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Abstract: In this article the methodology for the determination of the theoretical gamma spectrum
originated by applying DGNAA (delayed gamma neutron analysis activation) techniques for the
elemental analysis of ash from thermal power plants is exposed. This is a study must be prior to the
experimentation in order to define the parameters of the test to obtain the optimal conditions for the
detection of each element present in the sample.
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1. Introduction

In this article the methodology for the determination of the theoretical gamma spectrum
originated by applying DGNAA (delayed gamma neutron analysis activation) techniques for the
elemental analysis of ash from thermal power plants is exposed. This gamma spectrum depends on
the constitution of the sample, as well as on the parameters of the analysis. The objective of the study
is to offer a procedure to determine what the parameters of the analysis will be so that the result
obtained is the quantitative determination of the different impurities present in the ashes.

The neutron activation is based on the study of the gamma radiation that occurs with
simultaneity (Prompt Gamma Neutron Activation Analysis, PGNAA) or later, (Delayed Gamma-Ray
Neutron Activation Analysis, DGNAA) to the irradiation of the sample with neutrons When neutrons
bombard the sample, they interact with the isotopes present and, generate a reaction that gives rise
to an isotope, which can be stable or unstable. If it is unstable, it will return to its stable state in a
process called decay, which has a defined duration characterized by half live T1/2. The decay type is
characteristic of the isotope and, in some cases, generates a gamma radiation that allows the element
to be identified due to the emission energy value gamma and at the time of its decay, it also allows
quantifying its presence due to the intensity of the emission.

2. Materials and Methods

The National Nuclear Data Center, belonging to the scientific office of the Department of Energy
of the United States of America, collects on its website (www.nndc.bnl.gov), among others, the
database called “Experimental Nuclear Reaction Data” EXFOR/CSISRS, which contains a very
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extensive collection of experimental data relating to more than 15,500 nuclear reactions. The reactions
produced depend on the flow and energy of the neutrons emitted by the source. From the study of
the reactions that take place between the sample and the neutrons, the characteristics of the radiations
emitted after the bombardment (delayed gamma) can be determined [1]. This determination is made
through another database, the NUDAT that offers detailed information on the decay characteristics
of the reaction products. It is also possible to access these data through the International Atomic
Energy Agency IAEA [2,3].

The reaction of the neutron with the isotope is of a statistical nature, there is a probability (called
the cross section o) of its happening, and this probability is linked to the neutron energy. The cross
section of the interaction between the elements and the neutrons depends on the energy of the
incident neutrons. The energy of the neutrons depends on the type of source and the materials
interposed between the sample and the neutron source.

It should be based on the typical composition of the elements present in the sample. In this case,
we start with a composition measured as indicated in the Table 1.

Table 1. Chemical composition of the standard ash.

Oxides Contens

SiO:2 66.86
AlLOs 18.08
Fex0s 5.39

CaO 2.45
MgO 0.89
NaO 0.79

K20 1.69

Mn20s 0.07

TiO2 0.88
P20s 0.15
BaO:2 0.09
SrO:2 0.04

To irradiate a sample, it is necessary to use equipment that allows it to be placed as close as
possible to the neutron source. Once irradiated the sample should be placed in front of gamma ray
detector.

If any of the isotopes present in the sample reacts with the neutrons giving rise to unstable
isotopes, the number of atoms created is characterized by the following formula [4,5].

Ag=Ny-0-0-(1—e*t) (1)
where:

e  Aonumber of unstable isotopes created.

e  Noatoms of each isotope present in the sample that are going to be bombarded by the neutrons
of the source. Depends on the concentration of the element in the sample and the isotopic
composition.

e @ neutron flux from the source. It is considered constant for all trials.

e o cross section of each reaction produced that results in an unstable isotope.

e A decay constant.

e tiirradiation time.

After irradiating the samples with neutrons, a time elapses, called the delay time t_d before
starting the measurement, during which the number of unstable atoms is decreasing. At the
beginning of the measurement, the number of unstable atoms is given by the following equation:

Ay =Ny -@-0-(1—e?ti). e tta )
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After a measurement time, the number of unstable atoms will be

Ay =No-@-0-(1—e¥t). e~ACattm) 3)
where:

e tadelay time.

. tm measurement time.

e Ainumber of unstable isotopes.
e A:xnumber of unstable isotopes.

Once both the irradiation time and the delay time of the measurement have been set, the isotopic
activity can be represented in a system of Cartesian axes against energy, thus obtaining a theoretical
spectrum of said concentration. The Figure 1 shows the temporal evolution of the number of unstable
atoms.
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Figure 1. Evolution of number of unstable atoms over time.

3. Result

As a result of the study a specific database for the ash sample has been made, and the theoretical
spectrum has been calculated for different conditions of the experiment, that is, varying the
irradiation time, delay and measurement to achieve a better definition of the spectrum lines that
represent the elements we want to identify.

For short irradiation times, the theoretical spectrum is shown in Figure 2.
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Figure 2. Theoretical spectrum for tm = ti =700 s and td = 10 s standard ash.

For short irradiation times, the theoretical spectrum is shown in the Figure 3.

In order to study the intensities obtained, we must consider all the reactions that give rise to an
unstable isotope. For example the Al-28 is created bombing Al-27, P-31 or Si-28 with neutrons. The
reactions have different cross sections, being much higher for the Si-28. The signal from the Si-28 is
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2057 times higher than that from the P-31 and 2820 times the signal from the Al-27 for the chemical
concentrations exposed.
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Figure 3. Theoretical spectrum for tm = ti = 50,000 s and td = 5000 s standard ash.

4. Conclusions

A methodology has been carried out to obtain a theoretical spectrum of gamma emission from
samples bombarded with neutrons

The circumstances that allow us to visualize the desired elements in the best possible way have
been analyzed.

For long delay times, the detector can be placed further away from the radioactive source,
minimizing background noise.

The use of long delay times eliminates elements with small half-lives from the spectrum. And
short measurement times with short delay times eliminates elements with high half-lives.

The efficiency of the gamma radiation detector and the difficulty of capturing all the gamma
rays not been taken into account.
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