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Abstract. Safety culture has been defined as “that assembly of characteristics and attitudes in organizations and 
individuals which establishes that as an overriding priority, nuclear plant safety issues receive the attention warranted 
by their significance”.  This paper briefly highlights efforts being made at the Centre for Energy Research and 
Training (CERT) towards realizing this broad objective as far as possible. To this end CERT realizes the need for 
instituted safety measures to reflect significant, site-specific peculiar characteristics of any generic reactor types. 
Consequently, standard procedures for pre-startup, startup and shutdown of NIRR-1 (a miniature neutron source 
reactor – MNSR) have been reviewed to reflect our local conditions and peculiarities. The review has revealed the 
need to incorporate important steps that impact on overall safety of the facility. For instance an interlocking system is 
being considered between NIRR-1 startup on the one hand and mandatory pre-startup measures on the other. Also a 
procedure has been put in place that would facilitate rapid response in the event of a rod-stuck-at-full-withdrawal
incident. Furthermore, a program of automation of important analysis and design calculations of MNSRs is going on. 
Emphases are also placed, and deliberate efforts are being made, to ensure that a working atmosphere prevails that 
would foster the correct attitudinal approach to matters of reactor safety. A regime of constant dialogue and 
discussions amongst operating personnel has been factored into the overall operational program.

1. Introduction 

This paper highlights some of the simple but effective measures that have been implemented, are being put 
in place or contemplated at the Centre for Energy Research and Training, Zaria in Nigeria with a view to 
enhancing the safety features of the Nigeria Research Reactor–1 (NIRR-1). This reactor, which attained 
criticality on 3rd February 2004, is a tank-in-pool miniature neutron source reactor with excellent inherent 
safety features. This is due to fact that MNSRs have temperature feed-back characteristics that make them 
extremely stable. However CERT believes that there is always room for improvement where safety is 
concerned. In the light of this realization, standard procedures for pre-startup, startup and shutdown of 
NIRR-1 have been reviewed to reflect our local or peculiar site-specific conditions. CERT has found it 
necessary to incorporate important steps that impact on overall safety of the facility. For instance, an 
interlocking system is being considered between NIRR-1 startup and some pre-startup activities. 
Specifically we are considering interlocking the operation of the ventilation system with the reactor startup 
such that the latter cannot be initiated without the former being in operation. We are also considering 
interlocking the gas purge system with the ventilation system such that the former cannot be operated while 
the latter is off. Also a procedure has been put in place that would facilitate rapid response in the event of a 
rod-stuck-at-full-withdrawal incident. A program of automation of important analysis and design 
calculations of MNSRs is also going on. Furthermore provision has been made for the installation of 
additional filters in the ventilation system to minimizing as much as possible the environmental impact of 
NIRR-1. Some of these added or contemplated features are such that no known MNSR possesses them. 
These measures and a few theoretical works having some bearing on safety, which have been done at CERT 
are discussed in the following sections. 
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2. Provision for rapid manual insertion of Cd string in an emergency 

The pools of MNSRs are usually covered with Perspex bolted to the top. This is to prevent foreign objects 
from falling into the pool and also minimize the deposit of airborne particulates onto the surface of the pool 
water. Under this condition, if there is an urgent need in an emergency to manually insert a cadmium string 
into an irradiation site, this Perspex cover would be in the way. This may come about for instance if the 
control rod were to get stuck at the fully-withdrawn state; and in addition, an attempt to send in cadmium 
rabbits by the pneumatic transfer system also fails. NIRR-1 operating organization has therefore decided 
that one of NIRR-1 pre-startup conditions is that there should be easy access to the top of the reactor vessel 
during reactor operation. This is achieved by unfastening one section of the cover but leaving it in place 
with one or two loose bolts just to keep it in position. In this way time would not be lost unscrewing bolts in 
an emergency. This precaution should therefore facilitate rapid access to the vessel top, disconnecting a 
rabbit tube from an inner irradiation channel, and inserting a cadmium string into the irradiation site as 
quickly as possible. 

3. Providing interlock between critical pre-startup events and NIRR-1 startup 

Another crucial event that must precede startup of NIRR-1 is that the ventilation system, which should 
provide negative pressure in the reactor hall as well as filter the air from the reactor hall before discharge to 
the atmosphere, must be turned on. Although this is one of the pre-startup checks that needs to be carried 
out, if it is inadvertently omitted, the reactor would be operated with neither negative pressure nor 
ventilation in the reactor hall. The NIRR-1 operating organization has therefore decided that it is desirable 
to provide an interlock between the ventilation system and reactor startup that would prevent the latter 
(startup) from taking place if the former (ventilation system) has not been turned on. The Centre is looking 
into how best to implement this as cost-effectively as possible with the minimum delay.  

