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1. Introduction

Table 1: Completed reactor projects
Facility

Type

Operation

Objective

Power or
throughput

Project
time-scale

KKN Niederaichbach,
Germany

Gas-cooled/
heavy-water moderated

1972-74

Greenfield

106 MWe

1988–1994

Triton

Pool type research reactor 1960-82

Brownfield

6 MWth

1983–2004

Table 2: Reactor projects in progress
Facility

Type

Operation

Objective

Power or
throughput

Project timescale

BR-3 Mol, Belgium

PWR

1962–87

Greenfield or
Brownfield

41MWt

1989–2014

EL4 Brennilis, France

Gas-cooled/heavywater-moderated

1966–85

Storage

70 MWe

1989–2017

Melusine, France

Pond research reactor

1958–1988

Brownfield

8 MWt

1999–2009

Siloé, France

Pool type research
reactor

1962–1997

Greenfield

35 MWt

2003–2012

AVR, Germany

Pebble bed HTGR

1967–88

Greenfield or
Brownfield

15 MWe

1994–2013

KNK Karlsruhe, Germany

Fast breeder reactor

1971–91

Greenfield

20 MWe

1991–2019

JEN-1 PIMIC, Spain

MTR Reactor

1958–1984

3 MW

1999–2008

Vandellos 1, Spain

GCR

1972–89

500 MWe

1992–2000

KKR, Germany

WWER70 PWR

1966–1990

70 MWe

1990–2013

KGR Greifswald, Germany

WWER 440
PWR

1973–90

8x 440 MWe

1990–2013

WAGR, Sellafield, UK

Prototype AGR

1963–81

30MWe

1983–2028

Power or
throughput

Project
time-scale

Safe store
Greenfield or
Brownfield
Greenfield or
Brownfield
Brownfield

Table 3: Completed fuel facility projects
Facility

Type

Operation

Objective

AT-1 La Hague, France

Pilot reprocessing plant
for FBR

1969-1979

Greenfield or
Brownfield

1982-2001

Table 4: Fuel facility projects in progress
Facility

Type

Operation

Objective

Eurochemic Reprocessing
Plant Dessel, Belgium

Reprocessing of fuel

1966-74

Greenfield

ATUE, France
WAK, Germany
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Recovery of enriched
uranium
Prototype reprocessing
plant

1965-96
1971-90

Greenfield or
Brownfield
Greenfield or
Brownfield

Power or
throughput

Project
time-scale
1989-2012
(Main process
building)
2000-2012
1991-2023
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2.1 Historical perspective

2.2 Fuel cycle facilities and laboratories
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2. General considerations





2.3 Research reactors











2.4 Power plants
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3. Concrete decontamination and dismantling

3.1 Introduction

3.2 Decontamination techniques
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3. Concrete decontamination and dismantling

3.2.1 Scarifying techniques

Needle scaling

Figure 1: Example of a needle gun

Scabbling

12
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3. Concrete decontamination and dismantling

Figure 2: Example of single and multi headed hand held scabbler

Pneumatic hand-held and floor scabblers have been used extensively for concrete decontamination during the
decommissioning of the Eurochemic facilities. Five to seven- headed scabblers were used for floor decontamination
(at a work rate of 4 to 6 m²/h), while one and three-headed hand-held types were used for the decontamination of
concrete walls and ceilings (at a work rate of 0.25 to 0.5 m²/h with a scabbling depth of about 3 mm)

Figure 3: Seven-headed wall scabbler

Figure 4: Rough surface finishing

Multi-headed hand-held scabblers have also been used extensively at BR3, during the decontamination of the auxiliary
building demineralisation cells. Production rates (machine working time) of up to 1 m²/h have been reported at a
scabbling depth of 3 mm.
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3. Concrete decontamination and dismantling

Shaving/milling

Figure 5: Different milling cutters
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STUDSVIK System
Figure 6: Double head milling machine
interfaced on a fork lift

Figure 7: Milling cutters

Belgoprocess system: single milling head interfaced on a fork lift
Figure 8: Single head milling machine supported on a fork lift
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3. Concrete decontamination and dismantling

Figure 9: use of a heavy duty carrier to move
the milling head's guiding system

Figure 10: diamond tipped milling head
on its linear actuator

Figure 11: PLB milling head

Figure 12: milling head used in AT1 project

Figure 13: Diamond tipped floor shaver
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Figure 14: Diamond tipped milling head
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Table 5: Performance of wall shaving systems

Process

Cutter type

Project

Production rate
(machine working
time)

Avail. Rate
(%)

Remarks

2 headed milling
machine on fork lift ( &
Figure )

Steel

CEA – ATUE

~ 10 m²/h
(max. 10 mm depth)

30%

Overall yield strongly
impaired by an uneven
surface (blocks)

Single head milling
machine on xy-frame

Diamond
tipped rotating
disks

BP –
Eurochemic

15 – 25 m²/h
(3 mm depth)

20%

Overall yield impaired
by setup time (~ 1 day)

Milling machine on
Brokk carrier (Figure
& Figure)

Diamond
tipped rotating
disks

CEA – EL4

8 m²/ h
(3 mm depth / pass)

50%

PLB milling head
(Figure)

WC teeth

CEA – EL4

1.2 m²/h (25 mm depth /
pass)

Heavy tool
Rough finishing

PLB milling head
(Figure)

WC teeth

CEA - AT1

1.5 m²/h (25 mm depth /
pass)

Heavy tool
Rough finishing

Table 6: Performance of floor shavers

Process

Cutter type

Project

Production rate
(machine working
time)

Avail. Rate
(%)

Remarks

Floor shaver self-driven
(34 cm wide milling
head)

WC tipped

ATUE

5 – 6 m²/h
(3 mm depth)

20%

Translation motion
assisted by electrical
motor

Floor shaver
Multi-disc rotary head

Diamond
tipped
rotating discs

BP –
Eurochemic

13 – 14 m²/h

Floor Shaver
Multi-disc rotary head

Diamond
tipped
rotating discs

CEA – Brennilis

~ 13 m²/h
(3 mm depth)

Hand-held shavers
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3. Concrete decontamination and dismantling

3.2.2 Abrasive blasting techniques
Abrasive blasting systems

18

Decontamination and dismantling of radioactive concrete structures – © OECD/NEA 2011

3. Concrete decontamination and dismantling

Figure 15: Commercial system for abrasive
blasting of floors

Figure 16: Vertical abrasive blasting
unit with built-in cyclone

Abrasive media







Sponge blasting
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Specific applications

Figure 17: Abrasive blasting installation used for the decontamination of concrete containers





–
–
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Figure 18: Principle of abrasive blasting installation at site BP2

Figure 19: Dry abrasive blasting installation for small concrete blocks

Conclusions
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3. Concrete decontamination and dismantling







α







Table 7: Performance of abrasive blasting systems

Process

Sponge-Jet

Shot
blasting/
peening
Shot
blasting/
peening

Media

PU foam
with
alumina

Steel grit

Steel grit

Project

SCK•CEN – BR3

Objective
(depth of
attack)

Production
rate (MWT)

Remove paint
(< 1 mm)

CEA – ATUE

CEA – AT1

Remove a thin
concrete layer
(4-5 mm)

Avail. Rate
(%)

Remarks

5 m²/h

50% (excl. work
preparation)

– compressed air
– abrasives and debris
are manually collected
on the floor, sieved and
sponges are recycled
– 3 operators
– aste balance:15 kg/m²
(dust + spent abrasives)

7–9 m²/h

33% (incl. work
preparation)

– compressed air
– steel balls circulate
– grit lifetime ~ 1000
cycles

77% (excl. work
preparation)

– compressed air
– continuous grit recycling
– waste balance
~ 40 L/m² (dust + spent
abrasive)

2 m²/h

3.2.3 Hammering

22
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3.2.4 Other decontamination techniques
High pressure water jet

Thermal treatment

CO2 ice blasting

Liquid nitrojet jetting
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3. Concrete decontamination and dismantling

























Laser ablation
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Figure 20: Ablation head

Figure 21: Aspilaser on carrier
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3. Concrete decontamination and dismantling








Ablation through heating

3.2.5 Comparison of decontamination techniques

Table 8: Comparison of concrete decontamination techniques
Technique

Needle scaling (hand held)

Scabbling (hand held)

Scabbling (assisted)

26

Advantages

–
–
–
–
–
–
–
–
–

Drawbacks

Flexible handling
Suitable for hard to reach areas
Insensitive for metal inserts
Light weight tool
No secondary waste
Flexible handling
Suitable for hard to reach areas
Light weight tool
No secondary waste

– Suitable for large surface areas
– Medium to high yield
– No secondary waste

– High vibration level
– Low yield (limited surface area coverage)
– High vibration level
– Rough finishing
– Low yield (limited surface area coverage)
– Requires tailored interface with heavy duty
carrier (vertical surfaces)
– High vibration level
– Rough finishing
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Table 8: Comparison of concrete decontamination techniques (cont’d)
Technique

Shaving / Grinding (hand
held)

Shaving / Milling (assisted)

Grit Blasting

Sponge Blasting

CO2 Ice Blasting

Laser Ablation

Liquid nitrogen jetting

Advantages

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

Very good finishing
High yield
High performance
Moderate weight
Low vibration level
Collection of dust and debris by default
No secondary waste
High yield
High performance
Collection of dust and debris by default
Insensitive for metal inserts
Moderate vibration level
Low consumable cost
High to very high yield
High performance
Highly versatile technique
Suitable for hard to reach surfaces (air powered
configuration)
Collection of dust and debris by default
Insensitive for metal inserts
Suitable for rough surfaces
Low abrasive cost
Continuous recycling of abrasives possible
Low safety requirements
Flexible handling
Suitable for hard to reach areas
Suitable for rough surfaces
Insensitive for metal inserts
High abrasive cost

