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When the installation of a research reactor reaches the end of its safe and economical operational 

lifetime, it needs to be decommissioned. Various strategies may apply for the nuclear 

decommissioning, depending on the assessment of real danger and their related risk, as well as the 

analysis of clean up and waste management costs. The decommissioning take place soon after 

permanent shutdown, or perhaps a long time later. The longer waiting time permit the radiation 

levels of activated and contaminated materials to drop down. This is very important for clear 

process and the best methods to be applied in decommissioning such installations and sites, 

especially where any significant health and environmental risks are available. A well-organized, 

safe and effective waste management and costing is the key part of decommissioning in the nuclear 

industry.  
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In this thesis, I will review the information available on research reactor decommissioning and 

radioactive waste production through the operational activities as well as during decommissioning 

and dismantling of the connections. Moreover, a cost calculation procedure for decommissioning 

is also presented in this thesis. 
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1. INTRODUCTION 

1.1 Background 

 

Research reactors play a vital role in the nuclear industry. More than 800 research reactors have 

been built, of which 246 are now operating in many countries and 486 have already been shut 

down or decommissioned in various stages (Databank for decommissioning of research reactors, 

2011). Moreover, many of them are 30 years old and will become the applicants of 

decommissioning for the near future. Only a few member states of IAEA have appropriate 

experience in decommissioning. It should also be noted that those research reactors located in large 

numbers of countries are making their decommissioning an international issue.     

At the end of their life cycle, research reactors cannot be left to their own. Since they still may 

pose a hazard, they should be decommissioned in a systematic way to protect the people and 

environment. In the nuclear facilities, the term decommissioning covers all the administrative and 

technical activities, which are related with a termination of the process and remove from service. 

It starts when a facility is closed and finally extended to remove from the location. In this process 

involves lots of movements, which is associated with the structures, plant, components, equipment, 

dismantling, decontamination procedures, contaminated remedies, and disposal waste. It is a 

complex process. An ultimate goal of decommissioning can be unrestricted release or restoration 

of the site (IAEA, 1998). In the nuclear reactor, the decommissioning strategy may vary from case 

to case due to many factors such as national policy, technological requirements, structural 

deterioration, skill resources etc. Generally, it ranges from immediate to deferred dismantling.  

The purpose of D & D (Decommissioning & Dismantling) program is to permit the removal of 

some or all the regularity controls, which apply to a nuclear site while protecting the long-term 

security of the public and the environment and continuing to keep the health and safety of the 

decommissioning employees (NEA, 2002).  
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1.2 Objective of this thesis 

 

The main object of this thesis is to provide a clear concept of decommissioning, based on the 

experience and lesson learned in the planning and implementation of the research reactors. 

Decommissioning is an important part of the research reactor and it is a very complex system 

mainly involving strategy, licensing, waste management, costing etc. Depending on the IAEA 

publication and many others nuclear books and papers, I have tried to find out the main 

components of the decommissioning and presented them in this thesis. As a result, readers can get 

easily an overall idea of the decommissioning. 

1.3 Structure of the thesis 

 

The thesis is divided into seven chapters. The first chapter provides background information of the 

research reactors. The second chapter explains the history, its purpose and present condition of the 

research reactors. The third chapter deals with the research reactor decommissioning. This part 

gives an idea about the global picture and reasons for decommissioning, national policy, strategy, 

licensing, and planning. Chapter four deals with the same topics, mainly describing the 

decommissioning techniques. Chapter five deals with the radioactive waste management of a 

research reactor. The focus is on waste classification, management, activities, and timing. Chapter 

six explains elaborately the economical approach of decommissioning and cost uncertainty, and 

the final chapter concludes the whole thesis. 
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2 RESEARCH REACTORS 

2.1 Definition 

A research reactor is constructed to deliver the source of neutrons and gamma radiation, which are 

used for several types of research (like medicine, applied physics, biology, and chemistry), training 

applications and examine how the different types of materials are affected by radiation. Usually, 

it is not responsible to generate power. Research Reactors are smaller than the power reactors 

whose focus is to operate in high temperature to produce a valuable quantity of electricity. The 

unit of powers are considered in megawatts and the range of the output is zero (i.e. critical 

assembly) to 200 MW (th) whereas a large power reactor unit typically is rated at 3000 MW (th). 

Research reactors run at the low temperature and require less fuel, generating fewer fission 

products. Besides, highly enhanced uranium is needed for their fuel; naturally, up to 20 % U-235 

and 93 % U-235 is still used for some unconverted research reactors. They have a very high-density 

power in the core including a cooling system like power reactor. Moreover, they have a moderator, 

reflector, control system, and shield which requires slowing down neutron reducing neutron loss 

from the core, regulating the rate of the reaction and absorbing the intense radiation, which 

produced in the core (IAEA, 2016; WNA 2017; Martens & Jacobson 2017). 

Fundamentally, we can realize that a reactor is an atomic boiler where fissioning of nuclear fuel 

can be controlled and use it to produce heat. Figure 1 displays the basic components of a nuclear 

reactor. 

 

Figure 1: Parts of a nuclear reactor (Martens & Jacobson, 2017).   
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2.2 Purpose of a research reactor 

 

The main purpose of the research reactor is to provide neutron sources for research and other 

purposes. The IAEA report categorizes the uses of research reactors into three main areas: training 

and education, irradiation applications, and extracted beam applications (IAEA, 2014). However, 

it has a multi-range of applications. For example, a produced radioisotope is used for industrial 

and medical science cases; research of neutron beam is used for non-destructive examination and 

material studies; neutron radiation is used for testing materials for fusion and fission reactors. 

Moreover, education, training, and medical sectors have a large involvement to activate and 

maintain operational staff for nuclear facilities. In addition, research reactors are used with 

international collaboration and trading the products that those are used for isotope production 

(WNA, 2017). 

2.3 Types of research reactor 

 

There are many different research reactor designs, which have been recorded by the IAEA and 

have a wide range of uses. They have a much wider array of designs compared to power reactors 

and many are located on the university campuses (IAEA, 2016). The number of different types of 

research reactors is given in table 1. 

Table 1: No. of Research reactors (Data bank for decommissioning of research reactors, 2011). 

 No. of Reactors Subtotals 

Pool Type 

TRIGA, Slowpoke/ MNSR 

Other Pool Types 

 

73, 19 

156 

 

 

248 

Tank type   

Heavy Water, Pressurized 

ARGONAUT 

Other Tank types 

46, 17 

29 

83 

 

 

175 

Homogeneous   

Homogeneous Liquid, Solid 

Fast, Graphite 

46, 44 

38, 39 

 

167 

Others   

Zero Power 

Miscellaneous 

Unknown 

216 

42 

5 

 

 

263 
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• Pool type (67 units): It is very common design type of research reactor where the core of 

this reactor is a cluster of fuel elements sitting in a large pool of water (WNC, 2017). The 

submerged control rods present in this reactor with empty channels for performing tests. 

The water works as moderators and cools the reactor. The graphite or beryllium works as 

a reflector. To access the neutron beams, there are gaps in the wall.  SLOWPOKE-2 (figure 

2) is an example of this type, which is built in Canada (Energy Education; WNC, 2017).  

Picture 2 shows the SLOWPOKE-2 research reactor.  

 

Figure 2: SLOWPOKE-2 research reactor. 

• Tank type (32 units): Tank types research reactors are like pool type reactor excluding 

cooling system. Here the cooling system is more active. SAFARI-1 is a pool type reactor 

containing 20 MW power situated in South Africa (AIPES). Figure 3 (AIPES) displays the 

SAFARI-1 Oak Ridge design research reactor. 

 

 

Figure 3: SAFARI-1 tank in a pool-type research reactor. 
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• TRIGA (40 units): TRIGA is another common design reactor where zirconium hydride 

works as moderator and graphite or beryllium works as neutron reflectors. It is capable of 

pulsed operation up to very high-power levels (like 25,000 MW) for a short time (Energy 

Education). A very strong negative coefficient of temperature is provided to TRIGA from 

its fuel. The fast-rising in power is terminated with a highly negative activity from the 

moderator (WNC, 2017). Mark-1 (figure 4) is an example of TRIGA type of reactor (IAEA, 

2016). 

 

Figure 4: Cutaway view of the Mark-1 core and reflector assembly. 

 

• Other designs: Some other reactor designs are moderated by heavy water (12 units) or 

graphite. The small number of fast reactors, which use a combination of uranium and 

plutonium as fuel or HEU. There is no need for any moderator. 

Figure 5 shows the fast research reactor of Russia (IAEA, 2016) and figure 6 is the typical picture 

of heavy water reactor (WNC, 2017). 

                                                                   

Figure 5: Russian Fast Research Reactor.                           Figure 6: Heavy-water reactor. 
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Homogeneous reactors are very popular for its simple design. These reactors have a core with the 

solution of uranium salt liquid. Though these types of reactors are popular, a less number is 

functioning now (WNA, 2017). 

2.4 Summary status of research reactor 

 

The IAEA makes the list of several categories of research reactors. Many of them were built in the 

1960s and 1970s. In 1975, the operation reached a pick situation compared to the current situation. 

Currently, the Russian association has the highest number of operational research reactors 63, USA 

42, China 17, France 10, and Japan 8. Now a day’s many developing countries also have research 

reactors including Bangladesh, Ghana, Colombia, Morocco, Thailand, Nigeria, and many 

countries are planning to build their first research reactor very soon, i.e. Jordan, Sudan, and Saudi 

Arabia (IAEA, 2016). 

 

Figure 7: Global status of operational research reactors (IAEA, 2016). 

According to the databank for decommissioning of Research reactors, we can get a summary status 

of the research reactor, which is given in the following (Table 2). 

 

 

 

 

29%

4%

3%

3%

17%

26%

7%
8%

other
Developing
France

Germany

Japan

USA

Russia

China
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Table 2: summary status of research reactors worldwide (RRD.XLS, 2011). 

