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FOREWORD 

 

Annex 2 presents the results achieved by the working group on the Research Reactor Test 
Case (RR TC) of the FaSa project. It addresses aspects of the application of the safety as-
sessment methodology, as proposed during the DeSa project, and aspects of the use of safety 
assessment results in planning and implementation of decommissioning of a complex re-
search reactor, as discussed during he FaSa project. 

 

The IAEA would like to express its gratitude to all the members of the RR TC working 
group, who contributed to the development and review of the Annex 2 and, in particular, to 
the chairperson of the working group, K. Lauridsen (Denmark), and to the Commissariat à 
l’énergie atomique et aux énergies alternatives (CEA) Grenoble, France, for providing de-
tailed information about the decommissioning project for the Siloé research reactor in Greno-
ble, which served as a basis for this test case. 
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1 INTRODUCTION 

1.1 BACKGROUND 

During the FaSa project a number of test cases have been carried out, aiming to illustrate the 
specific guidance provided in the main volume of the FaSa project report. The test cases cov-
ered decommissioning of facilities of different complexity, one of them being “a complex 
research reactor”. 

The Siloé research reactor in Grenoble, France, served as a basis for this test case and detailed 
information about its decommissioning was made available to the FaSa project by the CEA. 
Since the original documentation was available in French, a substantial effort was made by 
CEA to translate relevant parts into English. In order to make the test case somewhat more 
general, it has been attempted to “anonymise” the reactor in the sense that references to local 
facilities and circumstances have been deleted or generalised, as long as this has not influ-
enced the clarity of the text. Furthermore, the working group has introduced some deviations 
from the actual decommissioning work done at the Siloé research reactor in order to illustrate 
additional safety assessment aspects. 

The Annex 2 has been produced by the Research Reactor Test Case Working Group (RR TC 
WG), using the materials provided by the CEA Grenoble as a basis. The WG meetings were 
organized as part of the four annual meetings of the FaSa project (2008-2011), and on two 
additional occasions, where a limited number of WG members participated. In addition, indi-
vidual work was done by several WG members between the meetings. 

It should be noted that the Annex 2 pretends to be a decommissioning safety assessment doc-
ument, prepared as part of a licensing package, which is to be sent to the licensing authorities 
for approval, before decommissioning works are allowed to starts. In reality, the decommis-
sioning of Siloé reactor was almost completed when the RR TC WG of the FaSa project start-
ed its work. All the information presented in this Annex reflects the situation as of 2011. All 
the figures and tables, presented in this Annex, has been provided by the CEA Grenoble or 
developed by the participants of the RR TC working group of the FaSa project. 

1.2 SCOPE 

The scope of the test case covers a complete safety assessment for decommissioning of the 
research reactor, but the Annex 2 does not give all the details provided in the original French 
documentation. However, it contains sufficient details to serve as a model for preparing safety 
assessments for decommissioning of similar reactors. 

At the beginning of the work of the Research Reactor Test Case Working Group, it was dis-
cussed which approach should be taken: to carry out a new safety assessment using the data 
from Siloé reactor, or to use the original French safety assessment and to adapt it to the safety 
assessment methodology proposed by the DeSa project (“DeSa methodology”). The latter 
approach was accepted, and necessary information to be taken from the original French safety 
documentation was identified and translated by the CEA. 

1.3 OBJECTIVE 

The objective of the Research Reactor Test Case is the following: 

• to illustrate the application of the “DeSa methodology” to the safety assessment for 
decommissioning of a complex research reactor (in comparison to the simple research 
reactor that was subject of a similar test case in the DeSa project). 



 

 

• to illustrate the evolution of an overarching safety assessment (top level safety related 
document) during decommissioning project in situation when a change of the decom-
missioning end state occurs. In this test case it was presumed that the end state chang-
es from unrestricted release of the reactor building to a restricted reuse as a classified 
facility. The hypothetical change is further described in section 2.8. 

• to illustrate the evolution of the lower level safety related documents, through the 
change of input data during conduct of a particular phase of the decommissioning pro-
ject (removal of the pool lining, described in 2.5.1).  

1.4 STRUCTURE 

Since one objective of the test case is to illustrate the application of the “DeSa methodology”, 
the structure of the Annex 2 was adapted to the structure of decommissioning safety assess-
ment proposed by the DeSa project. Thus the information from the original French safety 
documentation have been reorganized to fit to the DeSa structure. 

2 DESCRIPTION OF THE FACILITY AND DECOMMISSIONING ACTIVITIES 

2.1 SITE DESCRIPTION AND LOCAL INFRASTRUCTURE 

2.1.1 The research centre  

Founded in 1956, the research centre served as a civil nuclear research complex. It is now the 
primary research centre of the region in new energy technologies, nanotechnologies and bio-
technologies. 

The research centre has 4 200 employees, 115 laboratories, 10 000 m² of white room on 63 
hectares of terrain. 

The research centre is part of a “science park” which comprises other public and private com-
panies with a total of approximately 10 000 employees. 

The science park is located on a peninsula formed by the confluence of two rivers. The dis-
tance between the polygon and the downtown of the city is approximately 2 km. 

The agglomeration of the city and surrounding communities comprises approximately 
500,000 inhabitants. 
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Figure 1. Aerial view of the site 

2.1.2 The decommissioning programme of the research centre 

The centre is committed to clean up its nuclear facilities before 2012: 

• The research reactor used for this test case stopped operation in 1997, and is being 
dismantled; 

• M, another research reactor stopped operation in 1988, being dismantled; 

• SI, another research reactor at the site, stopped operation in 2002, its decommission-
ing was completed in 2007; 

• L, a laboratory for activated materials, post-operation cleanup is ongoing; 

• ST, a liquid/solid waste treatment facility, post-operation cleanup is ongoing; 

In the real decommissioning project, serving as a basis for this test case, the strategy of im-
mediate decommissioning was chosen, considering the intention of the research centre to re-
use as soon as possible either the reactor building or the terrain. The selected end state was 
unrestricted release of the reactor site. This end state was achieved in the real decommission-
ing project. In order to illustrate the impact of a change of end state during conduct of de-
commissioning to the safety assessment, a hypothetical new end state was defined, as de-
scribed in chapter 2.8. 

 



 

 

 

Figure 2. Aerial view of the research reactor (in the background other facilities at the site) 

2.1.3 The research reactor 

The research reactor was a 35 MWt pool-type reactor, operated between January 6, 1963, and 
December 23, 1997, used for the following purposes: 

• fundamental research on crystalline structures, by means of neutron diffraction; 

• scientific support to the nuclear industry; 

• studies of the behaviour of structures and fuel under neutron irradiation; 

• production of radionuclides for the medical industry; 

• production of doped silicon for the electronics industry. 

 

The experiments were carried out either in the reactor pool or outside the pool, in shielded 
compartments. 

The research reactor facility comprises: 

• a reactor hall; 

• a technical building; 

• an office building; 

• a research laboratory; 

• auxiliary buildings (secondary cooling system auxiliaries, gaseous and liquids effluent 
auxiliaries, air compressors and electrical installations). 
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2.1.4 Description of the reactor hall 

The reactor hall is a cylindrical block made of a reinforced concrete (height 27 m, diameter 
27 m, wall thickness 0.25 m, dome thickness 0.12 m). 

The reactor hall contains: 

• the main pool made of prestressed concrete (height 10,5 m, internal section 4,6 m x 
4,6 m, wall thickness 0,6 m); 

• the auxiliary pool, having a ”U” shape around the main pool; 

• four levels of floors: 

- the level - 3,50 m, including the experimental zone, the primary coolant pump and 
treatment of the water circulating in the experimental devices; 

- the level 0,00 m, including the truck access, the "mixed beds" and the purification 
system of the pool water; 

- the level +3,20 m, including the experimental zone, the access to the heat exchanger 
rooms and a small hot work area; 

- the level + 6,40 m, including the same experimental areas as on the level + 3,20 m, 
the hot cell and the storage of fresh fuel elements. 

The main pool, which contained the reactor core, is located in the reactor hall between levels -
3.50m and +6.40m. The internal dimensions of the main core tank are as follows: length 
4.7 m, width 4.9 m, height 10.5 m. 

Figure 3. General scheme of the research reactor 
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Figure 4. Elevation view of the research reactor 

1 – Raft foundation made of prestressed concrete 7 – Heat exchangers cells 

2 – Biological shield, high density concrete 8 – Primary coolant pump 

3 – Biological shield, ordinary concrete 9 – Polar crane 

4 – Main pool 10 – Truck access 

5 – Auxiliary pool 11 – Plug disposal cell 
6 – Decay pool 12 – Hot cell 

 

2.1.5 Description of the technical building 

The technical building (length 49 m, width 12 m) houses: 

• In the underground level, two galleries of supplies of fluids and a corridor with drains 
and cable shelves; 

• At the ground floor, the room containing entry of high voltage cables, the transformers 
and the exit of low voltage cables, three cells containing the 7.5 kVA inverters of the 
control system of the reactor, the technical hall served by an overhead travelling crane 
of 50 kN, a work area for slightly active work, the resins room equipped with an over-
head travelling crane of 50 kN, and a hot changing room; 

• At the first floor, computer rooms and offices; 

• At the second floor, the control room, electronics room and the office for the radiation 
protection staff. 

2.1.6 Description of the office building: 

The office building comprises three floors and a basement with:  

• At the underground level, the laboratory and radiation protection equipment; 

• At the ground, first and second levels, offices and meeting rooms. 
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2.1.7 Description of the main building complex 

The reactor hall is surrounded by a concentric gallery called the "crown gallery." This gallery 
includes: 

• in the basement, a ventilation room (filters, ventilators for gaseous effluents) and two 
identical rooms each containing emergency ventilation units with very high efficiency 
filters and iodine absorber; 

• at the ground floor, a room dedicated to vent blowing, air recirculation and air condi-
tioning of the reactor hall, a fission products laboratory and its rear storage area, a set 
of workshops offices; 

• at the first floor, a former area for control of loops and ventilation for the fission prod-
ucts laboratory. 

2.1.8 Auxiliary buildings 

The auxiliary buildings surrounding the research reactor are: 

• two suction wells for the secondary cooling system; 

• the discharge into the river from the secondary cooling system; 

• the steel chimney (diameter 0,60 m, height 35 m), which is linked to the gallery by a 
concrete duct buried in the ground (diameter 1,20 m, length: 20 m); 

• the liquid effluents building (semi-buried) with two storage tanks (R3 and R4) and a 
control room; 

• the building housing the air compressors; 

• the building housing the diesel generator; 

• the building housing the batteries and the power inverter. 

 

2.2 SAFETY RELATED STRUCTURES, SYSTEMS AND COMPONENTS 

By April 2008, the remaining systems were the following: 

• Electric power supply, powered either by the public grid (via four transformers) or by 
a diesel generator; 

• Compressed air supply, produced by two compressors (outlet pressure 6 bars); 

• Water supply, delivered by two pumping stations; 

• Ventilation of the hall comprising: 

- An inlet air circuit (total flow 36 000 m3/h); 

- An extraction air circuit, composed of three independent loops (minimum flow in 
the chimney 8 000 m3/h); 

- A recycled air circuit (recycled flow 24 000 m3/h); 

• Radiological monitoring; 

• Fire detection; 

• Flooding detection; 



 

 

• Material handling system, mainly a polar crane (maximum load: 12 t). 

 

2.3 RADIOACTIVE INVENTORY AND RADIOLOGICAL AREA CLASSIFICA-
TION 

2.3.1 Radiological inventory before dismantling 

After the removal of the spent nuclear fuel, the total activity in the entire installation has been 
estimated to 1012 Bq (i.e. in the order of 30 Ci) before the treatment of the main pool. After 
the removal of metallic parts of the main pool, the remaining activity will be 109 Bq (i.e. ap-
proximately 30 mCi). The estimated values, based on calculations, will be updated by meas-
urements during the dismantling, with a view to improve the forecast of the personnel doses. 

The Division of Radiation Protection performs a continuous measurements of radioactivity in 
the atmosphere and monthly dosimetry measurements of surface contamination in the differ-
ent premises of the facility. The measurements are included in the annual review of safety. 

 

2.3.2 Radiological classification of the research reactor 

The initial radiological classification is as follows: 

• ”Orange controlled area” (from 2 mSv/h to 100 mSv/h): only the main pool is orange, 
before removal of the most active parts; 

• ”Yellow-controlled area” (from 25 µSv/h to 2 mSv/h): the main pool (after removal of 
active parts), the channels - 2.50 m, the heat exchanger cells, the purification system 
compartments, storage area for waste packages , the cutting area and the area inside 
the hot cell; 

• ”Green controlled area” (from 7,5 µSv/h to 25 µSv/h): the reactor hall (at + 6.40 m 
and m + 0.00), except for the orange and yellow areas mentioned above, located in the 
lobby of the reactor, the local resin and filters area (local ventilation): 

• ”Supervised area” (below 7,5 µSv/h): storage rooms for very low activity objects, 
storage rooms for very low activity waste, part of the locker room, cold access to the 
reactor hall (level + 0.00 m and m + 6.40), the laboratory and its local storage of sam-
ples. 

The same dose rate criteria apply with respect to both external exposure and air contamina-
tion. When classifying with respect to air contamination a conversion of contamination levels 
to dose rates is performed. 

 

2.3.3 Relative activities in concrete walls and floors 

Beta/gamma spectrum: 

Radionuclide  Ratio 

Mn 54 1 % 

Fe 55 55 % 

Co 60 33 % 

Ni 63 3 % 

Cs 137 8 % 
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Alpha spectrum: 

Radionuclide  Ratio 

Pu 238 35 % 

Pu 239, Pu 240 20 % 

Am 241 15 % 

Cm 242 5 % 

Cm 244 25 % 
 

2.4 OPERATIONAL HISTORY 

2.4.1 Operational events 

From 1966 to 1970, an increase of irregular loss of water from the reactor pool was observed. 
Starting from 1970, a leak through the protective tiles of the pool was observed. A steel plate 
was put in place and reduced the water loss to a normal value (of the order of 900 litres/day). 
In 1977, the main pool was completely drained and the state of the protective tiles was con-
trolled. 

In 1986, a new water leak was detected in the main pool. The main pool was modified. The 
tiles were removed and a stainless steel casing was installed in pool areas.  

The pool areas affected by these leaks are likely to present a risk of residual contamination of 
concrete and will be considered as singular areas during the clean-up work of pools. 

Table 1. Chronology of key events 

Phase  Year  Event 

Operational 
phase  

1961 Authorization of construction of the facility 

1963 First criticality 

1964 Commissioning 

1967 Rise in power from 15 to 30 MW 

1970 
Water leakage in the foundation raft of the main pool - in-
stallation of a plate of sealing in the main pool 

1972 Rise in power from 30 to 35 MW 

1977 
Installation of an epoxy resin (thickness = 4 mm) on the bot-
tom of the pool and 75 cm of the vertical walls 

End of 
1986 

Water leakage in the foundation raft of the main pool 

1987-
1988 

Repair of the sealing of the main pool: removal of the tiling, 
installation of a lining and a tank made of stainless steel 

1992-
1993 

Repair of the sealing of the reactor pond: installation of a 
lining on the tiling 

1997 Final reactor shut down 



 

 

Phase  Year  Event 

1998 
Beginning of the phase of final termination of activity (tran-
sition from operation to decommissioning) 

2002-
2003 

Removal of the experimental devices 

2002 Removal of fuel 

2004 Removal of other dangerous material (Na) 

2004 Installation of biological shielding on the neutron channels 

2004 
Start of draining of the pool on March 26, suspended on 
April 15 

Plan for the de-
commissioning 
phase  

2005 End of draining of the pool 

2005 Decommissioning authorisation January 26, 2005 

2005 Removal of the last dangerous material (NaK) 

2005 Dismantling and removal of the heat exchangers 

2006 Provision of remote operated tools 

2006 Cleaning decontamination pits and reactor pond 

2007 Removal of main pool liner  

 

2.4.2 State of the facility before dismantling 

At the end of the process leading up to the final termination of operation and prior to the dis-
mantling works, the reactor conditions were as follows:  

• The common functions of ventilation, remote alarm, radiological monitoring of the fa-
cility and discharges in the chimney, and electrical distribution were maintained for all 
buildings, 

• The fuel of the reactor had been removed, 

• Experimental devices had been removed, 

• The reactor pool had been drained, 

• The water circuits of the reactor had been rinsed and cleaned, 

• Ion exchange resins had been removed and rinsed, 

• The filters had been controlled and replaced when necessary, 

• Wastes had been sorted, packaged and evacuated according to their nature and level of 
contamination or activation, 

• "Various sources" had been removed, except for the remaining sources used for cali-
brations, 

• Flammable substances (Na, NaK) stored in the facility in watertight containers had 
been removed. 
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2.5 DECOMMISSIONING ACTIVITIES AND TECHNIQUES 

2.5.1 Decommissioning activities 

2.5.1.1 Administrative framework  

The reference framework of safety, protection against radiation and environmental protection 
of the research reactor consists of the following documents: 

• permit for dismantling and technical specifications, delivered by the authorities; 

• safety report; 

• general rules for maintenance and monitoring; 

• emergency plan; 

• environmental impact study, prepared by the owner and subject to examination by the 
nuclear safety authority. 

Additionally, specific operations may be covered by an internal authorization. 

Moreover, a final decommissioning report will be drawn up and transmitted to the safety au-
thority at the end of the work. 

2.5.1.2 Technical framework  

To achieve the dismantling of the research reactor, the operator has identified three different 
groups of work: 

• Group 1: Dismantling of mechanical and electrical equipment; 

• Group 2: Clean-up of concrete surfaces; 

• Group 3: Dismantling of general auxiliaries. 

 

Group of work 1: Dismantling of mechanical and electrical equipment 

At the beginning of this group of works, the core tank is empty of water and all removable 
radioactive components have been removed (core grid, stools, etc.). The works consist of dis-
assembling and/or cutting out the following electromechanical equipment: 

• The core tanks: 

- Main core tank; 

- Auxiliary core tank; 

- Structure shared by both the core tanks; 

- Core tank wall penetrations; 

- Safety circuits associated with the core. 

• The hydraulic circuits: 

- Reactor cooling system: Decay tanks, heat exchanger cells; 

- Secondary cooling system; 



 

 

- Hot layer and purification circuit. 

• Nuclear auxiliaries: 

- Hot cell; 

- Neutron channels; 

- Liquid waste circuit. 

The tools/processes are defined by the prime contractor. The following are examples of the 
disassembly and cut-out tools/processes: Wrenches and bar manipulators, cutting machine, 
sabre saw, nibbling machine, hydraulic shears, oxy cutting, etc. It is required that specific 
safety analyses related to the use of these tools are carried out by the prime contractor before 
the start of work. Most of these tools were used during the reactor operation period in the cut-
out zone at +6.40 m, in the hot cell and in the core tanks. 

Dismantling of core tank electromechanical equipment 

The following operations have to be done for the dismantling of electromechanical equip-
ment: 

• Cut-out and removal of primary cooling system piping welded to the main core tank 
vessel (right- and left-hand flow nozzles); 

• Cutting out of the main core tank stainless steel vessel; 

• Removal of resilient posts located in the bottom part between the vessel and liner; 

• Cutting out of the main core tank stainless steel liner; 

• Cutting out of the auxiliary core tank stainless steel liner; 

• Conditioning and removal of the waste produced. 

Electromechanical dismantling of hydraulic and nuclear auxiliary circuits 

The following operations have to be done for the dismantling of electromechanical equip-
ment: 

• Reactor coolant system: 

- Cutting out of decay tank liners and baffles; 

- Disassembly and/or cut-out of components installed in the heat exchanger cells (ex-
changers, valves, piping, etc.); 

- Disassembly of primary cooling pump casing: P1, P2 and P3. 

• Secondary coolant system: 

- Disassembly of the discharge channel up to and including the Effluents Building, 
Z14, cf. Figure 3; 

- Disassembly of piping and valves located downstream from the exchangers. 

• Demineralised water circuit: Disassembly of the demineralised water production sta-
tion; 

• Hot layer circuit: Disassembly of hot layer circuit equipment (piping, valve, electrical 
heater and two hot layer exchangers); 
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• Purification circuit: 

- Removal of vessels, bunkers, mixed beds; 

- Removal of bunker roofing slabs using the travelling crane, then transfer of vessels 
to the cut-out zone at +6.40 m; 

- Disassembly of circuits located in the purification zone (piping, valve, pumps, fil-
ters, heaters, etc.). 

• Resin transfer circuits (IER): 

- Disassembly of equipment installed in the resin room (piping, valve, water tank, 
clean resin and active resin storage drums); 

- Disassembly of equipment installed outside the Facility (“buried S” tank). 

• Hot cell: Disassembly of various pieces of hot cell equipment (work table, tooling, 
travelling beam, etc.); 

• Neutron channels: Possibly cut-out of neutron channel noses; 

• Removal of waste: 

- Removal of medium-level waste, packaged in concrete casing; 

- Removal of very low-level and low-level waste, packaged in barrels or casing. 

The main pool of the research reactor 

Before the liner removal, the main pool of the research reactor was emptied of its water and 
its easily dismountable equipment. The metal elements remaining in the pool (made of aus-
tenitic stainless steel1) are as follows: 

• square lining (section 4.6 × 4.6 m, height 10.3 m, thickness 4 mm) welded onto stain-
less slats bolted on the walls of the pool. The bottom of the lining rests on a support of 
reinforced concrete (thickness 57 mm) poured on the foundation raft; 

• circular tank (diameter 4.3 m, height 6.7 m, thickness 7 mm) connected to the square 
lining by a step. The bottom of the tank (thickness 20 mm) rests on a bed of resilient 
studs; 

• part of the primary circuit made up of stainless steels sheets welded directly onto the 
tank at 600 mm height; 

• neutron channels; 

• other elements supporting the core; 

• remaining materials from experiments. 

 

                                                

1 Austenitic stainless steel with chromium nickel Z2 CN 18/10 (denomination 304L according to the American iron 
and steel institute or X2CrNi18-10 according to the standard EN 10088). 



 

 

 

 
 

 

Figure 6. Circular tank (in green) and square lining (in blue) 

 

Figure 5. Main pool view in 2004 (water evacuated) 
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Figure 7. Components of the main pool as seen from top 

1 - Primary cooling loop diffusers 11 - Hot layer diffuser 

2 - Support of the core 12 - Lining drain  

3 - Primary cooling loop outlet 13 - Sleeve 

4 - Valves for natural convection 14 - Neutron radiography pit (access) 

5 - Tangential channel (physical measure-
ments) 

15 - Neutron radiography pit 

6 – Right tangential channel  16 - Connection of the lining and the tank 

7 – Left tangential channel  17 - Connection of tank and working pool  

8 - Rupture disk detection circuit 18 - Stool 

9 - Purification return (full slap) 19 – Sliding gate 

10 – Hot layer diffuser 20 – Core grid plate 

 

Manual or remote operated pool removal?  

