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Abstract 
The operations of dismantling of nuclear installations are often difficult due to the lack of 
knowledge about the position, the identification and the radiological characteristics of the 
contamination. To avoid the manual mapping and simply sampling and radiochemical 
analysis, which takes time and causes doses new tools are now used : 

- CARTOGAM to detect the position of the activity and the relative dose rates of the 
different hot spots, 
- NaI, CZT or Ge gamma spectrometers to characterize the major radionuclides, 
- a model with ISOCS gamma attenuation code or MERCURAD-PASCALYS gamma 
attenuation and dose rate evaluation code 

 
CARTOGAM and MERCURAD were developed in collaboration with CEA and COGEMA. 
 
All these tools are used to build a complete methodology to give adapted solutions to the 
nuclear facilities. This methodology helps to prepare for and execute decontamination and 
dismantling activities. 
 
After describing the methodology, examples are given of its use in preparation of repairing at 
an EDF NPP site and in dismantling operations at a CEA site. These examples give concrete 
insights into their significance and the productivity gains they offer. 
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1. CONTEXT OF D&D MEASUREMENT ACTIVITIES 

Repairing or dismantling a nuclear installation is often difficult due to the lack of knowledge 
about the position, the identification and the radiological characteristics of the contamination. 
In this sense, the gamma contamination is particularly difficult to define in a significant global 
background when the activities are relatively high. Identification and estimation of the activity 
can become more complex in hot cells, for example, where space is limited and human 
intervention is costly in terms of accumulated dose. 

CANBERRA, the Nuclear Measurement Business Unit of AREVA, not only designs, 
manufactures and sells a complete range of instruments but provides solutions and services to 
take care of the global problem depending on the needs of each customer. In this sense, the 
following items have to be addressed: 

- definition of the needed investigations 
- choice of the detector 
- dose rate modeling 
- coupling dose rate measurement and model 
- coupling gamma spectrometry measurement and model 
- coupling neutron measurement and model 

 
To be able to propose the best solution to our customers, CANBERRA has developed 
knowledge and intervention strategies based on feedback from our experiences in many 
countries. 

Each of these different parts of the scene characterization are described in the following 
chapters. Thanks to this methodology, CANBERRA is able to give the customer not only 
measurement results, but activities, evaluations and localization corresponding to the 
customer’s needs. 

2. PREPARATION OF REPAIRING OR D&D ACTIVITIES 

2.1.  Retrieval of all necessary data 
This first phase of nuclear measurement investigation is crucial. A facility being prepared for 
dismantling usually has a long history of operations with numerous events having occurred in 
the facility’s lifetime. The knowledge of these events is very important for the definition of 
measurement strategy. These first assumptions usually come from interviews with the 
previous operators of the facility, allowing definition of a first model. Expectation of activity 
evaluation within a factor 10 or 100 is already good information that will be taken in account 
(for example for the detector choice). 

2.2.  Scene modeling 
For a high activity cell, a first model evaluation can save a lot of money for the investigation 
phase. From large activities panel assumptions and geometry descriptions of the scene, 
sources would be able to be placed in the model and dose rate evaluation would be 
determined as a range of magnitude, which will define the type of investigation: 

- can personnel enter the cell? 
- are the possibilities of introduction of nuclear measurement accurate? 



- what kind of logistics is needed for the nuclear measurements? 

For problems concerning gamma emitters, CANBERRA uses CANBERRA’s MERCURAD 
application based on MERCURE V6 (reference [1]) gamma attenuation code developed by 
the French Atomic Commission at Saclay (CEA/SERMA). This code is used but also sold by 
CANBERRA. It has a very convenient interface that can be used by a technician for modeling 
a complex scene within about 30 minutes. Figure 1 summarizes this first part of the 
methodology. 

 

 
Figure 1: MERCURAD dose rate evaluation code 

 

For neutron emitters only MCNP is used because no simplified code for 3D geometries exists 
yet. 