 Number of reactors Total 

Status 

Operating  

shutdown 

Decommissioned 

Under construction 

Planned 

Unknown 

 

 

246 

102 

486 

7 

9 

3 

 

 

 

 

 

 

853 

Power 

P ≤ 1 kW 

1kW < P ≤ 1 MW 

1MW < P ≤ 5MW 

5MW < P ≤ 10 MW 

10 MW < P 

Unknown 

 

336 

253 

87 

50 

117 

10 

 

 

 

 

 

 

853 

Age(A) of operating Reactors 

A < 50 years 

50 years ≤ A 

Unknown 

 

195 

47 

4 

 

 

 

246 

Decommissioning Status of operating and 

shutdown Reactors  

  

Planned for Decommissioning  

(still operating) 

To unrestricted use to safe  

Enclosure Unknown or  

Undecided yet 

 

 

13 

5 

25 

 

 

 

 

43 

Planned for Decommissioning  

(shutdown) 

To unrestricted use to safe  

Enclosure Unknown or  

Undecided yet 

 

 

 

3 

6 

10 

 

Processing of Decommissioning 

To unrestricted use to safe  

Enclosure Unknown or  

Undecided yet 

 

51 

27 

39 

 

Decommissioning Completed 

& 

Status of Decommissioning unknown 

To unrestricted use to safe  

Enclosure Unknown or  

Undecided yet 

255 

 

 

 

66 

22 

28 

 

 

 

 

 

 

507 
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Figure 8: The first criticality of all research reactors and its activities at the end of 2010 (Marques 

& Kling, 2012). 

 

Figure 9: At the end of 2010, the difference between Operation Recharge works as the first 

hazardous year (Marques & Kling, 2012). 

Figure 9 illustrates the distribution year of the first criticality of all research reactors and the ones, 

which were operating at the end of 2010. To look at the year of the first criticality of all built 

reactors, a peak is clearly noticeable in the period 1960-1964. In fact, between 1955 and 1962, 

almost two-thirds of all research reactors became critical for the first time, which was undoubtedly 

influenced by the 'Atoms for Peace' program. For the use of nuclear technology, many countries 

have created this program for peaceful purposes through reactors. The distribution of the first 

alarming year, which were operational at the end of 2010, shown in Figure 8, has a different shape. 

Although most reactors were still operational in the last two decades and, a large part of the older 

ones are shut down or decommissioned (Marques & Kling, 2012).  
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According to the figure 9, the fraction of the reactors (percentages) that are still effective as the 

function of the year of the first criticality, in five years intervals. Curiously, this fraction is 

approximately linear, with the estimated values of 25 % for the reactors, which went critical 

between 1960 and 1964. Apart from that, about 50 % of the reactors also went critical between 

1970 and 1974. The oldest research reactor is still in operation in graphite - F1 went critical in 

1946 in Russia (Marques & Kling, 2012). 

 

Figure 10: The distribution of thermal neutron flux per unit (1013𝑛𝑣/𝑀𝑊 =

 1013𝑛. 𝑐𝑚−2𝑠−1𝑀𝑊−1 ) of research reactor (Marques & Kling, 2012). 

The distribution of maximum thermal neutron flux of 16 (figure 10) research reactors – Austria’s 

TRIGA Mark II, Belgium's BR2, France's Osiris and RHF, BER-22 and FRM-2 in Germany, 

Netherlands's HOR, J, JEEP- II in Norway, Maria in Poland, RPI in Portugal, IVV-2m in Russia, 

ATR, HFIR, MURR, OSTRA and UFTR in US. In a global perspective, the heat flow is estimated 

at 3 × 1012 n / cm2 / s and 6 × 1013 n / cm2 / s per MW power reactor. These values are indicative 

because the reactors measured different combinations of fuel, moderator, reflector and free 

volumes where this maximum thermal flux is available (Marques & Kling, 2012). 
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3 RESEARCH REACTORS DECOMMISSING AND DISMANTLING 

3.1 Decommissioning & dismantling 

 

The term decommissioning is consisted of cleaning the facility of radioactivity and progressive 

dismantling of the plant, which includes handling operators, controllers, policymakers and many 

related activities (WNC, 2017). It also covers all the administration associated with the cessation 

of operation and service. The main objectives of these activities are to ensure the long-term safety 

of the public and the environment (D&D of Nuclear Facilities, 2017).  

Decommissioning of a research reactor takes in the same principles as a nuclear power plant. The 

licensing, technical procedures and waste management are very similar for both, but a research 

reactor takes less time for technical dismantling because of its smaller size. 

 

Figure 11: Dismantling of the FRJ-1 research reactor (Stahl & Stru, 2012). 

 

3.2 Reasons for Decommissioning 

 

There are many reasons for the shutdown and decommissioning of a research reactor. The common 

reason for the decommissioning is the expiration of its useful life. Statistics found many of the 

research reactors are almost 50 years old. Moreover, there are some other reasons for 

decommissioning like accidents, economic issues, equipment deterioration and political 

interference (Laraia, 2012). According to the information based on IAEA report, there are seven 
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reasons for all shutting down and decommissioning of a research reactor, which is given in figure 

12 (a, b). 

 

Figure 12 (a): This figure shows all reasons for shutting down and decommissioned research 

reactors (Databank for D of R&R). 

 

Figure 12(b): Only reported reasons for shutting down and decommissioning research reactors 

are present in this figure (Databank for D of R&R). 

From the pie chart (Figure 12 a & b), we can get the information about the reasons for 

decommissioning of research reactors. However, the decision-making process, i.e. political 

constraints, plays a vital role that the plant will be closed or continued its operation for the future. 

There are many practical examples and some of them are following below: 

FRG-1 and FRG-2 were same types of German research reactors. FRG-2 was operated only for 30 

years where FRG-1 was over 50 years. In the case of FRG-1, the neutron flux increased, and other 
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measurements significantly increased its usages. Now it is realized that if the design and the age-

related problem can be fixed, it will be run for a long period (IAEA, 2006). 

High Flux Australian Reactor (HIFAR) mainly designed for materials testing but over the years, 

it was modified to allow for medical radioisotopes production, neutron scattering research and 

irradiations service. HIFAR decided for decommissioning because of construction of a 

replacement research reactor with greater capabilities (IAEA, 2006). 

3.3 Decommissioning strategy 

 

The decommissioning plan depends on several issues, which are related: 

• Safety characteristics 

• Physical and radiological position of the facility 

• Financial Availability for decommissioning 

• A good planning for radioactive waste management and disposal cases 

• Availability of technologies, infrastructure, and expertise 

• Reuse of the facility end state (Laraia M., 2012). 

The IAEA also categorized the decommissioning strategy, which has been granted worldwide.  

 

Figure 13: Decommissioning strategy. 

3.3.1 Immediate decontamination and dismantling 

 

Immediate decontamination and dismantling permit full decommissioning to the end of the site in 

a continuous way after shutdown or end of the operation. Activities start within a few months or 

year after shutdown, depending on the facility (WNC, 2017). It has some advantages: 

• Early release of site or re-use 
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• Functional staff, labor, and suitable technologies are available 

• Maintenance and surveillance costs are ignored over a long period 

• Availability of radioactive waste management (ICTP, 2012) 

 

 

Figure 14: Immediate Dismantling of v-1 NPP in Greifswald, Germany (Stahl & Stru, 2012). 

Figure 14 is an example of immediate dismantling, which shows that during immediate 

dismantling a steam generator removing from the facility.  

3.3.2 Safe storage or deferred dismantling 

 

Deferred dismantling takes a long period for maintenance and surveillance of the capacity, 

generally 40 to 100 years (WNC, 2017). It starts with post-operational or removal of spent fuel 

from the facility. The facility is brought into a safe storage configuration and maintained until 

dismantling and decontamination activities occur at the levels where license of removal of 

regulatory controls (D&D of Nuclear Facilities). This process has some rewards and drawbacks, 

which are given below: 

Advantages: 

• Use of radionuclide decay to decrease radiation during dismantling & decontamination 

• There is less waste with higher activity and waiting for disposal resolution 

Disadvantages: 

• Due to the long-term facility, maintenance and security comprises high costs 

• In case of regularity changes, there is some risk 
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• There is some restriction to use the site (ICTP, 2012). 

3.3.3 Entombment 

 

Entombment action means that structures are encased in a long-lived structure like concrete 

(WNC, 2017, D&D of Nuclear facilities). This action reduces the size of the area where radioactive 

structures, systems, and materials are located. This facility involves fuel removal and other 

components for recycling and reprocessing. 

Benefits: 

• It decreases the amount of volume of waste 

• The costs and workloads are normally lower 

Weaknesses: 

• Stakeholder worries about long-term implications 

• Long-term environmental monitoring program is required (ICTP, 2012). 

Overall, we can say that each method has some benefits and drawbacks. National policy regulates, 

which one is adopted or allowed for the facility. In the case of immediate dismantling, the 

responsibility of decommissioning is not handed over to future generations. Operating staff 

experience and skills can be used during the decommissioning program. Deferred dismantling 

allows a significant reduction in residual radioactivity, hence reduces radiation risk during the final 

dismantling (WNC, 2017). The entombment process may be more suitable for reactors than other 

small facilities like fuel cycle plants. (D&D of Nuclear Facilities).  

In the early eighties, the Nuclear Regulatory Commission (NRC) has evaluated these strategies. 

Table 3 presents the total expenditure of different strategies together with the joint forces of 

decommissioning operations for two reference reactors. The first reference reactor is 1 MW 

Oregon State University TRIGA Reactor (OSTR), in Corvallis and the second is the 60 MW Plum 

Brooke Reactor Facility (PBRF) of National Aeronautics and Space Administration (NASA) at 

Sandusky (Marques & Kling, 2012). 
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Table 3: The estimated cost and collective doses for two types of research reactor given by NRC 

(Marques & Kling, 2012). 