The draining of the pool started on March 26, 2004 and was suspended on April 15, 2004, 
following a significant and unexpected increase in the dose rate at the edge of the pool. A 
radiological survey carried out then resulted in: 



 

 

• the identification of an activation of the structures due to neutron diffusion in the vol-
ume of air between tank and lining; 

• an estimate of the dose rate at the bottom of the tank after draining at several mSv/h 
(from 2 mSv/h in the centre of the pool to 15 mSv/h at the contact with the neutron 
channels) and the maximum activation of stainless steel at a few tens of kBq/g. The 
working area was thus classified orange zone from the radiological point of view; cf. 
the definitions on page 12. 

The work could have been performed manually if there had been only surface contamination 
corresponding to the initial reference frame, based on analyses of pool water, measurements 
of contamination and the experience feedback from similar pools (10 Bq/cm² of β and γ emit-
ting radionuclides and 0.015 Bq/cm² of α emitting radionuclides). Under the actual radiologi-
cal conditions, a manual liner removal would have involved a collective dose of approximate-
ly 5.6 man Sv, disproportionately higher than the collective dose of 122 man mSv planned for 
the whole of the dismantling of the research reactor, mentioned in the safety report. 

According to the ALARA2 principle, a thorough analysis of several scenarios was carried out 
in 2004, making it possible to define the optimal solution in term of personnel exposure, cost 
and technical feasibility, namely a mixed remote operated and manual solution: 

• remote operated for the most activated elements (tank, lining and neutron noses of 
channels between the levels 3.2 m and – 2.5 m); 

• manual for the remaining parts of the equipment (channels, top and bottom part of the 
pool). 

The collective dosimetric evaluation of this solution (47 man mSv) was compatible with the 
objective of 122 man mSv planned for the whole of the dismantling of the research reactor 
(see also 5.4.2.3). 

Once the origin of activation had been identified and the precise strategy had been chosen, the 
draining of the pool could be resumed and it was completed in 2005. 

 

Group of work 2: Clean-up of concrete surfaces 

These works consist of cleaning the concrete walls where necessary (inside the core tank, 
neutron channels, etc.) to the level which allows the declassification of the facility's rooms to 
“Zone without added radioactivity” in terms of the classification of waste and to “Non-
regulated zone” in terms of radiation-protection area classification. The walls of the different 
rooms are classified into four categories according to their radiological history. 

These works essentially consist of scabbling and coring the concrete of the walls. 

The work of cleaning the concrete is governed by the achievement of surface decontamina-
tion objectives (specific activity levels and surface contamination levels defined by the opera-
tor as shown in Table 2 below).  

                                                

2 ALARA = "As Low As Reasonably Achievable" introduced in 1977 by the International Commission of Radiologi-
cal Protection, ICRP, stating that exposures must be maintained as low as reasonably achievable, economic and social 
factors being taken into account. Concretely, it is a question of decreasing the exposure time, of moving away from the 
source or of establishing shielding. 
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Table 2 Clean-up criteria for surfaces 

 β,γ emitters α emitters 

Fixed contamination 0,4 Bq/cm2 0,04 Bq/cm2 

Non-fixed contamination 0,04 Bq/cm2 0,004 Bq/cm2 

Specific activity 0,4 Bq/g 0,04 Bq/g 

Tritium 100 Bq/g 

 

The target value of 0.4 Bq/cm2 relates to the 60Co (the nuclide vector is 55% 60Co, 25% of 
55Fe and 20% of 63Ni). For β emitters (Ni and Fe), the objective is of the order of 1 Bq/cm2.  

[Note: According to the operator, this objective does not change the radiological impact asso-
ciated; the contribution to the dose rate of 55Fe and 63Ni is negligible compared to that of 60Co 
(100 to 1000 times lower)]. 

The operations in the Group of work 2 consist of cleaning the concrete walls of the reactor 
and can be broken down as follows: 

• Removal of ceramic tiles in the auxiliary core tank and decay tanks; 

• Scabbling of concrete walls of the core tanks (if necessary); 

• Extraction of the neutron channel sleeves and concrete coring; 

• Coring of other core tank penetrations if necessary; 

• Clean-up, if necessary, of the walls of the hot cell, the fission product laboratory and 
other rooms; 

• Conditioning and removal of the waste produced; 

• Radiological characterization study of all cleaned walls and checking that the clean-up 
objectives have been achieved. 

 

Group of work 3: Dismantling of general auxiliaries 

This group includes work operations for completing the dismantling of the general reactor 
auxiliary systems (ventilation, monitoring networks, etc.) and achieving the final radiological 
status consistent with the objectives for the decommissioning of the facility (i.e. termination 
of the authorisation). This work cannot be completed before all the work of the two preceding 
groups of work has been completed. The facility ventilation and monitoring networks may be 
gradually disassembled in the following order: 

• Disassembly of ventilation equipment from the fission product laboratory and the hot 
cell (ventilator, valves, filters, ducts, etc.); 

• Disassembly of the hall emergency ventilation equipment (ventilators, valves, filters, 
ducts, etc.); 

• Disassembly of normal hall ventilation equipment (ventilators, valves, filters, ducts, 
etc.); 

• Disassembly of radiation detectors and connections; 



 

 

• Disassembly of equipment in the liquid waste receiving room (in the Effluents Build-
ing, Z14, cf. Figure 3); 

• Disassembly of the control room and associated auxiliary buildings and electrical cir-
cuits; 

• Disassembly of the electronic and electrical equipment rooms; 

• Any installation work required (e.g. new electrical circuits); 

• Removal of equipment and tools from the controlled zones; 

• Radiological characterization study of all rooms with a view to the decommissioning 
request. 

 

2.5.2 Decommissioning techniques 

It is the responsibility of the contractor to provide and use the adequate tools, on condition 
that a demonstration has been carried out of the safety of their use in accordance with the re-
quirements of the decommissioning safety report. 

Depending on the group of works concerned, the tools that can be used are as follows: 

Treatment of metal: 

• Plasma cutting torch; 

• Grinder; 

• Chainsaw; 

• Sabre saw 

• Circular saw; 

• Jig saw; 

• Nibbler; 

• Hydraulic shears; 

• Oxygen cutting equipment; 

• Brush; 

• Sand blasting equipment; 

• Power chisel; 

• Grappler arm; 

• Steel shears; 

• Wrenches; 

• Bar manipulators; 

• Cutting machine. 

Treatment of concrete: 

• Laser; 
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• Diamond tools: wall saw, wire saw, grinding tool, drilling tool, slitting tool, angle 
grinder; 

• Bush hammer; 

• Sander; 

• Hammer, breaker; 

• Concrete shear, crusher, pulveriser; 

• Bucket. 

Treatment of soil: 

• Simple, ditch cleaning or loader buckets; 

• Clamshell grabs; 

• Drilling machine; 

• Auger. 

The techniques and tools for dismantling advocated by the operator and usual in this kind of 
site decommissioning and clean-up work are: 

• site confinements (waterproof vinyl sleeve, ventilated vinyl tent). A cutting post will 
be located in a ventilated stationary tent (tent workshop); 

• recovery systems and trapping of particles placed as close as possible to the release 
points during dismantling operations carried out in the tent workshop; 

• decontamination of vessels or piping by processes using chemical foam. 

 

2.5.3 External dose rate during dismantling 

Most of the dismantling activities will take place in the background radiation of the reactor 
(dose rate on the order of 1 µSv/h). However, some of the tasks will take place in areas with 
significantly increased dose rates: 

• Of the order of 100 µSv/h for the removal of the three neutrons channels. This work 
will be carried out prior to operations inside the pool to reduce external dose rates to 
less than 1 µSv/h; 

• Of the order of 10 µSv/h for the dismantling operations of mechanical equipment of 
the reactor circuits (Group of work 1); 

• 50 µSv/h maximum for the most active channel during the clean-up of concrete neu-
trons channels (Group of work 2); 

• For the work of the group 3, the average dose rate is estimated to 0.1 µSv/h. 

The operator will carry out a radiological mapping prior to the start of operations. 

 

2.5.4 Internal exposure during dismantling and demolition 

The main sources of potential internal exposure are as follows: 

• Degassing of concrete structures of the reactor hall inducing releases of tritium; 



 

 

• Dry cutting and demolition of concrete structures producing airborne contamination. 

The volume specific activities in the air have been estimated to: 

• Of the order of 100 Bq/m3 in the hall of the reactor during the dismantling of the block 
pool; 

• Of the order of 10 Bq/m3 at work on the casing for the research reactor, as well as for 
decommissioning the tank, decontamination and cutting of contaminated and / or acti-
vated objects; 

• On the order of several Bq/m3 for the stripping of contaminated and / or activated sur-
faces. 

The activity concentrations for the various projects will be assessed more accurately before 
work commences. 

 

2.6 RADIOACTIVE WASTE AND DISCHARGES MANAGEMENT 

In this chapter all streams of radioactive wastes (RAW) to be expected during the decommis-
sioning activities are identified and described. 

The expected radioactive wastes are represented by: 

• the solid radioactive wastes (according to the level of activity it can be high level 
waste, medium level waste, low level waste and very low level waste); 

• the liquid radioactive waste: 

o the aqueous effluents, which due to their characteristics cannot be classified 
and managed as discharges and have to be transferred to the Waste Treatment 
Plant or to the treatment station of another research centre; 

o organic liquids and oils, that may be transferred to the Waste Treatment Plant 
or to the treatment station of another research centre. 

For every type of solid and liquid RAW, the quantities to be generated are identified, as well 
as types and numbers of containers (drums) needed. Also for every type of waste, the treat-
ment facilities, storage and/or disposal facilities are identified. 

Requirements and safety criteria for the safe management of radioactive waste that shall be 
implemented during decommissioning are presented in the Chapter 3.6. 

Radioactive discharges are represented by: 

• aqueous effluents; 

• gaseous effluents. 

2.6.1 Solid and liquid RAW generated by the dismantling 

2.6.1.1 Solid waste 

The waste study specifies the nature, quantity and management of radioactive and non-
radioactive waste, which is expected to be produced during dismantling operations. 
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Table 3 Overview of waste generated during decommissioning 

Radiological 

type 
Physical nature Type of package Waste route 

Number of con-

tainers 

Standard 

From non-

contaminated 

area 

 30 m3 container 
Typical routes 
for conventional 
waste 

10 

Very Low Ac-

tivity 

(VLA) 

Non-
combustible: 

soils, debris, 
glass, metal, ca-
bles 

2 m3 container 

Managed by the 
Radiation Protec-
tion Department 
while awaiting 
transit to the re-
pository for very 
low-level waste 

268 

Combustible: 
wood, cardboard, 
plastic 

brown drum, 
118 l 

Incineration at 
incineration plant 
(transit via Waste 
Treatment Plant) 

288 

Low activity 

(LA) 

 

Compactable: 

metal parts 
(stainless steel, 
aluminium) 

soils, debris 

5 m3 container or 
120 l drums 

Storage in a li-
censed facility 

28 

Combustible: 

cardboard, 
gloves, over-
shoes, adhesives, 
vinyl sheets 

brown drum, 
118 l 

Incineration at 
incineration plant 
(transit via Waste 
Treatment Plant) 

952 

Combustible, 
impregnated with 
alcohol or sol-
vent: 

swab, cotton, rag 

pehd drum, 120 l 

Incineration at 
incineration plant 
(transit via Waste 
Treatment Plant) 

100 

lead 1 tonne box 

Storage in a li-
censed facility 
following encap-
sulation at Waste 
Treatment Plant 

84 

Medium Activi-

ty 

(MA) 

metal parts Concrete box  
Storage in a li-
censed facility 

5 



 

 

Radiological 

type 
Physical nature Type of package Waste route 

Number of con-

tainers 

High Activity 

(HA) 
metal parts cask 

Interim storage 
in decay shaft 
(Waste Treat-
ment Plant) 

6 

 

2.6.1.2 Liquid radioactive waste 

Aqueous effluents, which due to their characteristics cannot be discharged into the EES3: 

• These effluents do not meet the chemical or activity criteria for discharge and have to 
be transferred to the Waste Treatment Plant or to a treatment station of another re-
search centre. 

• Packaging/transportation: carboys/tank truck. 

• Quantity: 5 tank trucks measuring 7 m3 and around twenty carboys. 

• Waste Treatment Plant acceptance criteria for the liquid waste specify the activity lim-
its and other technical specifications to be complied with. 

• Waste Treatment Plant actions: Treatment of the liquid waste in one of its facilities, 
depending on the waste characteristics. 

Organic effluents and oils: 

• Source: Hydraulic and other drained oils, reagents and surface active agents used for 
decontamination. 

• Conditioning: in carboys (oils and solvents are held in separate containers). 

• Quantity: The volume of draining oils which may be generated by the work is as-
sessed at a few dozen litres. 

• Waste Treatment Plant acceptance criteria specify the activity limits and the physical 
and chemical characteristics to be complied with. 

• Treatment at incineration plant or sent to another of the company’s facilities if the in-
cineration plant criteria are not fulfilled. 

2.6.2 Radioactive discharges 

2.6.2.1 Aqueous effluents discharged to the EES 

• Very low-activity water (effluents generated by operation and works) 

• Discharge circuit: Network and effluent vessels of building Z14 – removal by 20 m3 
batch (useful volume of an effluent tank). 

• Measurement of activity: the Radiation Protection Department performs an alpha, to-
tal beta and tritium analysis by taking samples before the start of discharge into the 
EES. 

• Quantity: Estimated at 200 m3. A quantity minimization principle is applied. 

                                                

3 Sewage system for effluents that are expected not to contain activity above limits. The activity content of the efflu-
ents is controlled before release into the ordinary sewage system. 
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• Conditions for discharge to the EES: according to the provisions of the discharge de-
cree for the site. 

2.6.2.2  Gaseous effluents 

• The gaseous effluents released to the air come from the facility's ventilated zones (re-
actor hall). 

• Discharge/treatment circuit: Effluents pass through the very high-efficiency filters and 
are released via the chimney. 

• Measurement of activity: The activity level of gaseous effluents released to the chim-
ney is constantly monitored by continuous air monitors. A specific device measures 
the released activity. 

• The released activity (β/γ of aerosols, tritium) is subject to a monthly assessment per-
formed by the Radiation Protection Department. 

• The site management is responsible for controlling that the measured emissions are 
within the site effluent release permit. 

 

2.7 SUPPORTING FACILITIES 

Decommissioning operations at the facility benefit from the support of other facilities and 
other services of the organization, such as: 

• Wastes from decommissioning are packaged at the facility, they are then sent to the 
waste treatment plant and waste site for radiological characterization. They are then 
transported to the disposal sites for radioactive waste according to their characteris-
tics; 

• Samples for radiological characterization are sent to the measurement laboratory of 
the radiation protection unit, which is located on the site; 

• Medical examinations of staff are made by the medical unit; 

• Technical services provide maintenance of the ventilation equipment; 

• The local security forces intervene in cases of alarms from the installation. 

 

2.8 END STATE 

In the real decommissioning project of the Siloé research reactor, which provided the base for 
this test case, immediate dismantling was chosen as the decommissioning strategy, taking into 
account the intention of the research centre to reuse as soon as possible either the reactor 
building or the terrain. The proposed end state was release of the reactor site without re-
strictions. This end state was achieved in the real decommissioning project. 

During decommissioning, a change of the initially proposed end state may be prompted by 
various reasons, for example: 

• The operator finds a new application for a building that originally was planned to be 
demolished. This new application will involve work with radioactive material and, 
therefore, it does not make sense to clean the building up to a “greenfield”; 



 

 

• During the decommissioning work it turns out that the anticipated end state cannot be 
reached without undue expenses and, therefore, the operator applies to the regulators 
for a changed end state. 

In order for the test case to illustrate the impacts to the safety assessment of a change of end 
state during the conduct of decommissioning, a hypothetical new end state has been defined. 
This end state has the following characteristics: 

• The reactor building will be reused for storage of waste from future decommissioning 
projects at the site; 

• There will be access to the building for qualified personnel (occupationally exposed 
workers) only; 

• The adjacent office buildings will remain for office use; 

• The internal reactor structures will be demolished down to the floor at level -3.50 m; 

• A new ventilation system will be installed in the reactor building; 

• Some contamination that has penetrated into the concrete floor of the building will 
remain. 

 

3 SAFETY ASSESSMENT FRAMEWORK 

3.1 CONTEXT OF SAFETY ASSESSMENT 

The safety assessment applicable to the decommissioning of this research reactor must be 
drawn up in compliance with the applicable legislation and regulations of the competent au-
thorities.  

3.2 SCOPE OF THE ASSESSMENT 

This safety assessment is one of the documents making up the decommissioning licensing 
package, which is sent to the competent authorities to enable the licensing or authorizing of 
the decommissioning work to be performed.  

The provisions that it defines are incorporated in the working level documents used for de-
commissioning operations. For this reason, it is the reference document for the drawing up of 
the General Safety and Maintenance Rules to be followed to maintain a satisfactory level of 
safety during the dismantling and clean-up operations. 

Waste generated during decommissioning will be transferred to the proper waste management 
facilities available elsewhere on the site. Processing of the waste in these facilities will be 
done according to the appropriate safety report of these facilities and is therefore not included 
in this decommissioning safety assessment. 

The scope of this report is limited to the decontamination and the dismantling of the reactor 
facility. 

3.3 OBJECTIVES OF THE ASSESSMENT 

The objective of the safety assessment is to demonstrate the safety of the decontamination and 
dismantling activities proposed in the decommissioning plan for the research reactor. The 
focus of the assessment will be on radiological hazards. For conventional or industrial hazards 
only the radiological consequences will be evaluated. It will be demonstrated that the de-
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commissioning activities can be carried out safely, without undue exposure of the workers, 
the public and the environment. 

3.4 TIMEFRAME 

The decommissioning of the facility is scheduled to be carried out within a time frame of sev-
en years (including time for administrative actions for the site release at the end). The initially 
planned decommissioning activities are separated into the following phases: 

- Decontamination and dismantling of electromechanical equipment and systems; 

- Decontamination or demolition of the concrete structure: activated part (reactor 
block) and contaminated parts; 

- Demolition of auxiliary circuits; 

- Change of waste classification (from nuclear to conventional zone); 

- Demolition of reactor hall building; 

- Site clean-up; 

- Final activities, including final radiation survey and preparation of the final docu-
mentation. 

A graphic representation of the duration and interdependences of the phases of the decommis-
sioning are shown below. 

 

 

Figure 8. Time schedule for the decommissioning 

DISMANTLING WITHOUT RADIATION 

DISMANTLING UNDER RADIATION 

Regulatory release of 

nuclear waste 

Decommissioning license 

Sending application for the regulatory release of 

nuclear waste 

FINAL DISMANTLING 

END OF DISMANTLING OPERATIONS 

END OF THE REMOTE DISMANTLING OF THE MAIN POOL 

LINER 

Sending application for site release 
Radiological controls 



 

 

 

3.5 END POINTS OF THE DECOMMISSIONING GROUPS OF WORK 

Table 4 presents the main characteristics of the three groups of work and their final statuses 
for a given system/structure or part of the facility. 

Table 4. Main characteristics of the three groups of work 

Group of work 1 2 3 

Initial status Empty core tank status Electromechanical disas-
sembly completed 

Cleaned concrete walls 

Objective and 

nature of the 

work in the 

group 

Disassembly and/or cut-out 
of electromechanical 
equipment. 

Clean-up of concrete walls 
depending on the category 
of the room 

 

Disassembly of facility 
ventilation and monitoring 
equipment 

Demonstration of the 
achievement of the radio-
logical level required for 
decommissioning of the 
Facility. 

End point Electromechanical disas-
sembly completed 

Concrete walls cleaned Termination of authoriza-
tion 

Waste category Intermediate level, low 
level, very low level 

Low level, very low level Very low level 

 

 

3.6 REQUIREMENTS AND CRITERIA 

3.6.1 Requirements 

The licensing authorities have prescribed the general technical instructions specified below: 

Obligations prior to decommissioning operations. 
Prior to opening a worksite for decommissioning operations, the operator is required to:  

• Define the scope of the operation, the movement of employees, equipment and waste 
and the provisions taken to avoid possible radioactive contamination transfer to unaf-
fected worksite areas through decommissioning operations; 

• Draft the operating procedures and modes for decommissioning operations. 

Modifications to decommissioning operations 
It is required that decommissioning operations for the research reactor are carried out in ac-
cordance with conditions set out in the decommissioning authorization. It is required that the 
Regulatory Body is notified of any modification leading to an update of the relevant docu-
ments. 

The following requires authorization by the Regulatory Body: 

• Modifications to decommissioning operations, even temporary, which require a com-
prehensive safety re-evaluation, 
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• Modifications, even temporary, which do not comply with technical instructions, set 
by the Regulatory Body. 

Inspection of systems contributing to safety 
It is required that the correct operation of different systems or equipment contributing to the 
facility’s safety during decommissioning of the research reactor is inspected in compliance 
with current regulation at a frequency specified in the general monitoring and maintenance 
rules, and after any operation on this equipment. More specifically, it is required that correct 
operation of radiation detection, security and management devices is subject to regular moni-
toring and maintenance operations in order to provide reliable instructions to detect important 
changes in safety parameters, and to ensure the continued safety of the facilities. It is required 
that the corresponding documents are archived and made available to the facility inspectors. 

Facility quality and record management 
The operator is required to ensure appropriate quality for components of the modified facility 
through implementation of a set of planned and systematic monitored actions, based on writ-
ten and archived procedures.  

The operator is required to produce a list, a classification and provide archiving for all docu-
ments relating to operations covered by the present authorisation (specifically a description 
and assessment of performed operations and radiological status). The operator is required to 
ensure conservation of this archive.  

Confinement and protection against the risk of dissemination of radioactive substances  
It is required that the facility is monitored so that it complies with all applicable rules con-
cerning protection against dissemination of radioactive substances inside the facility and in its 
environment.  

It is required that the report for this monitoring is submitted annually to the Regulatory Body.  

It is required that all important safety alarms are directed to the premises where personnel are 
on duty. Near monitored premises and in places known for operation services, detailed infor-
mation is required to be available to enable that detected event is kept confined and that an 
efficient action can be taken. 

Protection of workers and the public against ionising radiation  
It is required that controlled areas are marked outside and inside the facility in accordance 
with the conditions set by national regulations.  

In accordance with current regulation on the limiting of annual doses that can be received by 
workers and the public, it is required that appropriate provision are taken so that the effective 
individual and collective doses received by workers and the public remain as low as reasona-
bly achievable (ALARA).  

After the decommissioning operations, the operator is required to send to the Regulatory 
Body a radiological report covering the period of decommissioning works. 