2.3.  First measurements to confirm hypothesis 
The first evaluation of dose rate will allow a choice of detectors, electronics and associated 
shielding and/or collimator. For very complex problems (mainly concerning high activity 
cells) several iterations will be needed. First simple measurements will be done before doing 
more complex measurement to refine the model and the first hypothesis. 

3. DESCRIPTION OF THE MEASUREMENT POSSIBILIES 

3.1.  Main solutions 
The measurement solutions are very numerous. Usually only gamma and neutron detectors 
will be used. Alpha and beta emitters will be detected by their gamma emission, that’s the 
reason why in the case of total gamma counting (without spectrometry), the ratio between 
gamma and alpha has to be very well known. This ratio can have a deep impact in waste 
categorisation. Gamma spectrometry measurement will be preferred when this ratio cannot 
easily be identified or when the gamma emitters themselves are numerous. 
 



3.2.  Total counting measurement 

3.2.1. Gamma measurements 
Ionization chambers are usually chosen because of their sensitivity and their ability to be used 
in very hot cells. In that case, the electronics will be placed away from the detector and 
current amplification electronics will be preferred. 
Geiger-Müller dose meters can also be used. Such detectors can be very small and are very 
useful when there is little space to introduce the detector in the hot cell. 

3.2.2. Neutron measurement 
Because of their sensitivity, 3He tubes are preferred. But they are also sensitive to gamma. In 
the case of high gamma emission, BF3 detectors will be chosen. For very high neutron 
emission, fission chambers can also be used. All these detectors can only detect thermalised 
neutrons. If the neutron spectrum in the cell is not a thermal spectrum, the neutrons will have 
to be thermalised, usually with polyethylene blocks which increase the space needed around 
the detector. 
 

3.3.  Source location, possible use of CARTOGAM 
The CARTOGAM (a gamma camera) will be used (see reference [2]) when the location is not 
known and when it is very important to know the radioactivity’s location in order to define 
the dismantling scenario. This tool can drastically decrease the number of needed 
measurements. 
The main advantage of the CARTOGAM system compared to others is that it superimposes 
visible and gamma images using the same optics (see figure 2). 
 
 

 
Figure 2: CARTOGAM measurement head with its PC  

and scheme of the image processing 
 
The use of CARTOGAM will also simplify the need for sampling. The localization of the 
needed sample is made easier and the sample is sure to contain radionuclides. Laboratory 
analysis on these specifically chosen samples will be able to determine all radionuclides and 
specific ratios. 
To avoid expensive laboratory analyses, gamma spectrometry measurements can also be done 
in the field. 
 



3.4.  Source identification : use of NaI, CZT, or Ge detectors ? 
While gamma spectrometers are useful for source identification, NaI detectors are a cheaper 
solution, though with poorer resolution (<10% at 137Cs) but good efficiency for very low 
activity determination. They will be preferred for simple gamma spectra with known 
radionuclides from which only the proportion has to be determined. 
CZT (Cd-Zn-Te) detectors (figure 3) are small and will be preferred in high activity cells. 
These detectors have a better resolution than NaI detectors (usually 1.5% to 3%). 
CANBERRA frequently uses this type of detector coupled with CARTOGAM or adapted to 
the InSpector 1000 Hand-Held MCA (figure 4), which easily distinguishes 60Co from 137Cs. 

 
Figure 3: A CARTOGAM coupled 

with a CZT detector 

 
Figure 4: an InSpector 1000 with NaI and CZT probes to 

be introduced into very small holes 

 
The last and best solution is to use germanium detectors 
with resolution usually around 0.2%. This is the solution 
for very complex spectra. This type of detector best 
determines the isotopic composition of U and Pu. 
CANBERRA has developed BEGe (Broad Energy 
Germanium) detectors for 15 years. Such detector 
coupled with a modelling code called ISOCS (see 
reference [4]) is a very versatile solution. CANBERRA 
also offers a wide range of Ge detectors for specific 
problems. 
  