 

Strategy 

 

          OSTRA       PBRF 

Cost (MUSD) 

a) 

Collective dose 

(manSv) 

Cost (MUSD) 

a) 

Collective dose 

(manSv) 

Immediate 0.85 0.18 15.6 3.22 

Deferred – 10 y 1.64 0.15 17.6 1.98 

Deferred - 30 y 2.24 0.13 20.0 1.18 

Deferred – 100 y  4.50 0.13 27.2 1.12 

Entombment 0.56 0.17 14.6 4.25 

 

In the case of deferred dismantling, the collective doses operations need to be carried out 

immediately and performed even after a relatively long waiting period. The prices are given in 

1983 USD, which can be converted into the US by 2.40 times the quantity determined using the 

Labor Bureau Statistics (CPI) valuation calculator in 2010. The most profitable technique is 

immediate dismantling. Deferred dismantling is expensive to immediate dismantling, although in 

the case of a larger research reactor, after the delay of 10-15 years, the cumulative dose of 50 % 

decreases. The decrease of the collective dose is not important for the deferred dismantling when 

it is less complex and lower power reactor, where the quantities and activation of materials are 

necessarily lower. Entombment has no noticeable advantages from the cost and collective dose 

aspect (Marques & Kling, 2012).      

3.4 Licensing and planning for decommissioning 

 

The licensing and planning procedure has several acts with different purposes, which includes 

many authorities. In nuclear facilities, the Atomic Energy constructs the legal framework for the 

decommissioning.  

3.4.1 Licensing procedure 

 

The aspects of nuclear safety facility, human health, and the environmental protection shall 

approve by the activity of the licensing procedure. Responsible authorities are set up different 



25 
 

conditions, procedures with several steps and apply for a partial license for every step. An example 

of a decommissioning procedure in German condition is presented in figure 15 as a process 

diagram and discussed further below. 

 

Figure 15: Example picture of licensing procedures (Stahl & Stru, 2012). 

In the case of the license application, documents and information are examined by the land 

(German state) authority where the nuclear facility is located. The planning of dismantling, 

volume, waste, environmental impact, radiation protection, and associated technology are also 

involved in this section. The authorities are responsible for granting, canceling and withdraw of a 

nuclear license. In Germany, the federal authorities are not involved in licensing of individual 

facilities. 

 

Figure 16: Parts of the German licensing procedures (Stahl & Stru,2012). 
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3.4.2 Decommissioning Plan 

 

The purpose of a decommissioning planning process of a research reactor is to ensure safety, 

(environment, natural resources, and human life) possibility throughout the decommissioning and 

development of the decommissioning plan. Before starting the decommissioning procedures, a 

complete plan must be submitted to the safety committee and regulatory body for approval (INAC, 

2009). According to the technical report of IAEA, a decommissioning plan should start at the 

design stage, which makes the decommissioning process easier. Moreover, if a primary plan was 

not organized, it should be prepared without undue delay (IAEA, 2016). In addition, it is also 

essential to estimate its operational background, dynamics of the geometric core, design, accidents, 

maintenance, and procedure of the systems, operation, and techniques as well as shutdown, 

occupational does generated waste (volume, weight, classification) etc. However, a successful 

decommissioning depends on careful and three stages organized planning, which are: 

• Initial planning 

An initial plan shall be prepared with a clear description of the objectives, probable results and 

submitted every construction application for a new capacity. It can also include lower-level 

details to final decommissioning plan. 

• On-going planning 

In this stage, the plan can be routinely observed, updated and made more effective with 

advanced technology, regulation, government policy, cost estimation, and occurrence or 

abnormal operating procedures. 

• Final planning 

Structural planning is needed before operating the field of activities (IAEA, 2008). 

3.4.3 Structure of the Decommissioning plan 

 

IAEA recommends that proper decommissioning plan should include regulations, record, waste 

management, disposal site, training, technologies, and safety issues (health, life, environment), 

having technical documents. IAEA also recommends that decommissioning planning should be a 
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part of the licensing procedures. Based on the IAEA report, a suggested decommissioning plan is 

given below (INAC, 2009). 

The plan should have a strong explanation, its purpose, and expected results. A full description of 

the research reactor is an important part of the plan, which represents a brief detail regarding the 

research reactor like history (building description, location site, and area description), properties, 

and lifetime assessment. In term of the decommissioning plan, financial approach, rules & 

regulations, program characterization, teams & activities, equipment etc. collectively play vital 

roles towards a completed and successful decommissioning.  

Financial approach deals all type of funding mechanism where including the approximate cost of 

decommissioning, waste management and source of the fund. In case of rules and regulations, the 

decommissioning process is to follow a regulatory framework based on the federal standards, 

CNEN standards and procedures, CDTN procedures, environmental standards, IAEA 

recommendations, and other related regulation. Apart from this, the decommissioning program 

needs to classify all the materials as, radioactive, or non-radioactive waste, recyclable, and reusable 

material.  

A set of team activities is to include in this plan. Among the activities reactor operation, waste 

management, and quality assurance are extremely important. Reactor operation, which is a 

radiological protection program containing doses calculation, and instrument description. Waste 

management process; handling the volume, classification, management strategy, packaging, 

storage facility, data collection keeping and recording, health, and environmental safety issues. 

QA program verifies the non-conformity and takes the corrective and preventive maintenance 

action. One of the important parts is the communication where involving stakeholder’s 

identification, preparation for meeting and briefing, public hearing. 

Furthermore, a decommissioning plan will be satisfied when there will be a final radiological 

survey report indicating types (radioactive or non-radioactive) of waste, the summary status of 

abnormal events, incidents, and public doses. 
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4 DECOMMISSIONING TECHNIQUES 

The nuclear facilities need a mature and reliable technique for dismantling and decontaminating 

components. There is also needing for building and disassembling them into manageable pieces. 

Safety issues, protection of against radiation are the requirements of these techniques. 

Fundamentally, the techniques are chosen by the procedures. However, the techniques are 

categorized into the following three groups: 

• Decontamination techniques 

• Dismantling and disassembly techniques 

• Other techniques  

4.1 Decontamination techniques 

 

In the nuclear plant, the contamination happens due to either direct contact with an activity-

retaining medium or airborne dispersion of radionuclides within the facility building. 

Decontamination refers to the removal of contamination from surfaces of structures or equipment 

in nuclear power plants by heating, washing, chemical or electrochemical, mechanical cleaning or 

other techniques (CND, 2009). In superficial contamination cases, it is enough to brush the 

material surface or to wash them under high pressure (Stahl & Stru, 2012). The main goal of 

decontamination can be applied to the component, subsystem or a full system. For instance, 

component requiring decontamination could be a main coolant pump, or residual heat removal 

system. Usually, mechanical and electrochemical techniques are used for removing components 

from the system where chemical decontamination is the only reliable method in another situation 

(Kinnunen, 2008). During the decommissioning process, decontamination plays a vital role in the 

following two steps (Stahl & Stru, 2012): 

• Before starting of the dismantling work, and 

• For cleaning  

Systems and rooms will be decontaminated before starting of dismantling work to decrease 

radiation exposure of personnel. This is frequently done by removing the superficial radionuclides 

and a thin layer of the material. As a result, any radioactivity that has entered cracks or placed in 

inaccessible areas is also removed. However, the effectiveness of decontamination is defined as: 
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𝐷𝐹 =
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦

𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦
 

Here, DF is a decontamination factor, which is the proportion of initial activity and residual activity 

of some specific isotopes. By the way, DF can be defined in several ways (Kinnunen, 2008). 

In nuclear facilities, several decontamination techniques have been developed. Selection of the 

specific technique depends upon different factors, such location, material, operational history, 

contamination nature (like oxide, crud, sludge), distribution of contamination (e.g., surface, 

homogeneous distribution in bulk material). Apart from these, environmental safety, social, 

economic and time are also important factors (CND, 2009). 

Table 4: Different types of Decontamination (CND, 2009). 

Decontamination before 

Dismantling 

 

Decontamination after 

Dismantling 

 

Decontamination 

building 

• Reduction of 

Occupational Exposure 

• Recycle of 

Contaminated Metal 

• Reduction of 

Radioactive waste 

• Unconditional 

release of building 

• Decrease of 

Radioactive waste 

Pipe-line system 

of 

Decontamination  

Pool, Tank Pipes, Components Concrete Surface 

*Chemical 

Method 

*Mechanical                  

Method 

*Hydro Jet 

*Blast 

Method 

*Strippable 

Coating 

Method, etc. 

Electropolishing Method 

Chemical Immersion Method 

Blast method 

Ultrasonic Wave method 

Gel Method 

 

 

Mechanical  

Method 

Thermal 

Stress 

Method 
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The chemical and mechanical decontamination methods differ from each other. Chemical 

decontamination is mainly used to clean a subsystem or a complete system. Chemical 

decontamination usually consists of consecutive actions of contaminated surfaces with different 

chemicals, which remove the oxide layer by layer. These methods work in a wide range of both 

weak and strong organic and inorganic acid. It generates high volumes of secondary liquid waste 

compared to other processes. Moreover, highly specialized multi-phase processes are used in this 

section, beside complexing agents, foams or gels. As a result, in some cases, the effectiveness of 

the decontamination can be quite low. 

Mechanical method is relatively simple and more powerful in high-pressure cleaning with water 

and steam; like brushing and vacuuming. In surface removal cases, grating, scraping, needle-

scaling scarification, and conventional scarification methods are used. Though these methods are 

simple, sometimes it is a slow process and lobar intensive (Kinnunen, 2008; Stahl & Stru, 2012). 

        

 

Figure 17: chemical decontamination.        Figure 18: Mechanical decontamination (high-

pressure Water jet cleaning).       

