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ABSTRACT 
 

Long-term self-sustainability of a small reactor facility is possible because there is 
a large demand for non-destructive chemical analysis of bulk materials that can 
only be achieved with neutron activation analysis (NAA). The Ecole Polytechnique 
Montreal SLOWPOKE Reactor Facility has achieved self-sustainability for over 
twenty years, benefiting from the extreme reliability, ease of use and stable 
neutron flux of the SLOWPOKE reactor. The industrial clientele developed slowly 
over the years, mainly because of research users of the facility. A reliable NAA 
service with flexibility, high accuracy and fast turn-around time was achieved by 
developing an efficient NAA system, using a combination of the relative and k0 
standardisation methods. The techniques were optimized to meet the specific 
needs of the client, such as low detection limit or high accuracy at high 
concentration. New marketing strategies are presented, which aim at a more rapid 
expansion. 

 
 
1. Introduction 
1.1 Development of the reactor facility 
 
Seven SLOWPOKE reactor facilities were constructed in Canada in the 1970’s and 1980’s. 
Four of them continue operating; three have been shut down and in each case a major factor 
leading to the decision to close the facility was that their attempts to attain self-sustainability 
were unsuccessful. 
 
The Montreal facility began operation in 1976. The original mandate of the facility was to 
provide teaching in nuclear engineering and to provide neutron activation analysis to 
researchers at the university and in the Montreal region. The use of the reactor for teaching 
in nuclear engineering is still continuing at the Nuclear Engineering Institute. 
 
The neutron activation analysis work began slowly because the original staff included no 
NAA expert. The staff learned from visits to other well-established facilities and soon began 
developing NAA techniques suited to this SLOWPOKE reactor and tailored to meet the 
needs of the university researchers. Funding was ensured by infrastructure grants from the 
Canadian government and from the government of the province of Quebec and from 
teaching and research funds available at Ecole Polytechnique. During the period 1976-1985, 
a large number of graduate students in science and engineering used the facility for NAA and 
then left to work in various industries or research centres. These former students, with the 
positive experience gained at the facility, were very important to the subsequent achievement 
of self-sustainability. 
 
 
2. Achieving self-sustainability 
2.1 Motivation 
 



  

In 1985, the administration of Ecole Polytechnique announced that the university no longer 
had funds to support research and the reactor facility would have to become self-sustainable 
or would be shut down. The staff of the facility, who by then had five to eight years 
experience, felt that self-sustainability was possible and decided to make the long-term 
commitment to achieve it. Fortunately, the maintenance costs of a SLOWPOKE reactor were 
very low; thus more than 80% of expenses were salaries. 
 
At this time, the revenues of the facility were NAA revenues and government infrastructure 
grants. It was necessary to increase the NAA revenues. Fig. 1 shows the evolution of the 
NAA revenues over the last 30 years. From 1985 to 1990 the revenues increased slowly 
because no special promotional effort was made to attract new clients. The increase was due 
completely to former research users, students and other researchers, who decided to begin 
using NAA again or who communicated the advantages of NAA to their colleagues. The 
large increases in 1991 and 1992 were due to these same users who started several large 
projects. 
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          Fig 1.  Commercial NAA revenues of the facility 

 
2.2 Development of neutron activation analysis as a commercial product 
 
Scientists at many facilities have the attitude that they understand very well neutron 
activation analysis, as it was developed in the 1970s and 1980s, and with their reactor and 
gamma-ray spectrometer they can apply this method successfully for a commercial NAA 
service. They offer fixed analysis packages, based on what is convenient for them, such as 
short half-life nuclides or long half-life nuclides or the availability of their reactor and staff. 
This attitude rarely leads to success; the NAA service must be developed to meet the needs 
of the customer. 
 
We discuss at length with all potential customers to determine their exact needs and how we 
can best meet them. The method is adjusted for each new case, carefully taking into account 
the development cost. Most of our clients are industries that require NAA for product 
development and quality control. They require the following, with the most important items 
listed first: 
• Fast turn-around time 
• Reliability 



  

• High accuracy 
• High sensitivity 
• Range of concentrations from low to high 

 
The SLOWPOKE reactor is ideal for fast turn-around times because it is always available five 
days a week. New projects require some time for method development; after that the method 
is ready and the analysis can begin as soon as the samples are received. The limitation is 
usually the half-lives of the elements of interest and the interferences. 
 
Reliability and accuracy depend on the expertise and vigilance of the NAA analyst. He must 
be aware of all possible interferences and the various matrix effects, including sample 
inhomogeneity, neutron self-shielding, gamma-ray absorption, spectrometer dead-time, etc. 
He must constantly strive to avoid mistakes such as in labelling samples, weighing and 
recording the measurement parameters. He should be aware of the importance to do so. 
Mistakes have been reduced by the use of written procedures, and all analyses are fully 
documented and verified. We have a non-formal quality assurance program based on a 
“culture of quality” and common sense. We feel this approach is superior to that of a formal 
quality assurance program with unmotivated staff. 
 
The relatively low neutron flux of the SLOWPOKE reactor, ten times lower than larger 
research reactors, has not been found to be a limitation to the sensitivity that can be 
achieved. The detection limit depends mainly on the ability to resolve the peak of the 
gamma-ray of interest from the Compton background. We have developed optimised 
counting techniques and powerful spectrum analysis software [1] for this. 
 
It is important to be able to analyse any material for any element, out of the 60 elements 
commonly measured by NAA, quickly and accurately. With the classical Relative Method, 
every time a sample is analyzed, a standard must be prepared for every element. This is 
very time consuming. Our Improved Relative Method [1] takes advantage of the extreme 
stability of the SLOWPOKE reactor and the gamma-ray spectrometers. We standardise for 
each element and each counting geometry once, store the sensitivity constants in libraries, 
and use them for years without modification. With each batch of samples analyzed, we 
irradiate no standards and no flux monitors, only quality control standards occasionally. 
 
