
1RWE NUKEM RWE NUKEM 

Gamma assay measurement techniques 
for nuclear decommissioning

Ian Adsley
ian.adsley@rwenukem.co.uk



2RWE NUKEM 
09/04/2003  © RWE NUKEM Limited

RWE NUKEM 
09/04/2003  © RWE NUKEM Limited

Interested parties - 1

� EA – regulator

� EARWG – Environment Agency Requirements Working Group

� NII/HSE – working with radiation

� RPA – radiological safety

� Safegrounds

� Code of Practice
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Interested parties - 2

� UK National LLW store – DRIGG 

� NIREX/CORWM

� Site Licence holder

� NDA

� RSC – Committee of Analysts

� XIAWG – Cross Industry Assay Working Group

� NPL – Bulk Monitoring Workshop – User Groups
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Requirements

� NDA – UK Government want to accelerate decommissioning 
programmes

� Push to sentence material ‘correctly’, e.g. Exempt waste does 
not fill up DRIGG 

� Large scale decommissioning

� Some relatively simple – low levels of radioactivity

� Some complex – high levels of radiation – multiple 
radionuclides - many of which do not emit gamma rays
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Drivers

� Cost

� Large scale decommissioning is expensive in staff and 
equipment - £20k per day 

� Safety 

� Engineering Solution

� Assay

� Main requirement is for assay requirements to meet the 
Engineering Solution, cost and safety requirements.
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Real world

� However, assay will frequently not enter into the equation 
initially in planning.

� ‘How big is the footprint – do you mean fingerprint?’

� ‘Can we do three tritium analyses per day – no - one ever 
three days?’

� Main ways to match the assay to the requirements are:-

� Either pre-sampling or in-situ/on-site laboratory

� Fingerprint issue – needs to be resolved.
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Analysis methods

� Gamma – alpha, beta, neutron

� For the purposes of this presentation it is assumed we can use 
gamma measurements to characterise waste.

� Laboratory measurements.

� FISPIN. 

� Drigg - ~30 isotopes

� NIREX - ~ at least 112 isotopes 
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Gamma Analysis methods

� On-site

� Gross gamma - dose

� Window gamma – normally low resolution detector

� Low resolution spectrometry

� High resolution spectrometry 

� Gamma camera

� Laboratory

� High resolution spectrometry
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Dose rate methods

� Dose rate – still very common

� The Dawson Method for drums

� MICROSHIELD

� MCNP/MCBEND/RANKERN

� SGHWR - £8M – majority of the gamma analysis done by 
dose rate
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Gamma Cs137 Window, Low and High resolution Spectra
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Gamma based techniques
Aerial survey for Cs137 contamination 
(Dounreay 1998)
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Site survey measurement locations
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Gamma radiation profile and 
Cs-137 identification (in this case)
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Rapid on-site assay of large volumes

� Material extracted into defined geometry

– Conveyor

– Excavator bucket

– Drum

– Bag

– Basket

– Tray
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Bulk bucket assay
Window gamma
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Bucket assay
Mowlems
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Bag – turntable (SSA – 4000 bags)
High resolution detector
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Dounreay Bag Assay (2500 bags)
Patrick Chard
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Martin Phillips
Gamma drum measurements
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Martin Phillips
Gamma camera measurements
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LIDO Bioshield

Surface gamma map of section of concrete wall of th e LIDO swimming pool reactor
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LIDO Bioshield

Activation distribution derived from cores taken fr om the bioshield walls

Depth into wall
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Laboratory measurements

� You can all do these I hope!

� U235/Ra226 interference

� Self attenuation

� Cascade summing

� Pu by Am241 ingrowth
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Drum measurements
Pu241 content by Am241 gamma
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Data on plutonium

half life Specific Activity Mass % Relative activity Bq Relative activity %
fingerprint years MBq/g   %

Pu238 87.7 633700 0.02 1.27E+04 1.23
Pu239 24,113 2295 94.12 2.16E+05 20.91
Pu240 6563 8397 5.65 4.74E+04 4.59
Pu241 14.4 3811000 0.19 7.24E+05 70.08
Pu242 3.74E+05 146.3 0.02 2.93E+00 0.00
Am241 4.33E+02 126800 0.26 3.30E+04 3.19
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Am241 ingrowth from Pu241 

Pu241 and Am241 activity as a function of time
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100 submarine reactor fuel cores 
21,000 fuel assemblies in 3,000 canisters
3 stores – 1000 canisters per store
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Store 2A
Fuel assembly 3.5m long – tube depth 5m
Criticality, assay for accountancy, dose, repackaging , etc.
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Chernobyl confinement