4.2 Dismantling and disassembly techniques 

 

In the nuclear industry, dismantling and disassembly techniques are used for a wide range of tasks 

and applications. Equipment should be removed from the plant and disassemble into manageable 

pieces, which is an important requirement for waste and residue management (Stahl & Stru, 2012). 

Experience illustrates that a mature conventional method and commercially available technologies 

can reduce costs, improve worker efficiency, retain decommissioning simple and make 

components reliable. However, the best way is to keep tools simple, using tested equipment and if 
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necessary, the components test on a mock-up facility of the proposed operation. Figure 19 shows 

the mock-up facility using in IRT reactor in Georgia to test the reactor grouting (IAEA, 2006). 

 

Figure 19: Mock-up facility in the IRT-M reactor, Georgia (IAEA, 2006). 

Therefore, we can realize that disassembly techniques are needed in a range of different areas with 

different conditions even under water. However, several techniques are available, which are briefly 

described in the following chapters. 

Segmenting or cutting techniques 

Cutting techniques are widely used for many research reactors. The involving items are reactor 

vessel, pressure tube, large and small tank, and all types of piping and supplementary mechanisms. 

These methods are also used for highly radioactive components like pressure vessel. These 

procedures cannot be done manually, need highly activated parts like a remote control. 

 

Figure 20: Cutting techniques (pipe sawing) at the project of HDR, Germany (IAEA, 2006). 

Normally, mechanical techniques produce kerf by eliminating material and the material remains 

unchanged. There is no role for cutting gas, but the process produces a large amount of debris and 
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very small number of aerosols (Stahl & Stru, 2012). HEPA filters and vacuum cleaning are used 

to filter and collect the debris (INAC, 2011). Among the techniques, conventional sawing, wire 

sawing, milling, angle grinding, shearing, water-abrasive cutting, blasting are more important 

techniques. 

Another procedure is the thermal technique where a material is melted by fire, electric arc, or laser 

beam. This technique is perfect for metal rather than concrete or conventional building materials 

(Stahl & Stru, 2012). However, this process produces debris and large amounts of hot particles, 

dust, and aerosols, which can be picked up with the help of ventilation and filter systems (INAC, 

2011). Oxyacetylene flame cutting, plasma arc cutting, electric arc cutting, electro-discharge 

machining, laser cutting are the most important techniques. 

           

Figure 21: An example of remote control thermal cutting, the 1st picture shows the controlling 

room and 2nd one shows the chamber of dry cutting (Stahl & Stru, 2012). 

Radiological characterization techniques 

Radiological characterization gives acceptable records of data including the information on 

quantity, distribution and physical and chemical sets, which determines the scope of the 

decommissioning project. Characterization depends on radiological inventory, radiation sources, 

contamination, and activation products such as Co-60, Li-6, etc. (IAEA, 2006). However, in a 

nuclear reactor, there are two types of radionuclide inventory: contaminated and neutron activated 

materials, which are described as follows. 
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Contaminated materials 

Contamination rises due to the activation of the corrosion and erosion product, which is carried by 

the coolant and from the fuel and fission products. There are two types of contamination: loose 

contamination and fixed contamination. To remove these contaminations first needs a simple 

mechanical method and then another one aggressive removal method. Contamination can be 

placed on internal and external surfaces because of fission product, actinides, and transportation. 

Moreover, contamination from the primary circuit, fuel discharging operations and working 

incidents, loading of radioactive wastes, maintaining and repairing activities (IAEA,1998). 

 Neutron-activated materials 

The neutron activated materials are resources situated near the reactor core and exposed by neutron 

radiation. The important nuclear reactions are presented briefly in figure 22. 

 

Figure 22: Important nuclear reactions (IAEA, 1998). 
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A general methodology is needed for inventory calculation of activation products. This type of 

calculation involves averaged neutron flux with compositions of specific material and cross-

sections of activation. Moreover, many computer-based codes are available for this calculation, 

which are developed by the reactor physics code. The core calculation is more difficult compared 

to the regions because there is a robust reduction of the neutron flux from the core and the spatial 

variations in the energy spectrum of a neutron (IAEA, 1998).  

Alternatives of on-site disassembly 

Comparatively large equipment like pressure vessels or steam generators cannot be disassembled 

on site. For further processing, they can be transported for decay storage. For an example that is 

KKS power plant, a power reactor, where after first the decontamination of steam generators were 

shipped to Sweden for further processing. After dismantling, the produced radioactive waste 

returned to Germany. 

 

Figure 23: Transportation of steam generator in Sweden (Stahl & Stru, 2012). 
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5 Radioactive waste management 

In a research reactor, the classification and amount of radioactive waste mainly depend on the 

reactor type, operational schedule, physical form, and origin. The reactor process needs to be done 

in such a way, which produces a small amount of  activitated and radiotoxic waste (Marques & 

Kling, 2012). It is essential to manage the radioactive materials with special care from production 

to final disposal. The technological steps of managing radioactive waste present in figure 24. 

 

Figure 24: Technological steps for managing radioactive waste (IAEA, 2001). 

5.1 Types of waste and volume 

 

According to the IAEA, there are six levels of wastes based on its activity content and radionuclide 

half-life. Mainly radionuclides are two types: long-lived and short-lived. A radionuclide, which 

half-life is longer than 30 years, is considered as long-lived and shorter than 30 years are 

considered as short-lived. The activity content mainly covers the total activity and concentration, 

which can range from negligible to very high. A list (table 5) indicating half-life is following 

below. 
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Table 5: Radionuclides and their half-lived are presented below (IRSN, 2013). 

Radionuclide Half-Life (years) 

Cobalt-60 

Tritium 

Strontium-90 

Caesium-137 

Americium-241 

Radium-226 

Carbon-14 

Plutonium 

Neptunium-237 

Iodine-129 

Uranium-238 

5.2 

12.2                    short-lived 

28.1 

30 

432 

1,600 

5,730 

24,110                         long-lived 

2,140,000 

15,700,000 

4,470,000,000 

 

Exempt Waste (EW) 

Exempt waste (EW) is the lowest level of waste, which meets the clearance level, exemption or 

exclusion from regularity control for radiation protection purpose (Marques.J.G & Kling.A., 2012; 

IAEA, 2009). It contains a very small amount of radionuclide concentrations that does not require 

any establishment for radiation protection of whether the waste is disposed of conventional landfill 

sites or recycled and that’s why it also treated as non-radioactive waste (IAEA, 2009). 

Very short-lived waste (VSLW) 

The ‘very short-lived’ waste is a waste, which covers only radioisotopes with short-lived activity 

and cleared from regulatory control according to arrangement permitted by the regularity body for 

uncontrolled disposal, use or release. The source of the VSLW is the industrial and medical 

application of radioactivity like diagnoses, therapy, which contains radioactive elements with a 

half-life of less than 100 days (IRSN, 2013; IAEA, 2009; Marques & Kling, 2012). Example of 

these are: 192Ir, 99mTc. 

Very low-level waste (VLLW) 

Waste that exceeds EW activity but does not require high levels of containment and surveillance 

is classified as VLLW. However, it is appropriate for removal in near-surface landfill facilities 

with the limited regularity control. Mainly, the VLLW comes from the nuclear industry, especially 
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from the decommissioning operation. It consists of very little contaminated dismantled equipment 

parts and soils (IRSN, 2013; IAEA, 2009). 

Low-level waste (LLW) 

'Low-Level Waste' (LLW) contains waste above the clearance level, which holds limited quantities 

of radioactive along with long half-life, but it may contain higher activity concentrations of short-

lived radioactive isotopes. This kind of waste requires strong isolation and controls to prevent 

storage for several centuries. A very broad range of waste is included in this category. According 

to the safety guide, this type of waste is suitable for near-surface disposal (IAEA, 2009). 

Intermediate level waste (ILW) 

For intermediate level waste materials, especially for long periods of radionuclides, requires more 

containment and isolation than that supplied by near-surface disposal. However, ILW requires no 

provision or only limited arrangements for heat dissipation during its storage and disposal. ILW 

contains long-term radionuclides, especially, alpha-emitted radionuclides which will not decay to 

a level of acceptable activity concentration, during the time of institutional control. Therefore, this 

class needs more depth for the disposal of waste of order of ten meters to a few hundred meters 

(IAEA, 2009). 

High-level waste (HLW) 

The last class is the 'High-Level West' (HLW). It has a high level of activity concentration to 

generate enough heat through the process of radioactive decay or waste with a large number of 

long-lived radioisotopes. Research reactors usually do not produce such kind of waste, but this 

usually falls into the category of expenditure on energy and waste by recovering.  

In addition, the 'TRansUranic' waste (TRU) includes objects with alpha-emitters, which have been 

over twenty years in the composite of over 92 nuclear numerals and half-life clearance levels (100 

nCi / g in the US), which does not fall under HLW classification (Marques & Kling, 2012). 
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Figure 25: Conceptual design of the waste classification scheme (IAEA, 2009). 

Figure 25 illustrates that the level of activity content can range from small to very high, which 

indicates a very high concentration of radionuclides or very specific activity. In the case of the 

lower range of vertical axis, below clearance level, the managing of the waste can be carried out 

without contemplation of its radiological belongings. Horizontal axis presents the half-lives of the 

radionuclides containing waste, which can be ranged from short to very long (millions of years) 

time (IAEA, 2009). 

The radioactive waste is further divided into its strong physical shape, like solid, liquid and gaseous 

waste. The most important sources of operational waste in research reactors are presented in the 

following headings.  

