Ok so we take a sample, study the radiation response with different size and material content. 
Depends on the response, training machine learning we can predict material in the sample. 

· 1- Samples collected in the early stage of the debris retrieval will be extremely valuable and analysis need to be carried out as completely as possible to meet decommissioning requirements.
 For example, recriticality evaluation is inevitably important for designing the debris retrieval process, which requires the accurate concentration of U, Pu, other actinides, Gd, and other
 neutron absorbers and distribution of these elements, isotopic ratio etc.
This requires the expert combination of various analysis techniques, including chemical analysis (e.g. ICP-MS, ICP-AES, etc.), microscopic analysis (SEM/EDX, SEM/WDX, TEM, etc.),
 and radiation analysis (α/γ-spectrometry, neutron measurement, etc.)
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· 2- differences in composition may be caused by the difference in formation mechanism of these particles
In the FDNPS accident, the interaction between molten fuel and concrete (MCCI: Molten core concrete interaction) might have occurred in the ex-vessel phase
· 3- The ICP-MS and radiation analysis detected many nuclides contained in the samples, which are roughly categorized to be actinides (U, Pu, Am, Cm), cladding or channel box (Zr), steel (Fe, Cr, Ni, Co, Mn, Sn, Ti, Cu, Mo), paint or shielding (Zn, Al, Pb), fission products (Sr, Rb, Y, Sb, Te, Cs, Ba, RE; RE = rare earth elements), light elements (B, Si, Na, Mg, Al, Ca) and others (Bi, W)

· a significant amount of B4C absorber and far larger amounts of zircaloy (Zry) and stainless steel (SS) than prototypic PWR

· we simulate various Zr content
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Tble 1. Composition of molten corium in the RPV using in different models (Saji, 2016;
Ghasemi et al, 2020).
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To obtain the preliminary insight of the fuel debris chemical characteristics, thermodynamic equilibrium
calculation and various sim-tests have been carried out to predict prototypic phase/element
compositions of in-vessel and ex-vessel debris generated in the FDNPS accident conditions. In the
thermodynamic evaluation, FactSage ver 6.2 [35] and NUCLEA [36] were used for the calculation tool
and thermodynamic database, respectively. This evaluation used the amount of original core materials
and performed the sensitivity analysis by varying temperature, composition and oxidation progress,
‘which was able to infer the probable range in the phase/element composition of in-vessel debris [37,38].
By referring to the analysis results using MELCOR 1.8.5 [39], the localization of the debris phase
composition in the RPV was investigated. These calculation results suggested that fluorite (U.Zr)O,
phase is likely to be dominant in the oxidic debris of the FDNPS as in the TMI-2 investigation.
Furthermore, if U-metal was formed during accident progress, Fe,(Zr,U) could be a major metallic
phase as discussed in [37]. As for the ex-vessel debris, Kitagaki et al. [38] showed in their
thermodynamic evaluation that almost all U and Zr could be contained in (U.Zr)O, and (Zr,U)SiO,
phases. These preliminary calculation results were useful for identifying the knowledge gap and
conducting small-scale tests for the FDNPS debris characterization. For example, the influence of core
materials for BWR (a significant amount of B,C absorber and far larger amounts of zircaloy (Zry) and
stainless steel (SS) than prototypic PWR) and those of seawater components needed to be further
studied.
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In the present section, the issues relevant to real fuel debris analyses, which will be essentially unknown
(with various sizes and characteristics), are discussed in terms of practical analysis manner.

(1) Essential features of the FDNPS debris and previous experiences on the debris analyses

The fuel debris generated in the FDNPS accident will have the following essential features:

 The debris contains an extremely large number of elements or nuclides with various origins,
ie. (i) core materials including fuel, core components and FPs, (ii) structural materials
including steels and (iii) building materials: concrete, insulator, shielding, paint and etc., and
(iv) seawater or other biological or environmental components;

* The debris is likely composed of multiple regions, phases and elements. The proportions of
them can be widely scattered from place to place in PCV or RPV and also scattered in scale:
mesoscale (lum to cm) or macroscale (several tens of cm or larger);

* The debris will have various forms, i.e. massive or porous stone, plate, fragment, wet particles,
dry powder, aqueous sediments or suspensions, stump-like remaining fuel assembly, etc. Some
of them may have different physical characteristics such as being large and hard and therefore
difficult to cut, or very fine particles that disperse easily. Alternatively, they may have extreme
chemical characteristics: being difficult to dissolve in acid (and therefore difficult to analyze
by aqueous analytical methods) or being extremely reactive and volatile (and therefore
awkward to accurately predict).
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Consequently, the following two aspects are pointed out in terms of representativeness..

* [Analysis of heterogeneous ’kilo-scale’ debris sample] How best to evaluate the ‘average or
optimized’ properties and the error margin of ‘kilo-scale’ debris sample, using the analysis data
for “spots (i.e. mesoscale data evaluated from the analytical scale measurement)’;

« [Best prediction of overall debris distribution from ‘local optimized’ data] How best to
evaluate the area distribution of the ‘fuel debris body’ and any accompanying structural
materials of the PCV or RPV inside, using the ’local optimized” analysis results of the ’kilo-
scale’ debris samples (described above); in other words, methods for evaluating how
representative the collected ’kilo-scale’ debris samples compared to the overall properties of
the accumulated *fuel debris body” (probably widely scattered in characteristics from place to
place).
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# Neutron interrogation is one way of measuring
quantities of fissile material and is useful for rapid
and routine measurement.

# The sample (1 m diameter drum) is irradiated by
a pulse of fast neutrons from a neutron generator.
These fission neutrons are moderated, scattered
into the sample and stimulate fission in any fissile
material.

# Fast neutrons released by fission are detected by
cadmium shielded 3He detectors which are placed
in polyethylene around the sample positions.
Thermalised neutrons then scatter into the
sample and initiate fission.

# The initial interrogating pulse will not have
disappeared by time C, but the newly born fission
neutrons die away over a longer time scale of a
couple of milliseconds. Thus by counting fast
response neutrons in the time slot C - D we
obtain a signal that is proportional to the quantity
of fissile material present.
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