Waste management  
The operator is required to make effort to reduce the volume of waste produced during the 
decommissioning operations and to optimise its management by ensuring that the waste is 
recovered or handled as few times as possible. It is required that disposal routes are allocated 
for all waste streams. 

It is required that, without contravening application of the public health code, waste resulting 
from the decommissioning operations is sorted in accordance with its nature and category of 



 

 

chemical or radiation risks to facilitate its handling, recovery by reuse or recycling, treatment 
and subsequent disposal in authorized facilities. 

At the very least, the operator is required to take all appropriate provisions to reduce the 
number of packages containing waste, which are to remain temporarily in the facility whilst 
awaiting removal. No waste is allowed to be temporarily stored inside the facility for more 
than two years without authorisation from the Regulatory Body. 

The operator is required to take responsibility for waste produced during the decommission-
ing phases and to ensure waste tracking based on written and archived documents, from the 
waste generation until its ultimate disposal in authorized facilities. 

It is required that the inventory of generated waste is kept up-to-date corresponding to the 
progress of decommissioning operations, particularly with respect to quantities produced, 
radiological characteristics and the source of the waste. It is required that such data is reported 
in the annual safety report of the facility, which is to include also forecasts of waste quantities 
for the following year. 

After completion of the decommissioning operations, the operator is required to send to the 
Regulatory Body a report on the inventory of radioactive and non-radioactive waste, generat-
ed during decommissioning, in which their physical and chemical nature, volume, activity, 
associated radiological spectrum and their proposed handling are to be specified. 

Fire protection  
It is required that provisions are taken to limit the risks and consequences of fires within the 
facility, enabling their detection; preventing them from spreading and ensuring they are ex-
tinguished.  

It is required that, during all decommissioning phases, the escape routes are clearly deter-
mined, identified and brought to the attention of all personnel present in the facility. It is also 
required that safety exercises are organized regularly, at least annually, and reports of these 
exercises are made available to the nuclear facility inspectors. 

Protection against environmental hazards  
It is required that provisions are taken to ensure sufficient confinement of radioactive sub-
stances, taking account of all plausible circumstances that may result from normal or acci-
dental operation of neighbouring facilities, in particular the dynamic effects of missiles. 

The operator is required to inform the competent authorities of all changes in the project with 
potential impact on the environment , and to submit a report specifying the consequences of 
the envisaged changes, taking account of foreseeable normal or accidental circumstances, to 
the competent authorities. 

Personnel training  
It is required that the personnel involved in the decommissioning works have adequate pro-
fessional skills and specific training on nuclear safety and radiation protection. 

Transport of radioactive materials  
It is required that the transport of radioactive materials packages is subject to radiological 
inspections upon their receipt and before their removal from the facility. 
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3.6.2 Safety criteria 

3.6.2.1 Safety functions to be ensured during the works  

This safety assessment, dealing with nuclear and radiation safety aspects, examines the radio-
logical risks with regards to the workers, the general public and the environment, as well as 
industrial risks, when such risks may have radiological consequences. 

Throughout the various decommissioning phases, the safety functions to be maintained at the 
facility have to ensure the following: 

• Management of risks of external exposure; 

• Management of risks of internal exposure. 

It is required that the safety functions, defined in compliance with recommendation no.4 of 
the “Company Nuclear Safety Manual” are provided as long as the facility contains signifi-
cant radiation source terms, which may have an impact on the workers, the public and the 
environment. 

To identify and assess the radiological hazards related to decommissioning activities, it is 
helpful to specify, in a very general way, all inventory of radioactivity within the facility, ex-
cluding any tritium, which may be present in the concrete, at the following stages: 

• “Final shutdown” phase, prolonged until the draining of the core tank:  

At ≈ a few 1015 Bq i.e. around 100 000 Ci (excluding reactor feeder fuel) 

This value corresponds to the activity of the High Activity (HA) bins, which are re-
moved to the waste storage for decay. It essentially corresponds to the lower sections 
of the irradiation devices and to certain items of core tank equipment, which will be 
disassembled before draining. 

• Dismantling phase following treatment of the channels: 

At  ≈ several 1012Bq i.e. around 100 Ci (essentially in the channels) 

This value corresponds to the activity of the channels and in particular of the core tank 
side section ("channel nose"). 

• Dismantling phase following treatment of the channels: 

At ≈ several 109 Bq i.e. around 0.1 Ci (essentially in the core tank block) 

This value, substantially overestimated to take into account any “hot spots”, essential-
ly corresponds to the activity present in the form of contamination of the core tank 
walls and the exchangers. 

3.6.2.2 Dose objectives 

The above mentioned values clearly show that the most important part of the work in terms of 
dose is the removal of the three neutron channels. The dose rates are higher at this reactor 
than at the reactor M on the channel noses, particularly the radial channels. Thus, the initial 
dose objective, established before any optimization process takes place is, would be higher 
than the one set for the reactor M. 

However, taking into account the experience feedback from the similar activities undertaken 
at the reactor M, the chosen dose objective is for a factor of two less than the power ratio of 
the two reactors. For the rest of the clean-up operations, the same dose objective to that at the 
reactor M is established, although the size and the complexity of the current reactor is larger 
than that of the reactor M. 



 

 

The following dose objectives apply: 

• Collective effective dose:  

- worksite in the channel noses: 20 man mSv 

- worksite in the 2nd group of works: 100 man mSv 

- worksite in the 3rd group of works: 2.5 man mSv 

• Individual effective dose:  

- worksite in the channel nose: 10 mSv 

- worksite in the 2nd group of works: 10 mSv 

- worksite in the 3rd group of works: 1 mSv 

These objectives, which are dose constraints as defined by the International Commission on 
Radiological Protection (ICRP), are therefore the upper limits for the effective dose values 
resulting from the optimization process that are to be complied with, particularly the ones for 
the works with the channels. 

In the context of the optimization process that will be implemented, only radiation protection 
provisions leading to doses lower than these constraints will therefore be chosen. 

However, it needs to be noted that exceeding these objectives in no way constitutes a viola-
tion of the regulations. In case of such event, an analysis of the causes of the excess would 
have to be carried out, which would result in a new iteration of the optimization process. 

3.6.2.3 Dose optimization principle 

The previous values clearly show that the only worksite, which could lead to significant ex-
posures of workers is the channel nose worksite; it is the only hot spot remaining in the facili-
ty. The various activities at other worksites involve more than 20 000 hours of work, predom-
inantly in the facility's background radiation fields. For all these batches, the application of 
the facility's ALARA procedure does not lead to significant reduction of already low expo-
sures, so there is no benefit from the implementation of a complete, formalized optimization 
process. 

Therefore only the channel nose worksite, which involves potential dose rates measured in 
hundreds of mSv/h, requires a formalized optimization process. This optimization process 
may be described in the following way: 
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The relevant indicators (the criteria) chosen for selection of the “best” option for this work 
package are as follows: 

• Technical feasibility; 

• Dosimetry; 

• Safety; 

• Security; 

• Duration. 

3.7 ASSESSMENT OUTPUTS 

The safety assessment analyzes the effective doses to workers and to members of the public, 
both during normal decommissioning conditions and during anticipated incidents or acci-
dents. The results of the assessment are compared with the safety criteria set out in Section 
3.6.2. If the assessment results are compliant with the criteria, the decommissioning activities 
can be carried out as planned. Otherwise, appropriate modifications are necessary resulting in 
a re-assessment of safety on base of the modifications performed. In addition, conventional 
hazards are identified, but no quantitative analysis is carried out. 

 

Examination of the problem to be ad-
dressed 

Identification of the radiation 
protection options 

Qualitative or quantitative assessment of the perfor-
mance of the options/criteria to be chosen 

Ranking of options according to their quantitative and 
qualitative performance 

Choice of the “best” option 

APPLICATION 

Experience feedback analysis 

Figure 9. Dose optimization process for the channel nose removal 



 

 

It is typically required that a safety assessment is prepared and submitted to the Regulatory 
Body for a review and approval, before an authorization (license) for decommissioning is 
granted and decommissioning activities can start. The format and content of the safety as-
sessment might depend on the national legal and regulatory system and requirements of the 
Regulatory Body, and might be different for different types of facilities. 

3.8 SAFETY ASSESSMENT APPROACH 

According to the safety assessment methodology proposed within the DeSa project, the main 
steps in performing a safety assessment for the decommissioning of a nuclear facility are: 

• Definition of regulatory requirements and criteria that form the boundary for the safe-
ty assessment. A summary is given in sections 3.1 to 3.6. 

• Preliminary analysis of the facility conditions and hazards, including radiological 
characterization, possible release pathways etc. The analysis pursues the aim of 
providing an initial identification of hazards that the facility and the foreseen decom-
missioning activities may pose. Information is presented in chapter 2, 4.1 and 4.2. 

• Hazard categorization and preliminary hazard assessment of the facility and its sys-
tems, structures and components, in order to gain a first overview of the hazard poten-
tial and to assign the facility/the decommissioning work into the appropriate hazard 
category. The results of the preliminary assessments are presented in section 4.1. A 
decision about the needs for more detailed assessments and selection of assessment 
depth is made based on these results. 

• Performance of (detailed) safety assessment for decommissioning: evaluation of haz-
ard consequences for panned decommissioning activities and for incident or accident 
situations. The results are presented in chapter 5. For some scenarios mitigation of the 
effects is possible by means of engineered adaptations to process and safety systems. 
The analyses of engineering options are given in section 6, while the overall evalua-
tion is given in section 7. 

• Finally, monitoring of how the results of the safety assessment are implemented is re-
quired to verify the effect of the engineered adaptations and to validate the results of 
the calculations. 

The safety assessment for this test case facility is based on a deterministic analysis mainly 
using conservative assumptions. Both relevant normal and abnormal scenarios are identified 
and analysed using a graded approach. 

Changes in safety assessment approach 

In this test case it is presumed that the end state changes from complete release without re-
strictions, including demolition of the building, to a hypothetical state of re-use of the build-
ing as a classified facility for temporary waste storage. This change of end-point requires hav-
ing another look at the safety assessment and doing a re-evaluation of the risks. Consequences 
of the change of end-point are the following: 

• Parts of the initial safety assessment are not valid anymore; 

• A new assessment of the long term risks for the workers in the remaining buildings is 
needed; 

• The regulatory body must permit the changed scope of the work. 
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Usually such changes will be reported in a separate or updated document; but in this test case 
the relevant text has been integrated in the present report. In sections 4.5, and 7.4 the required 
changes in the corresponding chapters are discussed. 

3.9 EXISTING SAFETY ASSESSMENT 

Only parts of the existing safety assessment for the operation of the facility can be used as 
reference for the decommissioning safety assessment. In the operational safety assessment, 
emphasis is on the consequences of the presence of the fuel elements in the reactor. Since the 
fuel is moved out of the reactor building before the start of the actual decommissioning, the 
source term – and therefore also the radiological consequence of an accident - is not compa-
rable. Use is made however of the description of safety measures e.g. in the case of loss of 
containment or loss of power supply (see 3.10) and external events (see 4.1.1). Also use is 
made of the safety assessment for decommissioning of reactor M where comparable work has 
been performed before (see 3.6.2.2). Also some particular work was already performed during 
operation e.g. removal of a heat exchanger. The safety assessment for that job was also re-
used. 

3.10 SAFETY MANAGEMENT MEASURES 

The following part describes safety management measures and actions to be taken in different 
situations when the limits of the normal operating range are exceeded. Many of the safety 
measures are the same as during the operation of the facility. 

3.10.1 Loss of radiological monitoring 

3.10.1.1 Radiation monitoring panel (TCR) 

Detection 

The continuous unavailability of the TCR or the self-tested radiological monitoring channels 
is signalled by an alarm in the control rooms at the reactor. 

Actions to be taken 

In the event that the TCR is unavailable, the works contributing to generation of contamina-
tion are stopped and the worksites returned to safe state, particularly the works in the ventilat-
ed worksite zones. 

In the event that the radiation protection monitoring channels at the chimney are unavailable, 
the works contributing to generation of contamination are stopped. 

In the event that the radiological monitoring channels in the facility are unavailable, mobile 
and/or stand-alone contamination and radiation measurement equipment can be used instead. 

3.10.1.2 Worksite monitoring equipment (γ monitors and air sampling devices) 

Detection 

The failure of an item of worksite equipment which allows a radiation or contamination level 
to be monitored is detected by means of a local alarm. 

Actions to be taken 

In the event of the loss of an item of worksite equipment which monitors a radiation or con-
tamination level, the following actions are to be taken: 

• shutdown of operations that are in progress (those monitored by the defective equip-
ment) and take any measures required for the protection of the workers; 



 

 

• determine the cause and implement a corrective action or the replacement of the de-
fective equipment. 

3.10.2 Loss of containment 

3.10.2.1 Loss of dynamic containment 

3.10.2.1.1 Facility equipment for ventilation of the reactor hall 

Detection 

In the event of a defect in the ventilation or a depressurization beyond specification, an alarm 
is displayed at the reactor (control room or locally) and is relayed to the Local Safety Group 
central unit outside business hours. 

Automatic shutdown: The appearance of a “floating gas cloud” alarm automatically triggers 
the shutdown of the reactor hall ventilation and switching to emergency ventilation for 15 
minutes. 

Manual shutdown: The total shutdown of the reactor hall ventilation can be carried out from 
the Control Room and from the Ventilation Room. 

Actions to be taken 

In the event of a total loss of reactor hall ventilation, the following actions are to be taken: 

• shutdown operations that are in progress and take any precautionary measures for per-
sonnel and the equipment; alert the Works Manager and the Department for Radiation 
Protection and Environmental Monitoring and inform the Facility Director or his/her 
representative; 

• evacuate the personnel; 

• ensure the sealing of the reactor hall and lock the entry airlocks. Any entry to the reac-
tor hall is subject to authorization and the number of entries will be limited to the min-
imum necessary; 

• locate the cause of the defect and launch a remedial action, calling on the Technical 
and Logistics Department where necessary. 

Return to normal situation 

To restart the reactor hall ventilation, the document “Operating instructions for reactor hall 
ventilation” is applied. 

The works are started up again after the normal ventilation is resumed, upon the decision of 
the works manager, with the approval of the Facility Director. 

3.10.2.1.2 Ventilation of the hot cell 

In the event of a loss of ventilation in the hot cell, the following actions are to be taken: 

• shutdown operations in the cell and implement measures necessary to stop the spread 
of the contamination; 

• evacuate the work zone and inform the Works Manager, the Department for Radiation 
Protection and Environmental Monitoring, and the Facility director; 

• the Department for Radiation Protection and Environmental Monitoring intervenes in 
order to take air contamination measurements in the zones close to the hot cell and 
recommend, if necessary the additional protection measures. 
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The return to operations can happen only when the hot cell ventilation has been restored, and 
must be decided by the Works Manager with the approval of the Director of the facility. 

3.10.2.1.3 Local worksite ventilations 

Detection 

The loss of ventilation of the worksite containments is signalled to the operators by an alarm. 

Actions to be taken 

The actions to be taken in the event of a loss of ventilation of a ventilated tent are the follow-
ing: 

• shutdown of works in the ventilated worksite zone and taking all necessary precau-
tionary measures for personnel and equipment according to the operations in progress; 

• the wearing of a respiratory system protection mask by operators present in the vicini-
ty of the ventilated zone and evacuation of the zone; 

• alerting the Works Manager and the Department for Radiation Protection and Envi-
ronmental Monitoring, and informing the Facility Director. 

Return to normal situation 

The return to contained works on the worksite can happen after the worksite ventilation is 
restored and based on a decision by the Works Manager with the approval of the Facility Di-
rector. 

3.10.2.2 Main ventilation operating regimes 

Table 5. Ventilation operating regimes 

Normal hall 

ventilation 

Emergency hall 

ventilation 

Local tent 

ventilation 

Operations in the 

tent 

1 Available 0 0 

1 Available 1 1 

1 Available Loss Instruction to 
shutdown 

Loss Automatic 
switching 

1 Instruction to 
shutdown 

Not available 1 0 0 

1 Not available 1 Instruction to 
shutdown 

1 Not available 0 0 

1: operation in progress or ventilation in operation 

0: no operation in progress or ventilation stopped 

3.10.3 Total or partial loss of electrical power supply 

3.10.3.1 Emergency equipment 

In the event of a defect in the normal electrical supply, the backup electrical generator (emer-
gency generator) automatically covers the emergency-supplied components of the facility 
(emergency ventilation, I&C system, emergency compressor, lighting and 120 kN polar crane 



 

 

in the reactor hall). The maximum start-up time of the backup electrical generator is sixty 
seconds. A warning light located in the control room indicates that the power is being sup-
plied by the backup generator. 

The facility’s rectifier-battery-inverter assembly ensures the changeover of the electricity 
supply to the I&C system cabinet and to the radiation protection equipment from the grid to 
the backup generator without interruption. 

When the power supply is covered by the backup generator, the general ventilation of the 
facility is shutdown and the emergency ventilation takes over automatically. The actions to be 
taken in the event of switching to emergency ventilation are presented in a local instruction. 

In the event of a total loss of electrical power to the handling equipment, emergency brakes 
prevent any lifted loads from falling. The removal of loads can only happen after a return to a 
normal power supply. 

Actions to be taken 

In the event of a loss of normal power supply during the dismantling works, the operations 
are systematically stopped and any precautionary measures are taken for personnel and 
equipment according to operations in progress. 

Return to normal situation 

The restart of works can happen only after the normal power supply has been restored, and 
must be decided by the Works Manager with the approval of the Facility Director. 

3.10.4 Loss of the Automatic Fire Detection 

Detection 

The unavailability of the Automatic Fire Detection system (“autogard” AFD) triggers an 
alarm, which is relayed to the FLS central unit. 

Actions to be taken 

The loss of the AFD system in the reactor hall leads either to the implementation of replace-
ment systems, where possible, or to the shutdown of operations in progress where this is not 
possible. The return to operations can happen only after the reactor hall AFD system is re-
stored or replacement systems are implemented. 

3.10.5 General actions to be taken in the event of an INCIDENT situation 

Generally, the actions to be taken in this case are the following: 

• use protection if necessary, in particular wear an respiratory protection mask in case of 
the potential spread of contamination, shutdown the operations in progress and take 
measures to limit the consequences of the event for personnel and the facility; make 
the facility safe before evacuating; 

• evacuate the work zone; 

• issue an alert to the FLS central unit (red network or standard telephone by dialling 
18), to the Facility Safety Engineer, the Works Manager and the radiation protection 
department (if the incident is of a radiological nature) and warn the Facility Director 
or his/her representative; 

• eliminate the causes of the event as much as possible or limit its consequences; 

• organize the reception of the emergency services; 
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• with the radiation protection personnel, implement appropriate monitoring and regu-
late access to the zone concerned by the incident. 

The action to be taken in an incident situation specific to each operation is defined in the doc-
uments relating to the operations. 

In the event of an incident, the Facility Director promptly informs the Director of the reactor 
site. The management of the Centre applies the procedure “Information in the event of an 
incident or accident at the site” according to the seriousness of the incident. 

3.10.6 Lack of availability of personnel in the event of a labour dispute 

The internal regulations of the site plan for the presence of a minimum workforce to ensure 
the monitoring of the facilities in the event of general strike action. 

Concerning the personnel of a contractor to the operator, no requisition is planned for. In such 
circumstances, the dismantling works are interrupted after the worksites have been placed in a 
safe configuration and the Facility Director has been informed. 

3.10.7 Internal Emergency Plan 

The facility is not subject to specific provisions in the context of the Internal Emergency Plan 
(IEP), but is still subject to the general provisions in the event of an accident at the reactor 
site. 

Following an accident on the site, the personnel present in the facility shall obey the orders 
given by the site network for the distribution of general orders within the context of the IEP. 
If the accident requires evacuation of the building, the facility is placed in an inherently safe 
situation, which notably includes the shutdown of dismantling works and placing the worksite 
under safe configuration. 

4 HAZARD ANALYSIS: IDENTIFICATION AND SCREENING 

In this chapter an identification and screening of hazards, risks and initiating events is done. 
Relevant hazards in the decommissioning phase are determined. Already in chapter 3 some 
data are presented. Following this the preliminary assessment, a risk assessment for the main 
scenarios is performed in chapter 5. 

This chapter makes use of the results of earlier assessments. A procedure similar to the one 
used in the DeSa methodology was used to identify the hazards. Only the most relevant haz-
ards and scenarios according to their risk potential have been selected for further analyses. 

This section deals with the radiological hazards (radionuclide inventory) at the facility present 
at the beginning of decommissioning. After identifying the hazards, applicable initiating 
events and scenarios will be analysed accordingly. 

4.1 PRELIMINARY HAZARD SCREENING 

The activity remaining within the facility at the start of dismantling (empty reactor tank) is 
due to: 

• The activation of neutron channels: two radial channels C1 and C2, which have exist-
ed since the construction of the reactor, and a tangential channel implemented during 
the main core tank liner operations; 

• The possible activation of part of the main core tank liner; 



 

 

• The possible activation of part of the main core tank concrete (closest to the core and 
especially to the channels); 

• Contamination of the core tank liner, the decay tanks, the exchangers, the purification 
circuit and the whole primary cooling system; 

• Residual contamination of the hot cell; 

• Contamination of the work core tank tiling and decay tanks; 

• Residual contamination on all surfaces in contaminated zones, mainly made of con-
crete. 

• Residual contamination of the entire ventilation circuit. 

4.1.1 Neutron channels 

 

Figure 10. Neutron channel 

  Measured flux of thermal neutrons in the beam 

  Estimated flux of thermal neutrons in the beam 

 

The different materials making up the channels are: 

Φ =2·1014 n·cm-2
·s-1 

Φ =2·1012 n·cm-2
·s-1 

Φ =4·109 n·cm-2
·s-1 

Φ =2·1011 n·cm-2
·s-1 

Φ =1011 n·cm-2
·s-1 
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• Stainless steel: connecting flange to the thimble (18), tube passing through a ring (17) 
welded to the reactor vessel, a bellows seal (15) preventing force from being applied 
to the concrete in the event of a Borax accident, a splice (14) welded to the bellows 
seal on the stainless steel side and to the flange (11) on the aluminium side, a ring (13) 
connected to the core tank liner. 

• Aluminium: A tube (8 bis) welded to the flange (11) of the dummy aluminium chan-
nel on the core tank side. 

• Steel: tube (8) and tube (6) of the dummy channel on the bunker side. 

• Concrete: Space between the dummy channel and the channel itself, the rear part of 
the collimator end-plug and core tank wall. 

• Graphite: Front part of the collimator end-plug. 

• Lead: Rear part of the collimator end-plug. 