Solid radioactive waste 

Solid VLLW and LLW Common sources of operational waste include items, which arises when 

radioactive materials are used, during regular operation and maintenance. ILW can rise from the 

items in water purifying materials such as ion exchange resin, ventilation system such as ‘High-

Efficiency particulate' (HEPA) and iodine return filters. More distorted elements of the reactor 

monitoring equipment (such as ionization and division chambers, self-powered neutron detectors, 

thermocouple), control rods, and early neutron sources can show ILW features (Marques & Kling, 

2012). 
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Liquide radioactive waste 

Liquid radioactive waste is composed of coolant losses from the vessel or reactor pool, operation 

of heating chemistry laboratories, washing water from maintenance and decontamination tasks. 

Washing water from sinks and showers within the controlled areas also contributes to this waste 

stream. 

Radioactive liquid effluents will be collected to single or multiple mold tanks. Further treatment 

of liquid waste depends on various components, such as activity concentration, plane structure, 

and chemical composition. The use of late tanks can greatly reduce the unused activity of 

radioisotopes fluid with the mostly small half-life (e.g., 24Na, 38Cl, 56Mn). To reduce activity 

density, there may be other alternatives depending on the requirements of regulatory authorities, 

liquid density, volume reduction or their dilution (Marques& Kling, 2012). 

Table 6: An example of annual liquid waste discharges in the research reactor (NR indicates not 

reported, a) heavy water moderated and cooled b) heavy water moderated). 

 

Reactor 

 

Thermal power 

(MW) 

Annual liquid waste discharged 

(Bq) 

 

year 

Βγ-total 3H 

Triga MarkII .25 5.6*105 1.4*107 2006 

RPI 1 1.1*107 1.5*108 2009 

HOR 2 4.9*106 NR 2008 

JEEP-II a) 2 1.4*108 1.7*1012 2008 

FRG-1 5 1.9*107 1.3*108 2008 

BER-II 10 1.5*107 4.6*108 2008 

RA-3 10 1.1*108 NR 2004 

FRM II b) 20 NR 1.9*1010 2009 

 

Gaseous radioactive waste 

In research reactor gaseous radioactive waste mainly arises from reactor coolant or moderator 

because of activation by the neutron capture in the air in irradiation facilities. 41Ar and 14C are the 

most important isotopes where 41Ar is produced by the 40Ar (n, γ) 41Ar reaction with argon 

contributing approximately 1 % to the mixture of air and the 14C is produced by the 17O (n, αz) 14C 

reaction with 17O contributing with 0.0366 % to the natural oxygen. Moreover, 14C water 
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controlled or cool reactors are produced by air in 17O (n, α) 14C dissolved in water molecules and 

14N (n, p) 14C reaction air (Marques & Kling, 2012). 

Radioactive aerosols can be actively produced by particles, which are essentially from the 

structural material of the furnace and atomic reactors, from the remaining air, especially in the 

open pool reactor. Using appropriate ducting ensures that radioactive gas is properly collected. 

The gaseous waste streams are handled according to the procedure that is included in a single place 

for samples and control, to be released from the environment. For the reduction of radioactive gas 

emissions in the environment, the delayed line of short-living radioactive can be used (Marques & 

Kling, 2012). An example of annual gaseous waste in research reactors are given in table 7. 

Table 7: An example of annual gaseous waste in research reactor (ND indicates not detected NR 

indicates not reported). 

 

Reactor 

 

Thermal 

power 

(MWth) 

Annual gaseous waste discharged (Bq)  

Year Nobel gases        Iodine        Aerosol 

Triga markII 0.25 4*1011 ND NR 2006 

RPI 1 1.4*1012 7.2*105 8.5*106 2009 

FRG-I 5 7.5*1011 7.0*105 1.7*107 2008 

RA-3 10 2.6*1013 9.3*107 9.3*108 2004 

FRMII 20 2.7*1011 ND ND 2008 

Cabri 25 1.0*1012 ND 7.9*103 2009 

Phebus 38 3.9*1012 1.1*105 1.6*104 2009 

 

The waste volume of decommissioning and dismantling facilities 

Although less than half of the non-operational reactors decommissioned, there is an important 

knowledge in this field. IAEA researchers collect a lot of information and operator experiences, 

with continuous research and development efforts. However, the waste volume depends on the 

size of the facilities, which can be easily seen by the following next three tables 9, 10, 11. (Marques 

& Kling, 2012). 

Small facilities 

In Denmark, DR1 was a homogenous research reactor, which maximum capacity 2 kW. In the 

form of UO2SO4 uranium is dissolved in water, the total core volume of 14 liters.  When it was 
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shut down in 2001, contained 5 kg of uranium. A recombination was performed to regulate 

hydrogen and oxygen, which was formed by radiolysis when the reactor was in operation. The 

biological shield includes magnetite concrete with a thickness of 1.20 m. In the case of DR1, RNL 

wanted to use the building for another purpose, so that the block of the reactor was removed and 

cleaned to meet the building clearance level. The entire project took 13 months  (Marques & Kling, 

2012). 

Table 8: Materials balance from the decommissioning of DR1 (Marques & Kling, 2012). 

Type of waste Biological shield (t) Whole facility (t) 

Exempt waste 111 174 

Radioactive waste (LLW/ILW) 31 38 

Total 142 212 

 

Moata was another type of small facilities with 10 kW power operated by ANSTO from 1961 to 

1995. The amount of waste produced is 136 m3 and 55 % EW, 4 5% LLW, <0.1% ILW and the 

collective dose was 10 man·mSv.  

Medium-size facilities 

ALRR was a medium-size research reactor with power 5 MW operated by Iowa State University 

campus from 1965 to 1977. The decommissioning started in 1978 and completed in 1981. The 

total amount of generated waste was 1224 t and the collective dose was 0.69 manSv. The DR2 was 

water-cooled and moderated pool-type reactor with power 5 MW, designed by Foster Wheeler 

Corporation. It operated from 1958 to 1975 (Marques & Kling, 2012). The material balance is 

presented in table 9. 

Table 9: Materials balance from the decommissioning of the DR2 (Marques & Kling, 2012). 

Type of waste Biological shield (t) Whole facility (t) 

Exempt waste 375 421 

Radioactive waste (LLW/ILW) 161 195 

Total 536 616 
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ASTRA was another medium facilities reactor with 10 MW, operated by Austrian research reactor 

between 1960 and 1999. In 2003, the decommissioning was started and finished in 2006. The 

material balance is given below in the following table. 

Table10: Material balance from the decommissioning of the ASTRA (Marques.J.G & Kling.A., 

2012). 

Type of waste Biological shield (t) Whole facility (t) 

Exempt waste 1.553 2,030 

Radioactive waste(LLW/ILW) 27 83 

Total 1,580 2.174 

 

5.2 Components of a waste management system 

 

5.2.1 National policy 

 

A national policy is the fundamental principle of the radioactive waste management system. 

National policy will be established by a high-level government, generally at the national executive 

level. Failure of such political decisions may lead an unbalanced regulation to the environment as 

well as to the efficiency of the waste management program. The national policy must have the 

adaptation features for any kind of modifications demanding with time and valid reasons (IAEA, 

2001). In European Union countries, a national policy is also mandated by the waste management 

directive 2011/70/Euratom (Euratom). 

5.2.2 Regulations and Legislation 

 

According to the National Policy and the law, waste management regulations should be drafted by 

the regulated organization. Following the amendment, approval, and legalization of the appropriate 

constitution, the law should be formulated based on regulations. The law can define, establish 

technical limitations on the specific waste of property and quantity or the process. In case of 

industrial safety and environmental protection, a combination of management laws for waste and 

general radiation protection laws should be established focusing on national, technical and cultural 

customs so that it can be easily accepted by the people.  Changes in the national waste management 

policy can be regularly reviewed and modified (IAEA, 2001). 
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5.2.3 Waste management activities 

 

During operation, the waste generation is unavoidable, and a waste management plan should be 

established. This is to ensure the research reactor staff and public safety, as well as minimize the 

environmental impacts from waste to the least reachable by enhancing preparations for radiation 

protection during operational activities (Marques & Kling, 2012). Such experiences must be kept 

as low as practically reachable by assuming appropriate actions. However, the following features 

should be included (IAEA, 2008). 

• Identification of all trusted exposure paths associated with everyone facilities and activities 

for radioactive waste management. 

• Suitable equipment, welding, and a suitable monitoring system usage. 

• Use of satisfactory ventilation and its controlling facilities. 

• Specifies the obstacles for waste discharging for each disposal trail with reasonable 

traditional methods and modeling. 

•  Using the documentation scheme for representing, and agreement reporting purpose 

indicating the limits of discharge. 

• To handle unsealed radioactive waste using selected work areas. 

• Follow the procedures documented for periodic measurements and survey of radiation 

levels outside of radioactive waste storage (IAEA, 2008). 

5.2.3.1 Pretreatment 

 

In waste production management, isolation is very important and effective pretreatments. Isolation 

of the collected waste must be followed based on the half-life and chemical arrangement. This 

pretreatment provides successive storage for decay, treatment, conditioning, and disposal. Long-

lived The radio nucleosides consisting wastes generally possess more complicated technical 

structure (IAEA, 2001). 

5.2.3.2 Treatment 

 

Treatment is the further step of pretreatment which refers to the process of waste removal intended 

to benefit safety or economy. Class A countries which use negligible quantity of radionuclides do 
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not need any special treatment process for waste management because of the small volume of 

waste.  For class B countries which use radionuclides in multiple purposes, solid lower level waste 

should be compacted while the liquid one is to solidify or store for friction. Finally, for class C 

countries which use radionuclides in multiple purposes and research reactors, compaction or 

incineration is to use for solid waste and transmission by chemical flow or ion exchange methods 

for liquid waste management (IAEA, 2001). 

5.2.3.3 Conditioning 

 

By using suitable conditioning method, radioactive waste is to convert into a safe state in a solid 

form. Conditioning in term of waste management refers to the suitable operational methods for 

handling, transportation, and storage or dumping of waste (IAEA, 2001). 

