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Introduction 

The BIOPROTA international forum was set up to address the key uncertainties in long 

term assessments of contaminant releases into the environment arising from 

radioactive waste. Over the past decade, the forum has undertaken several projects 

relating to the behaviour 14C in the biosphere, both in terms of a review of the 

assessment models used and the modelling of 14C uptake in agricultural crops, as well 

as hosting a series of workshops. To-date, the model comparison studies undertaken in 

BIOPROTA for 14C have used hypothetical release scenarios, with no data to support 

the results reported. 

The aim of this current project was to provide participants with an opportunity to test 

and potentially validate their models of 14C dynamics in terrestrial ecosystems using 

real world data. In particular, three datasets were identified as being potentially useful 

in this regard, with each offering a particular aspect against which models could be 

compared: 
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• the La Hague field study site, France – plant uptake from the atmosphere; 

• the University of Nottingham laboratory and field experiment data, UK – gas 

migration through a soil profile and oxidation of methane in soil; and 

• Duke Swamp area, Canada – spatial dispersion of 14C labelled groundwater and 

uptake into vegetation. 

The first two datasets relate to short-term modelling (minutes to months), whereas the 

last one relates to a long-term discharge (tens of years). 

Materials & Methods 

AREVA-NC La Hague is a nuclear fuel reprocessing plant, which releases about 15 TBq 

of 14C per year into the atmosphere.  From September 2006 to July 2008, 14C activity 

concentrations in samples from the terrestrial environment (air, grass and soil), 

together with meteorological parameters, were monitored monthly by the French 

Institute for Radioprotection and Nuclear Safety (IRSN) on a grass field located 2 km 

downwind of the AREVA-NC La Hague reprocessing plant with respect to the 

prevailing wind direction.  In addition, 14C activity concentrations in the surrounding 

atmosphere were estimated from observational data on an hourly basis over that 

period.  Models developed by Andra, FANC, IRSN, SKB and SSM have all been 

applied to this scenario. 

The experiments at the University of Nottingham, and supporting modelling work, 

were commissioned by Radioactive Waste Management Limited (RWM) in the UK to 

reduce uncertainties with regards the behaviour of a sub-soil 14C gaseous source term 

from a radioactive waste disposal facility. In particular, the study sought to: 

• obtain experimental data on the behaviour of 14CH4 and 14CO2 from a sub-soil 

source term in the soil zone, and subsequent uptake of 14C by plants; 

• interpret the results of the experiments; and 

• develop an assessment model that can be used to calculate the activity 

concentrations of 14C in plant material that arises from a below-ground flux of 

14C bearing gas. 

Models from RWM, EDF and JAEA were applied to one of the Nottingham 

experimental scenarios, in which 13CH4 was injected into the soil and its migration 

subsequently monitored. These models all consider oxidation of CH4 to CO2, and the 

migration of both gases in soil. 

Duke Swamp is a wetland ecosystem on Chalk River Laboratories’ site that receives 14C 

through releases from an historical up-gradient waste disposal facility, primarily 

through groundwater influx. The waste disposal facility consists of a series of unlined 

sand trenches that were constructed in 1963 and which received about 100,000 m3 of 

low-level radioactive waste through to 2006. The uptake of 14C in vegetation, and other 
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environmental media, in Duke Swamp itself has been studied for over 20 years. More 

recent work has looked at the area between the waste disposal facility and the swamp. 

With the support of the project participants, the technical support team has developed 

a conceptual model of the migration of 14C from the waste disposal facility down to, 

and through, Duke Swamp in a transect. 

Results and Discussion 

In broad terms, the models applied to each scenario were able to recreate the patterns 

in 14C dynamics seen in the real world data.  While models may be able to recreate the 

slow diffusive migration of gases in soil, parameterising the more rapid oxidation of 

CH4 to be able to reproduce the observed profiles of CH4 in soil seen in the Nottingham 

experiments was more difficult.  Where a 2D representation of the system has been 

used for the Duke Swamp scenario, the results show the migration of the 

contamination plume away from the waste disposal facility, with preferential 

movement in the aquifer, and accumulation of 14C in the bottom of the vadose zone 

also. 

Conclusions 

The isotopic ratio model for the simulation of atmosphere-plant uptake can be 

considered as being validated. There is an opportunity to learn more about sub-soil 

migration of 14C through further analysis of the Duke Swamp scenario. Ongoing work 

may consider what can be learned about 14C behaviour in a boreal forest from a high-

temporal resolution 14C Finnish dataset. 
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