An activation calculation, performed with the Castor code, gives the following results per 
gram of material: 

 

Table 6. Specific activity in construction materials 

 STAINLESS 

STEEL 

(Bq/g) 

ALUMINUM 

(Bq/g) 

STEEL 

(Bq/g) 

CONCRETE 

(Bq/g) 

3
H - - - 1.5•104 

55
Fe 3.7•106 1.2•104 2.8•105 6.0•103 

60
Co 6.2•106 6.8 1.6•105 2.3•103 

63
Ni 1.4•106 2.6•101 4.5·103 - 

65
Zn - 1.4•102 - - 

152
Eu - - - 104 

154
Eu - - - 7.8·102 

 

The activation of the lead and graphite is totally negligible, excluding impurities. 

The activation calculation gives the following source term per channel: 

 

Table 7. Total activity in construction materials 

 STAINLESS 

STEEL – 100 

kg (Bq) 

ALU – 50 kg 

(Bq) 

STEEL – 

100 kg 

(Bq) 

CONCRETE 

– 1000 kg 

(Bq) 

TOTAL 

(Bq) 

3
H - - - 1.5•1010 1.5•1010 

55
Fe 3.7•1011 6.0•108 2.8•1010 6.0•109 4.0•1011 

60
Co 6.2•1011 3.4•105 1.6•1010 2.3•109 6.4•1011 



 

 

 STAINLESS 

STEEL – 100 

kg (Bq) 

ALU – 50 kg 

(Bq) 

STEEL – 

100 kg 

(Bq) 

CONCRETE 

– 1000 kg 

(Bq) 

TOTAL 

(Bq) 

63
Ni 1.4•1011 1.3•106 4.5•108 - 1.4•1011 

65
Zn - 7.0•106 - - 7.0•106 

152
Eu - - - 1010 1010 

154
Eu - - - 7.8•108 7.8•108 

 

This calculation, based on masses and the average flux in these masses, results in an activity 
of several TBq for all three channels. Note that the tangential channel, which is much more 
recent than the radial channels, is probably less active than these ones. 

Since the flux decreases along the channel, the activity also decreases along this axis. Most 
importantly for the external exposure source term, the main radionuclide is 60Co, which is 
found in the stainless steel, i.e. in the area on the channel core side, outside the channel itself 
(large flange, bellows seal, etc.). 

Similarly, the decrease in flux, and thus in activation, is significant along the axis perpendicu-
lar to the channels, probably with a core tank wall protection made of cadmium. The coring of 
the channels must be of a sufficient diameter to eliminate this radiation source term. 

The underwater measurement of the dose rate of the flanges gives the following results:  

• Left-hand channel flange: 130 mSv/h, 

• Right-hand channel flange: 40 mSv/h, 

• Tangential channel flange: 25 mSv/h. 

The stainless steel flange may be modelled in a very simplified way using a ring: 

• External diameter: 38 cm, 

• Internal diameter: 26 cm, 

• Average thickness: 2 cm. 

A MicroShield® calculation for 5cm from the side of such a flange with an average specific 
activity of 6.2·106 Bq/g for 60Co results in a dose rate of 200 mSv/h. 

Given the difficulty in taking this measurement under water (bulky, objects blocking, actual 
distance between the detector and the measured object, influence of other objects which are 
possibly more active, etc.), agreement within an order of magnitude with the calculation is 
sufficient to validate the calculated activities. This order of magnitude is also consistent with 
the values obtained on the M reactor channels (several dozens of mSv/h on the “channel nos-
es”). 

It is clear that these measurements must be retaken and fine-tuned, when the core tank is to-
tally emptied of all of the removable objects just before the water draining operation. 

Without any particular protection, the flanges generate a dose rate at the centre of the core 
tank and at one metre from the bottom (i.e. approximately 2.5 m from the flange) of around 
100 µSv/h. 
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4.1.2 Core tank concrete, liner and vessel activation 

The reactor vessel is at a distance of 1.9 m from the edge of the reactor core horizontally and 
2 m vertically. By extrapolating the curve of the neutron flux distribution in the water, we 
obtain an attenuation factor of around 1011. The thermal flux on the vessel is therefore around 
2•103 n cm-2 s-1. 

A Castor activation calculation gives a dose rate of 0.2 µSv/h. 

The activation of the concrete under the liner is totally negligible, even if we assume that the 
thermal neutron flux is still 2•103 n cm-2 s-1. Activity is several of 0.01 Bq/g for tritium and 
55Fe and several mBq/g for 152Eu and 60Co. 

Similarly, the activation of reinforcements is negligible and lower than the 0.4 Bq/g for 60Co 
calculated for the vessel stainless steel. 

4.1.3 Activation of elements welded to the vessel 

However, certain pieces of equipment, welded to the vessel, will still be in place at the start of 
dismantling, particularly the flow nozzles and certain parts of the piping and especially the 
lower part of the core casing. 

We therefore consider that the whole of this casing, measuring 70 cm by 87 cm in width and 
70 cm by 137 cm in length, is located 1.4 m from the core, and that the attenuation coefficient 
is now only 109. 

We can therefore consider that the activation of the stainless steel in this equipment - which, 
out of all the elements present in the core tank, is the closest to the core when dismantling 
begins - is due to a flux of 2•105 n.cm-2s-1 at most. 

The resulting specific activity is then around 40 Bq/g for 60Co and 30 Bq/g for 55Fe. 

A MicroShield® calculation at the centre of the cylinder yields a dose rate of 20 µSv/h. This 
value is significantly overestimated, as it assumes an average neutron flux in the whole casing 
equal to the maximum value located in the upper part of the casing. It would not be surprising 
if the actual value were at least 10 times lower. This will obviously be measured during the 
mapping of the core tank following its draining. 

4.1.4 Contamination of the primary cooling system 

4.1.4.1 Reactor vessel 

The experience feedback elements available are: 

• The contamination values of the reactor's work core tank tiling during the 1994 liner 
work: As ≈ 20 at 40 Bq/cm2 

• The contamination values of the M reactor's core tank tiling during core tank draining 
operations at the end of 2002 and start of 2003: As ≈ 10 Bq/cm2 

• The contamination values of the M reactor's core tank liner during core tank draining 
operations at the end of 2002 and start of 2003: As ≈ 4 Bq/cm2 

• The contamination values of the core tank water at the two reactors, approximately 40 
Bq/l and 20 Bq/l, respectively, with more variation between samples. In both cases, by 
far the dominant detectable radionuclide is 60Co.  

From all these elements, it can be reasonably concluded that the stainless steel vessel at the 
reactor has a surface activity of around 10 Bq/cm2, mainly in 60Co. 

A MicroShield® calculation at the centre of the vessel, gives a dose rate of 0.6 µSv/h. 



 

 

4.1.4.2 Work core tank, decay tanks 

It is logical to consider the same surface contamination values as for the reactor vessel, as the 
source of contamination (the primary cooling water) is the same. 

A MicroShield® calculation at the centre of the work core tank gives a dose rate of 0.28 
µSv/h, i.e. approximately 0.6 µSv/h taking into account the two panels and the bottom, a val-
ue equivalent to the main core tank value. 

However, since the original tiles remained in place underneath the liner, it can be reasonably 
estimated that their residual fixed contamination also results in a dose rate of around 1 µSv/h, 
i.e. around 2 µSv/h in total. 

Similarly, a MicroShield® calculation at the centre of the core tank gives a dose rate of ap-
proximately 1 µSv/h, again a value very close to that of the main core tank. Again, since the 
original tiling remained in place underneath the liner, it can be reasonably estimated that its 
residual fixed contamination also results in a dose rate of around 1 µSv/h, i.e. around 2 µSv/h 
in total.  

However, since the core tanks are an area where experience feedback has demonstrated that 
small or very small active objects can be deposited, a dose rate 100 times larger is deliberate-
ly assumed at the opening of the core tanks, requiring a thorough preliminary decontamina-
tion. 

4.1.4.3 “Old” tiling and concrete 

The work core tank and decay tank tiles were left in place during the liner work. The surface 
contamination values were around 20 to 40 Bq/cm2 at that time, with significant contribution 
by short-lived radionuclides, such as 51Cr. The values that can be expected will therefore be at 
most the same order of magnitude as for the liner, i.e. around 10 Bq/cm2. 

The concrete at the bottom of the main core tank, under the levelling done in 1988 during the 
liner work for this core tank, may also be partly contaminated by the water leakage in 1986. 
The coring planned during the dismantling work will make it possible to find out if there is 
any increased activity. 

4.1.4.4 Exchanger cells 

The ambient dose rate measured in the exchanger cells is around 10 µSv/h. The dose rate in 
the central part is around 15 µSv/h and in the ends around 5 µSv/h. 

A MicroShield® calculation gives a dose rate at 30cm of approximately 7 µSv/h for an ex-
changer, i.e. 14 µSv/h if we take into account the two exchangers per cell. This is remarkably 
close to the values measured during mapping and enables us to conclude that the internal sur-
face contamination of the exchangers is indeed close to that expected in the core tank on the 
vessel and liners. 

4.1.4.5 Purification 

The ambient dose rate in the bunkers, measured by TCR channel no.54 in the presence of ion 
exchange resins in service is around 20 LDO (Derived Operational Limit) i.e. 500 µSv/h. 

Once the ion exchange resins have been removed, only residual contamination of the circuits, 
by some resin, remains at the bottom of the vessels. The experience feedback from the spark 
plug replacement operation at the start of 1995 and the change of front and rear pump filters 
in 2002 shows that the ambient dose rate was around 20 µSv/h with a maximum of 70 µSv/h. 
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4.1.4.6 Conclusion 

The total source term, in the form of contamination of the whole primary cooling system, may 
therefore be estimated at a few 108 Bq. 

The experience feedback from other reactors, like that from the M reactor, shows that it is still 
possible that much more active “chips” may be found in certain parts of the primary cooling 
system, for example in the decay tanks. It is, of course, the aim of the initial mapping, before 
any dismantling operation, to detect these potential hot spots, which are then dealt with as a 
priority on a case by case basis, in accordance with operational and ALARA procedures. 

4.1.5 Hot cell 

The reactor's hot cell has always been kept at as low a residual contamination level as reason-
ably possible, both during the reactor operation phase and during Final Shutdown phase. 

A systematic decontamination was conducted every week. The measurements taken during 
decontamination have always shown that the residual contamination of walls and the floor 
was of the order of Bq/cm2. 

However the lift shaft, which is not subject to systematic decontamination, may be notably 
more contaminated. The accurate assessment of this potential contamination is the aim of the 
initial mapping. 

4.1.6 Ventilation ducts 

A series of smear tests in the ventilation ducts gave as a result a maximal measured activity of 
11 Bq/cm2. This value, which is close to the one expected in the core tank, is undoubtedly 
significantly overestimated. In any case, it does not generate a significant dose rate, since the 
surfaces are distributed throughout the entire facility. 

The very high efficiency filters, which may be a source of radiation, generated an average 
dose rate in 2002 lower than the film dosimeter detection threshold, i.e. less than 0.3 µSv/h. 

4.1.7 All contaminated surfaces 

The water used to clean contaminated surfaces, particularly at the level 6.40 m, shows that the 
contamination of floors is significantly lower than 0.01 Bq/cm2, a value that cannot generate a 
significant dose rate, no matter of the surface area in question. 

4.1.8 Reference spectra and Derived Air Concentration (DAC) 

4.1.8.1 Contamination spectrum 

The reference spectrum is the one specified in the DARPE (the discharge limits specification) 
and also dealt with in the clean-up objective documentation. The spectrum is a stainless steel 
and aluminium activation spectrum to which some 137Cs has been added, originating from the 
possible contamination of the water and surfaces by fission products handled in the experi-
mental devices. 

Table 8. Beta spectrum 

Radionuclide ρ Inhalation dose factor (Sv.Bq
-1

) DAC (Bq/m
3
) 

Mn 54 1 % 1.5·10-9 4.4·103 

Fe 55 55 % 3.7·10-10 1.8·104 

Co 60 33 % 9.6·10-9 6.9·102 

Ni 63 3 % 4.4·10-10 1.5·104 

Cs 137 8 % 4.8·10-9 1.4·103 



 

 

The DAC of this mixture of radionuclides is then equal to 1.8·103 Bq/m3. 

The DARPE shows that the activity concentration in alpha aerosols is approximately 104 
times weaker than in beta-gamma aerosols. However, in the liquid waste, the activity obtained 
by gross alpha measurement is around a tenth of the activity obtained by gross beta measure-
ment. The alpha values measured correspond to the detection limits. 

To confirm this hypothesis, tank water measurements have been taken on a larger volume of 
water and for longer measurement durations (15 hours). These results show that the alpha 
activity has much lower level, since there has been no significant activity detected by a low-
ered detection limit at 6•10-2 Bq/l of tank water, compared to 40 Bq/l of 60Co detected on av-
erage from beta measurements. 

It is therefore conservatively assumed that the proportion of 1.5·10-3 of alpha in relation to 
beta-gamma activity detected by the gross beta measurement (Mn, Co and Cs), is less than 10-

3 in relation to all beta-gamma emitters, in the residual contamination of floors. 

The spectrum itself corresponds to a standard fuel rod spectrum. 

 

Table 9. Alpha spectrum 

Radionuclide ρ Inhalation dose factor (Sv.Bq
-1

) DAC (Bq/m
3
) 

Pu 238 35 % 4.3·10-5 0.16 

Pu 239, Pu 240 20 % 4.7·10-5 0.14 

Am 241 15 % 3.9·10-5 0.17 

Cm 242 5 % 4.8·10-6 1.4 

Cm 244 25 % 4.5·10-5 0.27 

 

The DAC of this mixture of radionuclides is then equal to 0.2 Bq/m3. 

4.1.8.2 Activation spectrum in the primary cooling system 

The activation spectrum of the entire stainless steel primary cooling system, which remains at 
the start of dismantling, is based on the Castor calculation already presented: 

 

Table 10. Beta spectrum in the primary cooling system 

Radionuclide ρ Inhalation dose factor (Sv.Bq
-1

) DAC (Bq/m
3
) 

Fe 55 33 % 3.7·10-10 1.8·104 

Co 60 55 % 9.6·10-9 6.9·102 

Ni 63 12 % 4.4·10-10 1.5·104 

The DAC of this mixture of radionuclides is then equal to 1.2·103 Bq/m3. 

 

4.1.8.3 Activation spectrum in the concrete 

The activation spectrum in the concrete, inside and around the channels, is based on the Cas-
tor calculation already presented: 
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Table 11. Beta spectrum in the concrete 

Radionuclide ρ Inhalation dose factor (Sv.Bq
-1

) DAC (Bq/m
3
) 

H3 45 % 1.8·10-11 3.7·105 

Fe 55 18 % 3.7·10-10 1.8·104 

Co 60 7 % 9.6·10-9 6.9·102 

Eu152 30 % 3.9·10-8 1.7·102 

 

The DAC of this mixture of radionuclides is then equal to 5.3·102 Bq/m3. 

4.1.8.4 Reference DAC 

In the interests of simplicity, so as to generate a multitude of different DACs according to the 
worksites, the chosen reference DACs for all the dismantling are the most restrictive, i.e.: 

• DAC = 500 Bq/m3 beta-gamma 

• DAC = 0.2 Bq/m3 alpha. 

 

4.2 SCENARIO IDENTIFICATION 

4.2.1 Nuclear and radiological risks related to the facility 

• EXTERNAL EXPOSURE Risk: present essentially during works from the 1st and 
2nd groups. 

• INTERNAL EXPOSURE Risk: present essentially during works from the 1st and 2nd 
groups  

• CRITICALITY Risk: non-existent. 

• RADIOLYSIS Risk: non-existent. 

• Risk relating to heat release: non-existent. 

 

4.2.2 Typical risks related to the facility which may have radiological consequences 

The following risks were identified as potentially having radiological consequences and are 
dealt with in this volume: 

• Risks related to handling operations; 

• Fire risk; 

• Flood risk; 

• Explosion risk; 

• Chemical risk; 

• Risk relating to the shutdown of the supply of services (electricity, compressed air, 
ventilation). 

 



 

 

4.2.3 Scenarios originating from other facilities at the site (external on-site events) 

Certain facilities located on the site in the neighbourhood of the research reactor may also be 
the origin of risks for this reactor. It mainly involves the following facilities: 

• The M reactor; 

• The S reactor; 

• The L laboratory; 

• The centre's boiler room storage. 

 

4.2.4 Scenarios from the reactor's environment 

Only the scenarios following abnormal events are expected to give rise to significant risks. 
The following initiating events for abnormal scenarios are selected. 

4.2.4.1 Scenarios from the site environment 

Amongst the scenarios originating from the site environment (external off-site events), the 
General Site Safety Plan, identified the following as the major ones: 

• Earthquakes; 

• Flooding from an external source (rupture of dams, rise in the water levels of the adja-
cent rivers, rupture of industrial water pipelines on the site); 

• The explosion of a tank truck driving along the motorway, which runs along the site; 

• Explosion of a gas pipeline; 

• Floating gas clouds; 

• External projectiles (airplane crash). 

 

4.3 SELECTION OF SCENARIOS FOR FURTHER EVALUATION 

4.3.1 Nuclear and radiological risks related to the facility 

• External exposure risk: present essentially during works from the 1st and 2nd groups; 

• Internal exposure risk: present essentially during works from the 1st and 2nd groups. 

 

4.3.2 Typical risks related to the facility which may have radiological consequences 

The following risks were identified as potentially having radiological consequences and are 
dealt with in this volume: 

• Risks related to handling operations; 

• Fire risk; 

• Flood risk; 

• Explosion risk; 

• Chemical risk; 
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• Risk relating to the shutdown of the supply of services (electricity, compressed air, 
ventilation). 

 

4.3.3 Dealing with risks from external events 

Due to the absence of nuclear materials in the facility, the risks are low compared to those, 
during reactor operation. These are dealt with in the Final Safety Report for the reactor during 
operation. 

In the event that one of these external initiating events should manifest itself, the dismantling 
operations would be immediately stopped. Method to be adopted: Shutdown of operations 
when alarm or warning announcement is activated, ensure the safety of worksite and facility 
equipment. These actions would be carried out in the context of the sites emergency proce-
dures, as described in the IEP (Internal Emergency Plan). 

 

4.4 APPROACHES TO RISK ANALYSIS/ASSESSMENT 

The analysis must firstly be carried out for the tasks. 

The risks caused by a task (for which the purpose, location, tools, processes, operators, etc. 
have been defined) are a result of the interaction between the work to be done and the facility 
source terms. 

Any possible failures in the envisaged equipment and the associated risks may jeopardize the 
safety functions. The defence–in-depth principle is then applied, with the following elements 
defined for each risk relating to the operation: 

• The prevention provisions; 

• The monitoring provisions; 

• The measures for limiting consequences. 

If necessary, serious and plausible events are studied, as well as their radiological conse-
quences. 

All of these elements determine the safety of the envisaged operation. 

The elements identified in each elementary analysis are then included in the risk-by-risk 
summary in this volume. 

 

4.5 CHANGES IN SAFETY ASSESSMENT DUE TO CHANGE OF ENDPOINT 

The change of endpoint does not affect the identification and screening of the hazards. No 
update is required in that regard. 

 

5 RISK ANALYSIS 

This chapter is subdivided in subchapters describing the analysis of normal activities and of 
accident scenarios (both in a shortened version, giving examples to clarify the methodology), 
a short chapter about modelling and calculation of radiological consequences, and a chapter 
dealing with the impact of the changed procedure for liner removal on the risk analysis. 



 

 

5.1 ANALYSIS OF NORMAL ACTIVITIES 

Analysis and prevention of exposure risks 

For each operation and/or worksite posing an exposure risk, this part provides: 

• a summarized description of work; 

• a forecast dose before any optimization process; 

• a description of protective measures in place with justification of the choices made; 

• a description of the radiological monitoring and inspections. 

The three groups of work previously described in the safety report are:  

• Group 1: Dismantling of mechanical and electrical equipment; 

• Group 2: Clean-up of concrete surfaces; 

• Group 3: Dismantling of general auxiliaries. 

Note that the cut-out of all metal parts (vessel, liner, piping, etc.) is taken into account for the 
operation in question (in the core tank for the vessels and liners, in tanks for the liner and tank 
baffles, etc.) If it proves more expedient to transfer some of these cut-outs to the cut-out zone 
at 6.40 m, the analysis of the protective measures does not change; it is just transferred to the 
cut-out zone operation. However, this workstation has already been subject to a safety analy-
sis forwarded to the safety authorities by letter and it appears that the provisions in place for 
operation, containment and monitoring (aerosol measurement connected to the radiation mon-
itoring equipment) encompass all the necessary provisions as they appear in each operation 
below. In subsections 5.1.1 and 5.1.2 the risk analyses for two selected works/operations are 
described. 

5.1.1 Group 1: Disassembly of mechanical equipment in the core tank 

5.1.1.1 Description of operations 

The core tank cut-out and/or disassembly work concerns: 

• The equipment welded to the vessel, flow nozzles and the lower part of the core cas-
ing, cf. Figure 7; 

• The main vessel; 

• The removal of resilient posts; 

• The main core tank and work core tank liner. 

 

5.1.1.2 Forecast dose before any optimization process 

External exposure risk: 

As we saw earlier, the overall dose rate in the main core tank is due to the following different 
source terms: 

• Contribution of channel noses without screens: 100 µSv/h; 

• Contribution of core casing at its cut-out point: 20 µSv/h; 

• Contribution of reactor vessel contamination: 0.6 µSv/h; 

• Contribution of the activation of the vessel, posts and liner: 0.2 µSv/h. 



 
Page 53 

 

 

 

The duration of all of these tank operations is assessed for approximately 3500 working 
hours, involving potential collective dose of around 350 man mSv, without applying any radi-
ation protection measures. 

Internal exposure risk: 

The internal contamination risk may arise due to the following two origins: 

• The resuspension of part of contamination from the main core tank and the work core 
tank liner. If we take 10-4 m-1, the least favourable resuspension coefficient value, we 
get a detectable activity concentration of 10 Bq/m3 in the core tank with surface activi-
ty of 10 Bq/cm2. 
Note that this is the value measured at the bottom of the core tank during the removal 
of main core tank tiles in 1988, which was significantly more contaminating work 
than cut-out of vessels and liners. 

• The resuspension of part of the activity, due to the activation of the main core tank 
during the cut-out operations. The resuspension values during the steel cut-out typical-
ly vary from 10-7 to 10-4 (Bq/m3)/(Bq/m2) resulting in an activity concentration be-
tween 3·10-3 and 3 Bq/m3, for the vessels portions activated at 0.4 Bq/g in 60Co and 
considering an average thickness of 10 mm. Similarly, the reference gives a dust ac-
cumulation rate, in the form of inhalable aerosols, not exceeding several mg/m3 as 
close as possible to operators in the middle of a cut-out operation using the most dis-
persing techniques, resulting in several mBq/m3 in the air. 