5.2.3.4 Storage 

 

The storage consists of a specially designed surface or near-surface facility temporarily in 

remediation for the removal of radioactive waste or removal from dedicated waste management 

centers. Storage concerns to the waste treatment or disposal. Storage facilities are designed to 

combine consistency, simplicity and meet safety, radiation protection requirements. Storage is a 

temporary solution, and the integrity of the package must be monitored to allow easy and safe 

recovery (IRSN, 2013). Regardless the class of the country, all countries will have storage facilities 

to store waste. The waste storage is divided into two groups based on the type of waste. 

• Raw waste for treatment 

• For conditioned waste until disposal. 

In class A country, a waste storage can be only a simple separated room or even a certain portion 

of a room within a research institute or hospital. On the other hand, more complex and advanced 

amenities may be needed for B and C class countries. The storage amenities must be well-

organized with an easily decontaminated internal surface, and safety measures can be provided to 

prevent the intrusion of unauthorized people (IAEA, 2001). 
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5.2.3.5 Transportation and packaging 

 

In case of waste storage in a central disposal site, it is necessary to pay special attention to 

transportation. There is an internationally accepted requirement from IAEA for waste 

transportation which must be met by all countries. An especially designed vehicle should be used 

for waste transportation, but there is no obligation for a specific vehicle in many cases for less 

amount of waste transportation. However, special agreements are needed for cross-country 

radioactive waste or material transportation (IAEA, 2001). 

When radioactive substances are transported, the radiation exposure to the people involved in the 

transport along the general passenger transport routes can be avoided. In case of packaging of 

radioactive materials, where appropriate, shielding is required to decrease potential radiation 

exposure. Some materials like fresh uranium fuel assemblies where radiation levels are negligible 

and no shielding is required. Other materials, which are highly radioactive like used fuel, HLW 

and purposed-designed containers with integral shielding are required.  According to the 

requirements of national and international regulations, the hazardous materials being transported 

must be labeled of the packages of radioactive materials. These labels specify that the material is 

radioactive by including a radiation symbol and provide an indication of the radiation field in the 

nearest region of the package. Furthermore, depending on the characteristics and potential hazard 

of nuclear materials, IAEA has developed the packaging standards, which are excepted, industrial, 

Type A, Type B and Type C (WNA, 2017). 

5.2.3.6 Disposal 

 

Radioactive waste disposal refers to the placement of waste in an acceptable way into the earth 

surface without an intention of recovery. Waste disposal can be carried out directly discharging in 

the environment (such as the very low activity of fluid and gas waste). It is not a suitable idea to 

create and manage a national storehouse for a country with the lowest waste amount. It is the best 

solution to return the waste to its original authority if it was provided by a foreign vendor (IAEA, 

2001). Waste mining landfills might be an important option for waste settlement on a short-term 

basis in A and B class countries. Long-term solutions for this country can be involved in 

international cooperation in the geological disposal (IAEA, 2001). 
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5.2.3.7 Documentation 

 

Documentation refers to the management system to record all information regarding all levels of 

waste management. It is an important part of a well-designed plan for waste management. In waste 

management, a complete identification of each waste at a storage or disposal site is important. 

Labeling with a suitable description of a waste just immediately after collection from the source is 

a key approach of documentation. Information regarding the waste can be collected easily by using 

waste labels (figure 26) or sticky stickers. Documentation requirements and detailed layers are 

generally specified by national regulations (IAEA, 2001). 

 

Figure 26: Typical information labels (IAEA, 2001). 

5.3 Waste management cost 

 

The costing of waste management processes depends on the values of 'activity-based cost'. This 

refers to the specific waste management process should be recognized for which the cost groupings 

can be determined, such as parallel costing, time dependency and activity-dependency. Activity 

dependency is one of the most used types for most of the waste management processes. This type 

consists of processing the amount of waste, management, observation, radiation safety, and other 

similar activities during operation. The security cost typically works for equipment, materials, 

consumer goods, and payments. However, the following system (figure 27) is based on the 

identification of straightforward decommissioning actions. The management system is divided 

into an individual processing system with cost indication (IAEA, 2013). 
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Figure 27: An example of the waste management system (IAEA, 2013). 
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6 ECONOMICAL APPROACH TO DECOMMISSIONING COST 

6.1 Purpose 

 

In nuclear facilities, an acceptable cost estimation is one of the utmost vital parts of nuclear 

decommissioning. The cost approximation and other decommissioning parameters are important 

subjects in the fundamental stage of decommissioning. Moreover, the evaluation and comparison 

of decommissioning options like strategies, waste management, end states etc. should be based on 

their efficiency and effectiveness. When the plan is completed, considering these costs ensures 

that it is financially practical for money and funds. The main objective of this program is to prepare 

qualified information for instance costs, employment, exposure, waste volume, employment-

related requirements, and cost material. A decommissioning process can be designed based on this 

qualified information through the following ways.  

• Securely, with a minimum impact on employees, public, and environment.  

• Economically, a cost-effective way; resources for a time and co-opted according to 

optimized option; the parties involved will be publicly acceptable by the agreement. 

The cost of sanctions should include the estimation of all activities, starting from the plan for 

decommissioning, at the stage of transmission, decontamination and dismantling. Already many 

associations have published their decommissioning cost. Due to the different types of work and 

labor costs, the results are different. Decommissioning cost can be developed, based on the 

experiences derived from the actual decommissioning cost. The quality of the outcomes of the 

calculation relies on the quality of the synchronization of the actions of the unit, for the changes 

between the benefits and all relevant sanctions actions. Specific methods are recommended to 

remove the accidents, which identify a free project activity applicable to the level of the project 

and evaluate the project starting from theoretical planning through initial to the final details. This 

method is known as 'bottom-up principle' for decommissioning costs. Another example of 

removing the difference of decommissioning cost via the ISDC (International structure of 

decommissioning costing) application that generates a cost calculation structure that directly 

produces a standard size or even a cost data calculated in a non-standard way into the ISDC format. 

Involvement shows that it is very effective to compare the cost of various nuclear power plants 
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applied to these standard structures, even if compared to cost using different methods (IAEA, 

2013) 

6.2 Good practice for costing 

 

The good practice identifying and implementing the best available techniques, which is prepared 

on the nuclear industry safety directors’ forum. 

6.2.1 Strategy and planning 

 

In all the Nordic countries, the strategy and legislation are almost similar. The cost calculation is 

an important issue which cannot be carried out separately as an individual event. There must be a 

combined approach and arrangement part involved in the appropriate features of a plant life cycle. 

All Nordic countries require cost accounting at all stages of the plan. Therefore, adequate strategic 

decisions and technical plans must always exist. 

Paragraphs 6.2.2 – 6.2.3 summarizes of good practice as a basis for calculating costs. The projected 

preparation is to meet a condition of ± 20 % cost calculation accuracy. It refers to that there should 

be a 65 % probability of ± 20 % accuracy of the actual cost after the project is implemented.  This 

requirement is notified ± 15 %, ± 20 % for 60 % probability and reasonable consent with the image 

of ± 20 % for the nuclear power reactor. In some systems, it should be specified that the accuracy 

of ± 20 % cannot be achieved - or achievable targets. As a result, variations should be considered 

properly. When they are properly calculated and documented, there is at least an oral description 

of the uncertainty level and nature. Such information will be based on the appropriate level of 

evaluation and transparency around the financial system (NKS-146, 2006). 

6.2.2 Methodology choice 
 

It may be tempting to select technology from traditional clean and disassembly tools to build tools 

and knowledge in line with the experience. In this case, because of radiological pollution, other 

strategies must be applied before or after the application. It is frequently problematic to diagnosis 

its impact fully even for skilled individuals. Sometimes it is believed that the availability and use 

of strategies for a nuclear centralization need to be improved with a project. Theoretical approaches 
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to advanced technology and potential are important to use proven technology, which would rather 

be provided for reliable plans and costs. 

The availability of world market generally does not ensure a technology which is easily available 

to construct a research center for nuclear activities. The decontrolled markets allow firms 

commercially to invest in decommissioning operations along with strategy development. These 

vendors and strategies give an election as well as a competitive price increase. On the other hand, 

every company will protect its data and contribute in projects only in its own environments. It may 

not be appropriate for small projects in the field of research, where it may not be effective for 

calling the supplier's workers from other parts of the world to complete minor operations. On the 

contrary, past methods have been used successfully and a method that is familiar to existing 

workers cannot be the best choice at the new location. Thus, the selection of methods and their 

interface is applied to many considerations, and the best choice analysis can be complex. To select 

technology that can be systematic, transparent, integrated and thoroughly protected. It is a good 

idea to use the logical method. Applying such a systemic method can be described as a method of 

selection, and thus, it is possible to contact the concerned authorities and parties (NKS-146, 2006). 

6.2.3 Radiological survey 

 

The presence of radioactivity gives rise to an increase cost in many ways: 

• The practical work must be applied with safety to protect the radiological health 

hazard (remote handling, radiation monitoring, dust control etc.).  

• A major part of the radioactivity will be removed and managed individually from 

the containing sources. 

• The remaining portion must be kept as low as possible to carry out a waste 

management. 

Sometimes, identification of radioactive sources is identified by applying innovative and widely 

accepted techniques. One of the most used techniques is the insertion of a radiation detector into 

the pipes. Due to different purposes, a radial survey in decommissioning is totally dissimilar to 

normal operation. In decommissioning, knowledge of the hidden radionuclides is required, which 

cannot even show on the readings of the instruments. 
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Analysis of strategy, planning, method selection, and uncertainty depend on the results of 

radiology surveys. In most cases, a general survey increases some detailed questions regarding a 

radiological exposure. Therefore, a repeating method should be applied and supplemented and 

managed specific surveys. Sometimes, it demands to preprocess in a limited time, it may be 

necessary to work in a limited amount of time before collecting radiological data for planning and 

cost estimation. These steps may remove origins and ampules.  

