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ABSTRACT 

There are more than 200 research reactors that have either not operated for a considerable period of time and 

may never return to operation or, are close to permanent shutdown. Many countries do not have a 

decommissioning policy, and like Brazil not all installations have their decommissioning plan as part of the 

licensing documentation. Brazil is signatory of Joint Convention on the safety of Spent Fuel Management and 

on the Safety of Radioactive Waste Management, but until now there is no decommissioning policy, and 

specifically for research reactor there is no decommissioning guidelines in the standards. The Nuclear 

Technology Development Centre (CDTN/CNEN) has a TRIGA Mark I Research Reactor IPR-R1 in operation 

for 47 years with 3.6% average fuel burn-up. The original power was 100 kW and it is being licensed for 

250 kW, and it needs the decommissioning plan as part of the licensing requirements. In the paper it is presented 

general aspects and contents of a Research Reactors Decommissioning Plan. As the Brazilian regulatory body so 

far does not have a decommissioning policy established neither a regulatory framework in this issue, individual 

efforts are being integrated to establish a National Decommissioning Group (matrix structure) to perform the 

decommissioning planning and activities. The approach used for IPR-R1 is presented as suggestions to develop 

the national regulatory standards on this issue and applied to Brazilian Research Reactors and other nuclear 

facilities. 

 

 

1. INTRODUCTION 
 

According to the nuclear regulations, all nuclear facilities should be commissioned before its 

operation, and after their shutdown they should be decommissioned. The obsolescence, 

security, regulatory aspects, political changes, accidents, low performance, are drivers to 

determine the shutdown of a nuclear facility. Nowadays there are more than 200 research 

reactors that have either not operated for a considerable period of time and may never return 

to operation or, are close to permanent shutdown. 

 

A Decommissioning Plan is required for all decommissioning activities and consists of all 

administrative and technical actions that should be taken at the end of a nuclear installation in 

order to assure the suitable physical and radiological protection of workers, general public, 

and environment. In some cases, these actions allow also the removal of the installation from 

the regulatory control. 

 

Basically, a decommissioning process can be accomplished in two phases: decontamination 

and dismantling. The decontamination is the phase in which the complete or partial removal 

of contamination is done by a physical, chemical or biological process. The dismantling 

consists on the disassembly and removal of any structure, system or component during 

decommissioning, including the removal of spent fuel, activated structures. Dismantling may 
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be performed immediately after permanent retirement of a nuclear facility or it may be 

postponed, after a decay period. 

 

The decommissioning plan is the document, in which is organized all information about the 

proposed decommissioning activities for the facility. It allows the regulatory body to make a 

proper evaluation and to ensure that decommissioning will be performed in a safe manner. 

The IAEA is concerned to establish safety standards technical documents for the protection of 

health, life and property in the development and application of nuclear energy for peaceful 

purposes. In this way the IAEA recommends that decommissioning planning should be part 

of the licensing process of all nuclear facilities. Many countries do not have a 

decommissioning policy, and like Brazil not all installations have their decommissioning plan 

as part of the licensing documentation.  

 

Currently the search of the sustainable development proposes that the potential for 

redevelopment of a site should not be ignored. Sustainable development implies the need to 

combine economic development with conservation of natural resources such as land. In the 

case of decommissioning, the recycling of land implied by redevelopment of a site offers a 

valuable means of avoiding the need to obtain further “greenfield” sites. This also implies 

economic development with the maintenance of social and community integrity. Both of 

these benefits can be attained by the sensitive and organized redevelopment of sites to 

provide continuity of employment and new production opportunities. Finally, the principles 

of sustainable development suggest a more transparent and participative decision making 

process, especially in aspects regarding to nuclear development [4]. 

 

The Nuclear Technology Development Centre (CDTN/CNEN) has a TRIGA Mark I Research 

Reactor in operation for 48 years with 4 % average fuel burn-up. The original power was 100 

kW and it is being licensed for 250 kW, and as no decommissioning policy was adopted, it 

needs to do the decommissioning plan for it. 