– Suitable to remove smearable contamination
– Preserve substrate
– No secondary waste
–
–
–
–
–
–
–
–
–
–
–
–
–
–

Low safety requirements
Low weight tool
Automation through low cost carrier
Suitable for large surfaces
Suitable for rough surfaces
Insensitive for metal inserts
Selective removal of coating
No secondary waste
Versatile (coating stripping, removal of thick
concrete layer, cutting)
High yield
Suitable for hard to reach areas
Suitable for rough surfaces
Insensitive for metal inserts
No secondary waste

Drawbacks

–Fine dust
–Not suitable for rough surfaces
–Sensitive to metal inserts
–High consumable cost (disks)

– Requires tailored interface with heavy duty
carrier or engineered guiding system
(vertical surfaces)
– Fine dust

– Secondary waste
– Risk of cross-contamination (abrasives
recycling)
– High personal safety requirements
– High dust formation
– Deep abrasion produces rather rough
surface finish
– Secondary waste
– Continuous recycling of abrasive not
possible (due to limited abrasive lifetime)
– High dust formation
– Blasting media has to be collected manually
– Low performance
– Not aggressive enough to strip coating or
fixed contamination
– High safety requirements
– Risk of anoxia
– Ventilation requirements
– Low yield (very small surface area
coverage)
– No feedback yet available on long term
reliability and maintenance requirements

– High safety requirements (personal &
facility)
– Ventilation requirements
– High investment cost
– Complex technology
– Process components implantation

3.3. Concrete dismantling and demolition techniques
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3. Concrete decontamination and dismantling

3.3.1 Concrete sawing
Diamond wire sawing

Figure 22: Example of 15 kW sawing machine with pneumatic feeding system

Figure 23: Wire storage

28
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Figure 24: Dust collection system

Figure 25: Wire cooling system (cold air) + brush seals

Figure 26: Assembly of a diamond wire saw in cramped confines
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3. Concrete decontamination and dismantling

Figure 27: Example of an arrangement of a plunge cut with wire saw

Table 9: Performance of wire sawing in dry and wet conditions
Wet cutting

Dry cutting
(BR3 demonstration 2005)

Dry cutting
(WAK demonstration 2003)

Concrete type

any

Reinforced baryte concrete

Reinforced concrete

Cooling system

water

Cold compressed air

None

Average cutting rate (m²/h)

2.2

1.2

1.1

Max. cutting rate (m²/h)

3

1.7

1.2

Wire lifetime (m²/m)

~ 1.5

~1

~1

Wire speed (m/s)

21 - 25

15

10

Wire temperature

-

66°C

55 – 60 °C

30
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Table 10: General comparison of dry and wet sawing
Dry cutting

Wet cutting

Performances

– slightly lower working rate;
– reduced wire lifetime.

– slightly higher working rate
– extended wire lifetime

Secondary waste

– induced by dust collection system
(filters, confinement boxes).

– contaminated effluents
– induced by sludge collection and
treatment system (filtration, drying)

Set up

– dust confinement and suction system to
be implemented for each single cut

Safety

– operation safety improved thanks to
confinement of wire;
– wire repair or jamming requires
dismantling of dust confinement system

Working site clean-up

– bulk of dust is directly collected &
packed

–
–
–
–

screens preventing sludge clogging
retention vessels
settling tanks
rupture of the wire at high velocity
poses safety hazard

– cross contamination of hidden surfaces
– risk of liquid contamination/ migration
through reinforcing bars, inserts…
– clean-up of settled sludge might require
mechanical treatment

Circular sawing

3.3.2 Hammering
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3. Concrete decontamination and dismantling

Figure 28: Extraction system applied at KNK

Performance

32

Decontamination and dismantling of radioactive concrete structures – © OECD/NEA 2011

3. Concrete decontamination and dismantling

Figure 29: Example of a compact remotely operated rock breaker

Table 11: Performance of remotely operated rock breaker
Machine

Hammer

Project

Operating
conditions

Production
rate (machine
working time)

Brokk 150

280 J
Max. 2000 hits/min

CEA – AT1

In situ

Up to 3 m³/h

CEA – Melusine

In situ

up to 1.4 m³/h

Brokk 250

TEX 250 H1
1000 J
800 hits/min

SCK•CEN BR3
Antimissile slabs
Reinforced baryte
concrete

Slabs in
workshop

Up to 1.2 m³/h

Brokk 180
customised (2,4t)

Atlas Copco SB202
400 J
Max. 1750 hits/min

SCK•CEN – BR3
Reinforced
concrete

Block in
workshop

Up to 2 m³/h

Brokk 180
(2t)

Available
rate (%)

60%

3.3.3 Concrete drilling and spalling
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3. Concrete decontamination and dismantling

Figure 30: Concrete spalling at Belgoprocess

Expanding grouts have been successfully used at BR3 and at Sellafield to break up heavily reinforced mass
concrete bases from 1 to 3 m³. The expanding grout was left to cure overnight and the cracked concrete bases were
excavated using a small back actor machine.

3.3.4 Explosives

34
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Figure 31: Drilling apparatus for blast holes adapted on excavator
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3. Concrete decontamination and dismantling

3.3.5. Other dismantling techniques
Chain saw

Figure 32: Application of diamond chainsaw at WAK

36
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Figure 33: Testing of a large diamond chainsaw under reduced cooling water flow
(courtesy of Husqvarna, Belgium)

High pressure water jet cutting
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3. Concrete decontamination and dismantling

3.3.6 Comparison of dismantling techniques

Table 12: Comparison of concrete dismantling techniques
Technique

Advantages

Diamond wire sawing

–
–
–
–
–

Highly versatile technique
No limit on structure size
No vibration
Accurate cuts
Can be operated in dry conditions

–
–
–
–

No vibration
Precise cuts
Flush cutting
Can be operated in dry conditions (at
reduced cutting rate)

Hammering

–
–
–
–

High yield
Very reliable
Insensitive to surface state
Insensitive to metal inserts

Drilling and spalling

– No dust/slurry generation (besides
drilling operations)
– Applicable in hard to reach areas
– Ease further hammering operations
– Simple to use

Circular sawing

38

Drawbacks

– Hazards related to rupture and locking of the wire
– Generation of dust/slurry
– Risk of cross contamination of hidden surface (wet
conditions)
–
–
–
–
–

Limited cutting depth
Hazards related to locking
Generation of dust/slurry
Elaborate installation
Risk of cross contamination of hidden surface (wet
conditions)

–
–
–
–
–

Heavy equipment
Generation of dust
High vibration level
Reinforcement requires additional cutting technique
Needs additional treatment(s) to reach adequate surface
finishing

– Pre-treatment
– Need for further handling (hammering)
– Reinforcement mostly requires additional cutting
technique
– Control of cracks spreading
– Hazards related to damage to load-bearing structures
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Table 12: Comparison of concrete dismantling techniques (cont’d)
Technique

Advantages

Drawbacks

Explosives

– High performance
– Uncovers reinforcement

–
–
–
–
–

Agitations and blast waves
High generation of dust
Extensive preparation
Safety issues concerning unexploded loads
Regulatory aspects

Chain saw

– Compact equipment
– Allow plunge cut very close to a surface

–
–
–
–

Significant wearing of segments
High consumable cost
Water cooling compulsory
Low performance

High Pressure (Abrasive)
water jet

– Low guiding and reset forces
– Individual cutting forms
– No vibrations

–
–
–
–
–

Demand of water
Aerosols emissions
Very large amount of secondary waste
Requires water/sludge treatment installation
Risks of cross contamination

3.4 Safety considerations
3.4.1 Ventilation and filtration
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Table 13: Principles of ventilation and filtration
From atmosphere
Direction of flow
“White”

Non-radiological area


“Green”

Low Radiation
Low Contamination

“Amber”

Medium Radiation
Medium Contamination

“Red”

High Radiation
High Contamination

Increasing negative
pressure relative to
atmosphere (- p)


Filtration

To atmosphere
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3.4.2 Radioprotection
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Head protection

Eye, face and breathing protection

Protective clothing
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Protection of the upper limbs

Protection of feet

3.4.3 Industrial hazards

Fall protection

Ear protection

Decontamination and dismantling of radioactive concrete structures - © OECD/NEA 2011
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Risk of heat stress

Exposure to hand-arm vibration





44

Decontamination and dismantling of radioactive concrete structures – © OECD/NEA 2011

3. Concrete decontamination and dismantling










3.5 Performance of concrete dismantling and decontamination techniques
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Table 14. Performance of concrete dismantling and decontamination techniques
Technique Set up

Needle
scaling

Working
material

Use of Typical depth/ Secondary
water performance waste

Costs
Health and
Production rate
(excl.
Safety
(MWT)*
manpower) aspects

Coatings/
concrete

none

1 - 2 mm/pass None

0.1 m²/h

low

Hand-held

Coatings/
concrete

none

Up to 3
mm/pass

None

0.25 – 0.5 m²/h

low

High
– Remove a thin
vibration
concrete layer
level, debris – Large surface area
projection
– Rough surfaces

Floor
scabbler,
Coatings/
Wall
concrete
scabbler
(on carrier)

None

5 mm

None

up to 6 m²/h (floor
low
scabbler)