Duration of all of these core tank operations is estimated to be approximately 3500 working 
hours, i.e. involving potential collective dose of around 1 man mSv from beta-gamma radia-
tion and 3 man mSv from alpha radiation, without applying any measures for protecting the 
respiratory system. 

5.1.1.3 Availability of protective measures and reasons for choices 

External exposure risk: 

Three radiation protection options are possible:  

• Shielding of channel noses to reduce their contribution to the core tank dose rate; 

• Removal of the channel noses (clamps and bellows) before any other operation in the 
main core tank; 

• Total removal of all the channels from the outside of the core tank block before any 
other operation. 

The current progress status of this process has enabled the following table to be drawn up: 

 

Table 12. Risk analyse for options for disassembly of mechanical equipment in the core 

tank 

 DOSES* QUALITATIVE INDICATORS 

 Collective 
man mSv 

Individual 
mSv 

Feasibility Radio-
logical 
safety 

Industrial 
safety 

Lead 
times 

SHIELDING 20 4 ++ + + + 



 

 

 DOSES* QUALITATIVE INDICATORS 

 Collective 
man mSv 

Individual 
mSv 

Feasibility Radio-
logical 
safety 

Industrial 
safety 

Lead 
times 

REMOVAL OF CHANNEL 

NOSES 

30 10 - + - + 

TOTAL REMOVAL OF 

CHANNELS 

4 1 + ++ ++ - 

* The doses presented are only rough estimates. These values must be confirmed and fine-tuned during the core 

tank draining operations. 

Following complete draining of the core tank, Option 1 consists of installing biological 
shielding of the channel noses. The advantage of this option is that it has already been used 
during 1988 liner work, although there is no dosimetric experience feedback with figures. 
However, the context of renovation work at the time made it obligatory to keep the existing 
channel noses, which is no longer the case. The dosimetric estimate is very macroscopic with 
the following hypotheses. Two tenth-value layers of shielding in 60Co, i.e. approximately 
10cm of lead; the value appears to be identical to the 1988 one, therefore resulting in a total 
core tank exposure rate of only 3 to 4 µSv/h on average. The lower part of the core casing 
may be removed in a few hours, therefore not significantly contributing to the total exposures. 
However, the installation of protective measures is costly in terms of exposure, with an aver-
age estimated contribution of 2 man mSv per channel. The technical feasibility does not have 
to be demonstrated since this operation has already taken place without any particular diffi-
culties being encountered, with the protective devices attached using cables to the structures 
of the top of the core tank. In terms of radiological and industrial safety this acceptable option 
requires a study of radiation leakage risks and potential falling-off of the protective devices. 
A variation of this option consists of providing underwater lead protective devices, as in the 
case at the M reactor. Note however that the channels are located more than two metres from 
the bottom of the core tank, making the stool solution more substantial. The solution used in 
1988 was to attach the protective devices to the superstructures, a more difficult solution to 
implement before draining the core tank. This variant results in a collective dose close to 15 
man mSv. 

Option 2 involves a disassembly or cut-out operation as close as possible to the channel nos-
es, inside the main core tank. For efficiency in terms of dosimetry, this option requires the 
removal of the largest flanges and also the stainless steel bellows, which are located behind 
the main vessel. The residual dose rate does not contribute more than a few µSv/h (4 µSv/h 
for the calculation). This option is, however, more costly in terms of dose since it requires 
some work to be performed, for the installation of cutting equipment at least, close to the 
flanges under exposure to a higher dose rate (several mSv/h for several hours). The feasibility 
of performing part of this cut-out from a distance has not been entirely demonstrated, leaving 
unanswered questions with regards to safety. At this stage of the optimization process, this 
option does not meet dose objectives and will therefore be excluded if the values are con-
firmed. One possible variant would be to cut out the noses after installing the biological 
shielding provided for in option 1 (see paragraph on removal of channels). 

Option 3 involves treating all the channels as a matter of priority before performing any other 
dismantling operation. We showed in the radiation inventory that getting rid of the channels 
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makes it possible to achieve a three-level reduction in the residual activity in the facility. It is 
therefore clear that this operation must be performed as quickly as possible so as to reduce the 
facility’s background radiation level as soon as possible. It must, in any case, be carried out at 
some stage of the dismantling process, and there are no preconditions for its execution. For 
operations in the core tank, this is obviously the best option in radiation terms, as less than 1 
µSv/h of background remains due to the contamination and activation of the vessel (again, the 
core housing represents only a minor part of the project as a whole, as it can be removed at 
the start in just a few hours). This is also the best option from a radiological and industrial 
safety point of view, as the source is completely eliminated with no particular device or oper-
ations required in the core tank. From a lead time point of view, however, it would mean the 
core tank dismantling operation could not be started until the three channels had been treated. 
Nevertheless, the possibility of installing shielding on the channel noses underwater is not 
excluded, even as part of this solution. This would avoid the need to prohibit access to the top 
of the core tank when the channel noses are no longer underwater. 

These three options, and others that may materialize, will undergo more thorough optimiza-
tion as soon as sufficiently reliable data become available, particularly concerning the channel 
nose dose rates. 

At this preliminary stage, however, option 3 is the provisional choice (compare with 5.4.2.3 
after discovery of activation of the vessel and of the liner). This makes it possible to perform 
all the disassembly and cut-out operations in the main core tank with background radiation of 
less than 1 µSv/h, in which case no special measures need to be taken against external expo-
sure, other than the usual elimination of unnecessary doses through efficient working meth-
ods. These provisions cover the measures required for the equivalent work in the work core 
tank. 

Internal exposure risk:  

If the initial mapping shows that the residual contamination is indeed in the region of 10 
Bq/cm2 the work will be done with no particular containment. The reactor hall provides con-
tainment with respect to the external environment. 

The operators will be equipped with a simple dust mask. It is easy to demonstrate that this 
protection solution is the best option. 

With Respiratory System Protection Equipment, the work becomes much more onerous and 
the time required at least doubles, to approximately 7000 hours. In the best case scenario, 
with a dose rate of 1 µSv/h, this generates an additional 3.5 man mSv.  

With a simple, conventional dust mask, the external exposure dose is at least 3.5 man mSv 
lower than with Respiratory System Protection Equipment. However, the internal exposure 
dose may, as shown earlier, be estimated at 4 man mSv with no protection, and therefore at 
about 2 man mSv, if we assume that the dust mask only has a protection factor of 2. As a re-
sult, this option allows a reduction of the effective dose by at least 1.5 man mSv. It is also 
clear that this option is the best in terms of safety, lead time and therefore cost. 

5.1.1.4 Radiological inspection and monitoring 

External exposure risk:  

The ambient dose rate of 1 µSv/h requires no continuous monitoring system. Following con-
firmation of the radiation conditions identified in the initial mapping, monitoring will be done 
individually using electronic dosimeters and film dosimeters in accordance with the instruc-
tions applicable at the Facility. 



 

 

Internal exposure risk:  

Following confirmation of the radiation conditions identified in the initial mapping, monitor-
ing will be done collectively by fixed-filter sampling of aerosols and subsequent laboratory 
analysis. The sampling device will be installed as close as possible to the operators’ working 
area. 

5.1.2 Group 1: Disassembly of mechanical equipment in the decay tanks 

5.1.2.1 Description of operations 

The work entails cutting out the baffles and the decay tank liners. 

5.1.2.2 Forecast dose before any optimization process 

External exposure risk: 

Experience feedback from previous works at this reactor and from the reactor M shows that 
the main risk is finding one or several potential hot spots in the initial mapping, such as chips, 
screws or other small objects, which could have been activated during power operations and 
deposited in the core tanks after passing through the primary cooling system. If this was the 
case, such an intervention would be performed as a matter of priority, using the standard pro-
cedure applicable at the facility, and would thus call for an operation sheet and an ALARA 
sheet. It should be noted, however, that this kind of operation was relatively common in the 
past, and led to very low levels of exposure, as intervention times were always very short. 

Experience feedback also shows that active deposits, dust, paint and rust can also accumulate 
in this area because of the baffles. If, after the hot spots are removed, the mapping confirms 
presence of such contamination, decontamination will be undertaken before work begins on 
the disassembly/cut-out of the stainless steel coating. We can estimate that this decontamina-
tion will take half a day's in a dose rate of 100 µSv/h per core tank, i.e. resulting in approxi-
mately 1 man mSv. 

The disassembly/cut-out operation itself is performed by a parallel duct with an average dose 
rate of 1 µSv/h, as we saw earlier. The work, partly performed in the cut-out area, takes ap-
proximately 650 hours, which gives a total collective dose of less than 1 man mSv. 

Internal exposure risk:  

This risk is due to a possible resuspension of some of the contamination in the core tank lin-
ers. If we take 10-4 m-1, the least favourable resuspension coefficient value, we get an activity 
concentration of 10 Bq.m-3 in the core tanks with surface activity of 10 Bq/cm2.  

However, we have shown that prior decontamination was likely to treat any accumulations of 
deposits, and this part of the work would result in a much higher activity concentration, which 
would require protective measures to be taken (see following paragraph). 

5.1.2.3 Protective measures and reasons for choices 

External exposure risk:  

The projected overall dose of 1 man mSv shows that the radiation risk is low, so there is no 
need to study sophisticated and costly solutions such as remote operation, to recover any ac-
tive objects. 

The recovery and decontamination operations will therefore be subject to a simplified 
ALARA approach, as provided for in the facility's procedures. Prior to the implementation of 
this approach, all the operators concerned should consider ways of optimizing the organiza-
tion of the operation, its duration and the number of people involved, in an effort to help re-
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duce absorbed doses. For the cut-out itself, only a very low level of background radiation 
remains after decontamination. 

Internal exposure risk:  

If the initial mapping shows that prior decontamination is necessary, a ventilated containment 
airlock will be installed at the entrance to each core tank, to allow the decontamination and 
then the cut-out to be performed in a sealed environment without affecting the rest of the hall. 

In this case, the operators will obviously be equipped with respiratory system protection 
equipment. 

If the initial mapping shows that the residual contamination is in the region of 10 Bq/cm2 as 
in the core tank, the work will be done with no particular containment. The reactor hall pro-
vides containment with respect to the external environment. 

In this case, the operators will be equipped with a simple dust mask, which is the best solution 
here for the same reasons mentioned earlier (see section 5.1.1.3 of this Annex). 

5.1.2.4 Radiological inspection and monitoring 

External exposure risk:  

The ambient dose rate of 1 µSv/h during the work requires no continuous monitoring system. 
Following confirmation of the radiation conditions identified in the initial mapping, monitor-
ing will be done individually using electronic dosimeters and film dosimeters in accordance 
with the instructions applicable at the facility. 

Internal exposure risk:  

Following confirmation of the radiation conditions identified in the initial mapping, monitor-
ing will be done collectively by fixed-filter sampling of aerosols and subsequent laboratory 
analysis. The sampling device will be installed in each core tank, as close as possible to the 
operators’ working area. 

5.1.3 Other operations 

Other works/operations were analysed in a comparable way, but are not described in detail in 
this chapter. These are: 

• Group 1: Disassembly of electromechanical equipment in the exchanger cells; 

• Group 1: Disassembly of electromechanical elements in the purification circuits; 

• Group 1: Disassembly of electromechanical equipment from other circuits and sys-
tems; 

• Group 2: Clean-up of neutron channel concrete; 

• Group 2: Removal of ceramic tiles in the work core tank and decay tanks; 

• Group 2: "Scalping" of group 2 surfaces; 

• Group 3: Ventilation system disassembly work; 

• Group 3: Disassembly work on the Effluents Building. 

 



 

 

5.2 ANALYSIS OF ACCIDENT SCENARIOS 

In this section the risk analysis for two accident scenarios (handling operations and fire) is 
described. 

5.2.1 Risks linked to handling operations 

5.2.1.1 Identification of the risk 

The risk under consideration is mainly due to the handling of concrete casing containing me-
dium-level waste and, in some cases, due to the use of a transfer cask for high-level waste. 
This waste represents only a very small quantity of the total waste produced in the disman-
tling phase. The risks associated with other waste (low-level and very low level) are much 
lower, as a consequence of relatively small source term. 

The 'target' elements are the containment barriers that may be damaged by a "projectile" 
package in the event of a package falling or making an uncontrolled movement. 

The most significant consequences would arise from damage to the containment. 

5.2.1.2 General provisions 

5.2.1.2.1 Prevention 

The handling-related events to be prevented are those involving a load or target containing 
radioactive material or waste, which is a potential source of external or internal exposure. 

• Measures to prevent movement over the following "target" areas or equipment: 

- Ventilation ducts; 

- Worksite containment systems; 

- Package storage areas in the reactor hall. 

There are provisions associated with each of the probable causes of an uncontrolled move-
ment of a package. They are designed to prevent either human error or a technological failure 
of the hall's travelling crane, slings or shell attachment points. 

• Provisions to prevent human error: 

- Medical examination, training and certification of operators; 

- When preparing the work sequences, particular attention should be paid to working 
conditions (visibility, optimization of operator movements, etc.); 

- Technical choices that simplify operations (remote-controlled crane, etc.); 

- Enforcement of safety procedures; 

- Movement of crane's load over people is not allowed / presence of people under a 
package being handled by the crane is not allowed. 

• Provisions to prevent technical failure: 

- Safety device on the reactor hall's main crane (anti-unwinding device to prevent the 
load from falling in an uncontrolled way in the event of a failure in the electricity 
supply, back-up controls, etc.); 

- Emergency supply of electricity to the crane from the emergency generator; 
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- The lifting auxiliaries (slings, hooks, etc.) and cable are chosen from a list of ap-
proved equipment known to the specialists from the Technical and Logistics De-
partment; 

- The crane and its safety devices, as well as the lifting auxiliaries (slings, shackles, 
hooks, etc.) are subject to annual regulatory inspections by an accredited body; 

- The electronic equipment supplying power to the crane is also inspected annually; 

- The integrity of anchor rings is verified at the start of each session of use; 

- Movement of crane's load over people is not allowed / presence of people under a 
package being handled by the crane is not allowed; 

- Lifting of the transfer cask above the height that is indicated in the technical specifi-
cation of the cask (if there is any restriction) is not allowed; 

- The crane’s load is not to be left hanging (without movement). 

5.2.1.2.2 Limiting consequences 

The measures for limiting the consequences of any fall or uncontrolled movement are: 

• Limiting or absorbing energy: 

- Handling of loads as close as possible to the surfaces over which they pass; 

- Handling of crane’s loads at minimal speed. 

• Limiting the possibility of damage to sensitive components: 

- Limitation of transporting of loads over sensitive zones to a strict minimum (fixed 
monitoring of routing zones and rest areas); 

- Ensuring that marked routes maintain a safe distance from sensitive elements. The 
following have been deemed sensitive elements: workstations, waste packages, 
structural components of the building. 

5.2.1.3 Dropping of a cask in the hall 

A scenario when a waste package (concrete vessel type) is dropped in the reactor hall, causing 
it to overturn and lose its lid is analysed. The assumptions used to evaluate the consequences 
of this scenario are as follows: 

• The operator is 2 m from the package, which is overturned, it takes 15 seconds to 
evacuate the area affected by the direct radiation from the dropped waste package, and 
it takes 2 minutes to leave the reactor hall (contamination area); 

• Source term for external exposure: 6.2 1011 Bq 60Co; 

• It is assumed that 100% of the waste from the package spills into the hall; 

• All of the concrete’s activity (conservative assumption, assuming that all of the con-
crete crumbles and is converted into aerosol) and all of the contamination of the me-
tallic elements are taken into account in evaluating the contamination risk; 

• The aerosol resuspension rate is assumed to be 10-3. 

The effective dose received by an operator who takes 15 seconds to leave the dose rate area 
and 2 minutes to leave the hall is estimated to be 0.4 mSv. 



 

 

In terms of radiological consequences to the environment, the effective dose for individuals 
from the reference groups, taken from the outside of the containment at the site, does not ex-
ceed 2 nSv, even for a period of 50 years after the accidental release, regardless of the atmos-
pheric diffusion conditions when the waste package was dropped in the reactor hall. 

5.2.2 Fire risk 

5.2.2.1 Identification of the risk 

The possibility of fire-related risks arises when the following factors combine: 

• Areas and/or equipment with a sufficient fire load density in an oxidizing environ-
ment; 

• Sources of ignition, related to the presence of hot spots (use of electrical equipment or 
cutting equipment generating flames or sparks); 

• Radioactive substances within reach. 

During dismantling, the fire load density in the areas with risks of spread of contamination 
will be maintained, on average, at less than 400 MJ/m2 and, occasionally, at less than 600 
MJ/m2. 

This does not apply to the waste barrel storage area, for which specific provisions exist, as set 
out below. 

The fire load density of the reactor hall during the final shutdown operations is set out in the 
following table: 

Table 13. Fire load density of the reactor hall during the final shutdown operations 

Buildings Parts Part category 

Fire 

load 

density 

(MJ/m²) 

  A-1 Coolant pump motors 394 

Reactor P2 B-1 Core tank area B1 185 

  C-1 Controlled area 513 

  D-1: BEFE area airlock Change area tenting 708 

  D-1  BEFE area 498 

  E-1 Sorting area for Very Low Level Waste 155 

  A0 + stairway Rear area at 0.00m 599 

  D0 Purification area 297 

  E0 Truck entrance area at 0.00m 69 

  F0 PWR area at 0.00m 214 

  230 Airlock 0.00m 220 

    Decontamination showers 381 

  228 Change room for zone-switch 439 

  A1 Comedy area+ heat exchangers  221 
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Buildings Parts Part category 

Fire 

load 

density 

(MJ/m²) 

  341 Hot workshop at 3.2m 241 

  C1 hot change rooms + right-hand area at 3.2m 333 

  D1 right-hand area at 3.2m 235 

  E1 passageway before core tank at 3.2m 172 

  A2 right-hand area at 6.4m 181 

  B2 store at 6.4m 328 

  C2 left-hand area at 6.4m(excluding cut-out area) 150 

  D2 passageway before core tank at 6.4m 399 

  E2 Hot cell (interior) 325 

  F2 Rear area of cell 267 

  G2 Area at top of core tank 99 

    Cut-out area 268 

  418 Airlock at 6.4m + area entrance 195 

  418A Airlock change room at 6.4m 630 

  E3 Hot cell roof 64 

    Machinery hall + duct 95 

Total fire load of reactor / Total surface area of reactor zones 234 

 

5.2.2.2 Prevention 

5.2.2.2.1 General provisions 

Fire risks originating from inside the facility are prevented by the following provisions: 

• Identifying areas with potential risks: initial fire load density of main areas; 

• Limiting the calorific potential of the work areas: worksite tents (limiting the fire load 
density added by the equipment and materials/consumables used for the works); 

• Limiting the use of flammable solvents, using only the quantities strictly necessary for 
the work in progress, prohibiting their use at the same time as operations that might 
generate hot spots or which use acids; 

• Wherever possible, using equipment that does not generate flames or sparks, particu-
larly for cut-out (the work techniques and tools used will limit the creation of hot 
spots to the greatest possible extent); 

• Complying with safety instructions - in particular, prior obtaining of permits from the 
fire protection authority for operations that generate hot spots. These permits will be 



 

 

issued for each operation, and will not last more than two working weeks (renewal is 
mandatory); 

• Using spark arresters, fire guards and non-flammable materials; 

• Checking the condition of electrical devices in order to avoid that cladding of electri-
cal cables catches fire through an insulation defect or a short-circuit; 

• Electrical apparatus equipped with equipotential connections linked to the ground in 
order to avoid accumulation of static electricity; 

• Removing flammable materials (cottons, rags, greasy or solvent-soaked materials) af-
ter use, prior to any operation generating hot spots; 

• Using fire-resistant materials, particularly for worksite containment and waste packag-
ing (fire resistance category M1); 

• Prohibiting storage of waste barrels outside of the reactor hall storage area. As soon as 
they have been filled, the waste barrels will be directed to this area; 

• The areas with the highest fire load densities are kept without high radiological inven-
tory. Such areas will be dismantled, wherever possible, after the work has been com-
pleted in the areas with risks of spread of contamination (and with low fire load densi-
ties). 

5.2.2.2.2 Provisions relating to worksite containments 

Fire load density and fire resistance 

• The fire load density in the ventilated tents will be as low as possible, and shall in all 
cases be less than 400 MJ/m2 on average and occasionally 600 MJ/m2 (the assessment 
of the fire load density prior to the works will show that these requirements have been 
met); 

• The containments will be made of category M1 materials; 

• The workstations allotted to the cutting operations will be equipped with an M0 floor 
plate. 

Sources of ignition 

• A spark arrester grille and M1 pre-filter will prevent the spread of incandescent parti-
cles in the ventilation ducts; 

• The devices found in the containment buildings must be in good condition and will be 
subjected to regulatory inspections. Any additional lighting equipment will be located 
away from inflammable materials and will only be used in the presence of qualified 
personnel. The electrical power supply to the tools in the ventilated tents will only be 
provided in the presence of operators; 

• If equipment requiring specific high-voltage electrical supplies is used, the power 
supply units must be located outside the containment buildings. 

5.2.2.2.3 Provisions relating to the barrel storage area 

• Decision to site this storage area away from the works at – 2.50 m; 

• No hot spots around the barrel storage area; 

• No barrel in the storage area to be left open at the end of the day; 
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• The barrels are to be filled to the maximum in order to minimize the volume of air in-
side. 

5.2.2.3 Monitoring 

5.2.2.3.1 General provisions 

Automatic Fire Detection: 

Monitoring is required to be performed by the facility's automatic fire detection system (see 
Volume 1 paragraph 1.6.2). 

Monitoring by employees 

• During working hours, any fires that may occur will be detected visually by the opera-
tors; 

• At the end of the working day, a patrol inspection will be performed to ensure that no 
fires have started; 

• Patrol inspections will also be performed by the Local Safety Team. 

5.2.2.3.2 Provisions relating to worksite containments 

Any fires that may occur will be detected visually by the operators, as well as via the reactor 
hall's automatic fire detection system. 

5.2.2.3.3 Provisions relating to the barrel storage area 

• The storage area has to be equipped with a fire detector connected to the FLS remote 
alarm network; 

• The personnel present in the reactor hall perform visual monitoring; 

• The patrol inspection performed after the worksite shuts down at the end of each 
working day will include the storage area. 

5.2.2.4 Limiting consequences 

5.2.2.4.1 General provisions 

Operator training: 

The operators will be informed of the safety rules and trained to handle first response equip-
ment. This provision allows personnel to act quickly during working hours. 

Appropriate local fire-fighting equipment (extinguishers) is located throughout the building 
within reach of the operators and around the worksite areas. 

Additional extinguishers, adapted to the types of fire likely to be sparked off locally, have to 
be available in close proximity to locations where operations are being performed (on the 
advice of the Local Safety Team). 

