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Talk outline 

•Legislative and management drivers 
 
•Geometric relationships between streams and underlying aquifers 
 
•Development of Hyporheic Exchange Flow 
 
•Biogeochemical gradients, dilution, sediment reactivity and fauna/flora 
 

•Issues of scale 
 

•Monitoring strategies and modelling tools 
 

•River restoration 
 

•Conclusions 
 
 
 
 



Legislative and management drivers 

•Water Framework Directive 
 
 

•Integrated assessment of water bodies 
 
 

•Groundwater status. Drinking water quality/quantity AND dependant ecosystems 
 
 

•Holistic and interdisciplinary approaches 
 
 

•Groundwater/surface water interface: legal requirement AND opportunity for 
pollutant attenuation capacity 
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Cross-section 
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Geometric relationships between streams and underlying aquifers 



Development of Hyporheic Exchange Flow (HEF) 
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Development of Hyporheic Exchange Flow (HEF) 

Controls 
 
•Head gradients 
 

•Sediment Permeability 
 

•GW discharge 



Biogeochemical gradients and water mixing 

•A potential hotspot in the environment 
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Reactivity of shallow sediments 
 

Upland Stream (River Don) Lowland Stream (River Tern) 

Pictures: T. Ibrahim & Nick Riess 



The importance of fauna and flora 

 
•Organic matter recycling 
 
 
 
 
 
 

•Bioturbation 
 
 
 
 
 
 
 

•Solute uptake and sedimentation 
 
 

Source: ecologyadventure2water.edublogs.org 

Source: schursastrophotography.com 

Source: lfu.bayern.de 



Issues of scale: catchment trends 

Attenuation capacity 

HEF development 

Smith and Lerner, 2008. Hydrological processes. DOI: 10.1002/hyp.7078 

Anderson et al., 2005. Hydrological processes. DOI: 10.1002/hyp.5791 



Reach scale subsurface flowpaths (RSSF) Channel unit scale hyporheic flowpaths 
(CUSHF) 

Issues of scale: multi-scale controls on hyporheic processes 

Ibrahim et al., 2010. Hydrogeology Journal. doi:10.1007/s10040-010-0623-z 



Issues of scale 

Ibrahim et al., 2010. Hydrogeology Journal. doi:10.1007/s10040-010-0623-z 
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•Vertical Hydraulic Gradients 

Issues of scale 

Ibrahim et al., 2010. Hydrogeology Journal. doi:10.1007/s10040-010-0623-z 



Stream stage 
Riffle 

Riffle 
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•Flowpath discrimination 
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Issues of scale 

Ibrahim et al., 2010. Hydrogeology Journal. doi:10.1007/s10040-010-0623-z 



Riffle 

Constrained Valley 

•Flowpath discrimination 
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Issues of scale 

Ibrahim et al., 2010. Hydrogeology Journal. doi:10.1007/s10040-010-0623-z 
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Issues of scale 

Ibrahim et al., 2010. Hydrogeology Journal. doi:10.1007/s10040-010-0623-z 



Monitoring strategies and modelling tools 

•Conceptual models 
 

•Aquifer and stream types. Contaminant of concern 
 

•Local geomorphology. Access to sites 
 

•Directions of water exchange. Deposit types 
 

•Contaminant fluxes and attenuation. 
 Ecosystem health. 
 

•Redefinition of compliance points 
 

•Modelling solutions 
 
 



River restoration 

•Restoring lateral and longitudinal connectivity and “natural” river geomorphology 
 

•Enhancing/reducing HEF? 
 

•Contaminant attenuation/risk to stream ecosystem? 
 
 
 

 

Picture courtesy of the River Restoration Centre (RRC) 



Conclusions 

•GW/SW interface: legal requirement/opportunity 
 

•Holistic and interdisciplinary approach 
 

•“Rescaling hydrogeologic thought” 
 

•Integration with river management 



Thanks ! 
 
Questions? 
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