Hand-held Coatings/
(grinding) concrete

None

1 – 2 mm

None

Up to 6 m²/h
(horizontal
surface)

average

Dust
emission

– Remove coating
– Remove a thin
layer of concrete
– Surface finishing

Floor
shaver,
Coatings/
Wall
concrete
shaver (on
carrier)

None

5 - 30 mm
(highly
dependent on
tool)

None

Up to 14 m²/h
(floor shaver)

low

Dust
emissions,
debris
projection

– Remove a concrete
layer
– Large surface area
– Flat surfaces

Grit
blasting

Hand-held,
air
Coatings/
powered, concrete/
turbine,
metal
floor, wall

Sponge
blasting

Coatings/
concrete/
metal

None

Variable
several mm
100–200
(adjustable with
g/m²
treatment
speed)

None

Paint/Coating
Eventually a
thin layer of
substrate
(depends on its
hardness)

none

10 µm/pass (on
None
typical paint)

1.5 - 2 m²/h
(can be increased
by adding extra
laser beams)

Up to 30
mm/pass

10 m²/h (coating
stripping)
High
2.5 m²/h (for a 25
mm pass )

Laser
ablation

Carrier

Liquid
nitrogen
jetting

Hand-held Coating/
or Carrier concrete

none

Hammering Hand held Concrete

none

Excavator Concrete

none
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– Remove paint
– Hard to reach
High
surfaces (corners,
vibration
outlines of metal
level
inserts)
– Surface finishing
– Remove thin
concrete layer
High
– Hard to reach
vibration
surfaces (corners,
level, debris
outlines of metal
projection
inserts)
– Rough surfaces

Hand-held

Scabbling

Shaving

Typical application

Coating

5 - 10 m²/h
(depending on
machine and
objectives)

up to 15
kg/m² (incl.
5 m²/h
concrete dust
and paint)

None

low

high

– Remove coating
– Remove a layer of
Dust
concrete
emissions,
– Presence of metal
debris &
inserts
abrasive
– Slightly rough
projection
surfaces
– Surface finishing
– Selective removal
of coating
Important
– Remove a thin
dust
concrete layer
emissions,
– Hard to reach
abrasive
surfaces
projection
– Presence of metal
inserts
– Selective removal
of coating
–
Large and flat
Aerosols
surfaces
– Presence of metal
inserts
– Coating removal
– Removal of a thick
layer of concrete
Anoxia, cold,
– Rough surface
aerosols
– Presence of metal
inserts
– Large surface area
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3. Concrete decontamination and dismantling

Table 14. Performance of concrete dismantling and decontamination techniques (cont’d)
Production rate
(MWT)*

Costs
Health and
(excl.
Safety
Typical application
manpower) aspects

Water /
sludge

1 – 3 m²/h

Average

Rupture
– Massive
and locking structures/assembly
of the wire
- Openings

None

0.5 – 1.7

Average

Rupture
– Massive
and locking structures/assembly
of the wire
- Openings

Average

– Requirement for
accurate cuts
Locking of – Massive structures
the blade – Create notch (for
diamond wire
sawing)

Technique Set up

Working
material

Use of
water

Diamond
Water
wire sawing
cooling
(wet)

Reinforced
Concrete/
metal

30 – 40
unlimitedl/m²

Dry

Reinforced
Concrete/
metal

none

Wet/Dry

Reinforced
Concrete/
metal

Yes for
Water
optimum
Max. 1 000 mm /sludge or
cutting
dust
rate

Circular
sawing

Typical depth/ Secondary
performance waste

unlimited
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1 - 2 m²/h (wet
conditions)
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4. Project management issues

4. PROJECT MANAGEMENT ISSUES

4.1 Regulatory aspects




–

–
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4. Project management issues

4.2 Decontamination and dismantling scenario
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4. Project management issues





















4.3 Inventory and characterisation
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4. Project management issues














4.4 Management of activated concrete

At BR3, the raw volume (standing) of activated concrete (baryte concrete ~ 3,5 t/m³) to be considered as radioactive
waste amounts to 100 m³ (after segregation of material which meet average mass specific clearance criteria) while
the best estimate for contaminated concrete only amounts to 70 m³.
At Melusine, about 70 t of contaminated concrete has been produced versus 120 t of activated materials.
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4. Project management issues

4.4.1 Origin of the concrete activity

4.4.2 Materials and activation

Table 14: Concrete compositions
Material group
(available grain sizes)
Normal additives (norm. rock
grain)
Fine gravel
Limestone
Granite
Basalt
Natural heavy additives
(naturally heavy rock grains)
Barite (heavy spar)
II lmenite (Titanium iron rock)
Magnetite
Hematite (hematite pig rock)
Artificial heavy additives
(Industrially manufactured
heavy rock grains)
Heavy metallic slag)
Ferro-silica
Ferro-phosphor
Steel granules
(≤ 8 mm)
Steel sand (0.2 to 3 mm)

Raw grain
density kg/dm³

Iron content
Weight–%

Crystal water
Weight–%

Boron content
Weight.–%

2.6 to 2.7
2.6 to 2.8
2.6 to 2.8
2.0 to 3.1

–
–
–
< 10

–
–
–
-

–
–
–
-

4.0 to 4.3
4.6 to 4.7

–

–
–

–
–

Ba, S, O
Fe, Ti, O

–
-

–
-

Fe, O
Fe, O

4.6 to 4.8
4.7 to 4.9

35 to 40
60 to 70
60 to 70

Chem. Elements
(Main components)
Si, Al, Ca, K, Na, Mg, C, O
Ca, Al, C, O
Si, Al, K, Na, O
Si, Al, Fe, Mg, O

3.5 to 3.8
5.8 to 6.2
6.0 to 6.2
6.8 to 7.5

< 25
80 to 85
65 to 70
90 to 95

–
–
–
–

–
–
–
–

Si, Ca, Fe, O
Fe, Si
Fe, P
Fe

7.5 to 7.6

about 95

-

-

Fe
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Table 14: Concrete compositions (cont’d)
Material group
(available grain sizes)

Raw grain
density kg/dm³

Iron content
Weight–%

Crystal water
Weight–%

Boron content
Weight.–%

Chem. Elements
(Main components)

Additives (Rock grains) with
increased crystal water content
Limonite
(4 to 16 mm)
Serpentine

3.6 to 3.8
2.5 to 2.6

50 to 55
-

10 to 12
11 to 13

–
–

Fe, O, H
Si, Mg, O, H

2.3 to 2.4
2.4 to 2.6
2.4

–
–
–

16 to 20
–
-–

about 13
about 15
about 78

B, Ca, O, H
B, Si, Na, O
B, C

Boron-containing additives
Boron-calcite, Colemanite
Boron frit
Boron carbide

Table 15: Band width of trace element contents of standard German cements
Tracer element

Content in g/t (ppm)

Tracer element

Content in g/t (ppm)

Antimony (Sb)
Arsenic (As)
Beryllium (Be)
Lead (Pb)
Cadmium (Cd)
Chromium (Cr)
Cobalt (Co)
Copper (Cu)
Manganese (Mn)

< 1 – 35
< 1 – 55
< 0.2 – 2.5
2 – 200
< 0.1 – 8
12 – 105
1 – 30
5 – 280
90 – 4 200

Nickel (Ni)
Mercury (Hg)
Selenium (Se)
Tellurium (Te)
Thallium (Tl)
Vanadium (V)
Zink (Zn)
Tin (Sn)

5.5 – 80
< 0.02 – 0.35
< 1 – 2.5
< 0.5
< 0.5 – 2
15 – 200
20 – 450
< 1 – 22

N


i 1
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ai
1
Fi
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Table 16: Activation products, data and evaluations
Nuclide

From reaction

Half life
Thermal
activation cross
section in barn

Release value of
rubble (in Bq/g)

 measurement
possible?

Significance for
decay

3H

6Li(n,a)3H
14N(n,p)14C
39K(n,p)39Ar

953
1.81
0.1
0.4

6E+1
1E+1
- (1E+5)
3E-1
2E+2

No
No
No
No
Yes
No

Little
No
No
Little
No
Little

54Mn

40Ca(n, )41Ca
54Fe(n,p)54Mn

55Fe

54Fe(n, )55Fe

2.25

12.33 a
5730 a
269 a
1.03E+05 a
312 d
2.73 a

59Ni

58Ni(n, )59Ni

4.6

7.6E+04 a

8E+2

No

Little

63Ni

62Ni(n, )63Ni

14.2

100.1 a

3E+2

No

Little

60Co
65Zn

59Co(n, )60Co
64Zn(n, )65Zn

18.7
0.76

5.27 a
244 d

9E-2
4E-1

Yes
Yes

Very
No

133Ba

132Ba(n, )133Ba

?