Figure 5: Cart for Ge detector and 
associated collimator 

 
 



4. MODELLING THE SCENE: THE DIFFERENT SOLUTIONS 

4.1.  Why do we model the scene? 
Detectors give counts per second. The modelling of the scene with assumptions of the 
location of sources allows determining not only counts, proportion or presence of 
radionuclides, but activities. 
The use of CARTOGAM before modelling can help to make better assumptions in source 
location which can drastically decrease the uncertainties. The following figure illustrates this 
methodology. 

 
Figure 6: Methodology for determining activities 

The determination of geometrical efficiency and detector efficiency allow determination of 
activities from a spectrum in counts per second via the following formula : 

 

Where :  A is the activity in Bq 
  M the measurement of the net area of the peak in counts per second (cps) 

egeom the geometrical efficiency in gamma rays per Bq or g.cm-2.s-1 / Bq 
edet the detector efficiency in cps per gamma ray or cps / (g.cm-2.s-1) 

Different codes can be used as gamma ray attenuation calculation. The use of the code is 
discussed below. 
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4.2.  What to model and which calculation to use? 
A very precise model is not often needed. The model has only to take into account the objects 
and layers between the assumed sources and the detector. Often the main uncertainties come 
from not knowing the layers’thickness between the source and the detector. In that case a very 
precise code is really not needed. 
Nevertheless, a more precise code can be useful when the scene is known more precisely, 
when the geometry is complex, or when there is a need to reuse the geometry model for other 
applications. This case often occurs for hot cells modeling. Where high activities are 
concerned, the facility’s personnel issues are quite significant and the time for modeling is 
significant. 

4.3.  The use of ISOCS in case of easy modelling 
ISOCS gamma code attenuation is the best compromise for simple scene. The user interface 
uses templates which cover the most common geometries. With this approach, simple 
geometries can be modelled by technicians in less than 15 minutes. It allows the model to be 
done in the field during the measurement. 

4.4. The advantage of MERCURAD-PASCALYS 
We have seen that MERCURAD is a complete 3D code for dose rate evaluation from any 
kind of gamma spectrum and activities. It can also be used on the other way, to calculate 
activities from a measurement spectrum. This way of use of MERCURAD is called 
PASCALYS. 
The main advantage of PASCALYS compared to ISOCS is the modeling capabilities. An 
other advantage concerns the detector efficiency. With PASCALYS the detector is considered 
as a point. In consequence any kind of detector can be used easily with this modeling 
approach. 
The third advantage concerns the possibility of reusing the modeling scene. In a complete 
study of a hot cells, it’s clear that the geometry model is also used for other applications like 
health physics studies or dismantling scenarios. 

 

Figure 7: Multi detector and capabilities of complex geometry modelling 



 

With the MERCURAD-PASCALYS tool, a complex geometry can be generated and stored in 
a database. A complex geometry can be used by PASCALYS to determine activities from one 
field measurement then reused with MERCURAD to determine the dose rate from the 
activities. Objects can easily be removed from the scene (simulating dismantling activities) 
and dose rates can easily be recalculated. The general synthesis scheme of this is presented in 
the following chapter (see figure 8). 

GENERAL SYNTHESIS 

During repairing and dismantling activities, multiple types of detectors can be used. The 
determination of source activities can be very complex, that’s why CANBERRA proposes 
different approaches depending on customer problems. These approaches give CANBERRA a 
large range of solutions. 

 

 

Figure 8: Global methodology using ISOCS, MERCURAD  
and PASCALYS for a complete solution 

 
Figure 8 gives the global methodology, coupling the one in figure 1 and the one described in 
figure 7. The model used in the activity determination can be reused when dose rates have to 
be determined. It provides a consistent tool for engineering studies and dismantling scenarios. 



