
FR0200275

ICONE 9 NICE 08 to 12 April 2001

Gamma spectroscopy modelization
Intercomparaison of the modelization results using two different codes

(MCNP, and Pascalys-Mercure)

Laurence LUNEVILLE, Maurice CHIRON
(French Atomic Commission CEA/DRN/DMT Saclay France)

Herve TOUBON
(COGEMA BCR Saint Quentin France), Stephane DOGNY

(COGEMA, Marcoule France)

Martial HUVER, Lionel BERGER,
(EURISYS MESURES Montigny France)

Abstract

The research performed in common these last 3 years by the French Atomic Commission
CEA, COGEMA and Eurisys Mesures had for main subject the realization of a complete tool
of modelization for the largest range of realistic cases, the Pascalys modelization software.
The main purpose of the modelization was to calculate the global measurement efficiency,
which delivers the most accurate relationship between the photons emitted by the nuclear
source in volumic, punctual or deposited form and the germanium hyper pure detector, which
detects and analyzes the received photons.

It has been stated since long time that experimental global measurement efficiency becomes
more and more difficult to address especially for complex scene as we can find in
decommissioning and dismantling or in case of high activities for which the use of high
activity reference sources become difficult to use for both health physics point of view and
regulations.

The choice of a calculation code is fundamental if accurate modelization is searched. MCNP
represents the reference code but its use is long time calculation consuming and then not
practicable in line on the field. Direct line-of-sight point kernel code as the French Atomic
Commission 3D analysis Mercure code can represent the practicable compromise between the
most accurate MCNP reference code and the realistic performances needed in modelization.

The comparison between the results of Pascalys-Mercure and MCNP code taking in account
the last improvements of Mercure in the low energy range where the most important errors
can occur, is presented in this paper, Mercure code being supported in line by the recent
Pascalys 3D modelization scene software. The incidence of the intrinsec efficiency of the
Germanium detector is also approached for the total efficiency of measurement.
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The gamma spectroscopy measurement efficiency problem

Measurements performed by gamma spectroscopy are taking more and more an important position in the world
of the nuclear measurements.
The reasons are due to the possibility to identify a lot of radio-nuclides gamma or X emitters by their specific
energetic wave lengths, and the capability to calculate their activities. For non gamma or X emitters, additional
possibilities are given in certain circumstances by the association of a gamma emitter marker and the non gamma
emitter radio-nuclide : the ratio method.
The great flexibility of the latest detectors Germanium hyper pure (portability, electric cooling for instance),
their large choice of technology for the most appropriate measurement and the progress of the associated
electronics and software have given the enlarging importance of the gamma spectroscopy.

The activity of a radio-nuclide measured by gamma spectroscopy takes the following general form :

(Ni-Nb)
Ai =

Effi * Ki * T

With Ni: total counts accumulated in the peak considered at the energy i, during the time T,
Nb : background counts present under the peak considered at the energy i,
Ki: percentage of photon emission for the radio-nuclide and its peak considered,
T : active time of measurement
Effi: global efficiency of the gamma spectroscopy channel at the considered i energy.

Remarks:
Ni is calculated directly from the gamma spectrum acquired by the detector and its electronics, T is the real time
of measurement delivered by the gamma spectroscopy channel, Ki is a physical property characteristic of the
radio-nuclide to measure. These 3 parameters are easily accessible.
The global efficiency which gives the ratio between photons of energy i emitted by a source in the given
circumstances and the number of counts per second delivered by the gamma detector is to be determined with a
maximum of accuracy.

Two methods exist to have the access to the global efficiency : the experimental method using reference sources
with representative geometry of measurement and the modelization method which simulates the real conditions
including the detector (geometrical and chemical).

The experimental method has been widely used in the past and is still used for not too complex geometry. In case
of complex geometry difficult to build or in case of very large activities measurements to prepare, the
experimental method has shown its limits leading to try to use the modelization method.