Evacuation instructions: 

The evacuation routes are defined, kept clear, and brought to the attention of all operators 
working in the facility. 

Involvement of the FLS: 

The alarms generated by the DAI are reported to the Centre's safety Command Post. 

Upon activation of the fire detector or when an alert is raised by an operator, the FLS inter-
venes within 5 minutes, on average (the FLS premises are located 400 m from the Facility). 



 

 

Consequences on on-going operations: 

When the DAI or a fire alert is triggered, the entire facility will be warned and, before any-
thing else, current operations will be stopped. 

5.2.2.4.2 Provisions relating to worksite containments 

Ventilation system: 

A spark arrester grille and class M1 pre-filter will prevent the spread of incandescent particles 
in the ventilation ducts. 

Fire-extinguishing facilities: 

Extinguishers, adapted to the types of fire likely to be sparked off locally, will be available in 
close proximity to locations where operations are being performed (on the advice of the Local 
Safety Team). 

FLS intervention: 

In the event of activation of a DAI sensor or an alert by an operator, the FLS intervenes in an 
average time of 5 minutes. 

5.2.2.4.3 Provisions relating to the barrel storage area 

• The number of barrels containing low-level and very low-level waste stored at 0m in 
the reactor hall is limited to 20; 

• The barrels are placed in a marked area; 

• Suitable extinguishers are placed in close proximity to the storage area; 

• FLS intervention after triggering by the zone fire detection system. 

The study of a "fire" event in the technological waste barrel storage area is covered in the 
following paragraph. 

5.2.2.5 Fire event in the storage area 

The reactor hall storage area (level -2.50 m) is designed for the storage of 20 steel barrels of 
low-level and very low-level waste spread over a surface of 30 m2, surrounded by a concrete 
wall. There are very few barrels of very low level waste in this zone and, as the specific activ-
ity that they contain is in the order of 1% of that of low-level waste barrels, they are not to be 
taken into account in the analysis. 

Experience feedback on the mass of combustible waste removed during the final shutdown 
phase (CDE) provides an average value of 29 kg and a maximum value of 100 kg of waste 
per barrel. 

The radioactive waste contained in these barrels is not considered as having a safety level 
equivalent to the "sealed source" with respect to fire risk. This waste is of two physical and 
chemical types: 

• Compacted waste made up exclusively of ferrous and non-ferrous metals; 

• Combustible waste usually made up of a mix of plastic (PVC, polyethylene, etc.), 
rubber (latex, neoprene, etc.) and cellulose (paper, cotton, etc.), of which the average 
fire load density (DCC) is 638 MJ/barrel of combustible waste. 

The area presents no fire load other than that due to the floor paint, the corresponding fire 
load density is 50 MJ/m2 at the most. 
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Values adopted for the activity contained in a barrel are based on the barrel acceptance crite-
ria used by the site, weighted to take into account knowledge of past waste. The acceptance 
criteria for one barrel are: 

Am(α) <1 MBq 

Aβ(3H) < 0.04 MBq 

Dose rate (β,γ) upon contact < 2 mSv/h 

The presence of α-emitters in the low-level waste is highly improbable and could only be due 
to operations on elements that have been contaminated by nuclear material. Such operations 
will already have been performed during the CDE phase. Although the maximum limit of 
1MBq of α-emitters per barrel for waste from the reactor’s final shutdown and dismantling 
operations is very much a worst case scenario, it has been retained for this study. 

Tritium activity per barrel is assessed in the activity assessment procedure for waste packages 
produced in Facilities 19, 20 and 21, assuming that all the waste surface asperities are filled 
with tritium-contaminated water at tank water level. For 200-litre barrels this activity has 
been assessed at 4·104Bq. Note that this value is undoubtedly a very high estimate because 
very little waste will have been in contact with the tank water. 

Maximum β- and γ-emitter activity (excluding tritium) per barrel has to be such that the re-
sulting dose rate at the barrel surface complies with transport regulations (< 2 mSv/h). How-
ever, the dose rate depends on the radionuclides present, the distribution of activity in the 
barrel, attenuation through the walls of the packaging, auto-attenuation by the source, and 
build up. Its estimation by calculation, performed using MicroShield software, from the β-, γ- 
and α-spectrum defined in paragraph 4.1.8.1, leads to maximum activity of 2.1 GBq per bar-
rel. 

Note: Experience feedback from the gamma spectrometry measurements carried out for waste 
from CDE operations provides average activity in the order of 0.9 MBq for combustible 
waste, so the β- and γ-emitter activity estimated by calculations is therefore 2300 times high-
er. 

5.2.2.5.1 Plausible fire: calculation of corrected activity 

This calculation is done in three stages: 

• Determining correction coefficients relating to each family of radionuclides; 

• Calculation of weighted radiotoxicity coefficients; 

• Calculation of corrected activity. 

General provisions to control the fire risk, used to quantify correction coefficients relating to 
each family of radionuclides, are as follows: 

• The storage area considered is reserved exclusively for the storage of barrels; 

• The storage area is separated from the rest of the hall by two-metre high and 25 cm 
thick concrete walls intended, principally, to ensure biological shielding but also 
providing "fire-wall" protection against the spread of fire; 

• The storage area is monitored by an automatic fire detection device relaying infor-
mation to the FLS Command Post. When the detection device is triggered (or when an 
operator calls), the FLS quickly intervene; 



 

 

• Two extinguishers are available in the storage area and several other extinguishers are 
installed in the reactor hall building; 

• The barrels are closed when they arrive to the storage area; 

• The barrels are new and not corroded; 

• The positioning of the barrels is dictated by markings on the ground, whichs a manda-
tory space of 60 cm between the rows of barrels. Each barrel has a designated area of 
1 m2 on the ground; 

• The reactor operational engineers and monitoring personnel have received ELPI (local 
first response team) training enabling them to handle extinguishers. 

The reference activity value is set at 5000 Bq. It corresponds to the threshold value beyond 
which it is necessary to take specific protection provisions. 

Table 14. Activity correction coefficients 

Factors 

for the correction coefficient 
α-emitters 

β-, γ-emitters 

(excluding tritium) 
Tritium 

C1) Radiotoxicity 1 0.0397 0.001 

C2) Area fire load 2·10-3 0.2 2 

C3) Initiation energy factor 1 1 1 

C4) Spread of barrels 0.06 0.06 0.06 

C5) Monitoring 0.02 0.2 0.2 

C6) Division and containment 10-4 10-4 10-4 

C7) Extinction 2 2 2 

Correction coefficient 4.44·10
-9

 1.76·10
-8

 4.44·10
-9

 

Corrected activity (Bq) 0.09 740 2·10
-3

 

 

The total corrected activity for the 20 barrels in the storage area is obtained by summing the 
corrected α, β, γ and tritium activities. Its calculated value is 740 Bq. The corrected activity 
(740 Bq) is less than the reference activity (5000 Bq). The measurements taken from the stor-
age area are therefore sufficient with respect to the plausible fire. 

5.2.2.5.2 Extreme fire 

The "extreme fire" study aims to quantify the releases into the environment generated during 
a fire involving the 20 barrels contained in storage area. 

The following method is used: 

· Source term determination; 

· Calculation of doses absorbed by personnel present in the hall, assuming that 
evacuation takes 2 minutes; 

· Calculation of doses absorbed by the inhabitants of the area neighbouring the site. 

Activity released into the environment is calculated using the following formula: 

S = At * r1 * r2 * r3 

where 

S : activity released into the environment (Bq); 
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At : total activity contained in the storage area (Bq); 

r1 : ratio of burnt waste; 

r2 : ratio of radioactive materials placed under suspension in the form of aerosols; 

r3 : ratio of aerosols released into the environment; 

An extreme fire is detected by the automatic fire detection system located in the barrel storage 
area. The system will systematically be triggered manually in the event of detection or con-
firmation of fire in the barrel storage area. 

When the emergency ventilation is working, the pressure inside the reactor hall remains 0.5 
mbar lower than outside, the extracted air flow rate is between 100 and 400 m3.h-1 and extrac-
tion only takes place at the "top of the core tank” (level +6.40m). 

Therefore, in the event of an extreme fire limited to the storage area, the very high efficiency 
filters for emergency ventilation remain operational because: 

• The hall's air extraction outlet (situated at +6.40m) is separated from the storage area 
by three levels; 

• The combustion gases are diluted in the reactor hall. 

The selected r1, r2 and r3 values linked to the characteristics of the storage area, barrels and 
waste are shown in Table 15. 

 

Table 15. Values of r1, r2 and r3 α emitters  β,γ emitters 

(excluding tritium) 

Tritium 

Activity contained in the waste 20 MBq 42 GBq 0.8 MBq 

Correction coefficient factors  

r1 - Fraction of burnt waste 1 1 1 

r2 - Rate of suspension in the form of aero-

sols during a fire 

5·10-3 (Mn, Fe, Co, 
Ni) 

5·10-2 

(Cs) 

10-1 

1 

r3 - Fraction of aerosols released outside 

the building 

10-3 10-3 1 

Activity released into the environment is therefore: 

α emitters : 0.1 kBq 

β,γ emitters excluding tritium : 6.3 MBq 

Tritium : 0.8 MBq 

The results of the radiological impact calculation are as follows: 

• The effective dose absorbed by personnel present in the hall at the time of the fire, 
working without respiratory system protection for 2 minutes before evacuation, is 0.8 
mSv (in practice this is a very high estimate, given that the 20 barrels cannot catch fire 
and burn in 2 minutes); 

• Maximum exposure for the population during 50-years is less than 32 nSv. 



 

 

Experience feedback shows that a storage area containing radioactive waste in barrels only is 
relatively safe: in fact there is little risk of propagation of fire to the neighbouring barrels due 
to the mechanical resistance of the barrels' shells, which ensures a certain degree of isolation, 
and due to the fact that the fire tends to put itself out after consumption of internal oxygen. 

 

Other accident scenarios were analysed in a comparable way, but are not described in detail in 
this chapter. These are: 

• Flood risk; 

• Chemical risk; 

• Explosion ris; 

• Loss of electrical supply ; 

• Loss of ventilation. 

5.3 MODELLING AND CALCULATION OF RADIOLOGICAL CONSEQUENCES 

On the basis of the safety analysis of radiological risks and risks which may have radiological 
consequences, a summary of chosen events was prepared. Table 16 shows the assumptions 
employed for modelling and calculating the radiological consequences for workers and the 
public for the accident scenarios “fire” and “fall of a waste package”. 

 

Table 16. Assumptions employed for modelling and the calculated radiological conse-

quences 

No. Description Assumptions employed 
Radiological 

consequences 

1 Fire in the barrel 
storage area in the 
reactor hall 

Source term for 20 barrels of combustible 
waste: 42 GBq in β/γ excluding 3H, 
0.8 MBq of 3H 

Activity in the environment created by the 
fire is assumed to stay at the same level for 
half an hour upon initial intervention on the 
fire. The Very High Efficiency filters of the 
hall extraction system are not damaged. 

0.4 mSv for an 
operator in the 
hall 

For the public: 
maximum expo-
sure 32 nSv  

2 Fall of a waste 
package in the hall 

 

Source term for content in the package: 6.2 
1011 Bq 60Co. 

Fall of a waste package (concrete vessel 
type) causing it to overturn and lose its lid in 
the reactor hall 

0.4 mSv worker 

For the public: 
maximum expo-
sure 2 nSv  
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5.4 IMPACT OF CHANGED PROCEDURE FOR LINER REMOVAL ON RISK 
ANALYSIS 

5.4.1 Real activation of the vessel, of the liner and of the concrete of the pool discov-

ered after draining the pool 

Following the discovery of the activation of the vessel and of the neutron channels, a charac-
terization of the activation of the vessel and of the liner of the main pool of the reactor began 
in May 2004 by a series of measurements under water using a collimated probe. These meas-
urements were completed by samples taken from the vessel. Mapping continued in August 
2004 by a full mesh of the pool. New measurements were performed with a probe on the 
walls and at the bottom of the pool. Measurements have also been carried out inside the neu-
tron channels. The result was a 3D modelling of the radiological condition of the pool that 
showed an activation of 3 kBq/g of 60Co in average with a maximum of 56 kBq/g of 60Co at 
the level of the left channel. This exceeded the primary estimated activation of these compo-
nents and therefore the risk analysis had to be updated including a comparison of options, the 
justification of the choice and the control of the works. 

 

5.4.2 Risk analysis for removal of electromechanical equipment of the pool 

5.4.2.1 Description of the operations 

The works of cutting and / or disassembly inside the pool affect: 

• Equipment welded to the vessel, diffuser and lower part of the support of the core; 

• The main vessel; 

• The removal of resilient pad; 

• The liner of the main pool, the work pool. 

 

5.4.2.2 Initial state 

External exposure hazards:  

We have seen before that the overarching dose rate inside the main pool comes from the fol-
lowing source term: 

• Contribution of the nose of channels without shield : 15 mSv/h (real measurement af-
ter the drain); 

• Contribution of the support of the core at the location where it is cut: 20 µSv/h; 

• Contribution of the activation of the vessel, of the pads and of the liner: 15 µSv/h. 

 

Internal exposure hazards: 

The risk of internal contamination can have the two following origins: 

• Release to the atmosphere of a part of the contamination of the vessel of the main pool 
and of the liner of the work pool. If we take a coefficient of 10-4 m-1, the most penaliz-
ing value of the coefficient of release to the atmosphere of the contamination, we ob-
tain a detectable volume activity of 10 Bq/m3 in the pool that corresponds with a sur-
face activity of 10 Bq/cm2. It is to be noted that this is the value that was measured at 
the bottom of the main pool during the works of lifting of the tiles of the main pool in 



 

 

1988, works significantly more contaminating that the cutting of the vessel and of the 
liner. 

• Release to the atmosphere of a part of activation inventory of the vessel of the main 
pool during cutting works. The values of release to the atmosphere of the activity dur-
ing the cutting of the steel vary typically from 10-7 to 10-4 Bq/m3, leading to a volume 
activity span that is between 3.10-3 and 3 Bq/m3, for the parts of the vessel activated at 
0,4 Bq/g of 60Co, and considering an average thickness of 10 mm. The dust concentra-
tions, in form of inhalable aerosols, are less than some mg/m3 at the nearest location to 
the workers performing cutting using the most dispersive cutting technic, contributing 
so to some mBq/m3 of activity in the air. 

 

The total duration of these operations in the pool is estimated at roughly 3500 hours, leading 
to a potential collective dose of about 1 man mSv from beta-gamma radiation and of about 
3 man mSv from alpha radiation, without application of any respiratory protection measures. 

 

5.4.2.3 Comparison of options of protection and justification of the choice 

External exposure hazard: 

Four options of radiation protection can be considered (see also 5.1.1.3):  

• Option 1: shielding the noses of channels to diminish their contribution to the dose 
rate in the pool; 

• Option 2: removal of the noses of the channels before any other work in the main 
pool; 

• Option 3: complete removal of all the channels from outside of the pool block before 
any other work; 

• Option 4: Removal with remotely operating equipment (after the discovery of the ac-
tivation). 

 

Option 1 consists of complete draining of the pool, followed by capping of the noses of the 
channels with a biological shielding. This option gives the advantage of having already been 
used for the works of putting in place a liner in 1988, although there is unfortunately no any 
numerical dosimetry feedback. However, the context of the works at that time made it manda-
tory to keep the noses of the existing channels. That is not the case now. Approximate predic-
tion of doses uses the following assumptions. Two thicknesses 1/10 of shielding for 60Co or 
roughly 10 cm of lead (values that seem the same as those of 1988) result in a total dose rate 
inside the pool of only 3 to 4 µSv/h in average. Indeed the lower part of the vat at the core 
level can be removed in a few hours, not significantly contributing to the total exposures dur-
ing the whole work. On the other hand, the installation of shielding is costly in terms of dos-
es, estimated to 2 man mSv per channel on average. It is not required to demonstrate the tech-
nical feasibility, because this operation has already been made in the past without particular 
difficulty; the shielding was hung by cables from structures in the upper part of the pool. In 
terms of safety and security this option requires a study of the risks of radiation leaks and of 
the potential fall of the protection. An alternative could consist in installing the shields under 
water. We have to mention that the channels are more than two meters above the bottom of 
the pool, making the use of a kind of stool more difficult. The method used in 1988 was to 
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hang the shield from the superstructures, a more difficult solution to apply before the draining 
of the pool. This alternative will result in a collective dose rate of approximately 15 man mSv. 

 

Option 2 consists of dismantling or cutting off the noses of the channels in the main pool. To 
be efficient from a dosimetry point of view, this requires dismantling equipment located be-
hind the vat of the main pool. When completed, the residual dose rate will be roughly 
4 µSv/h. This option is expected to result in higher doses because of the need to operate dur-
ing a few hours in a high dose rate regime (some mSv) to install the equipment for cutting. 
The feasibility of this partly remote cutting is not completely demonstrated leading to ques-
tions about safety. This option is expected at this stage of optimization not to be in line with 
dose targets and will therefore be excluded if the predicted values are confirmed. A possible 
alternative would be to conduct the cutting of the noses after establishing the biological 
shielding, as in Option 1. 

 

Option 3 treats the channel as a whole as a priority before any other operation. It was shown 
in the radiological inventory that eliminating the channel reduces the residual activity at the 
facility by three orders of magnitude. It is conceptually clear that this operation must be con-
ducted as quickly as possible to reduce the background dose rate coming from the pool. For 
operations in the pool, this option is obviously the best in radiological terms, because it leaves 
less than 1 µSv/h of background dose rate due to contamination and activation of the vessel 
(here again the contribution of the core box to the entire project is low because it can be re-
moved within the first few hours). From the point of view of radiological and industrial safety 
it is also the best option because the source is completely eliminated without any operation or 
particular device in the pool. On the other hand, in terms of deadlines, it imposes not to begin 
the dismantling operation in the pool before the whole treatment of the three channels. The 
possibility of mounting shielding on the nose of the channels under water is not rejected, even 
in the scope of this solution, because we do not want to be obliged to ban the upper location 
of the pool when the nose of channels is out of water. 

 

Option 4 is an additional option that was studied after the discovery of the activation of the 
vat and of the liner. This option entails the remote dismantling of vat and of the intermediate 
part of the liner between levels + 3.20 m and - 2.50 m, as well as the withdrawal of the neu-
tron channels noses, the drilling of the neutron channels and the removal of the rest of the 
liner. A human intervention is not forecast in the main pool during the remote removal of 
activated equipment (liner, neutron channels and noses of the neutron channels). However, 
after these items are removed, a manual intervention to treat the top and bottom of the pool is 
planned, after the confirmation that appropriate radiological levels are achieved. This task 
will be made with a heavy carrier (Brokk 180) remote controlled and equipped with various 
cutting tools including a plasma cutting bench. In order to access to the full height of the pool, 
the Brokk 180 will be located on a metal platform that can be set up on 3 levels. Between the 
levels + 3.20 m (top of the vessel) and - 2.50 m (bottom of the nose channels), the operations 
will be performed remotely. The Brokk will be equipped with multiple video cameras and 
manipulation of its tools will take place from a special remote control room, located at the 
rear of the main pool at level + 7.00 m. The baseline for this intervention led to an estimated 
46 man mSv dose for the whole treatment of the pool. 

The latter option (option 4) was chosen. In fact, a mixed solution involving both remotely 
operated and manually operated works appeared best suited to the radiological situation of the 



 

 

main pool. All arrangements and safety options adopted were detailed in a specific detailed 
safety report, which had been evaluated during a plenary Safety Commission meeting in Sep-
tember 2006. 

In 2007 the dosimetry results of this approach for the treatment of the main pool (vat and lin-
er) were summarized in the following table. 

Table 17. Doses estimated for the chosen approach 

Options 

Doses Qualitative indicators 

Collectives Individuals 
Feasibil-

ity 
Radiolog-
ical safety 

Industrial 
safety 

Duration 

1 
Shielding of the noses of the 
channels (*) 

4500 

man mSv 
4 mSv ++ + + + 

2 
Removal of the noses of the 
channels (*) 

1500 

man mSv 
10 mSv - + - + 

3 
Total removal of the channels 
(*) 

800 

man mSv 
1 mSv + ++ ++ - 

4 
Total amount for remote re-
moval of the vessel and of the 
liner of the main pool 

46 

man mSv 
3 mSv + ++ ++ + 

(*): The values were updated after the discovery of the activation of the main pool. 

• Option 1: total work time: 2250 h; dose rate: 2 mSv/h. 

• Option 2: total work time: 7500 h; dose rate: 200 µSv/h. 

• Option 3: total work time: 4000 h; dose rate: 200 µSv/h. 

 

Internal exposure hazard: 

Remote tasks: 

Following the discovery of the activation of the main pool, the dispositions taken to manage 
the internal exposure hazard for people working inside the containment enclosure during the 
remote operations, were described in a specific safety document whose title was “Remote 
Dismantling of the Main Pool of the Reactor”. 

To summarize, the following dispositions are established: 

• Containment enclosure equipped with dynamic ventilation, allowing a minimum pres-
sure difference (delta P) of -3 mm CE (millimetre of water column) and a preferred di-
rection of air circulation. The monitoring of the delta P is done in the control room 
and the system is equipped with an alarm. 

• Local air extraction at the working area inside the containment enclosure. This air ex-
traction system has a dust collection device and a very high efficiency filtering. 

In case of alarm, the site is secured and the containment enclosure is evacuated. 
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Manual tasks: 

For the manual interventions the following precautions are established: 

• If the initial radiological mapping shows that the residual contamination is of the order 
of 10 Bq/cm, the works would be made without specific containment; the containment 
toward the environment remains ensured by the reactor containment enclosure. 

• The workers could be equipped with a simple dust mask. In fact we can easily prove 
that this option of protection is optimal. 

• Wearing respiratory protection devices leads to at least a double total number of hours 
needed to do the work, roughly 7000 hours of work, leading even under the best dose 
rate hypothesis of 1 µSv/h, to 3.5 additional man mSv. 

 

With a simple dust mask, the dose saved from external exposure is therefore at least 3.5 man 
mSv compared to the previous option, which uses respiratory protection devices. On the other 
hand, the effective dose from internal exposure can be assessed to less than 2 man mSv if we 
suppose that the efficiency of the dust mask is only a factor of 2; the dose without any protec-
tion has previously been estimated to 4 man mSv. This option is consequently effectively 
costless in effective dose; the gain is at least more than 1.5 man mSv. Furthermore, it is obvi-
ous that this option is better for all the aspects of safety, duration and consequently of cost. 

 

5.4.2.4 Monitoring and radiological control of the works  

External exposure hazard:  

The collective monitoring of the workers is made by collective radiation monitoring devices. 

The individual monitoring of the workers is made by: 

• The film dosimeter (passive dosimeter); 

• The electronic dosimeter with alarm (active dosimeter); 

• Mobile control devices. 

