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• Environmental and Energy related research

• Development and application of nuclear measurement aperture
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NuTeC –NORM project (15/12/08 – 14/12/10)

1. Construction of a 

NORM-database

(Harbor of Antwerp) 
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NORM Database [23/04/07 – 31/08/10]:

Alarms at detection portals at customs of Antwerp: 

(103600 ‘events’): Federale

Overheidsdienst

FINANCIEN

NORM Database [23/04/07 – 31/08/10]: Alarms at 
detection portals at customs of Antwerp: 103600 ‘events’

‘all substances’

5 

Alert level detection

portal

X 

NORM Database [23/04/07 – 31/08/10]: Alarms at 
detection portals at customs of Antwerp: 103600 ‘events’

‘40K containing chemicals’‘Tobacco’

 Alarms can be attributed to 

enrichment of 40K in tobacco
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NORM Database [23/04/07 – 31/08/10]: Alarms at 
detection portals at customs of Antwerp: 103600 ‘events’

‘40K containing chemicals’

NORM Database [23/04/07 – 31/08/10]: Alarms at 
detection portals at customs of Antwerp: 103600 ‘events’

Tiles, cement, bricks, asphalt (bitumen), 

shale, wood, gypsum, insulation, 

natural stones, marble, …

‘building materials’
‘zircon and zirconia industry’

2. Developing a tool to estimate the activity 

concentration of NORM

NuTeC –NORM project

• For comparison:
– NaI and LaBr3 experiments are benchmarked against a Laboratory 

experiment with high purity germanium detector after taking of sample 

– Output = activity concentration radionuclide lies beneath, around or
above the limits given by European Directives for NORM nuclides
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GMA garnet

K2SO4

Rutile sand

Zirconium sand

Fluorspar

3. Case Studies at several NORM Companies
 Supplying information and training for companies in working with NORM 

 Making an inventory of the presence and activity of NORM and propose 
measures for radiation protection. 

NuTeC –NORM project

NORM industries (New European Directives BSS) 

• List of NORM industries which will require regulatory consideration:
– Extraction of rare earth from monazite
– Production of thorium compounds and thorium containing products
– Processing of niobium/tantalum ore
– Oil and gas production
– Geothermal energy production
– TiO2 pigment production
– Thermal phosphorus production
– Zircon and zirconia industry
– Production of phosphate fertilisers
– Cement production, maintenance of clinker ovens
– Coal-fired power plants, maintenance of boilers
– Phosphoric acid production
– Primary iron production
– Tin/Lead/Copper smelting
– Ground water filtration facilities
– Mining of ores other than Uranium ore

• Including relevant secondary processes
• Member States should add other relevant activities

A new method for characterisation of NORM

*European list NORM-industries for strict regulation:

238U
232Th

(and decay products)

40K

NORM-nuclides:

> 1 Bq/g
Notification if

> 10 Bq/g
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NaI vs. LaBr3

NaI

LaBr

Peaks related to La138:1436 keV+X-rays: 

 interference with K40

40K > 10 Bq/g ?

K-40

Results on fertilizers

238U > 1 Bq/g ?

(Ge)

Results on sands
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Assessment of external dose:
• Operator spends 3 h/day at the warehouse (200 days a year)

Zircon: Maximal measured external doserate: 0.15 Sv/h

Maximal external dose: 90 Sv/year

Assessment of inhalation dose ? 
• ~ 10% of dust made of zircon

• D inh, U-238 + D inh, Th-232 =  [(600 h).(2 mg/m3).(0.1).(1.2 m3/h).(2 Bq/g).(29,1µSv/Bq)]

+ [(600 h).(2 mg/m3).(0.1).(1.2 m3/h).(0.5 Bq/g).(48,2 µSv/Bq)]

= [8 µSv/y] + [4 µSv/y] = 12 µSv/jaar

Simplified dose-assessment workers in Zircon 
processing company

Product Activity 
concentration

Dust-
concentration(*)