10.5 a

- (1E+2)

Yes

Very

134Cs
152Eu

133Cs(n, )134Cs
151Eu(n, )152Eu

29
9.2E+03

2.1 a
13.5 a

1E-1
2E-1

Yes
Yes

Very
Very

154Eu

153Eu(n, )154Eu

312

8.6 a

2E-1

Yes

Very

155Eu

154Eu(n, )155Eu
165Ho(n,g)166mHo

85

4.76 a

8

Yes

No

64.7

1 200 a

- (1E+1)

Yes

Very

14C
39Ar
41Ca

166Hom

4.4.3 Characterisation methodology
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4.4.4 Activation calculations







4.4.5 Bringing together the results
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4.5 Procurement issues


–
–
–
–
–
–

–
–
–
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5. RADIOLOGICAL SURVEY








5.1 Characterisation and inventory methods







5.1.1 Historical operations documentation and structural analyses
Method
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Mélusine: drawings analysis showed that a gutter was filled by concrete. The gutter function was conventional but it
was located in a room with a liquid contamination (primary circuit pumps and exchanger).
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Table 17: Methodologies used for historical analyses
Project
(Country)

Identifying
process and
activities

Operation
reports
analysis

Operator
logbooks,
procedures/
notes,
radiological
controls
results

Drawings
analysis
(new and
old)

Operators
interview

Mélusine
(France)

ATUE
(France)

BR3
(Belgium)

PIMIC
(Spain)

Required by the French
regulation.
The interviews of
experienced staff (even
retired staff) provided a lot
of information, in particular
on the usual practices in
the different rooms.
Information gathered per
room or zone in a technical
report
In some cases, database.

Yes

Yes

Yes
Few records

Yes
lack of asbuilt
drawings

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes
4 categories (0 to
3) depending on
the origin of
radioactivity
(liquid or dry
contamination,
activation) and on
depth
contamination
measured or
assessed

The whole information
package (size of each
surface, categories,
measurement…) is
gathered in a database

Not available

Yes
Categories
depending on
Initial Radiological
Survey

No any record or report
found from the operator

Categories changed during
the dismantling according
to radiological risk

Yes

Yes

Yes

Not
available

Yes

Not available

Yes

Yes

Vandellos
(Spain)

Yes

Yes

Yes

Yes

Yes

Yes
Categories
depending on
Initial Radiological
Survey

KKR
(Germany)

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes
2 categories:
– Surfaces of
free
accessible
areas
– Surfaces of
exclusion
areas

WAK
(Germany)

General comment

Yes
4 categories (0 to
3) depending on
the origin of
radioactivity
(liquid or dry
contamination,
activation)

Brennilis
(France)
Eurochemic
(Belgium)

Surfaces
classification

Yes

Yes

Yes

Yes
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5.1.2 Theoretical calculations







Figure 34: Activation profile around Melusine neutron beam channels

A

C

Reactor
pool
B’

B

A’
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5. Radiological survey

Advantages







Drawbacks




Experience gained from the projects represented in this study:

5.1.3 In situ characterisation techniques
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5. Radiological survey



(a) Dose rate measurements

Advantages





Drawbacks





(b) Loose contamination measurements

Advantages
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Drawbacks


(c) Surface counting

Figure 35: Gas refill

Figure 36: Plastic scintillator

Advantages




Drawbacks
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5. Radiological survey







(d) Spectrometry measurements

Advantages














Drawbacks
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5. Radiological survey

5.1.4 Destructive assay











Advantages





Drawbacks
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5. Radiological survey



Sampling and analytical programme methodology
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5. Radiological survey

5.1.5 Review and evaluation of the data obtained

5.1.6 Optimisation of radiological survey
Statistical techniques

Correlation method for measurement of hard-to-detect radionuclides
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γ






5.1.7 Ongoing R&D and future needs

Non-destructive assay of the contamination depth in concrete structures
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Geostatistics

Software for low-resolution detectors

Figure 37: CdZnTe detector
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Figure 38: LaBr3 detector
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5. Radiological survey

5.1.8 Use of decommissioning projects feedback and data

Transposition of activation calculation





Contamination Depth Migration - Experience from Projects represented in the Study
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5. Radiological survey



5.1.9 Conclusions





5.2 Final radiological survey

5.2.1 Different techniques used by CPD Projects
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No

No

Yes

surface contamination in alpha
<= 0.04 Bq/cm²,
surface contamination in beta-gamma
<= 0.4 Bq/cm²,
Total specific beta-gamma activity
<= 1 Bq/g, mean value over an arbitrary mass
of 1 000 kg with an individual maximum of 10
Bq/g.

surface contamination: total < 0.04 Bq/cm²,
total < 0.4 Bq/cm²
ISOCS: Cs-137 < 1 Bq/cm² (RP-113,
demolition after clearance)

Eurochemic
(Belgium)
(main
process
building)

BR3
(Belgium)

No

0.4 to 0.8 Bq/cm2 for surface counting
0.4 to 0.8 Bq/g in total Uranium

ATUE
(France)

0.4 Bq/g for the total activity, derived in:
0.4 Bq/cm2 for surface counting
0.1 Bq/g in 137Cs and 0.1 Bq/g in 60Co for
gamma spectrometry
800 Bq for a localised contamination

No

1 Bq/g for the total activity (except H-3 and C14), derived in:
0.4 Bq/cm2 for surface counting
0.4 Bq/g for gamma spectrometry
100 Bq/g for H-3 (only for activated concrete)

Mélusine
(France)

Brennilis
(France)

Based on
historic and/or
in situ
measurement

Release criteria

Project
(Country)

Yes

No

For milled concrete sampling
(concrete from cells) according
to DIN51701, EN932-1 and
NBN B11-002
For in situ sampling (other
rooms), based on a formula:
amount of samples (n) = 0.2 *
sqrt(surface m2)
Biased statistic sampling plan

No

No

For surface counting (category
0 only)
Standard ISO TR 8550

For surface counting (on
category 0 and 1 surfaces)
Standard ISO TR 8550

No

Yes
For categories 2
and 3
100% of the
surface

Gamma
spectrometry

Yes (beta)
For categories 1,
2 and 3
25 to 100%

Yes (alpha and
beta)
100% of the
surface

Yes (beta)
Static for
categories 0
and 1
Dynamic for
categories 2
and 3

For categories 2
and 3
50 to 100% of
the surface

No

Yes
For categories 2
and 3
100% of the
surface

(alpha) Static, for Yes
categories 0, 1
For category 3
and 2
100% of the
surface

(beta)Static for
categories 0
and 1
Dynamic for
categories 2 and
3

Dose rate Surface
counting

Non destructive measurement

For surface counting (on
category 0 and 1 surfaces)
Standard ISO TR 8550

Statistic

Measurement plan

Table 18: Final surveys for specific projects

No

Yes

No

No

Yes
For categories 3

Sampling

Destructive assay

-

Gamma
spectrometry +
global alpha and
beta

-

-

Gamma
spectrometry
+H-3 for activated
surfaces

Analyses

5. Radiological survey
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Yes
(MARSSIM)

Yes
Yes
Both, but meanly in situ
measurement

Depending – case by case
Isotopic-Previous measurements-Scenario
Following MARSSIM Methodology

In preparation

Vandellos
(Spain)

KKR
(Germany)

Yes
(MARSSIM)

Yes
(MARSSIM)

Yes
(MARSSIM)

Depending – case by case
Isotopic-Previous measurements-Scenario
Following MARSSIM Methodology

PIMIC
(Spain)
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Yes

Yes (alpha and
beta)

Yes

Yes

Yes (alpha and
beta)

Yes
Yes
(Pre-investigation) (beta)

< 0.5 Sv/h
In Area

< 0.5 Sv/h
In Area

Gamma
spectrometry

Surface
counting

Dose rate

Based on historic
and/or in situ
measurement

Release criteria

Project
(Country)

Statistic

Non destructive measurement

Measurement plan

Table 18: Final surveys for specific projects (cont’d)

Yes
(drilling)

Yes
CANBERRA
ISOCS Portable
System

Yes

Sampling

Destructive assay

Gamma spectrometry
analyses

Gamma spectrometric
analyses + Gross alpha +
Gross beta
Concrete sample: rubble
(2 kg/sample)

Gamma spectrometric
analyses + Gross alpha +
Gross beta
Concrete sample: rubble
(2 kg/sample)

Analyses

5. Radiological survey
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5.2.2 Optimisation of final radiological survey

MARSSIM method








Figure 39: MARSSIM process flow diagram
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Statistical tools

1

n  ( N  x2 )(1  y x 1 )






Figure 40: Number of control measurements as a function of the surface area

Number of control measurements

500
450
400
350
300
250
200
150
100
50

0
0

100

200

300

400

500

600

700

800

900

1000

Surface area (m2 )

Table 19: Number of measurement points as a function of the control device surface area
Surface of control of the device (cm²)

50

170

1000

Number of measurements required for an infinite surface

457

453

430

Decontamination and dismantling of radioactive concrete structures - © OECD/NEA 2011

77

5. Radiological survey

Statistical sampling of crushed concrete

Introduction: Final survey of two storage buildings (pilot project)

Final survey of the main process building
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Figure 41: Container filled with concrete parts

Figure 43: Electrically powered jaw crusher

Figure 42: Container tilting device

Figure 44: Remote controlled hammering unit

Automated measurement of slightly contaminated debris
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Figure 45: Removal of pipe penetrations in the main Eurochemic process building









Figure 46: Installation for automated measurement of debris
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Figure 47: “Concretespec” unit

Figure 47: Warm testing

5.2.3 Conclusions
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6. Concrete material management

6. CONCRETE MATERIAL MANAGEMENT

6.1 Introduction






6.2 Free released material
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6.3 Reuse of radioactive rubble






Reuse of dust from shaving activities (Belgoprocess)

Separation

Reuse of activated, heavy concrete (Belgoprocess)

6.4 Disposal
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6. Concrete material management







Figure 49: Example of surface disposal project

Stacking of the monoliths (1) in the modules (2), the multi-layer cover (3) and the inspection gallery (4)
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7. GENERAL CONCLUSIONS








Plant operation







Planning



–
–
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7. General conclusions

Characterisation












Decontamination and dismantling









88

Decontamination and dismantling of radioactive concrete structures – © OECD/NEA 2011

7. General conclusions







Procurement issues

Verification

Waste
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Annex 1: Projects within the CPD programme

1.
2.
3.