The modelization method can give the answer for the most difficult cases (complex geometry, high activities)
but up to recent periods, the codes were difficult to use due to their poor friendly man machine interface, to their
complex syntax and to the difficulty to simulate complex geometry in a short time of preparation. Up to
nowadays, the existing codes have been really accessible only to specialists. Pascalys represents to day an
answer and a contribution to democratize the modelization in gamma spectroscopy.

The two main components of the efficiency of measurement

The global efficiency of measurement for each value of energy can be shared in two components :
the detector intrinsic efficiency which gives the ratio between the electric impulses delivered by the detector
and the incident photons arriving at the detector surface,
the ratio between the photons arriving at the level of the gamma spectroscopy detector and the
corresponding photons emitted by the radio-nuclide source at the considered energy. This ratio takes into
account the distances between the radio-nuclide source and the detector and all the interferences between
the considered photons and the chemical elements present on their path (screens, collimators,...).
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This approach sharing the detector and the geometry of measurement presents the interest to give the possibility
to perform the modelization of the scene and to give the possibility to adapt any detector with its intrinsic
efficiency. The questions of disposability of existing detectors, the question of maintenance are simplified with
this approach.
In a second approach, the modelization of the geometry is a question directly for the application, the detector
intrinsic efficiency being of the responsibility of the manufacturer which has the best knowledge of its own
geometry and technology.

Gamma detector intrinsic efficiency

The gamma detector intrinsic efficiency is largely depending on the manufacturer technology which is not
always known by the application operators. It is also depending on the distances, the angle of incidence and the
energy of the photons which are also in a large part depending of the manufacturer technology.

Its is possible by experimental method using reference sources to approach the intrinsic efficiency with given
distances and angles of incidence in order to be as close as possible of the future measurement conditions.

The second method used more and more by the manufacturers is to obtain the intrinsic efficiencies by
MonteCarlo method (Geant or MCNP modelization).

In both cases distances, energies and angles of incidence are important to know.

The geometrical and chemical component of the efficiency: the transfer function

Second component of the total efficiency of measurement, the geometrical and chemical parameters of the
geometry of measurement are important to obtain the quantitative values of the photon to material interference.
This efficiency component is also known as the transfer function.

In order to calculate this transfer function, two approaches are currently used : the experimental method and the
modelization.

The experimental approach : used widely when the geometry of measurement is not too complex with reference
sources activities not too important, it needs the fabrication of experimental equipment representative of the
conditions of measurement to perform.

In waste assay, for instance, a panel of drums with different matrices and tubes dedicated to receive the reference
sources have been largely used in the past.

Ge detector

Photon flux

For simple screens not too absorbent, the same scenario has been played.

Many codes are existing to perform the modelization of the geometry of measurements.
Two kind of codes can be differentiated : the MonteCarlo codes and the linear absorption codes .
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The MonteCarlo codes take into account the interference of the photons with the material with a stochastic
behavior. They are the nearest to the real measurement conditions. In such family MCNP4 B and C codes are
used universally. They need nevertheless an important number of particles for a good accuracy of calculation.
This particularity consumes so much time as the number of material on the paths are important. 8 to 10 hours of
calculation are common with MCNP. The preparation of the geometry counts also in hours in order of magnitude
due to the complexity of the syntax.

In laboratory conditions it is acceptable. This is not the case in industrial conditions where calculation times are
acceptable if they are in a quarter of hour.

The linear attenuation model, more simple, has been the object of a lot of developments. Microshield™ and
Mercure™ are some examples of codes derived from this concept. The level of simulation of the interference is
not so important as encountered with MCNP, but in a lot of cases, the results are considered sufficiently near the
reality to be acceptable. They present in addition the interest to need limited time to calculate the transfer
function, time close to the industrial needs.

Excepted Microshield which has a more convivial human machine interface, the above codes present the same
difficulty to handle giving them large time consuming for the construction of the geometry of measurement. The
exception represented by Microshield is balanced by a limited number of geometry which limits its application.

