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Pre-decommissioning plan

Specific requirement in the radioactive waste permission:

Decommissioning should be included as early as possible in 
the project of the cyclotron and the cyclotron vault

The decommissioning plan 
- must demonstrate that decomissinsiong can be 

performed in a safe manner
- Include a prediction of amount of radioactive waste
- Include financial security 
- Updated at least every 5 years



Medical PET cyclotrons in Norway

Hospital Cyclotron 
Year of 

installation
Licence for 

use

Decommissioning 
plan as licence 
requirement

Norwegian Medical Cyclotron Center 
AS, Oslo

GE PETtrace 800 2005/2006 2006 No

Helse Bergen GE PETtrace 840 2008 2010 No

St. Olavs hospital GE PETtrace 860 2018 2018 Yes

Universitetssykehuset i Nord-Norge GE PETtrace 880 2019 2019 Yes



Cyclotron

Radioiosotope

Radiochemistry
Tracer + radioisotope => radiotracer



Cyclotron

Accelerates protons up til 16,5MeV

There are six targets

11C-CH4 (not in use)​
11C-CO2 
18F-

64Cu
13N-NH3 (not in use)
18F-

Activation of the cyclotron components are mainly due 
to high-energy protons and the activation of the 
cyclotron vault is mainly due to the high-energy 
neutron flux. 
The major components of the high energy neutron flux 
comes from reactions in the target and from the Havar-
foils. 

18F target 2,5 ml 18O enriched water

Weekly productions 4 night + 1-3 day

Typical irradiation 
conditions 

18F – 65mA for 35-50 min

Activity typically produced 
at end of bombardment

110 GBq of 18F (night)
30 – 90 GBq of 18F (day)

Reactions Half-life

18O(p,n)18F 18F – 110min

14N(p,)11C 11C – 20min

64N(p,n)64Cu 64Cu – 12,7h



Cyclotron vault



Cyclotron vault

- Below ground level
- Two of its outer walls and floor 

confines with earth
- Inner dimensions: 5m x 4,1m x3m

Thickness 
(m)

Concrete Density 
(g/cm3)

Walls 2,1 B20M90/B3
5M45/B20
M90

2,380/ 
2,446/ 
2,380

Roof 2,1 B35M45 2,446

Floor 1-1,3 B35M45 2,446

Bricks B20M90 2,380



Test bricks

4 bricks of 15 x 15 x 15 cm3

Test for activation of the concrete, amount 
and isotopes, 



Activation of concrete

Nuclide 0-20 cm 20-40 cm 40-60 cm 60-80 cm 80-100 cm 100-120 cm 120-140 cm 140-160 cm Limit (Bq/kg)
60Co 3100,00 1000,00 230,00 46,00 8,20 1,40 0,23 0,03 100,00
134Cs 500,00 110,00 22,00 4,10 0,70 0,12 0,02 0,00 100,00
152Eu 4200,00 1500,00 360,00 71,00 13,00 2,20 0,36 0,05 100,00
154Eu 280,00 80,00 17,00 3,40 0,61 0,10 0,02 0,00 100,00
55Fe 12000,00 4400,00 1000,00 200,00 36,00 6,20 1,00 0,14 1000000,00
59Fe 200,00 72,00 16,00 3,30 0,58 0,10 0,02 0,00 1000,00
3H 63000,00 23000,00 5200,00 1100,00 190,00 32,00 5,20 0,75 100000,00

81,6 27,2 6,4 1,3 0,2 0 0 0

0

500

1000

1500

2000

2500

3000

3500

4000

4500

A
ct

iv
it

y 
(B

q
/k

g)

Depth of concrete

60Co

134Cs

152Eu

154Eu

59Fe
GE Healthcare, 2017. DOC2036109: PT800 Decommissioning Guidelines, Uppsala: s.n.

The results from MC simulations shows that
- The activity will be highest within the first 20 cm of concrete
- The first 60-80 cm will be above limit and classified as radioactivity waste  
- The activation is non homogeneous within the vault hence the analysis of the test bricks can only be used 

as an aid in identification of areas of highest activity
- Before decommissioning samples from the walls should be analysed
- The specific activity of the concrete may be low but the amount of activated material may be high

The table shows the activity level of concrete after a decay period of 30 days from Monte Carlo simulations of a GE Healthcare vault (4,0m x 4,5m x 2,5m) 
after 20 years of PET isotope production (only 18F). 



Decommissioning plan
The decommissioning plan takes into account three possible scenarios

1. Planned replacement of the cyclotron due to end of life

2. Unplanned shutdown of cyclotron and consequent replacement of cyclotron

3. Planned shutdown of cyclotron and decommissioning of cyclotron and cyclotron vault

For the first two scenarios

- The decommissioning method must be seen in light of the requirement for continuous 
specialist health services and that a shutdown of own radiopharmaceutical production 
will in itself entail an additional cost for St. Olavs Hospital. 

-The decay period will hence be a compromise between the cost of radiopharmaceutical 
and the cost of radioactive waste disposal. 



Replacement of cyclotron

Cross section of the roof of the cyclotron vault

A planned replacement of the cyclotron will follow these points: 
1. Ensure that funds are set aside for decommissioning the old cyclotron and purchasing a new 

cyclotron in the hospital's budget for the relevant year (minimum 2 years before the planned 
outage). 

2. Notify DSA, Trondheim Municipality and other relevant stakeholders of the planned outage 
3. Detailed planning of decommissioning based on risk assessments, also taking into account any 

continuous specialist health services 
4. Clarify reuse/return of cyclotron components with supplier 
5. Obtain offers and enter into agreements for dismantling, collection of waste, etc. 
6. Submit final decommissioning plan to DSA at least 1 year before planned outage 
7. Stop using the cyclotron (shutdown) according to the approved decommissioning plan 
8. Decay period: a decay period of e.g. 30 days will be a compromise between the costs of a shutdown 

(continuous specialist health service, i.e. radiopharmaceutical supply, must be ensured) and the 
costs of disposal of radioactive waste. 

9. Gamma spectrometry and other analysis of samples from concrete walls/ceilings/floors, estimation 
of radioactive concrete dust from lifting of concrete ceilings, determining measures for the 
protection of the environment and people 

10. Dismantling of cyclotron with the aim of the greatest possible degree of reuse at another location or 
return to dealer 

11. Dose rate measurements of cyclotron components to be sent to another location or returned to 
dealer, classification according to the Regulations on Land Transport of Dangerous Goods and 
arrangement of transport to another location/dealer 

12. Dose rate measurements, identification of isotopes and calculation of activity concentration in 
cyclotron components to be deposited 

13. Classification of radioactive waste from cyclotron and bunkers according to the Regulations on Land 
Transport of Dangerous Goods 

14. Transport of radioactive waste to an operator with a permit for the treatment and storage of 
radioactive waste 



Decommissioning of the vault

Decay time
Cost

Decay time Depth Cost

30 days 60cm* 110 MNOK

30 years 40cm*

60 years 20 cm*

*Based on 20 years of production



Conclusion

• The MC simulations only considers a 20 years production time (one life-time of one cyclotron), the vault will 
most probably be used for a minimum of two cyclotrons and the MC simulations must be repeated

• The bricks can be useful in establishing the activation of the concrete but are most likely not sufficient

• A decay period of 30 years for the vault and 1 year for the cyclotron before decommissioning seems 
plausible

• Experience from similar sites in Norway will most probably be available for the elaboration of the final 
decommissioning plan
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