4.

5.
6.

7.
8.
9.
10.

96

Facility

Type

Operation

Decommissioning

Gentilly 1
Canada
NPD
Canada
Rapsodie
Cadarache
France
G2/G3
Marcoule
France
KKN Niederaichbach
Germany
HDR
Karlstein
Germany
JPDR Tokai
Japan
Shippingport, USA

Heavy-water moderated/ boiling light-watercooled prototype
PHWR CANDU prototype

1972-78

Variant of Stage 1

1962-87

Variant of Stage 1

Experimental sodium-cooled fast-breeder
reactor

1967-82

Stage 3

GCR (electricity and nuclear materials
production)

1958-80

Stage 2

Gas-cooled/
heavy-water moderated
BWR, nuclear superheat

1972-74

Stage 3

1969-71

Stage 3

BWR

1963-76

Stage 3

PWR (2 cores)
LWBR (1 core)
BWR

1957-1982

Stage 3

1956-1967

Stage 3

High Temp. Gas Cooled

1976-1989

Stage 3

Experimental Boiling Water
Reactor (EBWR) USA
Fort St. Vrain, USA
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Annex 1: Projects within the CPD programme

Reactor Projects in Progress (Dec. 2010)
1.
2.
3.
4.
5.
6.
7.
8.

9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.

22.
23.
24.

Facility

Type

Operation

Decommissioning

BR-3, Mol
Belgium
Whiteshell Research Lab Site
Decommissioning
EL4, Brennilis
France
Bugey 1
France
Melusine
France
Phenix
France
MZFR, Karlsruhe
Germany

PWR

1962-87

Stage 3 (Partial)

Organic Cooled, Heavy Water Moderated

1965-1985

Stage 3

Gas-cooled/heavy-water-moderated

1966-85

Stage 2

Gas graphite reactor

1972-94

Stage 3

Pond research reactor

1988-93

Stage 3

FBR Sodium Cooled

1973-2009

Stage 3

PWR
Heavy-water-cooledand moderated
VVER

1965-84

Stage 3

1973-90

Stage 3

Pebble bed HTGR

1967-88

Stage 3

Fast breeder reactor

1971-91

Stage 3

BWR (Dual cycle)

1964-78

GCR (Magnox)

1963-86

Light water cooled
Heavy water moderated
GCR

1979-2003

Stage 3 planned by
2020
Stage 3 planned by
2020
Stage 3

1966-98

Stage 3

Pool type research reactors (Triga 1 & 2)

1962-95
1972-95
1972-79

Stage 3

Stage 3

GCR

1976-2008
1978-2008
1972-89

MTR Reactor

1958 - 1984

Stage 3

Light Water
MTR tank-type
Pool Reactor

1960-2005

Stage 1 (2007-2009)
Stage3 (2010-2017)

Greifswald
Decommissioning Project,
Germany
AVR
Germany
KNK, Karlsruhe
Germany
Garigliano
Italy
Latina
Italy
Fugen
Japan
Tokai 1 NPP
Japan
KRR-1 & 2
Korea
Bohunice A1 Project
Slovak Rep.
Bohunice V1
Slovak Republic
Vandellos 1
Spain
JEN-1, PIMIC
Spain
Studsvik RR, Sweden
R2
R2-0
Barseback NPP, Sweden
Unit 1
Unit 2
Taiwan Research Reactor
Chinese Taipei
WAGR, Sellafield,
UK
Prototype Fast Reactor PFR,
Dounreay, UK

Gas cooled, heavy-water-moderated
PWR:

Unit 1
Unit 2

BWR

Light water cooled
Heavy water moderated
AGR
Sodium cooled fast breeder reactor
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Stage 1

Stage 2

Stage 3
1975-1999
1977-2005
1973-88

Partial dismantling

1962-81

Stage 3

1974-94

Stage 1
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Completed Fuel Facility Projects (January 2010)

1.
2.
3.
4.
5.
6.

Facility

Type

Operation

Decommissioning

Tunney’s Pasture Facility, Ottawa,
Canada
BNFL Co-precipitation Plant,
Sellafield. UK
AT-1,La Hague
France
AB SVAFO ACL Project
Sweden
West Valley, USA
Fernald Environmental Management
Project,
USA

Isotope handling facility

1952-83

Stage 3

Production of mixed plutonium and UO2
fuel
Pilot reprocessing plant for FBR

1969-76

Stage 3

1969-1979

PU & enriched fuel research

1963-97

Stage 3 without
demolition
Stage 3

Reprocessing LWR Fuel
High Purity, low enrich. Uranium Reactor
Feed Material

1966-1972
1952-1989

Stage 2
Stage 3

Fuel Facility Projects in Progress (January 2010)

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

15.
16.

98

Facility

Type

Operation

Decommissioning

Eurochemic Reprocessing Plant,
Dessel, Belgium
Building 204, Bays Project Chalk
River, Canada
Radio Chemistry Laboratory,
Fontenay-aux-Roses, France
ATUE
France
Elan IIB
France
APM, Marcoule
France
UP1, Marcoule
France
Saclay NLF Dismantling
France
WAK
Germany
SOGIN – PilotU-Th Reprocessing
Plant
JRTF, Tokai
Japan
Plutonium Fuel Development Facility
Japan
Uranium Conversion Facility
Korea

Reprocessing of fuel

1966-74

Stage 3

Fuel storage pond

1947 -1996

Stage 2

Reprocessing R & D

1961 -95

Stage 3

Recovery of enriched uranium

1965-96

Stage 3

Manufacture of 137Cs & 90Sr sources

1970-73

Pilot reprocessing plant

1965 -1997

Stage 3 without
demolition
Stage 3

Industrial reprocessing plant

1958-97

Stage 2

R&D U enrichment, isotopes

1957-1996

Stage 3

Prototype reprocessing plant

1971-90

Stage 3

Reprocessing and re-fabrication of fuel

1975-1978

Stage 3

Reprocessing test facility

1968-70

Stage 3

R & D on plutonium and MOX fuels

1972-2002

Stage 3

Conversion of yellowcake to
UO2//UF4
Reprocessing facility

1982-92

Stage 3

1952-73

Stage 2

Solid Waste Storage Cells

1979-1986

Stage 2

High and Low Enriched Uranium

1954 - 2001

Stage 3

BNFL, B204 Primary Separation
Plant,
Sellafield, UK
Sellafield – B243 Intermediate Waste
Recovery
Portsmouth Gaseous Diffusion Plant
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White finger syndrome

’

Vibration load calculations



’









²
²

²
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MARSSIM
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MARSSIM data life cycle

Planning Phase

















Implementation Phase
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Assessment Phase









Decision Making Phase

Data Quality Objectives (DQO) process

1.

State the problem:

Identify the planning team, decision makers, deadlines, resources and a concise description of
the problem

2.

Identify the decision:

For a final status survey this would be “Is the level of residual contamination in a given survey
unit below the release criteria”. Then, the alternative actions are identified e.g. further
remediation, re-evaluation of the DCGLs, restrictions on release, etc.

3.

Identify inputs to the decision.

Identify the specific questions to be answered, e.g., “What physical characteristics of the site
need to be evaluated”, “What chemical characteristics of the contamination need to be
determined”. The chosen means to answer these questions are identified. The information
needed to establish the DGCLs is identified. What methods will be used to provide the
necessary data is determined.

4.

Define the study boundaries

Areas of the site to be evaluated are defined and the time frame in which the survey will be
performed is defined.

5.

Develop a decision rule:

The statistical method for describing the residual activity is identified e.g. the mean, median for
the survey unit. The action levels are identified. These investigation levels are measurements
that if exceeded require some decision to be made as to the need for a more detailed
investigation. There are investigation levels for the average survey unit measurements as well
as the elevated measurements comparison (hot spots).

6.

Specify limits on decisions
errors:

Estimate the likely variation in the measurements for the survey unit, identify the null hypothesis
and define the consequences of Type I and Type II errors in terms of health, political and
resources issues. Specify acceptable values for Type I and II error rates (alpha & beta).

7.

Optimise the design of the
survey for obtaining the data.

Evaluate data collection design alternatives, develop the mathematical expressions that will be
necessary to implement the alternatives and select the optimal options.
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Classification of areas and designation of survey units

1.

Non-Impacted Areas:

These areas have no reasonable potential for residual contamination

2.

Impacted Areas:

Areas with some potential for residual contamination are classified as impacted areas. Impacted areas
are further divided into one of three different classifications:
Class 1 Areas:

Areas that have, or had prior to remediation, a potential for radioactive contamination
(based on site operating history).

Class 2 Areas:

Areas that have, or had prior to remediation, a potential for radioactive contamination
or known contamination, but are not expected to exceed the DCGL.

Class 3 Areas:

Any impacted areas that are not expected to contain any residual activity or are
expected to contain levels of residual radioactivity at a small fraction of the DCGL
based on site operating history and previous radiation surveys.

MARSSIM contents
Chapter 1:

Generic material that outlines the scope and limitations of MARSSIM,

Chapter 2:

This chapter provides a general overview of a variety of topics: the basic types of radiological surveys, the
classification of the areas within a site into 3 classes, the type of measurements required for the different classes, the
data quality objectives DQO process, the data life cycle, and alternative methodologies.

Chapter 3:

Discusses the Historical Site Assessment (HSA) process.