The new approach: Pascalys

In order to get a powerfull human to machine interface, with an easy to build geometry and with an efficient
geometry representation in 3D, a recent version of the linear absorption method Mercure 6 code has been
associated to the most recent cross section library. The result is a modelization code easy to use and able to
perform the calculation in limited time, even in industrial conditions.

Its field of application is the modelization of transfer function for gamma spectroscopy applications in the largest
field of cases as measurements in dismantling, in waste assay, in measurement of contamination level in soil, in
pipes, tanks....

The Mercure code is a direct line-of-sight point kernel code which makes quick calculation in three dimensional
geometry. The total response from a point source is obtained by integrating the kernel over the source volume by
a Monte-Carlo technique.

Presentation of Pascalys

The construction of the file for the Mercure modelization code is completely computer aided in order to give a
real time following of the progression of the modelizationThe geometry is based on the use of 4 basic solids :
parallelepiped, cone, cylinder, sphere, supported by the existing of composit geometry even complex stored in
the volumes data base.
The tolerancies of dimensions can also be taken in account in order to calculate the final tolerance of the transfer
function.
The chemical composition is also based on the simple elements of table supported by the existing composit
chemical composition as concrete, PVC or others stainless steel stored in the chemical data base.
The tolerancies on the density can be integrated in the transfer function in association with the dimensional
tolerances.
As usual in the modelization codes, the spectrum definition and the meshing of the radioactive source volumes
are performed under computer assistance in order to get a given accuracy of the transfer function
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Example of glove box modelized with the assistance of the Pascalys man machine interface (rotation, zoom,
travelling, volumes appearance, orientation according to main axis...)

Comparison of results between Pascalys and MicroShield V 5 0.1

Due to the limited number of geometry which can be simulated by Microshield 5, Pascalys has been compared to
Microshield version 5 0.1 in a limited number of cases.

In the following cases, the results of Pascalys and the results of Microshield are considered without build up
effect for transfer function calculation purposes.

First case considered : container 1.4m * 1.4m * 1.4m with a matrix of concrete of density 2.3 g/cm3
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TRANSFERT FUNCTION : PASCALYS-MERCURE / MS5

Container 3 m3 concrete density 2.3
Measurement point at 3.50 m

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6
Energy (MeV)

Comments :
Between 100 keV and 1.5 MeV, there is no significant difference between Pascalys-Mercure and Microshield.
Below 100 keV, the difference is increasing to reach up to 50% at 50 keV.
This observation is not explained except some difference which could occur in the linear attenuation coefficient,
the two codes being not using the same tables. Differences in the interpolation of the attenuation become
important at low energy due to the exponential calculation.
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Second case : same container as above (1.4m * 1.4m * 1.4m) but with a matrix of steel of density 2.3 g/cm3
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Comments : the results present some differences with the concrete case, especially below 100 keV were
significant divergence is observed between Pascalys-Mercure and Microshield. As it will be seen in the
comparison with MCNP, the transfer function of Pascalys is of the same order of magnitude as MCNP, which is
not the case of MS5. Above 100 keV, the general tendency is the same as for the concrete container.

Third case : comparison of the results depending on the density of the concrete in the container (1.4m * 1.4m *
1.4m)

TRANSFER FUNCTION VERSUS DENSITY (PASCALY&MERCURE / MICROSHIELD)
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Comments : for 500 keV and 1 MeV, and for density varying between 0.5 and 3.5 g/cm3, the differences of
transfer function are not important. At 100 keV the differences are significantly increasing with the density.
These results confirm that at low energy, the results have to be taken with care.