 

Internal exposure hazard:  

The radiological monitoring linked to the risk of internal exposure is made by: 

• Controls of output areas (cabin, hand-foot control devices,); 

• Radioactive airborne particle monitoring systems with visual alarms. These systems 
are mobile; they may be placed close to the working place; 

• The atmospheric sampling devices. 

6 ENGINEERING ASSESSMENT 

It has been chosen in this report to integrate engineering aspects in the risk analyses in chapter 
5. Therefore, the present chapter will be only a summary of the main findings in chapter 5. In 
general the dose rates and contamination levels for most operations do not require the estab-
lishment of new safety related structures, systems and components (SSCs); operations can be 
carried out using the existing SSCs. 



 

 

6.1 ENGINEERING ASSESSMENT METHODOLOGY 

The risks identified and analysed in chapter 5 are all risks to the decommissioning staff; no 
significant risks to the public and to the environment have been identified. Therefore the en-
gineering measures required all deal with protecting the personnel from external radiation and 
intake of contamination. The need for engineering solutions thus is dictated by the foreseen 
radiation and contamination levels at the work place. 

6.2 ENGINEERING MEASURES DERIVED FROM THE SAFETY ASESSMENT  

In chapter 5.1.1, “Group 1: Disassembly of mechanical equipment in the core tank”, three 
radiation protection options are discussed in order to reduce doses to the staff from the neu-
tron channel noses. One option involves the installation of shielding of the channel noses. 
However, the option chosen was to remove the channels totally before carrying out work in 
the core tank; this would reduce the external radiation to a level where no particular engineer-
ing measures were required. Contamination levels were also measured to be so low that no 
particular containment had to be established. The operators would use simple dust masks. 

For the operations analysed in chapter 5.1.2, “Group 1: Disassembly of mechanical equip-
ment in the decay tank”, it is concluded that the projected overall dose of 1 man mSv shows 
that the radiation risk is so low that there is no need to study sophisticated and costly solu-
tions such as remote operations, to recover any active objects. The recovery and decontamina-
tion operations will therefore be subject to a simplified ALARA approach, as provided for in 
the exiting facility's procedures. If the initial mapping shows that prior decontamination is 
necessary, a ventilated containment airlock will be installed at the entrance to each core tank, 
to allow the decontamination and then the cut-out to be performed in a sealed environment 
without affecting the rest of the reactor hall. 

For the remaining operations, not described in detail in chapter 5, it is concluded that the pro-
jected overall doses are so low that there is no need to study sophisticated and costly solutions 
such as remote operations, to perform the work. In some instances the erection of a worksite 
tent may be relevant in order to limit the spread of contamination. 

6.3 APPLICATION OF A CATEGORISATION SCHEME 

Due to the modest risk levels it was not found relevant to use a categorisation scheme as sug-
gested in the DeSa project. 

7 EVALUATION OF RESULTS AND SAFETY MEASURES 

The results of the safety assessment serve to demonstrate compliance with regulatory re-
quirements and to identify those control measures necessary to ensure compliance (7.3). The 
safety assessment also documents that exposures have been kept ALARA in order for the 
decommissioning to be carried out safely. 

The initial results of the safety assessment can be adjusted by the application of control 
measures, until it is shown that all criteria are met and exposures are ALARA. The uncertain-
ties and assumptions made are identified in section 7.2. Additional controls identified as be-
ing necessary, to mitigate the consequences of accident scenarios, abnormal events and inci-
dents are also evaluated and shown to be fit for purpose in 7.3. 

7.1 COMPARISON OF ANALYSIS RESULTS WITH CRITERIA 

In a separate study several scenarios were studied in order to optimize the work with regard to 
collective and individual dose (ALARA). It was shown there that collective dose for the work 
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in the high dose rate area is estimated to be of the order of 20 man mSv. Also individual dose 
is shown to be below 4.2 mSv. This is well below the criteria of 100 man mSv and 10 mSv 
(see 3.6). 

7.2 TYPES AND TREATMENT OF ASSUMPTIONS AND UNCERTAINTIES 

The risk assessment makes use of the estimation of the activity present in the reactor and dose 
rates at the start of the decommissioning. Since it is not possible to take samples and perform 
measurements everywhere, activity and dose rates are partly calculated and partly measured. 
For calculation of activation both the irradiation history and the composition of the activated 
material (including trace elements) is required. Both have associated uncertainties. 

The duration of the jobs is estimated, based on earlier experience with similar works at other 
reactors on site. 

A conservative approach is used in the risk assessment. 

A major uncertainty is the potential presence of radionuclides in the bioshield and floor con-
crete, following a leakage of the reactor pool many years ago. Since it is not possible to get a 
good estimation of the radionuclide content with the reactor still intact, a procedure is drawn 
up to collect samples after removal of the pool liner. Only after the contamination is known, a 
work plan will be made to remove the concrete. 

During decommissioning, dose rates will be measured continuously. If unexpected (high) 
values arise or other unforeseen events happen, work will be stopped and the work plan will 
be evaluated and improved, if and where necessary. 

7.3 SAFETY MEASURES 

In the table on the following pages a summary is given of safety measures implemented and 
the resulting changes in doses for the operations mentioned in chapter 5.1 (most of which 
were not discussed in detail in chapter 5.1). 

Several measures to even further reduce doses to the workers are taken (see also 3.6.1). Ex-
amples of these are: 

• If, for a given task, release of radioactive particles or dust to the air is possible, local 
ventilation with sufficient air filtering will be used. Respiratory protection is obligato-
ry to further reduce internal doses to the workers. 

• Lead shieldings are placed on hot spots to reduce external doses to the workers. 

• Thorough preparation of the work and limiting (and controling) the time spent in high-
radiation areas further reduces the doses to workers. Control of doses to workers dur-
ing the decommissioning process is done to verify that measures are effective. 

• Procedures and equipment are available to mitigate the consequences of an accident 
during decommissioning, e.g. in case of fire (including evacuation procedure, auto-
matic ventilation shut-off and availability of several types of fire extinguishers). For 
details see Chapter 5.2. 



 

 

Table 18. Summary of safety measures implemented and the resulting changes in doses 

for the operations mentioned in chapter 5.1. 

Activity Group Unmitigated consequences Measures 

External 

exposure 

Internal 

exposure 

1 Disassembly of 
mechanical 
equipment in the 
core tank 

1 350 man mSv 

 

4 man mSv 

10 Bq/m3 

External: Total removal of all three neutron 
channels from the outside of the core tank block 
before any other operation (with installing pr
tection on the channel noses underwater)

Internal: Conventional dust masks 

2 Disassembly of 
mechanical 
equipment in the 
decay tanks 

1 1 man mSv 10 Bq/m3 External: Simplified ALARA approach, as pr
vided for in the facility's procedures 

Internal: Ventilated containment airlock mea
ured residual contamination is >10 Bq/cm
simple dust masks 

3 Disassembly of 
electromechanical 
equipment in the 
exchanger cells 

1 3.5 man mSv Very low External: Separating most active ends of the 
exchangers and removing them using the hall’s 
polar crane 

Internal: Ends (inlets and outlets) of the primary 
cooling system will be vinyl capped for remo
al to the cut-out area 

4 Disassembly of 
electromechanical 
elements in the 
purification cir-
cuits 

1 2 man mSv Very low External: Simplified ALARA approach, as pr
vided for in the facility's procedures 

Internal: Optional rinsing and pre-
decontamination of the components and vessels, 
if needed to reduce the surface contamination, 
respiratory system protection equipment at least 
during decontamination 

5 Disassembly of 
electromechanical 
equipment from 
other circuits and 
systems 

1 1 man mSv Very low External: Simplified ALARA approach, as pr
vided for in the facility's procedures 

Internal: Disassembly operation will be pe
formed after decontamination of the hot cell, 
respiratory system protection equipment

6 Clean-up of neu-
tron channel con-
crete 

2 0.3 man mSv 

1 µSv/h 

Very low risk 
due to a pos-
sible resus-
pension of 
some of the 
contamination 
in the tiling 

External: No ALARA optimization needed

Internal: Simple dust masks, no particular co
tainment if residual contamination is up to 10 
Bq/cm2, reactor hall provides containment with 
respect to the external environment 
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Activity Group Unmitigated consequences Measures 

External 

exposure 

Internal 

exposure 

7 Removal of ce-
ramic tiles in the 
work core tank 
and decay tanks 

2    

8 "Scalping" of 
group 2 surfaces 

2 0.3 man mSv 
1 µSv/h 

Very low risk 
due to a pos-
sible resus-
pension of 
some of the 
contamination 
in the scalped 
surfaces 
(<0.01 
Bq/cm2) 

External: No ALARA optimization needed

Internal: Simple dust masks, reactor hall pr
vides containment with respect to the external 
environment 

9 Ventilation sys-
tem disassembly 
work 

3 0.1 – 0.3 
µSv/h 

Very low risk 
is due to a 
possible re-
suspension of 
the low-level 
contamination 
in the duct-
work 

External: No ALARA optimization needed

Internal: Use of non-dispersive disassembly 
technique, vinyl capping the ends of the pipe 
sections during disassembly 

10 Disassembly 
work on the Ef-
fluents Building 

3 Background 
level 

Very low risk 
due to a pos-
sible resus-
pension of the 
low-level con-
tamination in 
the vessels 
and associated 
systems (<0.4 
Bq/g) 

External: No ALARA optimization needed

Internal: Use of non-dispersive disassembly 
technique, vinyl capping the ends of the pipe 
sections during disassembly 

 



 

 

7.4 CHANGES IN SAFETY ASSESSMENT DUE TO CHANGE OF ENDPOINT 

The change of endpoint results in leaving the floor of the building in place. Since the concrete 
of the floor is potentially contaminated due to leakage from the pool in the past, a contamina-
tion may still remain after the new endpoint (use as temporary radioactive waste storage) is 
reached. The safety assessment has therefore to also include an evaluation of the resulting 
risks during (new) operation of the building. Furthermore, measures have to be taken to en-
sure that during final decommissioning information about the contamination is still available 
in a readable format/medium. Additional sampling of the floor will be performed in order to 
be able to estimate the remaining activity. 

8 GRADED APPROACH 

8.1 INTRODUCTION 

The concept of graded approach, as described in the IAEA Safety Report Series No.77 (DeSa 
project report), although not explicitly mentioned, was widely used in the safety assessment 
for decommissioning of this research reactor. 

Examples of the application of this concept are listed and commented in the following sub-
chapters. 

8.2 LEVEL OF DETAIL FOR SAFETY ASSESSMENTS AND DOCUMENTATION 

Safety related documentation for the research reactor decommissioning consists of a four lev-
el documentation tree with different levels of details. Each level of the safety documentation 
tree meets a specific goal and was prepared using a precise chronological order: 

1. reference safety case (technical requirements, safety analysis report, the general rules 
of supervision and operation); 

2. safety cases specific to each major operation; 

3. operational documents (procedures and instructions); 

4. the minutes of meetings, records of handling of deviations, the dosimetric balances, 
etc. 

The reference safety case has been agreed between the operator and the regulatory body. It 
covers all dismantling operations to decommission the facility. It was prepared and approved 
before the award of contracts for industrial dismantling. It contains the safety commitments of 
the operator and the items necessary to demonstrate the management of the safety of opera-
tions. 

It is generic and emphasizes a presentation of the control of safety risk by category rather than 
by operation. It does not consider in detail the risks associated with hardware implemented 
because they were not known at the time of writing. In fact, the responsibility for selection of 
technical solutions was given to contractors who were not known at the time of writing of the 
reference safety case. 

After contracting with commercial companies, they have prepared safety cases specific to 
each major operation they have to perform, and these safety cases have been validated by the 
Atomic Energy Commission. These files constitute the second level of the documentation 
tree. 

Each file contains the relevant elements of the reference safety case and contains a detailed 
and updated list of operations and their sequence, a demonstration of the control of safety 
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equipment implemented, dosimetric estimates, detailed organization of the industrial safety 
and quality. Each file also contains verification that the incidental situations identified by the 
overarching safety analysis are compatible with industrial accidents envelopes presented in 
the reference safety case.  

Each case is reviewed by a Safety Committee, which issues an opinion with recommendations 
to the Director of the Site where the research reactor was operating. He may issue an authori-
zation to perform tasks, provided that they meet the commitments made in the documentation 
approved by the regulatory body. 

The regulatory body receives for information the updated safety case after taking into account 
recommendations of the Safety Committee. It has a few weeks to decide on the matter. If it 
has not reacted or if it has not revoked the authorization within the time limit, operations may 
be authorized by the Director of the Site. 

The safety case for specific operation is like the reference safety case, a safety document that 
has the purpose to obtain a permit for works. It does not necessarily have a form suitable for 
easy reading by teams of workers. 

The contractor then prepares operational documents for its teams. These documents constitute 
the third level of the documentation tree. They take all elements from the first two levels of 
documents suitable for use by their teams. These are procedures, operational procedures and 
instructions. These operational documents are subject to validation by the head of installation 
before their implementation. 

During the working period, documents constituting the fourth level of the documentation tree 
to ensure the traceability of transactions are completed daily. These are board books, note-
books, monitoring results, progress meeting reports, etc. 

All these documents are available to inspectors from the safety authority. 

The documents of the first three levels of the documentation tree are updated as needed. At 
each update, it is verified that they remain consistent. 

At the end of each operation a thorough review of the operation is done in a written form. It is 
intended to draw the lessons learned. 

8.3 THE GRADED APPROACH IN THE RADIOLOGICAL CHARACTERISATION 
AND DATA ACQUISITION OF THE FACILITY 

In the chapter 2.3 (Radioactive Inventory and Radiological Classification) four areas (orange, 
yellow, green, supervised) are defined based on the gamma dose rate values with air contami-
nation taken into account by conversion to corresponding dose rate values. Grading is then 
applied in the planning and safety analyses of the tasks to be performed in different areas, 
considering the hazard potential. In 2.5 (Decommissioning Activities and Techniques) three 
groups of work are identified according to associated hazards and potential risks. 

Definition of the nuclide vectors (beta/gamma spectrums in 2.3.3) also takes into account 
grading in a way that only radionuclides with significant dose contribution are considered 
(according to their half-life, concentrations, type of radiation, and dose conversion factors). 

Grading is applied in the description of the operational history of the reactor (2.4). Only 
events with significant safety implications or radiological consequences are described (leak-
ages, contaminations, changes in the safety related systems, structures and components). 

The radiological characterization can be seen as consisting of three stages: 



 

 

1. the preliminary characterization for determining the contamination or activation depth 
and boundary; 

2. the possible intermediate characterization followed by decontamination or deactiva-
tion, clean-up; 

3. the final characterization for clearance and release from regulatory control or for con-
firming whether the radiological objective has been reached. 

 

8.3.1 The preliminary characterization 

The preliminary characterization is carried out in order to define the initial radiological state 
of systems, structures and components (SSCs) within the reactor. 

At first, a thorough examination of the radiological state of the reactor is carried out not only 
reviewing its operating history, but also by interviews with former personnel, consulting ar-
chives, and visits to the site. The purpose of that is to identify the activities performed in each 
area, the reactor operating cycles, any incidents or changes in the radiological state, the char-
acteristics and modifications of the structural work (refinishing, repartitioning, renovation, 
etc.), and singularities that could have favoured the migration of contamination into the walls. 
This also includes some radiological measurements and sample analysis. After analysing the 
data and with reference to the formal classification during operation stage, the reactor can be 
classified into one of 4 zones or categories depending on the risk and the type of phenomena 
encountered, as mentioned in 2.3.2, they are ‘Orange controlled area’, ‘Yellow controlled 
area’, ‘Green controlled area’, and ‘Supervised area’ respectively. Based on the results of 
categorization, the initial radiological characterization is undertaken with different methodol-
ogies in different zones separately (see Table 19). 

Table 19. Graded approach for preliminary radiological characterization 

Area Main features 
Characterization 

methods 
Examples 

Orange con-
trolled area: 
Reactor core 

Contaminated severely or activat-
ed, quite intense external radia-
tion, inaccessible. Remote de-
commissioning operations needed 

Estimation with 
models or using em-
pirical methods, in-
situ measurement 

Main pool (be-
fore removing the 
spent fuel and the 
most activated 
parts) 

Yellow con-
trolled area: 
Reactor core 
and the sur-
rounding area 

Contaminated or activated partly, 
aerosol and liquids, possible mi-
gration, intense external radiation, 
partly inaccessible. Decontamina-
tion treatment defined on a case 
by case basis 

Estimation with 
models or using em-
pirical methods, in-
situ measurement, 
fewer samplings for 
analysis 

Main pool, neu-
tron channel con-
crete, decay tank, 
exchange cell, 
purification cir-
cuits, etc. 

Green con-
trolled area: 
Between su-
pervised area 
and reactor 
core 

Contamination confirmed; aerosol 
or dust, no migration, intermedi-
ate external radiation. Removal of 
all coatings and paint. Scabbling 
to a certain depth of concrete as a 
safety margin 

In-situ measurement, 
some samplings for 
analysis 

Ventilation sys-
tem, effluent 
building 
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Area Main features 
Characterization 

methods 
Examples 

Supervised 
area 

Contamination not confirmed or 
suspected, aerosol, lower external 
radiation. Almost no decontami-
nation treatment needed 

Use the results of 
routine measurement 
or monitoring 

Access to the 
reactor hall, labs 
and their storage, 
etc. 

 

For ‘Orange controlled area’ and ‘Yellow controlled area’, where radiological characteriza-
tions are time-consuming and exposure-demanding activities, it is helpful to use theoretical 
models or empirical methods to estimate the radioactive inventory. As for ‘Green controlled 
area’ and ‘Supervised area’, it is necessary to reduce the sampling activity, which is both 
time-consuming and expensive; radiological characterizations depend on in-situ measurement 
mainly, e.g. surface counting, gamma spectrometry that is equipped with germanium detec-
tors, NaI(Tl) detectors or LaBr3 detectors. 

 

8.3.2 The possible intermediate characterization 

The intermediate characterization is mainly supposed to be applied for the decontamination or 
deactivation and clean-up of SSCs located or installed in ‘Orange controlled area’, ‘Yellow 
controlled area’ , and ‘Green controlled area’, when it is necessary, e.g. during the decontam-
ination of pipes connected with the exchange cell and the clean-up of wall surfaces. The 
method for intermediate characterization is in-situ measurement and sampling for analysis in 
the laboratory. 

Based on the results of intermediate characterization, it is possible to evaluate the efficiency 
of decontamination or deactivation and clean-up methods and to determine whether they are 
suited or not. 

For this reactor, the areas close to the main pool were contaminated because of the leakage of 
the liner. The digging of surrounding soil, sand and concrete should be measurement-driven, 
so continuous measurement is necessary to judge whether the radiological situation is com-
plying with related clean-up criteria or not. Furthermore, in order to confirm that the scab-
bling thickness or clean-up depth of concrete walls is enough to reach the radiological objec-
tives, it is also necessary to analyse some samples of concrete debris as the decommissioning 
of the reactor proceeds. 

 

8.3.3 The final characterization 

The final characterization is carried out to confirm that the final state of SSCs meets conven-
tional waste criteria after decontamination or deactivation and clean-up. It consists of radio-
logical inspections and sampling to verify the conventional nature of the decontaminated sur-
faces. The inspections can be based on a statistical approach rather than exhaustive measure-
ments or sampling. The methods include surface counting and gamma spectrometry mainly. 
The measurements cover several hundred or several thousand square meters and are per-
formed by industrial operators using methods validated by operator experts. Samples may 
also be taken to quantify the residual activity of hard-to-measure radionuclides such as 3H or 
14C. 



 

 

Following these inspections, the operator proceeds with a second level of random inspections 
within the reactor, performed by different staff than those who carried out the first-level in-
spection. 

The inspection results are examined by the regulatory authority before the reactor site is actu-
ally removed from regulatory control. In this context, the regulatory authority may carry out 
its own inspections by in-situ measurements and sampling, or have an independent certified 
organization involved in doing such inspections, whose results are examined further. 

 

8.4 THE GRADED APPROACH IN CARRYING OUT THE SAFETY ASSESSMENT 

In Chapter 3 (Safety Assessment Framework) hazard categorization and preliminary assess-
ment were used as a basis for selection of work packages for further detailed assessments. 
Graded approach was used in the analyses of both normal and abnormal scenarios. 

In Chapter 4 (Hazard Analysis: Identification and Screening) graded approach is applied in 
the activation analyses which are limited to main materials located in the reactor core and in 
its vicinity. Short lived activation products are not considered. Simple calculation software 
(MicroShield) is used for preliminary dose assessment. 

Grading in the scenario identification can be seen in the selection of the limited set of scenar-
ios based on their probabilities and potential consequences. 

In Chapter 5 (Risk Analysis) level of details in the analyses, as well as the number of protec-
tive measures proposed and extent of radiological inspection and monitoring are commensu-
rate with the hazards and risks (example of very detailed consideration of the fire in the stor-
age area in 5.2.2.5). 

In chapter 5.4, discussing changes in safety assessment due to changed procedure for liner 
removal, a relatively simple procedure has been used for ranking the four options for removal 
of the liner. A simple table was set up to compare – partly qualitatively – the benefits and 
drawbacks of the individual methods. 

 

9 CONFIDENCE BUILDING IN THE SAFETY ASSESSMENT  

The quality of the safety assessment is guaranteed by both the internal quality standards, 
adopted in the management system of the operator’s organization, and by external review. 

9.1 QUALITY MANAGEMENT SYSTEM  

The quality management system of the utility is drawn up in conformance with national legis-
lation. An organisation scheme is given in Figure 11. 

The relationship between the operator and the Support Units (internal contracts) is defined 
and formalized in specific procedures, and general documents define the provisions. Training 
Management and Authorization Management procedures are in place. The quality of technical 
methods is verified and maintained by periodic monitoring. The Site Director has an inspec-
tion role and verifies the application of the implemented quality system. 

Management and archiving of dismantling documents is determined in a specific procedure in 
compliance with the Quality Manual (QM). The legislation requires an annual assessment of 
the safety of the facility, which is drawn up, verified, approved and transmitted to the Safety 
Authority by the Quality Safety Cell (advisers to the director in questions of safety). 
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Figure 11 Quality organisation structure 



 

 

The Facility dismantling safety report presents radiological risks as well as non-radiological 
risks, which may have radiological consequences during the dismantling phase. During de-
commissioning work a monitoring programme is performed to verify that the required quality 
and safety levels are met. 

Management of service providers  

There are certain quality requirements to external suppliers, following from the safety as-
sessment. The majority of the provisions, taken in the context of a market for service provi-
sion or products with service providers or suppliers external to the Main Organisation, are 
defined in the specifications of the work. 