Chapter 4:

Discusses preliminary issues pertinent to the planning of a survey: the concentration limits (criteria), surrogate
measurements, multiple radionuclides, classification of the areas, selection of background reference areas, survey
units, site preparation, gridding, selection of instrumentation and measurement/sampling techniques.

Chapter 5:

Provides additional information pertinent to the planning of a survey. Discusses the nature of the different types of
radiological surveys, provides checklists for each. The most important part deals with the final status survey. It gives
the step by step methods for determining the required numbers of measurements and the measurement locations.

Chapter 6:

Discusses measurement methods, data quality indicators, instrumentation and MDCs. Appendix H provides additional
information about the survey equipment. The most important parts of this chapter describe the calculation of the
instrument minimum detectable concentrations MDCs for stationary measurement and scanning.

Chapter 7:

Describes sampling and analytical techniques. Appendix H provides additional information about laboratory
instrumentation.

Chapter 8:

Describes the methods used to evaluate the collected data. It indicates the statistical tests that are used to determine
whether the release criteria have been met. Appendix I provides additional information and statistical tables.

Chapter 9:

Discusses quality assurance and quality control

Appendix A:

Provides an example of a Final Status Survey report employing MARSSIM.

Appendix B:

Provides a simplified procedure for those facilities where only sealed sources were handled, the material was short
lived, or only very small quantities were employed.

Appendix C:

Lists and briefly describes pertinent regulations and requirements.

Appendix D:

Provides additional information regarding the data quality objectives process and the design of the survey plans.

Appendix E:

Describes the evaluation of the data.

Appendix F:

Describes the relationship between CERCLA, RCRA and MARSSIM.

Appendix G:

Identifies a number of items of information for the Historical Site Assessment process.

Appendix H:

Describes in some detail the field and laboratory instruments that will be employed in the radiological surveys and
sample analyses.

Appendix I:

Provides statistical tables of use in the data evaluation process

Appendix J:

Provides a derivation of the equations pertaining to scanning for alpha contamination

Appendix K:

Outlines and equates various quality assurance documents.

Appendix L:

Gives the addresses and phone numbers for the regional EPA, DOE, NRC, DOD, offices.
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Fuel reprocessing facilities & laboratories (Eurochemic reprocessing plant)

Introduction

³
²

²

²

Figure 1: Process building of the former Eurochemic reprocessing plant

Timeline
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Figure 2: EurochemicTimeline

Applied strategy
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Figure 3: Process building of the former Eurochemic
reprocessing plant in 2009,
eastern part demolished

Figure 4: Phased demolition

2008
2012
2010

‘

’

Difficulties met


–

–
–
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Results
Production flows

Man hours

Average individual dose
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Finances

”

Pictures

Sources and references

é
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Research reactors: MELUSINE (BNF 19)
Introduction

Chimney

Reactor
N

Main entrance

Dismantling project – main dates
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State of the facility (12/2009)
Physical inventory






1.
2.
4.
5.
6.
7.
8.
10.
12.
13.
14.
15.
16.
17.

Reactor hall
Pound
Offices
Control room (2nd floor)
Liquid effluents tanks
Technical building
Ventilation room and chimney
Chemical products store
Truck entry
Melusine and Siloe BNI basic nuclear installation
common area
Melusine BNI area
Gutters
Basin before treatment
Resins treatment room

Facility’s radiological state




Strategy chosen
Final objective
’

Project organisation
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The project’s industrial structure

Passage - industrial organisation

CEA
Licensee / Facilities Management and Project Management
Dismantling

Cleaning/POCO

Global Contracts

Contracts

CEA

Studies or
small work
packages

Studies
Equipment procurement
Implementation of work

Fuel and
specific
materials

Global assistance
contract
 Planning, Budget
 Preparation of contracts
 Data, records and
reports
 Specification of work
packages
 …

Support Contracts for site
Waste management – Transport – Studies for regulatory bodies – Coordination…

Definition and implementation
Project schedule

N ° Task Name
1
2
3
4
5
6
7

2003
2004
2005
2006
2007
2008
2009
T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3

Preliminary studies
Preparatory activities
Equipments dismantling
Cleaning operations
Pool cutting
Final status surveys
End of these operations
–

’





’
’
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Techniques used during the works are described in chapter 3
Category

Type of
contamination

Types of operations

Tools and techniques used
for concrete cleaning

Final checks

0

No risk of
contamination
Only dry
contamination

No clean-up planned.
Final aspiration
Removal of painting and a thin
layer of concrete (about 1 mm).
Final aspiration

N/A

Surface checks by probe

Shaving

2

Superficial liquid
contamination

Sand-blaster, nibbler, chipping,
pneumatic hammer, planer,
sander …

3

Activation or in
depth liquid
contamination

Removal of the superficial layer
over the entire surface:
concrete peeling to the target
thickness (2,5 cm on floors and
1 cm on walls and ceilings),
brushing or sand-blasting of
those metallic elements which
must be left in place.
Final aspiration
After consultation, case by
case definition in order to meet
the decision criteria set for the
facility’s decommissioning.
Final aspiration

– surface checks for 100% of
the floors,
– surface checks of the other
surfaces by probe
Concrete: check in the mass
by gamma spectrometry
gamma in situ on 100% of the
surfaces + surface checks to
verify the absence of
heterogeneity, metal: surface
checks for 100%.

Nibbler, chipping, core drill,
cable cutting (cable saw and
stone saw), pneumatic
hammer, Brokk equipped with
hydraulic jack hammer …

Check in the mass by gamma
spectrometry in situ on 100%
of the surfaces, surface checks
to verify the absence of
heterogeneity, sampling.

1

Difficulties met
…

’





Clean-up report
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Waste results

monitoring surface in m2 (nbr of points of
measure) for surface measurement of first
level

65,14 (1087) 43,86 (731)

5,76 (96)

monitoring surface in m2 (nbr of points of
measure) for gamma spectrometry
measurements of first level

A.max
(Bq/g)

monitoring
surface
total (m2)

0.36

1798,16

Cat 3

Cat 1
Cat 1 (floor)
(except floor)

Cat 0
Total

A. max
(Bq/cm)

Cat 2
< 0,4
Bq/cm²

1580,8(343)

m²

Number of
samples

94

64

Quantity (tonnes) – Distribution of solid waste

Quantity (tonnes) – Distribution of wastes by type in tons

(3)
(2)

6.1%

19.2%

4%

(4)

7.1%

(5)

E (Rubbles)

(1)

ED (Rubbles + non ferrous metals
EC (Rubbles + ferrous metals)

(2)

(3)

EF (Rubbles + glass) (4)
EJ (Rubbles + soil)
(1)

(5)

954.96%
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Final state
–

1988

1994

2003

Final state

Sources and references
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Power plants (Vandellos-1 NPP)
Background

Decommissioning Plan

Level 1:

1991 to 1997

Level 2:

February 1998 and June 2003

Latency period:

On completion of Level 2, the unreleased parts of the site remain under the responsibility and surveillance of
ENRESA. This situation will continue for 25 years, during which time the radiological activity of the internal
structures of the reactor will decay to approximately 5% of the initial level.

Level 3:

On completion of the latency period, around the year 2028, work will begin on the last level of decommissioning
which will include the removal of the reactor box and its internals and the complete release of the site.

Decommissioning Process
Decommissioning of Vandellós I NPP

Decommissioning – Level 2

Layout of the NPP

Mediterranean sea

Decontamination and dismantling of radioactive concrete structures - © OECD/NEA 2011
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Preparatory activities

Decommissioning

Conventional Components Decommissioning Plan (CCDP)

Active Parts Decommissioning Plan (APDP)
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Materials management

The disassembly of the building
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Material destination

120
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Recycling
Diagram of recycling at Vandellós 1

The policy for the recycling of materials implemented by ENRESA in the decommissioning of the
Vandellos 1 NPP has allowed new uses to be found for approximately 95% of the materials generated
during the works. The different materials recycling routes used were as follows:

–
–

–
–
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Organisational flowchart for decommissioning

Decommissioning schedule

122

Decontamination and dismantling of radioactive concrete structures – © OECD/NEA 2011

Annex 4: Feedback experience (Case studies)

Difficulties met

Sources and references
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Major features of contract type

Circumstances when contract type
is generally used

Firm fixed-price

– Price is set at contract award by competitive prices
or negotiation.
– Price is not adjusted based on contactor’s costs
during performance.
– Low flexibility for owner because changes must be
negotiated.
– Low cost risk for owner as long as scope does not
change; high cost risk for vendor.
– Low performance risk for owner as long as scope
does not change; high performance risk for vendor

– Work scope is well defined and no major
changes are expected.
– Uncertainties are quantifiable.
– Best for purchase of commercial products

Fixed-price with fixed
per-unit pricing

– Price quoted on a per-unit basis in this variant of
firm-fixed-price.
– Work scope can be adjusted within stated limits
– Allows owner some flexibility by stating work in units,
to fit owner priorities and funding availability.
usually with minimum and maximum amounts
– Minimum units of work are known (e.g. x barrels
guaranteed during a set contract period.
of waste are in storage ready to be processed).
– Low cost risk for owner but must pay for minimum
– If vendor cannot use facilities for other clients,
quantity; high cost risk for vendor.
contact may provide for idle facility payments.
– Low performance risk for owner; high performance
risk for vendor

Fixed-price with
economic price
adjustment

– Work scope is well defined and no major
– Price adjusted up or down using agreed-upon criteria
changes are expected or likely.
such as a labour or material cost index.
– There is a serious doubt about market condition,
– Low flexibility for owner without renegotiating work
e.g. large potential fluctuations in the costs of
scope and cost.
key components such as materials or labour.
– Low cost risk for owner; high cost risk for vendor
– Component costs covered in the price
except for cost components covered in the
adjustment provision are not under the vendor’s
adjustment provision.
control but changes cannot be estimated with a
– Low performance risk for owner; high performance
high degree of accuracy.
risk for vendor.
– Contract covers and extended performance
period, e.g. several years.

