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ABSTRACT 

 
In the case of research reactors, the limited data that is available tends to provide only overall decommissioning 

costs, without any breakdown of the main cost elements. In order to address this subject, it is important to 

collect and analyse all available data of decommissioning costs for the research reactors. The IAEA has started 

the DACCORD Project focused on data analysis and costing of research reactors decommissioning. Data 

collection is organized in accordance with the International Structure for Decommissioning Costing (ISDC), 

developed jointly by the IAEA, the OECD Nuclear Energy Agency and the European Commission. The specific 

aims of the project include the development of representative and comparative data and datasets for preliminary 

costing for decommissioning. This paper will focus on presenting a technique to consider several representative 

input data in accordance with the ISDC structure and using the CERREX (Cost Estimation for Research 

Reactors in Excel) software developed by IAEA. 
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1. INTRODUCTION 

 

Along the world there are at this time several hundred research reactors, critical assemblies 

and other small nuclear facilities in permanent shut down. Despite its eminent 

decommissioning scenario which includes preparatory phase for decommissioning and active 

dismantling phase, detailed published data on the cost for decommissioning of these facilities 

are not available in almost case.  

For the research reactors with available information, only overall costs are provided without 

any breakdown of the main cost elements. To deal with this subject, the IAEA has started the 

DACCORD Project focused on data analysis and costing of research reactors 
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decommissioning. The specific aims of the project include the development of representative 

and comparative data and datasets for preliminary costing for decommissioning. 

The international recommendation for decommissioning costing was firstly widespread by 

the Nuclear Decommissioning: A Proposed Standardised List of Items for Costing Purposes, 

colloquially known as “The Yellow Book” [1] and recently revised and addressed by the 

International Structure for Decommissioning Costing (ISDC) of Nuclear Installations [2]. 

This publication is an important result of IAEA unilaterally efforts and in partnership with 

other international organizations, as well other initiatives which are aimed on the 

improvement of the comparability of decommissioning cost estimates [3, 4, 5]. 

Robust cost estimation for decommissioning activities allows a good management and 

planning of decommissioning projects. Features as reactor power, radiological complexity, 

physical and radiological inventory, decommissioning technologies, policies and economical 

aspects, labour costs, decommissioning approach, strategy and end state, as many other are 

key element and must be taken into consideration on a reliable decommissioning cost 

estimate. 

This paper aims to present a reliable decommissioning costing structure based on validated 

international recommendations, including examples and identification of main cost drivers. 

The presented framework has been and should be used as a technique for cost estimation by 

specifying the cost items expressed in workforce, main decommissioning tasks and its 

assigned labour costs, investments, expenses, contingency cost categories. 

 

 

2. METHODOLOGY FOR COST ESTIMATES 

 

A ‘bottom-up’ and ‘unit factors’ approach for decommissioning costs [4], requiring detailed 

inventories of equipment and structures to be developed and resource requirements estimated 

for decontamination, removal, packaging, transportation and disposal of the materials 

resulting from decommissioning is the bases of the proposed methodology of CERREX [3] 

software developed by IAEA.. 

 

The International Structure for Decommissioning Costing (ISDC) is based on a costing 

structure hierarchy with 11 first hierarchical levels addressing the principal decommissioning 

activities. Each main decommissioning activity is subdivided on secondary and tertiary levels 

of activities where activity groups and typical activities are extensively identified (in more 

than 300 typical decommissioning activities) allowing an assignment of its respective costs. 

The cost associated with each activity may be subdivided according to four cost categories 

(Fig. 1). 
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Figure 1. Hierarchical Structure of the ISDC [2]. 

 

The Principal Activities on ISDC structure are: 

 

1. Pre-decommissioning actions 

2. Facility shutdown activities 

3. Additional activities for safe enclosure or entombment 

4. Dismantling activities within the controlled area 

5. Waste processing, storage and disposal 

6. Site infrastructure and operation 

7. Conventional dismantling, demolition and site restoration 

8. Project management, engineering and support 

9. Research and development 

10. Fuel and nuclear material 

11. Miscellaneous expenditures 

 

The main cost drivers for decommissioning of research reactors are: 

- Waste management system; 

- The consequences of operation of nuclear facilities such as accidents, leakages, spills, 

or historical/legacy waste; 

- Management of spent fuel and other nuclear materials; 

- Decommissioning strategy; 

- The end state of a decommissioning project in relation to buildings and site;  

- Policies and economical contexts, etc. 