 

Some approaches have been done by CDTN staff and IPR-R1 representatives regarding to 

safety assessments, characterization of burned fuel, design of a transport cask for the spent 

fuel, radionuclide inventory, development of preliminary Decommissioning Plan and devices 

developed for dismantling and maintenance of the TRIGA IPR – R1 Research Reactor [1-8]. 

This paper presents the structure, general aspects and contents of a Research Reactor 

Decommissioning Plan. All presented information is based on the IPR-R1 TRIGA Reactor 

preliminary decommissioning. 

 

 

2. STRUCTURE AND GENERAL ASPECTS TO BE CONSIDERED IN A 

RESEARCH REACTOR DECOMMISSIONING PLAN 
 

The planning for decommissioning of a research reactor shall be prepared to ensure safety 

and feasibility throughout the decommissioning. Before beginning of decommissioning 

activities, a final decommissioning plan, including an evaluation of one or more 

decommissioning alternatives, shall be submitted to the safety committee and regulatory body 

for approval. 

 

 



INAC 2009, Rio de Janeiro, RJ, Brazil. 

 

2.1. General Aspects and Contents 

 

Aspects of the facility design shall be reviewed while developing the plan, mainly the ones 

that can optimize the decommissioning. It is also important to evaluate its operational history, 

including the changes in the geometry of the core, accidents, changes in the design, registry 

of the maintenance and operation of systems and equipment, registry of the development and 

techniques used during the shutdown for maintenance, occupational doses, experience of the 

personnel (documented), generated wastes evaluation etc.  

 

The evaluation of the waste generated during the decommissioning (volume, weight, activity, 

classification) must be very well known before the establishment of dismantling plan. Such 

waste is different and larger than that generated during the reactor operation and this must be 

treated and conditioned in accordance with the acceptance criteria to be disposed in the 

repository. Whatever is the decommissioning strategy, the minimization (e.g. recycling and 

reusing) as much as possible of waste generation is an important factor that has a big 

influence in both economical and environmental aspects [10-12]. 

 

Detailed procedures for handling, dismantling and disposal of experimental devices or other 

irradiated equipment that requires storage and eventual disposal shall be established in 

advance. All activities during the decommissioning process shall be subjected to a QA 

program. 

 

2.2. Structure of a Research Reactor Decommissioning Plan 

 

The licensee is responsible for ensuring that relevant national rules and regulations are 

applied during the execution of the decommissioning plan. A suggestion of structure and 

contents of a Research Reactor Decommissioning Plan is presented as following, based on 

IAEA documents and on the Joint Convention [9-25]: 

 

1) INTRODUCTION 

Clear description of the objectives and expected results of the Decommission Plan. 

2) RESEARCH REACTOR DESCRIPTION 

Detailed information concerned to all historical aspects, operational data recovery, 

building description and aspects, site location and using area description including 

drawings and maps. 

a) Historical 

b) Properties and construction aspects 

c) Lifetime assessment 

d) Location and using area description 

3) DECOMMISSIONING STRATEGY AND END STATE 

a) Drivers to determine the decommissioning  

b) Lifetime estimation 

Evaluation of the maximum fuel element burn-up including the assessment of 

radionuclide inventory, assessment of structural and operational safety conditions 

and institutional and national strategies for nuclear facilities. 

c) Decommissioning Strategy explaining the reason for the preferred option 
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d) End State of Decommissioning 

Where are defined the expected end states and presented all the important factors to 

end state decision. 

4) RESPONSIBILITIES  

5) FINANCIAL ASPECTS COST ESTIMATES AND FUNDING 

Funding mechanisms, details of the estimated cost of decommissioning, including waste 

management, and the source of funds required to carry out the work, estimated costs for 

decommissioning options considering the safety requirements and types of waste 

generation, build inflation into the cost calculations and allow a margin for uncertainties. 