For the research centre, the relationship between the operator and the on-site Support Units is 
defined and formalized in specific procedures for the interface between the facility and its 
service providers. General documents define the provisions: The delegated Operating Proce-
dure (MO) implements second-level inspection procedures. Audits relating to the quality sys-
tems and processes used can be performed by the delegated MO according to standard ISO 10 
011. The delegated MO, via the “Committee for Acceptance of Radioactive Clean-up Com-
panies” (CAEAR) commissions audits to monitor contractors. 

Management of skills, training and authorization of the personnel or work authoriza-

tion 

The management of skills, training and authorization of personnel is an activity concerned by 
quality in association with all the components with safety requirements identified in the safety 
assessment for the facility in the dismantling phase. 

The procedures “Training Management” and “Authorization Management” are applicable and 
describe the provisions taken by the operator to: 

• identify and ensure the training needs of individuals responsible for an activity 
which has an impact on safety; 

• qualify and authorize individuals responsible for specific actions which could 
compromise the safety of the facility; 

• establish and update the corresponding records. 

The Quality Assurance Program of the main contractor describes the methods implemented 
and applied concerning human resources management, including the training and authoriza-
tion of personnel performing activities concerned by quality, including contracted personnel. 

The positions, which are significant for radiological and industrial safety, require a work au-
thorization to be obtained. The procedure “Authorization Management” for personnel lists the 
tasks which require authorization or a work permit from the Facility Director. It defines the 
methods for establishing an authorization or a work permit and defines the methods for re-
cording (authorization sheet) and filing authorization or work permit files. 

Quality of technical methods 

The quality of the technical methods (equipment employed) is verified upon arrival at the 
facility and maintained by periodic monitoring. The “general safety and maintenance rules” 
(RGSEs) highlight the actions and activities undertaken to satisfy the recommendations and 
conditions arising from the safety assessment. 

The facility’s “Management of Periodic Inspections” procedure defines the list of regulatory 
safety or security inspections identified in the current RGSEs, as well as the conditions for 
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commencement, performing, monitoring of the inspections and archiving the inspection rec-
ords. 

Technical inspection of activities 

The monitoring of the facility and the dismantling operations is performed in compliance with 
the dismantling RGSEs and the decree authorizing the dismantling, as well as the associated 
procedures and operating procedures. 

The prime contractor and the operator’s company are in charge of the technical inspection of 
activities linked to the dismantling operations. For the operating activities performed by the 
facilities operation laboratory personnel, the technical inspection of activities is performed by 
the Operations Manager and the Safety/Security/Quality assistants at the facility. 

Inspection and assessment of the quality of the operation and works 

The Centre Director, as part of his/her inspection role, carries out verifications (in the form of 
audits, for example) intended to verify the application of the quality system implemented. 

The “Nuclear Safety and Quality Department” (DSQN) inspects the application of the decree 
at the Main Organisation level. 

The Dismantling Manager implements his/her verifications, which are defined in a procedure 
specific to the dismantling works. 

Management of dismantling documents 

The management of the dismantling documents (including archiving) is an activity concerned 
with quality in relation to all the components with safety requirements identified in the Facili-
ty in the dismantling phase. The documents relating to dismantling are managed in accord-
ance with a specific procedure drawn up by the main contractor, in compliance with the 
“Quality Manual” (QM). 

Management of deviations and anomalies 

The management of deviations and anomalies is an activity concerned with quality in relation 
to all “Components with Safety Requirements” identified in the Facility in the dismantling 
phase. 

The procedure “Management of deviations, corrective and preventive action”, defines the 
conditions for declaration, analysis, regulation and experience feedback. 

In compliance with the “Quality Manual” QM, the prime contractor establishes a procedure 
relating to the treatment of deviations and associated corrective actions. 

Monitoring of the installation and the quality obtained 

As required in the legislation, the operator establishes an annual report of the safety of the 
Facility when in decommissioning. 

The Dismantling Manager is responsible for its creation, approval and distribution. The Qual-
ity Safety Cell (Advisors of Director in questions of Safety) at the centre is responsible for its 
verification and for sending it to the Safety Authority. 

Provisions specific to the studies 

The studies, required for the implementation of methods used to carry out of works and which 
can compromise the safety of the facility, will be subject to: 

• definition beforehand of the requirements applicable to that study; 



 

 

• inspection of the progress of the study; 

• a programme of verifications, particularly through the Local Safety Commis-
sion. 

 

9.2 INDEPENDENT REVIEW AND APPROVAL PROCESS  

9.2.1 Independent review prior to decommissioning 

Before presenting the submittals for regulatory review and authorisation application, an inde-
pendent review was conducted on behalf of the operator, consistent with the national regula-
tory framework and reference to the international standards (e.g., IAEA and ICRP require-
ments and standards), prior to finalizing the safety assessment and setting up measures for 
safety control. 

The safety report and other related documents were important contributions to the demonstra-
tion of safety during decommissioning, therefore, the operator’s independent review provided 
some comments and recommendations to ensure that: 

a. The input data and assumptions used were valid; 

b. These documents accurately reflected the actual state of the reactor before com-
mencement of decommissioning activities; 

c. The safety measures derived from the safety assessment were adequate for the de-
commissioning activities; 

d. The safety assessment was kept updated to reflect the evolution of the reactor, and al-
so the development of knowledge and understanding about its decommissioning. 

Suitably qualified and experienced persons, organizationally independent of the dismantling 
and decommissioning activities, had performed the review. The independent reviewers are 
specialists with expertise in all relevant areas of the dismantling and decommissioning activi-
ties for the reactor, and are independent of the team who carried out the safety assessment and 
drafted the relevant documents. For example, the Site Safety Engineer, who provides his/her 
support to the Facility Safety Engineer (ISI), is familiar with the situation of the reactor and 
its decommissioning activities. 

The review was undertaken in a systematic manner, and the findings and comments were 
documented and provided to the regulatory body. 

 

9.2.2 Approval process prior to decommissioning 

About one year before the date scheduled for the decommissioning of the reactor, the operator 
submitted the authorisation request to the ministers responsible for nuclear safety with a copy 
to the regulatory body, along with the files necessary for its examination and review at the 
same time. The licence application contained requirements concerning the shutdown condi-
tions, the decommissioning procedures, and the surveillance and subsequent maintenance of 
the installation site, etc. 

After receiving the application and the relevant files, the regulatory body began to undertake 
the regulatory review of the dossier. The technical support organization and the independent 
advisory committee also provided their opinions to the regulatory body during the review 
process. Some files were updated based on the requests of the regulatory body, e.g., the Gen-
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eral Monitoring and Maintenance Rules for the dismantling of the facility. Then, the regulato-
ry body proposed a draft authorization application and submitted it to the relevant ministries. 

Based on the opinion of the regulatory body the authorisation was issued. 

The authorisation set the dismantling characteristics, the time allotted for decommissioning 
activities and the types of operations for which the operator was responsible after decommis-
sioning. 

For example, one of the articles in the authorisation stated that the decommissioning opera-
tions had to be completed within five years of the authorisation’s publication date at the latest. 
In the six months following said operations, the operator had to submit a report to the regula-
tory body detailing, on one hand, feedback on these operations (key events, incidents, collec-
tive and individual doses associated with different dismantling phases, assessment relating to 
produced waste, etc.), and on the other hand, the elements showing achievement of confirmed 
final status for the facility after dismantling. This file had to be available for public consulta-
tion. 

 

9.2.3 Independent review and approval process during decommissioning work 

The Site Director is responsible for authorizing all operations and modifications to facilities, 
performed at the site that may have an impact on nuclear and radiation safety. The process for 
authorizing is described in a safety circular. The aim of this safety circular is to define, for 
each of the situations set out below, the required examination level, inspection level and au-
thorization level in order to enable implementation of the envisaged operation. 

The operations and modifications carried out in the facilities correspond to three levels of 
authorization, depending on whether these operations are in compliance with the facility safe-
ty reference guidelines, in compliance only with the regulatory guidelines defined by the con-
struction permit and the technical instructions for the facilities, or outside this regulatory 
framework. 

9.2.3.1 Summary of the different levels of authorization  

The table below summarizes the level of instruction, authorization and inspection for an oper-
ation, in compliance with the construction permit and the technical instructions, with respect 
to its compliance or non-compliance with the facility safety reference guidelines. 

 

Table 20. Level of instruction, authorization and inspection for an operation 

Operation 

"Technical 

support" 

instruction 

Authoriza-

tion 
Inspection 

 

Compliant with the RDS 
and RGEs and normal oper-
ation 

With no 
specific risk 

Facility IS 
Facility 
Manager 

Site DIR 
Safety cell 

With a spe-
cific risk 

CLS Site DIR ASN 



 

 

Operation 

"Technical 

support" 

instruction 

Authoriza-

tion 
Inspection 

 

Compliant with 
the RDS and 
RGEs but not 
normal operation 

 

Without 
impact 

With no 
specific risk 

Facility IS 
Facility 
Manager 

Site DIR 
Safety cell 

With a spe-
cific risk 

CLS Site DIR ASN 

With 
impact - 

Restricted 
CSI or cell 
opinion* 

Site DIR ASN 

 

Beyond the RDS 
and RGEs with-
out the demon-
stration of safety 
at the facility 
being jeopard-
ized 

 

 

Minor 

With no 
safety chal-
lenge 

Restricted 
CSI or cell 
opinion* 

Site DIR ASN 

With a safe-
ty challenge 

Plenary CSI Site DIR ASN 

Major 
- Plenary CSI Site DIR ASN 

Beyond the RDS and RGEs with the 
demonstration of safety at the facility being 
jeopardized 

ASN 

* : after pre-analysis of the authorization request file, the centre's safety cell can formulate a 
favourable opinion and put forward a proposal to the Site Director to grant, based on the opin-
ion provided by the cell, authorization, subject to any recommendations, which he/she may 
retain or transform into instructions. 

ASN: nuclear safety authority; CLS: local safety committee; IS: safety engineer; CSI: internal 
safety committee; RDS: safety file; RGE: operating rules 

 

9.2.3.2 Information to the Nuclear Safety Authority 

Preliminary schedule  

Once each quarter the Site Director presents to the Nuclear Safety Authority (ASN) a sched-
ule of operations, which are subject to his/her authorization or subject to ASN authorization, 
that are envisaged for the Centre over the coming year. 

This document must specify: 

• brief descriptions for the envisaged operations; 

• the authorization mode, internal or by the ASN, retained in principle by the operator; 

• the authorization requirement date; 

• in the case of an internal authorization, the planned examination method; 

• the potential risk, significant or not, in terms of experience feedback, and therefore the 
provision or not of a specific summary document. 
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Prior information  

The authorizations granted by the Site Director that correspond to operations beyond the RDS 
and/or RGEs must be communicated, two weeks before the operation start date at the latest. 

The information document contains the following elements as a minimum: 

• the detailed description of the operation concerned by the authorization, particularly 
the successive phases that are to be implemented; 

• an analysis of the compliance of the envisaged operation with the construction author-
ization permit and the facility technical instructions, demonstrating, in addition, that 
facility safety is not jeopardized; 

• the expected exposure for the operation (individual, maximum or collective); 

• the foreseen operation start date and its duration; 

• a copy of the Director's authorization and the instructions and/or recommendations as 
an appendix.  

In the case of a change to the facility that is expected to last for more than six months, the 
changes made to the safety report and to the facility's general operating rules have to be 
communicated to the ASN two months before implementation of this change. 

Information during the operation 

The nuclear safety authority (ASN) has to be informed in case of: 

• significant deviation from the operating range of the authorization (dosimetric, physi-
cal and chemical conditions encountered, significant changes to the workflow, etc.). 
This information is made within two days of detection of the significant deviation; in 
other cases the situation is managed by means of an internal deviation report; 

• only partial completion of the operation; this information is made at the latest in con-
nection with the quarterly reporting. 

Summaries and reports 

For operations that are explicitly beyond the RDS and/or the RGEs and present a safety chal-
lenge, an assessment document must be sent to the Nuclear Safety Authority two months after 
the operation at the latest. 

This document contains as a minimum: 

• the description of the notable events that occurred during the course of the operation;  

• in terms of radiation protection, a summary of the planned optimization procedure, the 
planned exposures, the actual exposures, by operation phase, a presentation and an 
explanation of the deviations observed, and the experience feedback established by the 
operator; 

• the quantities of waste and effluents produced by the operation, the comparison with 
the planned quantities, and their disposal or storage mode, indicating either the name 
of the disposal facility or the storage location and methods; 

• the organizational and/or technical experience feedback established by the operator for 
this operation. 

The facility's annual report will take account of the list of authorizations granted throughout 
the year and the experience feedback taken from these operations. 



 

 

The annual activity report of the safety cell will take account of the list of authorizations 
granted by the Site Director. 

 

10 USE OF THE SAFETY ASSESSMENT RESULTS 

10.1 DECOMMISSIONING PLANNING 

In the case of planning of the operations, the results of the safety assessment: 

• are an essential part of the document sent to the regulator to obtain decommissioning 
authorisation, a document that includes a schedule of planned decommissioning ac-
tivities and their duration. The quality of this document is an important element in the 
process of obtaining the authorisation and affects the starting date of work; 

• enable the integration very early in the schedules of work: 

- refurbishment of existing equipment in the facility to cater for new issues (dust, vi-
bration, heat, etc.); 

- design of new equipment in order to carry out some decommissioning operations 
(temporary biological shields, building of temporary containment enclosures, bring-
ing heavy equipment into the facility, etc.); 

- design of new equipment for controlling production, characterization, temporary 
storage on the perimeter of the facility and removal of large quantities of waste; 

- design of equipment to handle the arrival of large numbers of staff; 

• have a strong impact on the timing of operations to be performed by identifying the 
operations that may be conducted simultaneously and operations that have to be done 
in a sequence and, therefore, have a strong impact on planning; 

• can be decisive in choosing between different options or different duration to com-
plete the work; 

• enable the establishment of the minimum required level of competence and therefore 
give relevant information to contractors in order to plan very early the periods of train-
ing of teams in charge of the work. 

10.2 DECOMMISSIONING CONDUCT 

In the case of conduct of decommissioning works, the results the of safety assessment are 
necessary to: 

• regularly update the safety documents; 

• provide a demonstration of management of safety to the safety authority; 

• include in the detailed procedures the safety requirement for each operation; 

• set holding points for operations at risk and minimum authorisation level required for 
the lifting of these holding points; 

• establish dosimetry forecasts compatible with the dose objectives in the safety docu-
ments and re-evaluate as necessary; 

• optimize the size of teams based on individual dosimetric objectives; 
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• prioritization in case of conflict between maintenance and decommissioning; 

• decide the evolution of prescribed periodic controls based on the shutdown or removal 
of equipment; 

• identify and prioritize risks and develop this hierarchy (in the beginning of the project 
radiological risks are the most important and at the end of the project conventional in-
dustrial risks become dominant). 

10.3 TERMINATION OF DECOMMISSIONING 

In the case of termination of decommissioning, the results of the safety assessment: 

• constitute an essential element of the document sent to the regulator to demonstrate 
compliance with the objectives set out in the decommissioning authorisation, especial-
ly in terms of impact on the environment after decommissioning; 

• impact the level of decommissioning to the extent that the objectives of decommis-
sioning have to be compatible with the conservation of the remaining structure of the 
facility after removal of contaminated parts; 

• impact the level of decommissioning to the extent that the objectives of decommis-
sioning have to be compatible with a reasonable waste volume in terms of cost and 
volume of waste generated in comparison with the impact on the environment after 
decommissioning; 

• are used to identify possible public benefits; 

• are required by the safety authorities to ensure experience feedback from the disman-
tling works. 

11 SUMMARY AND LESSONS LEARNED 

11.1 THE PROCESS OF ELABORATING THE RESEARCH REACTOR TEST CASE 

The present Annex has been produced on the basis of a large amount of material translated 
from French to English. Of course, there has been a limit to how much material could have 
been translated. Therefore, although the amount of material was considerable, there are some 
areas that were not covered in detail in the translated material. 

11.2 FULFILMENT OF THE OBJECTIVES OF THE TEST CASE 

The objectives of the Research Reactor Test Case were set out in the chapter 1.3. Here is an 
analysis of how those objectives have been met. 

11.2.1 Applicability of the “DeSa methodology” 

It can be concluded that the DeSa approach is applicable. The existing safety analysis for the 
test case reactor could to a large extent easily be fit into the structure for safety analyses set 
out by the DeSa project, but not necessarily exactly at all points. For example, in this particu-
lar test case no use is made of hazard checklist. Thus it is difficult to judge, on the basis of the 
available documentation, if all hazards have been addressed, but there is no reason to believe 
that anything important has been left out. Furthermore, chapter 4.1, “Preliminary hazard 
screening” mainly deals with calculating radionuclide concentrations, since no formal hazard 
screening in the “DeSa sense” had been carried out in the actual case. 



 

 

The FaSa project test cases have shown that the approach to decommissioning and the rele-
vant regulatory structure is different in different countries. Since one purpose of this test case 
was to produce a generic example, this fact at times has made the descriptions of the regulato-
ry aspects challenging. 

One issue that was underlined in the DeSa methodology was the recommendation to use a 
graded approach. Such an approach has been applied in the actual project, although not ex-
plicitly called “graded approach”. Examples of graded approach elements can be found 
through the whole process of the safety assessment (cf. Chapter 8). 

11.2.2 Evolution of the top level safety document due to a change of final end state 

A hypothetical change of the end state (see 2.8) would have consequences on parts of the ini-
tial safety assessment, the assessment of the long term risks for workers in the remaining 
building (see 7.4), and the scope of the work (see 3.8). The DeSa methodology would provide 
enough flexibility in this case; particularly this would not affect the identification and screen-
ing of the hazards (see 4.5). Adequate procedures have to be implemented for the long term 
record keeping after completion of decommissioning in this hypothetical case where residual 
contamination remains on the site (see 7.4). 

11.2.3 Evolution of a low level safety document due to a change of input data 

The approach to compare options for the liner removal on the basis of dose rates as well as 
other qualitative indicators was suitable to identify applicable procedures (see 5.4.2.3). This is 
consistent with the DeSa methodology (revision of analysis and modification of safety 
measures, if necessary). 

This example confirms that in reality decommissioning deals with unknown circumstances 
and “surprises”. Initial characterisation does not always cover everything and additional char-
acterisation will be necessary during decommissioning works. 

11.3 THE FaSa APPROACH 

In Chapter 10 examples were given of the use of safety assessment for the Test Case reactor 
in the decommissioning planning, conduct and termination phases, respectively. It is shown in 
the tables below to what extent this test case safety assessment is consistent with the key as-
pects of the safety assessment approach proposed by the FaSa project. As it can be seen, there 
is a high degree of consistency. As no particular attempt has been made from the outset of the 
Research Reactor Test Case to adapt to the “FaSa approach”, the consistency demonstrated 
can be taken as an indication of the FaSa approach being sound and a suitable framework for 
the safety assessment process for a decommissioning project. 

 

Table 21. Consistency of the test case safety assessment with the key aspects of the FaSa 

approach 

 

FaSa terminology RR TC  

Consistency between 

the FaSa concepts 

and the RR TC 

Decommissioning 

planning 

Initial Decommissioning 
Plan 

No initial decommissioning 
plan existed before decision 
to shut down the reactor. 
The RR TC uses part of the 
safety analysis from the 
operational phase. 

? 
 

Design for decommis- No – as illustrated by this No 
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FaSa terminology RR TC  

Consistency between 

the FaSa concepts 

and the RR TC 

sioning test case  
Decommissioning Strat-
egy 

Immediate dismantling  Yes 

Final Decommissioning 
Plan 

Facility Decommissioning 
Plan existed for the actual 
facility. RR TC report is a 
safety analysis 

Yes 

Application of  
multi-phased approach 

No Yes 

Concept of Overarching 
Safety Assessment 

No Yes 

Periodic Review of the 
Decommissioning Plan 

Not in the planning stage for 
this Test Case 

Yes 

Transition  
(between operation & 
decommissioning) 

Removal of fuel and Post 
Operational Clean Out (PO-
CO) 

Yes 

Decommissioning 

Conduct  

Optioneering 

Option selection for neutron 
channel removal, design 
aspects and simple safety 
analysis  

Yes 

Evolution of safety as-
sessments 
 
Initial safety assessment  
 
Preliminary safety as-
sessment (for the next 
phase, phase 1+n) 
 
Detailed Safety Assess-
ment 
 

No evolution demonstrated 
(only one phase) 
 
N.A. 
 
N.A. 
 
 
 
Final safety assessments for 
each individual operation 
were made. 

Yes 

Update of Safety As-
sessment 

Updates of the SA were 
made as required, e.g. relat-
ed to the change of end state 
or change of data. 

Yes 

Decommissioning 

Implementation 

Limits and Conditions Decommissioning Limits 

and Conditions specified 

Yes 

Management System  Site Management System Yes 

Working Procedures Working procedures for 

each decommissioning ac-

tion existed but were not 
specified in the TC report 

Yes 

Works Authorisation Description of authorisation 

procedures, including daily 
authorisation process 

Yes 

Regulatory Re-

view 

Review of the operator’s 
written safety assess-

ment results 

The process of getting the 
decommissioning authorisa-

tion from the regulator was 

Yes 



 

 

 

FaSa terminology RR TC  

Consistency between 

the FaSa concepts 

and the RR TC 

described 

Review of the Imple-

mentation of Safety 

Assessment Results in 
the final decommission-

ing plan 

The review by the safety 

authority described in the 

RR TC report 

Yes 

Review of the imple-
mentation of results 

from changes to the 
Safety Assessment 

Not done because it turned 
out to be not relevant in the 

case 

N.A. 

Review of the imple-

mentation of safety as-
sessment results during 

inspections 

In the description of the 

facility’s QA system this 
review is mentioned 

 

Yes 

Termination 

Approaches to Safety 
Assessment 

 
 

 

Approaches for Re-
stricted use. 

 
 

 

Multi-facility site 
 

 

 
End state definition 

Aspects of the role of safety 
analysis in the termination 

phase are described in the 
RR TC report 

 

The implications of restrict-
ed use have been mentioned 

in the context of the change 
of end state. 

 

Other reactors at the site had 
already been decommis-

sioned 

 
Both original and changed 

end state described. 

Yes 
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LIST OF ACRONYMS 

 

ALARA: As Low As Reasonably Achievable 

ASN: Nuclear Safety Authorities 

BEFE: Device to purify water from experiments  

CDE: Final shutdown of operations 

CEA: Atomic Energy Commission 

DAI: Automatic fire detection 

DARPE: the discharge limits specification 

I&C: command-control 

FLS: Local Safety Group 

HA: High activity 

LEIG: Grenoble facilities operation laboratory 

MO: Operating Procedure 

STED: Effluent and Waste Treatment Plant (CEA/Grenoble) 

TCR: Radiation monitoring panel 
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