22
the situation for other energy levels would be predicted by the calculation attempt.  [SSN: 2651-3080

We also tried to build a calculation method that could be used more widely. DOI: 10.54565/jphcfum.1143673
1- Introduction code that use these parameters could be used manually to
) o ) calculate the activity. However, as the interaction probability
Althopgh neutron 1rrad1at19n Wlll alyvays be necessary to test cross sections are a function of incident beam energy this
materials for reactor applications, ion beams can provide a leads to a demanding computation. This is because the cross-
lower cost and rapid mechanism for various purposes. Ion section values would change as the proton through the
irradiation can be any charged particle beam, including specimen losing energy. This is the advantage of a computer
electrons, protons or heavier nuclei [1-11]. One of the great simulation as now the heavy computations can be easily
advantages of ion irradiation is that it can be conducted for processed [26-32].
specific energy, dose rate and temperature, leading to a well- In this work, simulation was carried out to predict
controlled experiment. Furthermore, ion irradiation allows radioactivity. FORTRAN code was used for this simulation.
easy variation of these parameters over a wide range of The former one provided us with EXYZ file which
values. Whereas, neutron experiments, conducted n test representing how the protons would be distributed after
reactors, can be very unspecific due to the variety of neutron interacting with the matter. Then after the EXYZ file was
kinetic energies inside the reactor [12-21]. Additionally, the input into the FORTRAN code, which contains other
damage accumulation reached in ion irradiation is much database such as cross sections. The output of this code
higher than neutron ones. For instance, during a typical contains various files consisting of activity and dose etc.
neutron irradiation experiment in a thermal test reactor, the Activity was modelled using a code in the FORTRAN
end-of-life damage is 3-Sdpa/year, likewise a fast reactor language. This was used to predict dose rate at a distance
gives 20dpa/year. The average of end-of-life damage for and activity at depth and isotopes that were produced.
components of a BWR core is 10 dpa, for PWR it is 80 dpa
and for Advanced Fast Reactor it is 200 dpa [22-25] 2- Monte Carlo Simulation

The computational simulation used was made with the
FORTRAN programming language in which is only
compatible with a Linux operating system. The simulation
takes into account target material properties and several
incident beam parameters. The formulas used within the

One interesting feature of the FORTRAN code was that it
would give an output of the predicted dose for an 80 Kg
human standing 1m from the activated sample for one hour
assuming there was 100% absorption of all incident radiation
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across 1m’ of skin. This seemed quite relevant to the
experiment and hence we could not only model the activity,
but the dose the team might receive from the activation for
the sample whilst performing the experiment. Dose was
modelled across a range of times after irradiation: 1, 3, 24
and 48 hours for 1 and 2 weeks. This was then repeated for
each of the three highest beam energies, 9, 20 and 30 MeV
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that were used in this work, and the results are shown in
figure 1. Unfortunately, this could not be done for the lower
energies due to the lack of complete cross-section data.
However, the dose from the higher beam energies is far more
substantial than the lower ones. Therefore, this was not too
concerning because compared to the high energy samples the
low ones were negligible.

30MeV

20MeV

10MeV
1209900

Beam Energy (MeV)

Figure 1. Modelled dose from FORTRAN

Figure 1 can be used to determine when various energy
levels should be safe to measure. As one can see that the
Dose is given as a percentage of the annual dose rate for a
member of the public. If one took 1 hour as a percentage of a
year, it equates to 0.0114 %, so logically the samples would
be safe to handle when the percentage reaches this level.
However, whilst this level would be safe, it would prevent
meaningful measurements from being taken because so
many of the isotopes would have decayed in this time due to
many of them having short half-lives. Hence, if this limit
was extended to 24 hours for example the safe percentage
would be 0.274%. This would be an acceptable time as a
compromise between safety and science because valid
results could be taken and although the dose rate would not
be safe for constant exposure it could be managed. This
management would involve team members limiting their

time in the laboratory such that they are not exposed to this
high dose rate too frequently and the dose would be
averaged by the background radiation outside the laboratory
which would be much lower than the accepted safe limit.

3. Measurement

The measurement was completed by handheld Geiger Muller
Counter during the work process for the sample irradiated by
9 MeV protons. The result has clearly shown two types of
decay in terms of time and distance, respectively. The
significant reduction caused by increasing distance is proof
that our practice including keeping distance from the source,
using tweezers on moving sources, etc. was reliable. Figure
2 shows measured dose rate for 9 MeV irradiated sample.
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Figure 2. Measured dose rate for 9 MeV irradiated sample

4. Calculation

The method was developed based on the idea of converting
the activity decay to dose decay. An equivalent dose was
investigated and this value can be deduced from the
absorbed dose as follows [33]:

Hp =Y Wr DT,RV (1

Where W is the radiation weighting factor. For our situation
that all the radiation considered was gamma rays, Wy has the
value of 1. Dy is the absorbed dose and can be calculated in
the following equation [33]:

D==% 2)

dm

Where dé¢ is the mean energy imparted into the matter of
mass dm. In our work, equation (2) could be written as:

— yten
D_lpp 3)

Where ¥ is the energy fluence and % is the mass

attenuation coefficient, the equation could be further derived
to be:
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Where E is the energy of radiation, 4 is the activity and @ is
the solid angle from the human body to the source. The
expression for different energy gamma rays can be obtained
as [34]:

H=ZEi.Af—n.‘% (5)

Therefore, we can use the data obtained from the detector
and make an evaluation of the dose rate.

In practice, the spectrum is continuous and calculation
demand appeared too much to be possible. Life was made
easier by selecting significant peaks from the spectrum and
applying them in the calculating process. This approximation
leads to the fact that the result of this calculation is a (net)
value that only comes from the radiation of the sample.
Background radiation was not taken into the final result.
Figure 3 shows dose ray decay for a high copper sample at 9
MeV
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Figure 3. Dose ray decay for a high copper sample at 9 MeV

5. Comparison and conclusion

Now consider the match level of the result from this method
to the measuring result. The main difference comes from the
background radiation. When the sample was newly
irradiated and had relatively strong radiation, the background
term was not the main attribution to the total result.
However, when the radiation from the sample decayed, the
background radiation became the main attribution to the
final result gradually. For the fact that most of our produced
isotopes had a fairly short half-life, background radiation
was the main attribution to the final result most time. This is
confirmed by the above figure, in which the radiation dose
from the sample was much lower than the general value.
This conclusion indicates that most time in our work, the real
concerning point should be the background radiation. Our
counterplan is staying in the detecting room as little as
possible, for instance waiting in the general stuff room or
corridor during the detecting process. Radiation in these
places was much lower than that in the detecting room
according to the Geiger Muller Counter.
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