Third case considered : pipe in stainless steel, external diameter 35.56 cm with a thickness of 0.63 cm internal
contamination of 5 and 10 mm thickness with a density of 2 g/cm3.
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Transfer function Pascalys-Morcure/Microstlleld V5.01
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Contaminant thickness : 5 mm Contaminant thickness : 10 mm

General remark : in all cases the differences between Pascalys-Mercure and Microshield 5 0.1 are negligible
above 100 keV, but becomes important below this energy. No clear explanation can be given except some
hypothesis about the linear attenuation tables which are different between Microshield and Mercure (Mercure is
using the JEF2 table from 1999).

Comparison of results between Pascalys and MCNP4B / MCNP4C

With the same conditions presented above for the comparison between Pascalys and Microshield, Pascalys-
Mercure is compared to the transfer functions calculated by MCNP 4B and MCNP4C. Although Pascalys and
MCNP have more possibilities of geometric description than Microshield V5 O.I, the same demonstrative cases
have been kept for direct comparison purposes. Limited standard deviation have been taken in account in the
MCNP calculations.

First case considered : container 1.4m * 1.4m * 1.4m with a matrix of concrete of density 2.3 g/cm3
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Second case: same container as above (1.4m* 1.4m* 1.4m) but with a matrix of steel of density 2.3 g/cm3

TRANSFER FUNCTION CONTAINER STEEL (PASCALYS / MCNP4B)
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Comments : in both cases, above 400 keV, no significant differences are noticed between Pascalys-Mercure and
MCNP 4B. Below 400 keV the difference increase to reach around 50% at 50 keV. In the particular case of the
steel container, the difference at 50 keV is largely smaller than Pascalys compared to MS5.
Once again at this step of the comparison it is too early to give explanations to the differences especially at low
energy. The question of the values of linear attenuation seems nevertheless sufficiently important to be
considered.

Third case considered : pipe in stainless steel, external diameter 35.56 cm with a thickness of 0.63 cm internal
contamination of 5 and 10 mm thickness with a density of 2 g/cm3.
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Comments : above 200 keV the results of transfer function are similar between Pascalys-Mercure and MCNP4C.
Below 200 keV, the results show some differences. The discrepancy is probably due to the different cross section
processing and has to be confirmed.
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Research of the differences in FT at low energy

The different codes dont use the same mass attenuation factor tables. At medium and high energy, the impact of
the differences are not significant. At low energy and especially for high density material, the impact has been
demonstrated has important even for low differences of the n factor.
For instance, at 100 keV and for a 50cm concrete screen, the impact of a change of 1% in the value of \i lead to
an attenuation difference of 22%.

The second difference is represented by the manner to calculate of MCNP and of the straight line attenuation
code :
Mercure or Microshield works only on the photons seen by the detector on the direct path in straight line; MCNP
works with both the direct photons seen in straight line, but also with the photons coming on the detector after
elastic diffusion in the materials encountered on their path. The consequence is the addition of a certain number
of diffused photons to the direct photons giving a total flux at the detector place more important.

Screen
Photons on straight line

Source Detector

Photons after elastic
diffusion

Conclusion and perspectives

In first approach the results obtained by the different codes are similar above 200 keV. It is difficult to consider
if one code is better than the other.
Below 200 keV the differences become not negligible in all cases, especially for high-density material.
A particular case, but probably not alone, is represented by the simulation of the presence of UO2 in a pipe. In
this case there is a clear difference at around lOOkeV in the transfer function between MCNP and the two codes
(Pascalys-Mercure and MS5).

The first conclusion of this series of comparisons is a necessary detailed control of the mass attenuation factor
tables with cross comparison and checking of the method of interpolation. The calculation of the photon flux is
also to check in detail in order to consider the real impact of the elastic diffusion in the material. The quality of
the modelization is largely depending on these factors. If necessary a correction factor is to be included in the
straight line codes for the lowest energies depending on the material encountered on the path.

Nevertheless, Pascalys -Mercure code has shown its great flexibility and its good results. It open a new window
in the modelization of industrial applications in gamma spectroscopy, with easier operation than the former
codes and faster preparation.
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