Differences in sample size and composition between the standards and the unknowns are 
corrected for, using accurate models of the activation and detection processes [2]. Now, with 
the k0 standardisation method [3], it is not necessary to irradiate a standard of every element. 
The parameters of the models used with the k0 method are now sufficiently accurate [4,5] 
that the concentrations of all elements can be determined in any material, using any 
irradiation channel and any detector configuration, without a standard of each element. We 
now use the k0 method extensively. It required a great deal of effort to develop this method 
and perfect it, but once implemented it now offers large savings in time as well as improved 
flexibility and accuracy. 
 
A major limitation to NAA was the inability to predict the amount of neutron self-shielding, 
especially for epithermal neutrons, in materials containing high concentrations of neutron 
absorbing elements. This severely limited the materials which could be analysed. We have 
recently developed a simple and accurate method for correcting neutron self-shielding [6], 
which has opened many new avenues for our commercial NAA service. 
 
The NAA method has thus been developed to analyse the widest variety of materials; those 
most commonly analysed are shown in Table 1. In principle, about 65 elements can be 
determined by NAA; in practise, up to 40 elements can be detected in common materials. 
The complete sample scan that offered therefore includes these 40 elements. 
 
 



  

Material Elements 
Plastics all, especially Mg, Ti, Al, Cl, Sn, P 
Treated wood I, Sn, Cu, Cr, As, Br 
Rocks, minerals Au, U, Th, rare-earths 
Air particulates on filters heavy metals 
Silicon semiconductors all 
Food supplements Ca, Mg, Fe, Zn, Se 
Materials for fuel cells, batteries Pt, Ru, Cd 
Coated paper I, Cu 
Oil refinery catalysts Cl 
Textiles Ag, Cd, Ni, Sb, Cl, Br, I, S, P 
Leather Cr 
Archaeological ceramics all 
Pharmaceutical products various elements 

 
  Table 1:  Materials analysed by NAA 

 
2.3 Staff 
 
Experience has shown that a self-sustainable NAA facility using a SLOWPOKE reactor 
needs, as a minimum, these four essential staff members: 

1. Director of the facility, who is also the reactor manager. 
2. NAA analyst. He is also a reactor operator. 
3. NAA assistant. He would ideally also be a reactor operator. 
4. Technician. An employee of the university, he works part-time maintaining the reactor 

systems and the gamma-ray spectrometers. 
 
The director of the facility must have a business mentality, and he must also be an NAA 
expert, working with the NAA analyst and ready to replace him when necessary. As reactor 
manager, he must be a SLOWPOKE reactor operator and knowledgeable in reactor safety 
and regulatory matters. The director of the facility and the NAA analyst should be specialised 
experts, they should be highly motivated and should occupy long-term positions. The NAA 
assistant becomes more essential as the volume of work increases, but this person is highly 
desirable at all times because he may be needed to ensure a continuously available NAA 
service during the vacation period, etc. Other part-time staff include Radiation Safety Officer, 
Quality Assurance Officer, NAA salesman. 
 
 
3. Maintaining self-sustainability 
3.1 Difficulties 
 
Although the reactor is ageing, maintenance costs have not increased substantially, apart 
from the successful fuel change [7] in 1997. However, provisions should be made to prevent 
prolonged reactor shutdown (one month is enough to lose major clients) due to ageing. In 
addition, replacing ageing personnel should be planned carefully. We have developed an 
ageing management program for the facility, including ageing equipment, documentation and 
personnel. When fully implemented, it should reduce the probability of prolonged shutdowns. 
 
The increase in revenues from 1985 to 1999, see Fig. 1, correlated well with the increase in 
staff and salaries. However, from 2000 to 2009 the fairly constant revenues have not kept 
pace with the large increase in regulatory costs. The effort required to achieve and maintain 



  

conformity with international safety standards and with the Canadian Nuclear Safety Act, 
enacted in 2000, now requires the equivalent of one full-time staff member. Also, since 2003, 
some of the revenues must be put aside to constitute a decommissioning fund. Thus, an 
effort is now needed to increase revenues. 
 
3.2 Recent efforts to increase revenues 
 
After a complete analysis of the facility from a business perspective, it was concluded that 
the key elements for achieving self-sustainability are always the same: excellent NAA 
services (fast, accurate analysis) and constant communication with the customers: learning 
about their needs but also allowing the customer to learn more about the capabilities of the 
NAA laboratory. We estimate that there is still a large untapped market for NAA in Canada 
and the USA, estimated at $20,000,000 annually, which we can exploit with our unique 
expertise in this field. We now need to valorise our strengths mentioned above, by entering 
into contact with new customers.  
 
On three occasions in previous years, advertising material, including NAA information sheets 
and price lists, had been sent by mail or by email to potential clients. This met with absolutely 
no success. In 2009 this was again attempted, this time trying to better target the key people 
in organisations likely needing NAA. Again there was no success. 
 
The senior staff of the facility now attends trade meetings of the industries which traditionally 
require NAA. As a result, the knowledge of the needs of these industries was improved and 
the contacts made are expected to eventually lead to some new clients. 
 
An agreement was reached with an experienced salesman of technical and analytical 
services. The previous contacts of this salesman are now being informed of the possibilities 
of NAA. This met with some success and has already led to new NAA contracts in several 
areas. 
 
 
4. Conclusion 
 
It has been shown how a neutron activation analysis laboratory can achieve and maintain 
self-sustainability, through careful long-term business-like planning, the development of 
technical expertise, and its application by highly motivated staff.  
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