6) QUALITY ASSURANCE PROGRAM 

7) REGULATORY FRAMEWORK  

a) Federal Standards 

b) CNEN Standards and Procedures 

c) CDTN Procedures 

d) Environmental Standards, IBAMA and others 

e) IAEA Recommendations 

f) Other relevant regulation 

8) CHARACTERIZATION PROGRAM 

a) Maps of the entire installation 

b) Contamination Level Approach 

c) Gridding for Sampling and number of samples to be taken 

d) Clearance Values  

e) Analysis and Results (Standard Values) 

f) Destiny of the samples (release or stored as witness) 

g) Classification of the material as non-radioactive or radioactive waste, recyclable, 

reusable material 

9) TEAMS AND ACTIVITIES (FLOWSHEET) 

a) Reactor Operation  

b) Radiological Protection  

RP program; Doses Calculation; Instrument definition  

c) Waste Management  

Waste amount estimation; Waste type estimation; Waste management strategy; 

Packaging selection; Waste processing provision; Storage facility provision; 

Segregation, collection, storage, processing procedures; Data record and keeping 

procedure 

d) Health Safety  

e) Infra-structure and General Maintenance  

f) Administrative and Financial  

g) Legal  

Legal documentation updating and Requirement verification 

h) Environmental  

Sampling; Analysis; Comparison with the limits; Environmental Impact Assessment 

Report 
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i) Risk, Burn-up and Waste Approach Assessment  

Computer codes and calculations 

j) Audit and QA  

QA program; Audit in the whole project; Non-conformity verification; Corrective 

and preventive actions 

k) Communication 

Identify the stakeholders; Meeting preparation; Briefing preparation; Public 

hearings; Lectures and communicative actions  

10) EQUIPMENT AND INSTRUMENT 

a) Equipment List for Each Step 

Description; Calibration; Using manual and maintenance; Instruments List; 

b) Other Material List 

Description; Special information 

11) ROUTES  

a) Personnel 

b) Wastes 

c) Other Materials 

d) Sampling  

12) EMERGENCY PLAN 

13) DECOMMISSIONING ACTIVITIES 

Timetable (time schedule) and flow sheet considering the work breakdown structure 

defined for the decommissioning and dismantling tasks. 

14) CONCLUSIONS 

a) Final Radiological Survey Report 

b) Inventory of Residual Radioactive and Non-Radioactive Wastes 

c) Summary of any abnormal events and incidents 

d) Summary of occupational and public doses 

e) Lessons Learned 

15) REFERENCES 

16) TABLE OF REVISION 

17) ANNEXES 

 

2.3. Steps, Processes and Critical Tasks of Decommissioning 

 

The following steps, processes and tasks should be carefully considered in the 

decommissioning: 

 

a) Initial Characterization of the Installation and Transition Phase 

b) Fuel Removal (transfer, storage) and Removal of Absorbers, Containment and 

Safety Systems including Surveillance, Maintenance, Modification and 

Refurbishment of remain systems 
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c) Removal of the Water and of Contaminated Structures, Systems and Equipments 

Strategies adopted for Draining and decontamination of pipes, tanks and other wet 

systems, Techniques for metal, Concrete, Soil, Surface and Groundwater. 

d) Decontamination of the Plant and equipments 

e) Extended period of Surveillance and Maintenance 

f) Dismantling of the Facility 

g) Final Radiological Survey 

h) License Termination and Release of Site from Regulatory Control 

i) Reduction to a green field site or reuse of the facilities 

 

 

3. CONCLUSIONS 
 

The decommissioning plan should take part of the documentation presented to commission 

nuclear installations. In the initial IPR-R1 licensing, the decommissioning aspects were not 

considered and no decommissioning plan was developed during the commissioning activities. 

Nowadays, the reactor operating at CDTN/CNEN is being commissioned for operation in 

250 kW. The decommissioning plan for it is being written and will take part of this new 

licensing documentation. 

 

The Brazilian regulatory body so far does not have a decommissioning policy established 

neither a regulatory framework, but after some discussion and interactions with IAEA this 

subject is being addressed. The existent individual efforts are being integrated to establish a 

National Decommissioning Group (matrix structure) to perform the decommissioning 

planning and activities. 

 

This paper presents the approach of the CDTN representatives in such group. The authors are 

involved on development of the IPR-R1 Research Reactor Decommissioning Plan. This plan 

will be used as a model to develop the national regulatory standards on this issue and applied 

to Brazilian Research Reactors and other nuclear facilities. 
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