Type of contracts
Fixed-price contracts

Fixed-price with
incentive and firm
target price

126

– Pricing arrangement negotiated places an
appropriate share of risk on vendor.
– Low flexibility for owner because price and targets
must be negotiated if work scope changes.
– More cost risk for owner than under firm-fixed-price;
vendor assumes some cost risk because fee is tied
to cost control.
– More performance risk for owner than under firmfixed price because owner shares in cost overruns;
less performance risk for vendor.

– Work scope is well defined.
– Objective in addition to cost control are deemed
important, e.g. workplace safety, waste
minimisation, etc….
– Relates incentive fee (profit) to cost control and
may include incentives for performance on
critical aspects of work.
– Cost control incentives required when
performance incentives are used to preclude
reward for performance if cost outweighs its
value.
– Contractor must have an acceptable accounting
system prices because owner shares in cost
overruns; less performance risk for vendor.

Decontamination and dismantling of radioactive concrete structures – © OECD/NEA 2011

Annex 5: Major features and types of contracts used for clean-up projects

Fixed-price with
prospective price redetermination

– Price for initial performance period is fixed when
contract is negotiated.
– Price is subsequently adjusted at stated periods
during the life of the contact in anticipation of futures
conditions affecting the cost of performance.
– Other features are the same as firm-fixed-price
except the owner bears more cost risk because the
final cost is not set at contract award.

– A fair firm-fixed price can be negotiated for an
initial period but not for the entire contract
period.
– A relatively brief period of performance will
provide the pricing information needed to set
price for the remainder of the contract.
– Suitable for a contract with a lengthy
performance period (e.g. 10 to 20 years).

Fixed-price using a
fixed unit rate

– Price for a unit of work is known but total price of
work is not known.
– More flexible for owner than fixed-price with per-unit
pricing, but vendor has no incentive to minimise the
amount of work done.
– Higher cost risk for owner than other forms of fixedprice contracts; lower cost risk for vendor.
– Low performance risk for owner; higher performance
risk for vendor

– Work scope in terms of the number of units to
be done is not known with certainty.
– Not enough information is known to set
minimum and maximum levels of work scope.

Cost-reimbursement
contracts

Cost and cost-sharing
contracts

– Cost contract includes no fee (profit) portion, but the
vendor is reimbursed for all allowable costs incurred.
– A cost-sharing contract includes no fee (profit)
portion, but vendor is reimbursed for only negotiated
portion of costs incurred.
– Increases owner flexibility.
– Increases cost risk for owner; lessens vendor’s cost
risk.
– Increases performance risk for owner; minimal
performance risk for vendor.
–

–
Cost-plus-incentive-fee
–
–
–

–
–
Cost-plus- award-fee

–
–
–

– Wok scope cannot be precisely defined.
– Cost contracts are usually used for research and
development work done by non profit
organisations such as universities.
– Cost-sharing contracts can be used any time,
but the vendor expects other compensating
benefits from participation (e.g. follow-on
contracts, patentable process, …).
– Contractor must have an acceptable accounting
system.
– Work scope can be reasonably well-defined, but
Target cost and incentive fees are negotiated for a
significant uncertainties remain.
specific scope of work; incentive is adjusted based
– Performance features subject to incentives can
on relationship between total target cost and total
be objectively measured.
actual cost.
– Used for development and testing programs and
Low flexibility for owner because changes to work
to motivate vendor to manage projects more
scope require renegotiation of target cost and
effectively.
incentive fees.
– When incentive fee includes a “negative” portion,
High cost risk for owner; some cost risk for vendor
vendor may not recover all costs incurred.
because vendor shares in cost overruns.
– Fee pool for fixed and performance incentive is
High performance risk for owner; low performance
negotiated; performance incentives are assigned
risk for vendor.
a negotiated value from the relevant fee pool.
Cost control incentive required but additional
– Contractor must have an acceptable accounting
incentives can be added.
system.
– Work scope cannot be precisely defined and or
is subject to significant, frequent changes.
– Changes to work scope may require
All allowable costs are reimbursed.
renegotiation if they will impact the vendor’s
Maximum flexibility for owner to respond to funding
ability to meet criteria for earning award fee.
and or priority changes during performance period.
– Conditions beyond the control of the vendor are
High cost risk for owner; low for vendor.
expected to have a major impact on the vendor’s
High performance risk for owner; low for vendor.
ability to perform.
Award fee is subjectively determined by owner and is
– Performance cannot be objectively measured
intended to motivate the vendor for excellent
and or non cost considerations are of high
performance.
priority (e.g. safety in nuclear operations).
– Contractor must have an acceptable accounting
system.
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ATUE
(France)

Contaminated structures:
137Cs, 60Co, 90Sr, +14C (only in
1 room).

Mélusine
(France)

1 gamma spectrometry
per square.

9 surface counting
measures per square If
high variability,
complementary
measures for which
location is determined
by geostatistic.

No activation.

No

Statistical

Surfaces were cut in
squares 3 m x 3 m.

Yes

Based on
history

Measurement plan

Contaminated structures: 238U, No
235U, 234U, 137Cs, 241Am.

Activated structures: 3H, 152Eu,
55Fe, 60Co, 133Ba.

Main nuclides expected in
concrete

Project
(Country)

No

No

Dose rate
counting

No

Only if surface
counting was positive.

Location: On floors and walls
until 3 m high + a few
measures on ceilings.
Surfaces were cut in squares
3 m x 3 m. 9 measures per
square regularly distributed
so as to obtain a statistic
profile.

Unitary duration of
measurement: 15 s.

Detection limit ≈ 0,1 Bq/cm2
(eq 238U).

Unitary surface of
measurement: 170 or 200
cm2.

to detect radioactivity
variation.

Location: on suspected
zones, generally 100% on
floor and walls until 2 m high.

No

Use of specific modelisation.

Location: 1 measurement per
square 3m x 3m.

Unitary duration of
measurement: 30 mn.

Modelisation: square 2m x
2m and 1 cm thickness.

Detector: GeHP.

Unitary duration of
measurement: a few minutes
to a few hours.

Detection limit depending on
the modelisation.

Detectors: GeHP, LaBr3.

Only for singularities (narrow
holes, cracks, embedded
piping).

In situ  spectrometry

Unitary duration of
measurement: a few seconds
per measure.

No

Surface
counting
 emitters

Detection limit < 0,4 Bq/cm2.

Unitary surface of
measurement: 170 or 600
cm2.

Loose contamination Surface counting
measurement
 emitters
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BR3
(Belgium)

Activated structures: 133Ba,
152Eu, 154Eu, 60Co.

Contaminated structures:
137Cs, 60Co.

No activation
Yes (mainly
No
based on dose
rate counting).

No

Yes

Contaminated structures:
60Co, 137Cs, 241Am

Eurochemic
(Belgium)

No activation in buildings
cleaned up.

Yes (mainly
No
based on dose
rate counting)

Contaminated structures:
137Cs, 60Co.

Statistical

Brennilis
(France)

Based on
history

Main nuclides expected in
concrete

Project
(Country)

Measurement plan

Yes, to
localise hot
spot.

Yes

Yes

Dose rate
counting

Yes, for operational
conditions.

Yes

Yes
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at least 1 static counting per
square.

Surfaces were cut in squares
1 m x 1 m.

Location: much of the time
100% on floor and walls until
2 m high (dynamic
measurement).

Detection limit: < 0,4 Bq/cm2.

Detection
limit: <0,04
Bq/cm2.

Same method
as beta
surface static
counting.

Unitary surface of
measurement: 100 to 600
cm2.

Yes.

Dynamic and static
measurement.

Yes

Surface
counting
 emitters

Yes.

No (too high background).

Yes

Loose contamination Surface counting
measurement
 emitters

Location: 3 measurements
per room on 3 different level
of surface contamination
(max, average and min).

Unitary duration of
measurement: ≈15 mn.

Detection limit: <0,7 Bq/cm2
(Cs-137).

Modelisation: surface of 1 m2;
depth adjusted with specific
software.

Detector: ISOCS.

In situ  spectrometry
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KKR
(Germany)

Vandellos
(Spain)

Contaminated structures:

PIMIC
(Spain)

152Eu, 154Eu, 241Am.

Activated structures:

Contaminated structures:
60Co, 137Cs.

Activated structures: 60Co,
55Fe, 55Ni, 3H, 152Eu, 154EU.

Contaminated structures:
137Cs, 134Cs, 60Co, 152Eu, 154Eu,
155Eu, 65Zn.

3H.

60Co, 55Fe, 63Ni, 152Eu, 154Eu,

Activated structures:

Pilot reprocessing facility:
137Cs, 90Sr, U and Pu isotopes,
241Am.

90Sr.

Research reactor: 137Cs, 60Co,
152Eu, 154Eu, 155Eu, 3H,

Main nuclides expected in
concrete

Project
(Country)
Statistical

Yes

Being
considered.

Yes (mainly
No
based on dose
rate counting).

Based on
history

Measurement plan

Criteria: three times
higher than
background.

Yes, to localise hot
spot.

Detector: Geiger
Muller, NaI (only
PIMIC).

In high expected
beta gamma
contamination
zones.