The prototype for radiological characterization should be a normal part of the radiology surveys 

which can be managed properly. Moreover, a sampling activity requires a partial decommissioning 

work like drilling into concrete and shielding removal. Radiological functions accomplish many 

objectives and stimulate concern of stakeholders. However, it is important to record the results 

properly (NKS-146, 2006). 

6.2.4 Analysis of uncertainty 

 

It is mentioned in the earlier sections (6.2.2-6.2.3) that even after completing proper planning, 

method selection, and radial surveying, the ± 20 % targets in uncertainty will not be achieved for 

all systems. The desired knowledge for such an accuracy may not be rationally reachable. In this 

case, the intensity of the problem and its potential results should be evaluated. Uncertainty analysis 

may be combined into an entire evaluation where the whole uncertainty may be exposed lower 

than general elements. Decisions can be made only when there is no common reason for engaging 

in different fields. However, the understanding indicates that such analysis will draw an attention 

to a portion of the whole uncertainty. In the case of no analysis, it probably shows "surprise" will 

appear during the work. 

For an increased uncertainty analysis, borders should begin with a definition of a system, which 

outlines the boundaries between inner and exterior features and actions. In case of increased 

uncertainty, the following ways can be followed to evaluate the system.  

• Segments of the system that integrate with the features relevant to various features 

• Initiating inner and exterior actions 

• Procedures that arise through the actions 
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The next step just after the identification of the system along with its exposure and inferences is to 

detect possible uncertainties especially risks identification. The compilation is accessed in various 

sources as much as possible. It is very profitable that people involved with various qualifications 

and experience in this field. Here are some examples that can be tried: 

• Systematic analysis of facility aspects 

• Intelligent  

• Usual checklists follow up 

• Literature assessment 

• Project feedback 

• International collaboration  

There are many methods for analyzing risk or uncertainty which are either inductive or deductive. 

Possible errors are to guess along consequences in the inductive process. It consists of different 

methods which are given below (IRSN, 1992). 

• Primary Hazard Analysis (PHA) 

• What-if analysis  

• Risk performance analysis 

• Fault mode analysis and effect analysis 

• Fault tree analysis 

• Event tree analysis 

• Reason analysis of results 

It is expected that for the maximum purpose it will be sufficient for the detection of uncertainty 

with skilled evaluation and judgment rather than analysis. The outcomes are to be identified 

uncertainties composed with their feasibility and result evaluation (NKS-146, 2006). 

6.3 Types of cost estimation 

 

Currently, there is no universally accepted standard method for developing decommissioning cost 

estimation. The final cost may start from the initial cost level. (IAEA, 2005). The early stage cost 

calculation presents in the reference (NKS-146, 2006) where it has been said that early cost 
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calculation as an approach, which differs from those late ones. There are three types of cost 

estimates that can be used, and each has a different level of accuracy (IAEA, 2013). 

Excessive estimation order: Without complete engineering information, where an estimation is 

made by scale up or down components and an estimated ratio. This is probably not the overall 

scope of the project specifically defined. Expected accuracy level is - 30 % to + 50%. 

Budget approximation: Based on the use of flow sheets, layouts, and equipment, where the scope 

has been defined, but detailed engineering has not been done. Expected accuracy level is -15 % to 

+ 30 %. 

Definitive estimate: The details of the project are prepared, and its scope and depth are well 

defined. The engineering information will include plot planning and elevations, pipes, 

instrumentation diagrams and structural drawings, and expected accuracy level is - 5 % to + 15 %. 

Predesigned estimation is typically grounded on the past data from parallel facilities, with use of 

alteration function to increase cost, specific equipment and structure at a given time. Besides, late 

estimations are instead largely based on the original details of all objects, which pays to the total 

cost. However, realization regarding potential calculation at different phases of uncertainties is one 

of the important tasks. According to this background, a few drawbacks are following below: 

Theoretical error: The accurate estimation performs as an incorrect way or a partial one. 

Operational error: At the very initial stage, applying the summation method where only a fraction 

of all items included can be detected (NKS-146, 2006). 

6.4 Costing Procedure  

 

Practical costing identifies all the operational actions, along with relevant equipment, materials, 

and services. Next, the value derived from each activity is assessed, that the series is calculated or 

estimated (unit cost factor approach) for separate and measurable primary work activities. 

Examples of initial repetitive activities, which include a phase preparation of a pipe or a valve 

single length, a unit of concrete, removing a pump etc. For some work activities, if the limited 

experience is existing, there is a need for the stage by stage assessment of the obligatory data. 

However, in this case, an engineering judgment for assessing workforce requirements, efficiencies 

and time schedules are necessary (IAEA, 2013). 
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6.4.1 Steps in costing for decommissioning 

 

There are several steps in costing for decommissioning, which are following in the next chapter.  

Cost elements definition 

Usually, the cost identification includes specifying the cost components of the typical cost 

categories. Costs are listed into groups, based on the characteristic of the important input variables 

and cost calculation for decommissioning. Typical classified costs refer to activity-dependent 

costs, period dependent costs, security costs, special items’ price, and feasibility.  The method of 

cost application is like the policies of the separate capital department. However, the difference is 

in detail level and the structure of the price items (IAEA, 2013). 

Identification of manual actions 

In the Unit Cost Factor method, the decommissioning plan is to be designed for different 

fundamental actions for which unit cost is defined. To determine the amount of each activity, the 

list of actions should be carried out with a list of plants and equipment. Such a list should include 

all elements such as pipes, valves, reactor, civil structural material etc. of the system and structure. 

Inventory objects are to identify with parameters related to decommissioning, such as facility 

identification, decommissioning type, mass, surfaces, material category, and other data which are 

important to calculate to additional parameters, services, and waste management information 

(IAEA, 2013). 

The requirement for this technique is the facility inventory database established before the design 

of the calculation structure. In a fundamental cost method, a manual approach is used to improve 

the structure. At the level of detailed costs, the decommissioning process and inventory database 

list and the conditions can use an automated generation of computation structures (IAEA, 2013). 

Unit factors definition 

Unit cost functions are defined, according to the detail list of the items in the plant inventory 

activities for a decommissioning project. For example, a fixed mass of pipe can be set to determine 

the unit cost material for a normal mass cutting. The basic unit factor includes the requirements 

for labor hours considering each employee's activity (under ideal conditions) and costs related to 

various workers and craft categories of labor. In addition, various factors or corrections can be 
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considered because of specific work conditions, such as working in height, protective equipment 

(respirators, protective clothing), work area accessibility, dose rate levels (implementation of 

ALARA system), brake work. Coefficients are known as action-related causes (or 'growth' causes) 

(IAEA, 2013). 

Definition of period dependent activities 

A practical action can be calculated during the period of each work in a decommissioning project 

based on the technique of plant inventory and unit factor. Relations and links between each action 

are defined, which increases the detection of the time of actions. These actions collectively indicate 

the duration of the project. If other activities begin or continue after this activity is completed, it is 

considered an important step. For different stages, a timetable can be produced both for 

decommissioning an entire project. Then this timetable is treated as a foundation for approximating 

the length of the period-dependent activities. Based on general time-based activities, an additional 

length of the period is required for estimating the size staff in management, administration and 

other support activities. The duration of the project can be reduced by involving more staffs and 

increasing number of working shifts. Furthermore, if the main steps of the decoding section are 

separated into specific action groups that can be executed by the sub-contractors, then the 

employer's employee requirements can be reduced to the decommissioning stage. When causal 

staff for time-based programs, employees should consider the qualifications, labor costs may vary 

significantly in different qualification levels and may be subject to optimization (IAEA, 2013). 

Security cost and cost for specific time 

It has been found that some costs are totally autonomous and do not rely on the activity level and 

the length of the project. As a result, they are treated as individual cost-type, such as site support, 

heavy equipment costs for small equipment, nuclear liability insurance, etc. While energy costs 

(lighting, heating or cooling) are at least one part proportional to some project period. The input 

data are needed to calculate these costs which are mostly the number of equipment collected for 

different purposes. Exact objects with this cost section are defined as 'negative costs', for example, 

income from selling scraps or recycling equipment. However, the real quantity of sell must be 

considered.  'Time Point', as items of individual costs must be considered, is another factor for a 

type of expenditure. They can be spent every year in term of periodic and permanent payments. 
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Furthermore, in term of equipment and non-sequential exchange of money, the scheduled 

deadlines are obtained from decommissioning programs (IAEA, 2013). 

Total cost and contingency 

Total cost estimations are found in the sum of estimated costs in three sections. Overall, the activity 

is counted based on the cost pertaining to the activity list, plant inventions, and unit cost. Cost 

calculation for waste management depends on individual types of waste and waste processing units 

while the cost calculation for schedule-dependent depends on the schedules of the project and the 

requirements of workers. However, the equivalent cost is evaluated individually for each item or 

object. Before comparing, the estimated costs are modified to contain a possibility, which indicates 

the uncertainty assumptions. Another or a common contingency can be used for total cost 

estimation. A method which is used to estimate the fundamental cost does not recognize all cost 

drivers. Contingency results may vary from 15 % to 75 % for dismantling reactor due to removing 

non-contaminated equipment outside the control area. Moreover, contingency is applicable ito a 

‘grade ‘method. Because of a high precision of the data accounted in cost estimation, and during 

the periodic re-evaluation stage, the level of contingency decreases steadily. In the final step of the 

decommissioning plan, the average contingency can be in the 5 to10 % stage (IAEA, 2013).  

6.5 Techniques for assessment of the cost 

 

The estimation of decommissioning cost in a nuclear facility should be calculated based on the 

step of decommissioning actions and installation work. This section presents a fundamental outline 

of a complete decommissioning cost calculation. 

