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BACKGROUND
Hydropower has long been regarded a fairly green energy source but today negative
effects have become obvious (Renöfält et al. 2010). Possible effects of hydropower
regulation on surface water (SW)-groundwater (GW) exchange are therefore
investigated by Luleå University of Technology as a part of the EU-project
GENESIS (2013), aiming to provide scientific basis and technical guidance for the
update of the EU Groundwater Directive. This study compares SW, GW and
hyporheic processes for the unregulated Kalix River and the regulated Lule River.
The hyporheic zone (HZ) accommodates most of the SW-GW exchange of solutes,
dampens heat fluxes, processes pollutants and is essential for ecosystem functioning
(Figure 1).
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FIG.1. HYPORHEIC EXCHANGE FLOWS IN UNREGUALTED SETTINGS
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CASE STUDY
The study observes SW and GW (in wells orthogonal to the river) at one site in each
river (Figure 2). In these, hydrological (water level, hydraulic conductivity, tracer test)
and geochemical (temperature, electrical conductivity, water/soil chemistry)
measurements were performed during several seasons.
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FORMATION OF CLOGGING LAYER
FIG.2. FIELD SITE SETUP IN THE KALIX (LEFT) AND LULE (RIGHT) RIVERS
The presence of natural high-flow events in the Kalix River removes fines from the
river bed, maintaining good SW-GW connectivity that favours hyporheic exchange (Brunke and Gonser 1997). Altered discharge of the regulated river
(reduced flow peaks and velocity, daily discharge fluctuations) facilitated deposition of fine sediments at the river bed forming a “clogging layer” (Blaschke
et al. 2003). The bed in the regulated river has two orders of magnitude lower hydraulic conductivity than that at the unregulated site and restricts the
SW-GW exchange (Figure 3).

FIG.3. RIVER BED CONDITIONS, PREFERENTIAL EXCHANGE FLOWS AND GEOCHEMICAL FEATURES OF THE RIVER, HYPORHEIC AND GROUNDWATER IN THE UNREGULATED KALIX (ABOVE) AND REGULATED LULE (BELOW) RIVERS

CONCEQUENCES OF REDUCED EXCHANGE
Reduced hydraulic connectivity between SW and GW at the regulated Lule River site suggests decreased fluxes across the river-aquifer interface
(Siergieiev et al. 2013), and thus reduced size of the HZ, hyporheic velocities and consequently increased residence time. Prolonged contact between
water and soil matrix favors biogeochemical transformations having direct impact on the redox conditions. This resulted in increased electrical
conductivity and reduced dissolved oxygen concentration, which is functionally ecologically essential for hyporheic habitat. Consequently, suboxic
conditions extended several meters inland which promotes metals release reflected in high dissolved Fe and Mn concentrations in the HZ (Figure 3).
It is therefore anticipated that the HZ in the Lule River acts as a source of dissolved metals, while in the Kalix River much of the metals are removed
by hyporheic processes due to good SW-GW connectivity.
The conditions of SW-GW exchange control nutrients processing and their export to SW. They also mediate the connectivity between different
landscape elements (riparian zones, upslope aquifers, surface water etc) and therefore are essential for their unperturbed co-functioning.
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