 

For cost estimations applied to research reactors it is necessary the data collection of some 

input data to be processed by the CERREX code, based on the following information: 

- Licensee and contractor labour costs ; 

- Reactor power and history of operation; 

- Radioactive inventory for spent fuel and activated structures and equipments 

(obtained by MCNP calculations) 

- Contaminated systems, equipments and area (under necessity of decontamination and 

disposal of its resulting waste); 

- Physical inventory to be dismantled; 

- Decontamination and dismantling technologies to be applied; 

- Waste management system and costs; 

- Dismantling and decontamination approach (decommissioning strategy); 

- End state of decommissioning activities; 

 

The activities on ISDC structure with higher impact on the decommissioning costs are listed 

below, including its secondary level activities: 

 

01 Pre-decommissioning actions 

01.0100 Decommissioning planning 

01.0200 Facility characterization 

01.0300 Safety-, security- and environmental studies 

01.0400 Waste management planning 

01.0500 Authorization 

01.0600 Preparing management group and contracting  
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04 Dismantling activities within the controlled area 

04.0100 Procurement of equipment for decontamination  

04.0200 Preparations and support for dismantling 

04.0300 Pre-dismantling decontamination 

04.0400 Removal of materials requiring specific procedures 

04.0500 Dismantling of main process systems, structures and components 

04.0600 Dismantling of other systems and components 

04.0700 Removal contamination from building structures 

04.0800 Removal of contamination from areas outside buildings 

04.0900 Final radioactivity survey for release of buildings 

 

08 Project management, engineering and support 

08.0100 Mobilization and preparatory work 

08.0200 Project management 

08.0300 Support services 

08.0400 Health and safety 

08.0500 Demobilization 

08.0600 Mobilization and preparatory work by contractors (if needed) 

08.0700 Project management by contractors (if needed) 

08.0800 Support services by contractors (if needed) 

08.0900 Health and safety by contractors (if needed) 

08.1000 Demobilization by contractors (if needed) 

 

Considering the scope of research reactors, the main decommissioning activities (demanding 

removal, dismantling, decontamination, demolition, size reduction, transport, storage, 

disposal, remediation, monitoring, etc) are established based on 4 types of inventories: 

- Facility Inventory Database; 

- Waste Management System Inventory 

- Spent Fuel Storage Inventory 

- Legacy Waste Inventory 

 

The main decommissioning activities assigned to the facility inventory are related to: 

- Removal of operational solid waste, materials and redundant equipment from the 

control area;  

- Removal of operational liquid waste, sludge, resigns, etc., form the control area;  

- Manual decontamination of external surfaces of systems and surfaces of buildings by 

wiping, foams, gels, acids and other reagents 

- Mechanical/thermal decontamination of building surfaces, high pressure cleaning 

with water with or without abrasives, nitrogen, CO2, vacuum cleaning, lasers 

- Decontamination of closed system using the autonomous closed circuits 

- Dismantling of general equipments  

- Dismantling of massive equipments with thickness over approx. 50 mm 

- Dismantling of piping (small diameter pipes are in thin wall equipment) 

- Dismantling of tanks and heat exchangers 

- Dismantling of steel linings on walls, floors, overflow trays 

- Dismantling of ventilation ducts and thin-walled equipment (small piping), filters, etc. 

- Dismantling of cranes, lifting devices, carriages 

- Dismantling of cables and cable trays 



INAC 2013, Recife, PE, Brazil. 

 

- Dismantling of general switchboards and electrical cabinets (400 V, 6kV) 

- Dismantling of graphite elements, mostly pieces elements 

- Dismantling of pipes embedded in concrete and pipe bushings 

- Dismantling of thermal insulation of systems; no asbestos is used as material of the 

insulation 

- Dismantling of asbestos and other hazardous materials including all safety measures 

during dismantling 

- Dismantling of equipment using remote controlled techniques within the controlled 

area 

- Dismantling of doors, gates, hatches, structural beams, staircases, etc. 