Yes, to localise hot
spot and for paved
or large covering
areas, before
sampling.

Dose rate counting

detection –
measurements after
removing of loose
contamination.

Yes.

Yes.

Only if there is a
guarantee that the
residual activity is
easily removed.

Yes.

Yes.
Grid size: 1 m2.
Dynamic measurement on
each grid and static
measurement on the
maximum point.
Without reliable information
about the distribution of
contamination 100% of the
surface will be measured.

Yes.
Dynamic (in average 5 cm/s)
and static measurement (2
mm at 5 mm from the
surface).
Unitary surface of
measurement: 170 to 230
cm2.
Detection limit: at least 10%
below the derived operational
clearance level. For static
measurement at least 50%
below the derived operational
clearance level.
Initial characterisation: 0,4
Bq/cm2.
Location: much of the time
100% on floor and walls until
2 m high.

Loose contamination Surface counting
measurement
 emitters

Yes.
Detection limit: at
least 10% below
the derived
operational level.
Initial
characterisation:
0,04 Bq/cm2
(translated in cps
with scaling
factors and
efficiency).

Surface
counting
 emitters

Yes.
Detector: GeHP (ISOCS).

Yes.
For singularities (narrow
holes, cracks, embedded
piping) and activated
concrete.
Detector: GeHP (ISOCS).
Use of specific modelisation
for singularities.
Modelisation: surface of 1m2
(for final survey); in average
1 cm depth.
Detection limit depending on
the modelisation but at least
10% below the derived
operational level.
Unitary duration of
measurement.

In situ  spectrometry
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Main nuclides expected in
concrete

Contaminated structures:
137Cs, 241Am, 238Pu, 239Pu,
240Pu, 241Pu, 242Pu, 90Sr.
No activation.

Project
(Country)

WAK
(Germany)

Statistical

Yes,
No
reference
concerning
potentially
contaminated
areas.

Based on
history

Measurement plan

No

Dose rate counting

No, surfaces
normally vacuum
cleaned.

the whole surface.

– Activity-measuring of

Yes.
Measuring surface:
200 cm².
Nuclide vector known by
sampling and/or history.
Threshold value 50% of
free release value
according to the German
radiation protection
regulators.

Loose contamination Surface counting
measurement
 emitters

Yes.
The same as
for beta
counting, using
the activity of
241Am.

Surface
counting
 emitters

Yes.
Building joints.
Measuring surface
approx. 10 m².
– Measuring time approx
30 mn.

In situ  spectrometry
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135

136

On hot spots, to define:
– depth and profile
contamination
– radiological spectrum for
scaling factors and residual
impact assessment

No destructive assay for
initial inventory

Brennilis
(France)

Eurochemic
(Belgium)

No

Geostatistic
(experimental), to
define depth and
profile
contamination

Yes

Yes

Yes

Yes

– Systematic

Yes

ATUE (France)
No

– for all samples

– By layer of 5 mm
in order to define
depth and profile
contamination
(category 2 and 3)

– In contaminated
cracks, deep
contaminated zones
(> 10 cm) and
activated concrete
(mainly for category
3)

– On hot spots in rooms with
liquid contamination
– On activated surfaces

Mélusine
(France)

No

Gamma spectrometry

Scarifying

Core drilling

Statistic

Based on historic and/or in
situ measurement

Project
(Country)

Sample analyses

Sampling technique

Sampling plan

(3H, 14C, 90Sr, 63Ni, 55Fe)

Yes

No

– In order to define the
sampling location on
the core drilling
(activated concrete).
Give the profile of
activation but not the
specific activity.

– for a few samples (3H,
14C, 90Sr, 63Ni, 55Fe,
alpha spectrometry), in
order to define
radiological spectrum
for scaling factors and
residual impact
assessment

– Alpha spectrometry
– On 5 samples by
workshop

Gamma scanning (on
core drilling)

Hard to measure
nuclides
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No

No

– Depth profile at the position No
with the highest counting
rates

Vandellos
(Spain)

KKR
(Germany)

WAK
(Germany)
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– 3 zones (20, 40,
60 mm) depth and
profile of activation

– Standard for preinvestigation in situ
measurement
– Averaging area
(target): 10 m2

Yes

Yes

No

Yes

– Investigation
beyond coating

Yes

Yes

Yes

– At least 15 samples for
each homogeneous risk

PIMIC
(Spain)

No

– In contaminated
– By layer of 5 mm
cracks, deep
(mainly for
contaminated
category 2)
zones (> 10 cm)
and activated
concrete (mainly for
category 3)

– 3 samples per room
No
(category 2 or 3) on 3
different level of surface
contamination (max,
average and min)
– New method in test using in
situ gamma spectrometry to
assess depth
contamination, which would
lead to reduce sampling

BR3
(Belgium)

Scarifying

Core drilling

Based on historic and/or in
situ measurement

Project
(Country)

Statistic

Sampling technique

Sampling plan

Yes

– For all samples

Yes

Yes

– for all samples
(60Co and 137Cs)

Gamma
spectrometry

Sample analyses

– for a few samples (U-isotopes,
Pu-isotopes, 90Sr, 99Tc, 237Np,
244Cm; 129I); in order to define
radiological spectrum for
scaling factors

Yes
(3H)

Yes

Yes

– In order to define the
sampling location on the
core drilling (activated
concrete). Give the profile
of activation but not the
specific activity.

Yes

Yes

– In order to define the
sampling location on the
core drilling (activated
concrete). Give the profile
of activation but not the
specific activity.

– for a few samples (90Sr, 63Ni,
55Fe, alpha spectrometry):
– at the beginning of the project,
in order to define radiological
spectrum for scaling factors
– + if alpha surface counting >
detection limit
– + if 241Am detected by gamma
spectrometry

Yes

Gamma scanning (on core
drilling)

Hard to measure nuclides

Annex 7: Destructive assay methodologies and techniques used in D&D projects

137

Annex 8: Return of experience related to radiological characterisation surveys

Annex 8

Return of experience related to radiological characterisation surveys

Decontamination and dismantling of radioactive concrete structures - © OECD/NEA 2011

139

140
X
X
X
X
X

Operator logbooks, procedures/notes, radiological controls results

Drawings (new and old)

Operators interview

Surfaces classification

Theoritical calculation (activation)

X(5)

X(1)

X(6)
X(9)

Modelling (equation based on results)

Reuse of other decommissioning project feedback

X(2)

X
X

X

Geostastitics tools

X

X

X

X

X

X

X

X

X

X

X

X

X

Not available

X

Not available

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

ENRESA
VANDELLOS

Not available

X

PIMIC

PROJECTS

Statistics tools

X

X

X

X

X

X

X

X(3)

(4)

(4)

(4)

X

X

X

X

X

X

X

X

BELGOPROCESS
Eurochemic

Database (compilation of all results)

Review and evaluation of the data obtained

X(10)

X

X

Hard measure nuclides »(C-14, H-3, Fe-55, Ni-63…) analysis

Gamma sanning (core drilling)

X(1)
X

X

Gamma spectrometry (on samples)

X(3)

X

X(4)

Geostatistics tools for sampling plan

Statistics tools for sampling plan

Sampling plan based on feedback (suspected zones, "hot" spots…)

Other sampling technique

Scarifying sampling (scabbing, shaving, …)

Core drilling sampling

Sampling and analysis

Other

X

X

Gamma spectrometry measurement

X(2)

X

X

Surface counting (alpha emitters)

X

X

Surface counting (beta gamma emitters)

X

X

X

X

X

X

Loose contamination measurement
X

X

X

X

X

X

X

X

Brennilis

Dose rate counting
X(1)

X

Operation reports

In situ measurements

X

X
X

X

X

Initial radiological inventory

Melusine

Historical documentation and structure analysis
Indentifying process (pumpage, storage, filtration… and type of contamination: liquid, gas…)

TECHNIQUE

CEA
ATUE

X

X

X

X

X

X

X(2)

X

X(3)

X(1)

X

X

X(6)

X

X

X

X

X

X

X

X

X

SCK•CEN
BR3

X

(x) (1)

X

X

X

X

(2)

X

X

X

X

X

X

X

X

X

X

X

X

X

X

KKR

EWN

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

WEK
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X(1)

X(1)

X

X(2)

X

X(3)

Statistics tools

X(7)

X(2)
X(3)(2)

X

X

X

X

X

X

X

PIMIC

X

X

X(1)

X(1)

X

X

X

X

X

X

X

ENRESA
VANDELLOS

PROJECTS

Database (compilation of all results)

Review and evaluation of the data obtained

Statistics tools for sampling plan

Sampling plan based on feedback (suspected zones, "hot" spots..)

Other sampling technique

X(1)

X(3)

X(3)
X

Scarifying sampling (scabbling, shaving…)

X

X(1)(2)(3)

Core drilling sampling

Sampling and analysis

Other

X(3)

Gamma spectrometry measurement

X

X(3)

Surface counting (alpha emitters)

X(1)(2)(3)

X(8)

Surface counting (beta emitters)

X(2)

X

X(3)

X
X(1)

X(1)

Brennilis

Loose contamination measurement

Final radiological survey

Melusine

BELGOPROCESS
Eurochemic

In situ measurements
Dose rate measurement

TECHNIQUE

CEA
ATUE

X

X(5)

X(4)

X

SCK•CEN
BR3

X(1)

X(1)

X(1)

X(1)

X(1)

X(1)

X(1)

X(1)

X(1)

X(1)

KKR

EWN

X

X

X

X

X

X

X

WEK
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