Exposure
time

Handeling and storage
zircon bags

Maintenance warehouse

Zircon
flour and 

sand

2 Bq/g U-238 + 
0.5 Bq/g Th-232

2 mg/m3 600 h/y

*Safety report series No.51, IAEA Radiation Protection and NORM Residue Management in the Zircon and Zirconia industries

*RP122, European Commission

• radon emanation coefficient zircon: very low ( 0,008 – 0,034) (compared 
to other uranium-containing materials) 

– escape of radon is inhibited: 226Ra (238U) is bound within the crystal lattice

• ‘Open’ warehouse: no radon accumulation in the warehouse

Radon release from zircon constitutes in this case a minor problem

*Safety report series No.51 IAEA Radiation Protection and NORM Residue Management in the Zircon and Zirconia industries   

*S. Verita et al, radioprotection vol 44, n 5, 2009, 445-451

Simplified dose-assessment workers in Zircon 
processing company
Assessment of dose related to Radon? 

•Density   = 2800 kg/m3

•radium specific activity R = 2000 Bq / kg

•Emanation coefficient E = 0,034 (zircon sands = 0.008)

•Decay coefficient  = 2,1 .10-6 s-1

•Diffusion coefficient D = 2 . 106 m2/s

•Height of the emanating object H = 1 m

Radon exhalation coefficient: = 0.4  Bq/(m2s)

Outline

• NuTeC

• NORM projects

– NuTeC-NORM

– B-NORM

– EUR-NORM

• New research topic:

– treatment of (NORM) contaminated waste
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• Materials including by-products or residues from 
NORM industries such as 

– fly ash

– phosphogypsum

– phosphorous slag

– tin slag

– copper slag

– red mud (residue from alumina production)

– residues from steel production

• Natural materials

NORM in building materials
(New European Directives - BSS) 

1. Create an inventory of building materials: Determination of activity index

2. Radon measurements in (‘passive’) buildings + correlation with the 
technical properties of the dwelling

3. Increasing awareness of industry regarding NORM in building materials

B-NORM (15/12/10 – 14/12/12): Goals

kg

BqC

kg

BqC

kg

BqC
I KThRa

3000200300

40232226 

B-NORM (preliminary results)
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ACI distribution Tiles

ACI

• Gypsum: 0,68 ± 0,06

• Concrete: 0,34 ± 0,03

• Cement: 0,60 ± 0,1

• Bricks: 0,55 ± 0,03
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EUR-NORM: 4th EAN-NORM workshop

 
Contacts:

•Sonja Schreurs: sonja.schreurs@xios.be

•Astrid Schellenberger: schellenberger@iaf-dresden.de

• Duo presentations

• Exhibition

• http://www.ean-norm.net/

Outline

• NuTeC

• NORM projects

– NuTeC-NORM

– B-NORM

– EUR-NORM

• New research topic:

– treatment of (NORM) contaminated waste

mailto:sonja.schreurs@xios.be
mailto:schellenberger@iaf-dresden.de
mailto:schellenberger@iaf-dresden.de
mailto:schellenberger@iaf-dresden.de
http://www.ean-norm.net/
http://www.ean-norm.net/
http://www.ean-norm.net/
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Pyrolysis
 Input: Biomass / waste:

 Rapeseed cake

 Metal contaminated willow

 Domestic waste

 Sludge from water treatment 

 …

 NORM contaminated biomass 

or waste?

Pyrolysis
 Output  validation 

 Pyrolysis liquid

 Pyrolysis gas

 Char

 Valorisation activated carbon: 

Adsorbens for metals, radionuclides?

New research topics:
Treatment contaminated soils and waste water

• Bio- and/or phytoremediation for the treatment of 
the radiological contaminated soils. 

• Conversion of (Contaminated) biomass to char, liquid 
and gasses by means of pyrolysis. 

• Study of (activated) char carbon is for the treatment 
of the waste water at contaminated sites. 

Collaboration: XIOS – UHasselt – KULeuven - KHLim

- SCK-CEN

Bio-/Phytoremediation

Biodegradability

Pyrolysis

Water treatment /  

purification
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NuTeC – www.nutec.be

Idea’s for new projects??? 

Collaboration?
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