6.5.1 Cost structuring 

 

Price and other project management information for the decommissioning project can be organized 

in various ways (IAEA, 2013). A decommissioning cost structure based on the reference by (Jeong 

et al., 2006). In nuclear facilities, the decommissioning cost estimation framework involves of 6 

cost groups, 38 tasks, 46 subtasks from decommissioning plan to disposal. 

Group 1: This group has all the actions, which are to carry out during the preparation and 

management time and named as “preparation and project management”. 
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Group 2: This group is, named as “Facilities shutdown”, consisted of all the actions, which are 

related to the shutdown operation. 

Group 3: This group includes all the actions involving the operational stage of decommissioning 

and dismantling. 

Group 4: This group includes all costs, which are related to waste management and processing 

such as pre-treatment, treatment, processing, packaging and short-term storage. 

Group 5: “Site Restoring”, estimates all the costs, which are relevant to the remaining radiological 

classifications and site refurbishment. 

Group 6: This group calculates cost on the other actions, which cannot be categorized into the 

upper groups. 

Form a hierarchical order of decommissioning actions by dividing cost group into task, subtask, 

and the subtask resources are given below through figure 28. 

 

Figure 28: Cost estimation structure (Jeong et al., 2006). 

‘Resources’ consists mainly of the labor, material, and component. Based on the finances, cost 

groups will be divided into two categories. The first category deals preparation and general supply 
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actions such as Cost Group 1 and Cost Group 6, and the second one deals physical D & D actions 

such as Cost Group 2, Cost Group 3, Cost Group 4 and Cost Group 5. 

According to the publication of IAEA, 2013, there can be an important group, which covers yearly 

based all cost distribution for the entire period of the project, named as management of the 

decommissioning fund. This group mainly works to collect financial support for decommissioning 

operations (IAEA, 2013). 

6.5.2 Cost estimation methodology 

 

From the document (NKS-146, 2006) proposes that the estimated items can be made based on an 

underlying concept item. It may be considered that a proper planning is governed by procedural 

selection, radial surveying and uncertainty analysis (NKS-146, 2006; Jeong et al., 2006). The cost 

estimate for decommissioning should be done based on the continuous activities phase and the 

components of the nuclear facilities installed. 

6.5.3 The unit cost factors for the decommissioning cost estimation 

 

The unit cost factor (UCF) refers to the calculations for estimating the action cost, which provides 

a noticeable base to establish an acceptable cost estimation. According to the specifications and 

properties of the decommissioning objects, the calculation of working time is to use unit factors, 

which are categorized into shapes, sizes, and dimensions. So, the labor is obtained from the unit 

cost through multiplying by the calculated work times. The several features are characterized as 

follows. 

Material properties: combination with dimension.  

Size properties: Mass, volume, diameter, which mainly required for waste generation. 

Shape properties: Linear, spherical, rectangular, and cylindrical 

Surface properties: Such as structure, wall, and ceiling. 

The following tables (11, & 12) show the decommissioning working times of metal and concrete 

objects in relation to different shapes. 
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Table 11: The decommissioning work times of the metal objects (Unit: MH/m) (Jeong et al., 

2006). 

Shape Preparatory Characterization Decontamination Cutting/Removal 

Linear 15 10 4 51 

Sphere 30 22 8 106 

Cylindrical 64 45 17 224 

Rectangular 59 43 16 210 

 

Table 12: The decommissioning work times of the metal objects (Unit: MH/m3) (Jeong et al., 

2006). 

work preparatory Characterization Decontamination Cutting/Removal 

time 6 5 2 23 

 

A list of difficulty factors of the metal and concrete objects in decommissioning work is presented 

in tables 13 and 14. 

Table 13: The difficulty factors of the metal objects in decommissioning work (Jeong et al., 2006). 

Factor 

 

Shape of objects 

Linear Sphere Cylindrical     Rectangular 

Complexity 1.55 1.5 1.4 1.4 

ALARA/radiation 2.0 

 

Table 14: The difficulty factors of the concrete objects in decommissioning work (Jeong et al., 

2006). 

Factor Weighting 

ALARA/Radiation 2.0 

 

The fundamental structure for the cost estimation by UCF is done. So that it can be used as a 

strategy for the estimation of costs of decommissioning by specifying the items and group 
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components and unit cost functions, which are calculated during the working hours (Jeong et al., 

2006). 

6.5.4 Initial cost calculation  

 

At the very initial stage, a summation process is to apply frequently instead of characteristic 

leaning to increase to overlook the total cost. A vital cause behind this that more appropriate 

calculation methods are not established or even not generally available. The main feature of this 

calculation is given below (NKS-146, 2006). 

Cost of a plant is given by the equation: 

𝐾𝑐 = ∑ 𝑝𝑖𝑖                                               (2) 

Where, 

𝐾𝑐 = amount of total calculated cost 

P = cost items, and 

i= index for P 

For a completed project a fit to 𝐾𝑎 (actual cost) can be calculated by weighing features wi, which 

can be written as follows: 

𝐾𝑎 − 𝐾𝑐 = 𝑠 ∑ 𝑤𝑖𝑝𝑖𝑖                              (3) 

Based on the calculation and actual price difference, there should be a small, mid, large or very 

large effect, which can be found using weighing features. The scaling feature can be obtained by 

the following equation: 

𝑠 = ( 𝐾𝑎 − 𝐾𝑐)/ ∑ 𝑤𝑖𝑝𝑖𝑖                                                  (4) 

For a research furnace, a precise cost is calculated, the cost items can be calculated first, and then 

the total cost according to the above equation (2). After this, an adjusted calculated total cost can 

be calculated by using the following equation: 

𝐾𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 = ∑ (1 + 𝑠𝑤𝑖)𝑝𝑖𝑖                                           (5) 
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S and wi resulting from the parallel standard plant and pi for the plant where a distinguished 

calculation is calculated. According to the equation (5), a development related to a simple overall 

scaling since changes in the measured cost framework influence the outcome. It is worth to 

mention that this method is an example and other systems can be carried out (NKS-146, 2006). 

6.5.5 An example of a cost calculation 

 

A decommissioning plan was taken place just immediate after stopping the DR1 research reactor 

permanently in 2001. The total project was divided into a sub-project to carry out the whole 

operational activities nicely in an organized form by involving skilled people into specific groups. 

Frequent cost calculation plans, as described in the required labor force i.e. technician or engineer 

and taking out a calculation of the distribution between the external and internal personnel hours, 

the account is calculated as a weighted rate. Some estimated costs are to be excluded or calculated 

outside in the DR1 project, like the destruction of the plastic tent, furnace building, and various 

health-physics radiation measurement. As a part of the decommissioning for DR1, figure 29 briefly 

explains the estimated total cost (NKS-146, 2006). 
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Figure 29: Before the starting of the project, estimated costs for decommissioning of DR1 (NKS-

146, 2006). Figure 27 shows a summary of the decommissioning cost for DR1 research reactor 

after the project completed.  
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Figure 30: Decommissioning cost summarization for DR1 reactor after the project achievement 

From the above (figure 30), it can be observed that the total cost was approximately 5.4 million 

DKK where the projected cost was 7.3 million DKK. About 26% of the projected cost was saved 

in this project. Here in this project, 25 to 30% is considered as a cost of uncertainty (NKS-146, 

2006). 
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6.6 International structure of Decommissioning Costing (ISDC) 

 

In term of principles, ISDC is the same method as others applied in the existing cost techniques. 

There can be some difference in the details of the calculation. Because of the mandatory framework 

(labor costs, investment, expenditure, feasibility) of the ISDC cost department, calculation 

computation starts counting all repressive activities. A workplace is the foundation of labor cost 

calculation for each skillful work group in a straightforward demographic activity. Different ways 

can be introduced with the unit factor to calculate investment objects and cost objects. However, 

these objects might be in form of ISDC format which is like cost classes. Furthermore, these costs 

are calculated in two steps. Firstly, calculation of the use of investment objects and expenditures 

with the unit material for personal products (kWh, m3, kg, piece, etc.). Secondly, the cost 

calculation for an object depending on the calculated amount in the first step. 

Initially, a single step accounting method is used. Unit costs are used in this field for the total cost 

of investment and expenses. According to the ISDC definition, such a unit factor includes all 

objects related to investment and costs. Contingency can be calculated casually in different ways. 

According to the ISDC system, the lowest level of assessment is possible for the individual items 

as part of the calculation chain. The detailed level can be different, but the minimum account of 

the audit is maintained. This method enables the cost data available for all ISDC cost sections 

(IAEA, 2013). 
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7 CONCLUSIONS 

The 'Atom for Peace' program has allowed many countries to access nuclear technology for 

peaceful purposes through research reactors. Since 1942, more than 800 research reactors have 

been constructed, out of which one third are currently in operation. During the normal operation 

of the facilities, the amounts of radioactive waste are very small. The safe and sound technology 

exists to manage all types of radioactive waste management, which arises research reactor 

operations, utilization and decommissioning. More sophisticated technologies provide for waste 

minimization from storage to disposal. Moreover, their operation increases the price of waste 

processing. Research reactor operators will select all the actual desired requirements of other waste 

management power, policies and an optimum structure of materials in the relevant ways with the 

country. 

In the last two decades, decommissioning work has been going on, but a large number of shutdown 

research reactors have not been decommissioned yet. Current decommissioning projects show that 

this can be done with reasonably low collective doses, at values close to the initial cost of the 

installation once inflation is considered. Therefore, costing is a vital part of decommissioning. It 

is important to make sure that the first preliminary study of decommissioning is completed and 

regulated that the eligibility of the decommissioning fund is ensured. Equally important it is to pay 

attention to the precision of cost estimates by criteria with other infrastructural projects and 

submission experience.  

The IAEA provides technical information, and support to all activities described above as well as 

through direct technical assistance. It provides a complete set of security documents for safety, 

waste management, and costing for decommissioning. 
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