- Dismantling of massive lead shielding, constructed in large blocks 

- Dismantling of lead shielding, constructed from bricks, plates, etc. 

- Dismantling of other types of shielding 

- Dismantling of general glow boxes 

- Dismantling of remaining types of equipment, furniture, etc. 

- Removal of contaminated soil 

- Removal of massive concrete, biological shield (thickness over 700 mm) 

- Demolition of standard civil materials such as walls made of bricks, panels, non 

reinforced concrete, etc. 

- Final remediation of the site including the radiological monitoring 

- Final radiological monitoring of building surfaces before releasing of buildings 

 

The main activities assigned to the waste management system are related to: 

- Processing and management of HLW, ILW, LLW, VLLW, VSLW, EW including 

conventional and hazardous waste, recycled metals and recycled concrete. 

- Retrieval of legacy HLW, ILW, LLW, VLLW, VSLW, EW 

 

Based on ISDC and using CERREX code, a robust cost estimation for decommissioning 

activities can be performed. The presented framework has been and should be used as a 

technique for cost estimation by specifying the cost items expressed in workforce, main 

decommissioning tasks and its assigned labour costs, investments, expenses, contingency cost 

categories.  

 

The DACCORD IAEA database presents the decommissioning costs of 17 decommissioned 

TRIGA reactors worldwide. It showed that the decommissioning costs ranged from 

0.93 to 22.20 M USD, using 2012 as reference year. The thermal power of such reactors 

ranged from 100 to 2,000 kW. 

 

The present tasks performed by the Members States on the DACCORD Project are collection, 

analysis and organization of the data in accordance with the ISDC and their implementation 

on the CERREX code. 

 

The decommissioning cost estimation methodology was applied to IPR-R1 TRIGA Mark I 

Reactor at Nuclear Technology Development Centre (CDTN/CNEN), Brazil. Its original 

thermal power is 100 kW and it is planned to be licensed for 250 kW. Table 1 presents its cost 

estimation based on ‘bottom-up’ and ‘unit factors’, using the ISDC and CERREX. 
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Table 1.  Decommissioning Cost Estimation for IPR-R1 TRIGA Mark I Reactor. 

 

ISDC No. ISDC Name 

Assigned 

Decommissioning  

Costs 

01 Pre-decommissioning actions 1.8 

02 Facility shutdown activities 0.2 

03 
Additional activities for safe enclosure or 

entombment 
0.5 

04 
Dismantling activities  

within the controlled area 
2.8 

05 
Waste processing, 

storage and disposal 
0.5 

06 Site infrastructure and operation 0.1 

07 Conventional  D&D and site restoration 0.02 

08 
Project management, 

engineering and support 
0.9 

09 Research and development 0.1 

10 Fuel and nuclear material 0.1 

11 Miscellaneous expenditures - 

 
Total Cost 3.8 

 

This preliminary decommissioning cost estimation was cross compared with preliminary 

estimations for three other TRIGA reactors from participating countries on DACCORD 

Project. In this case the obtained range of decommissioning costs was from 0.8 to 5.9 M USD 

considering 95% confidence level.  

 

 

3. CONCLUSIONS  

 

The detailing of the elementary decommissioning activities strongly depends on the stage of 

the decommissioning costing case, starting from very preliminary estimates up to the detailed 

decommissioning plan. 

 

The reliability of cost estimation for decommissioning of research reactors is directly 

dependent of the level of details considered by the cost assessment, facility knowledge, 
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inclusion of all expected and needed activities and its respective labour, expense, contingence 

and investment costs. 

 

The preliminary decommissioning cost estimation performed for IPR-R1 TRIGA Mark I 

reactor, at Nuclear Technology Development Centre (CDTN/CNEN), Brazil, was in 

accordance with the DACCORD IAEA database and expected limits obtained from 

worldwide decommissioned TRIGAs. It shows that the International Structure for 

Decommissioning Costing (ISDC) and CERREX (Cost Estimation for Research Reactors in 

Excel) are very useful and bring results, which can give a suitable support to the 

decommissioning planning for research reactors, on cost estimates and implications of 

decommissioning options, waste management and disposal, labor rates and decommissioning 

strategies. 
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