5. THE LAST CANBERRA EXPERIENCES 

5.1.  Experience at CEA Cadarache 
In 2005, CANBERRA Services performed many 
measurements with CARTOGAM to locate 
sources. One of these experiences concerned the 
location of sources in the CABRI reactor at CEA 
Cadarache. With CARTOGAM, dose rates were 
also evaluated. 
More than 50 measurement images were done 
from five points of view inside the main reactor 
building. For these measurements CARTOGAM 
was introduced in the reactor hot cell with a 
robotic arm. Figure 9 shows the different points of 
views of CARTOGAM camera.  

 
Figure 9: CABRI reactor vessel and 
CARTOGAM measurement points 

 

From the second measurement’s point of view, CARTOGAM was able to see the top of the 
reactor vessel. A measurement was done and the evaluated dose rate was 2.2 mGy/h (see 
figure 10). The operator of the facility then placed a sheet of steel partially over the hot spot, 
then performed another measurement. CARTOGAM easily proves that the plate reduces the 
dose rate but doesn’t completely hide the hot spot (see Figure 11). 

 

 
Figure 10: See of the top of CABRI reactor 
vessel (Dose rate : 2.2 mGy/h) 

 
Figure 11: After adding a steel plate 
covering partially the hot spot 
(Dose rate : 800 nGy/h) 

 



 
5.2.  Experience at EDF Gravelines 

CANBERRA has been asked by EDF /CIDEN to evaluate contamination inside pipes of 
gutter at EDF Gravelines reactor site. CARTOGAM and CZT measurements were performed. 
A trolley was used on the floor of the gutter tunnel. The measurements were carrying out 
without the need of removing the floor of the trough. 

 

 
Figure 11: Inside the trough at EDF 
Gravelines site 

 
Figure 12: MERCURAD-PASCALYS model of 
EDF Gravelines trough 

 
For the 4th area, 10 measurement points were specified. A MERCURAD-PASCALYS model 
(see figure 12) was performed to evaluate the 60Co activity. 
The CZT measurements show that 60Co was the main contributor to the dose rate (see figure 
14). 
 

 
Figure 13: A hot spot from the floor  

 
Figure 14: CZT spectrum 

 
 

A comparison between MERCURAD and MCNP was performed to confirm the activities’ 
values. The following table gives the comparison for the 10 measurement point of the 4th area. 

 

 



Dose rate (mGy/h) MCNP MERCURAD-
PASCALYS Mean value Distance 

from 
floor (m) Ambiant dose 

rate 

Contribution 
from the hot 

spot 
Activity (GBq) Activity (GBq) Activity (GBq) 

0.604  1.60  0.97  20.0  15.6 17.8 

0.604  6.60  7.40  92.5  72.0 82.3 

0.604  0.73  0.50  9.1  7.1 8.1 

0.602  1.00  0.45  12.5  9.7 9.8 

0.607  1.15  0.12  14.4  11.2 12.8 

0.604  1.10  0.12  13.8  10.7 12.3 

0.609  1.00  0.22  12.5  9.7 11.1 

0.609  0.92  0.21  11.5  9.0 10.3 

0.609  0.70  0.09  8.8  6.8 7.8 

0.708  0.43  0.29  5.7  5.0 5.4 

The uncertainty can be established at around 25%. The two MCNP and MERCURAD model 
gives comparable values and the MERCURAD model was much easier to build with a 
convenient interface. This comparison proves the accuracy of the methodology. 

6. CONCLUSION AND PERSPECTIVES 

CANBERRA now proposes a complete set of solutions for radioactivity location and 
determination. According to the problem facing the nuclear facility different measurements 
and modeling approach can be used. A complete methodology was described and two 
examples given at CEA and EDF sites. 

New challenges now await CANBERRA at COGEMA La Hague site for activities 
determination for dismantling of UP2-400 old fuel reprocessing factory. 
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