It is also desirable to provide an interlock between the commencement of the weekly gas purge and 
ventilation system such that the gas purge system cannot be turned on unless the ventilation system is 
already in operation. This is because with the ventilation system off, gas purging is as good as useless. 

4. Power supply  

NIRR-1 is operated exclusively using on-site power source from a diesel generator. It is never operated 
using power supply from the national grid. This is because in Nigeria as in many developing countries, 
power supply from the national grid is inadequate and unreliable. Apart from frequent power outages, even 
when power is available, it is in many instances not reliable because the supplied current/voltage may be 
outside regulated limits – i.e. either too little or too much. This is capable of damaging sensitive 
electrical/electronic equipment. For added reliability, two 500 KVA diesel generators have been installed 
and are available at all times for operation of NIRR-1. In addition to this redundancy, the control console, 
the microcomputer control system and the rabbit system type A are connected through uninterruptible 
battery-backed power sources. This is to ensure that provision is made for the possibility of sending 
cadmium rabbits into an inner irradiation site to shut the down as rapidly as possible, should that 
contingency arise. 
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5. Provision of extra filters for effluent gases  

Although the NIRR-1 Gas Purge System is equipped with both activated charcoal and iodine filters, 
provision has also been made for extra filters before the gas that is being purged and the gas in the 
ventilation system are discharged into the atmosphere. In spite of the fact that MNSRs do not normally 
require this extra filters, the operating organization believes that to be conservative in favour of safety is 
desirable and is trying to install one.  

6. Some safety related calculations at CERT 

Apart from practical efforts being made at CERT to enhance safety features of NIRR-1, some theoretical 
works that have a bearing on safety are also being undertaken. A brief highlight of some of these works will 
now be given. The first is a program of automation of the more important neutronics analysis and design 
calculations of MNSR-type reactors that is being undertaken. Preliminary two-dimensional results have 
been published [1] while generalization to three dimensions is still going on. The major attraction of this 
program is the ease with which many neutronics calculations may now be done with the accompanying 
savings in time and improved precision. It also allows the beginner reactor physicist to use the codes WIMS 
and CITATION with almost as equal ease as the expert.  

In connection with this program two other works having to do with safety related investigations associated 
with core conversion studies [2]; and temperature dependence of safety reactor factor and its implications 
for limiting maximum NIRR-1 core temperature [3] respectively; have also been published. The major 
conclusion of [2] is that in order to substantially reduce the enrichment of a typical MNSR (to say below 
about 80%) while at the same time retaining the configuration, a drastic review of the material composition 
of the core would have to be undertaken. On the other hand [3] seems to indicate that the limiting maximum 
temperature at which a typical MNSR is operable is about 81ºC. Beyond this temperature it seems that the 
negative temperature feedback would have become so much it that would shut the reactor down. 

7. Staff encouragement, sanctions and rewards 

A regime of sanctions and rewards has been instituted to encourage conducts that tend to promote safety 
and build confidence and promote competence at work. This is done by providing tangible benefits for 
individuals who are outstanding in their punctuality, pay attention to details at work, show seriousness of 
purpose and generally do not make light any matters relating to safety. In a situation where a staff member 
is found to be negligent, in breach of discipline or procedure etc, sanctions are applied, but more as a 
corrective measure than as punishment. This is done in such a way as not to encourage concealment of 
errors or lapses. Operators are also encouraged to discuss even their private problems with their colleagues. 
This is realized through a constant meeting of the operating group, where members are encouraged to 
discuss not only official matters but also personal and social matters that may affect their performance at 
work. Wherever possible the Centre provides necessary assistance, within limits – financial or otherwise – 
to neutralize any difficulties that member of the Section may be having. The reason for this is simply to 
ensure that personnel associated with the operation of the reactor can as far as possible perform reliably and 
optimally in any eventuality. 

8. Conclusion 

This paper summarizes some of the efforts being made at the Centre for Energy Research and Training 
(CERT) towards realizing the broad objective of safety culture as far as possible bearing in mind any 
significant, site-specific peculiar characteristics of the host environment. Standard procedures for pre-
startup, startup and shutdown of NIRR-1 have thus been reviewed to reflect local peculiarities. The review 
revealed the need to incorporate important steps that impact on overall safety of the NIRR-1. Important 
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interlocks that are being considered have been highlighted. A procedure that has been put in place to 
facilitate rapid response in the event of a rod-stuck-at-full-withdrawal incident has also been presented. The 
paper also emphasizes efforts being made to ensure that a working atmosphere prevails that would foster 
the correct attitudinal approach to matters of reactor safety, pointing out that sanctions, where and when 
they are applied, are done more as a corrective measure than a punitive one. Finally, a few theoretical works 
having some bearing on reactor safety, which have been done at CERT, have also been highlighted.  
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