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The exchange of water between the surface and subsurface environments plays a crucial role in hydrological,
biogeochemical, and ecological processes. The exchange of water is driven by the local morphology of the
streambed (hyporheic exchange) and the regional forcing of a large-scale hydraulic gradient, which results in
losing or gaining flow conditions.
The effects of losing and gaining flow conditions on hyporheic exchange fluxes was measured under various
combinations of overlying water velocities and losing or gaining fluxes using a novel laboratory flume system (640
cm long and 30 cm wide) that can be used to enforce gaining or losing fluxes. Tracer experiments were conducted
by introducing NaCl as a nonreactive tracer to the recirculating water, and then monitoring the reduction in the
in-stream electrical conductivity over time. Hyporheic exchange fluxes were analyzed based on a new conceptual
framework, which relies on a solute mass balance that takes into account the losing and gaining conditions.
Experimental results revealed that hyporheic exchange fluxes become smaller as the losing or gaining flux
increase. The rate of decline in hyporheic exchange flux followed exponential decay pattern, and was statistically
similar under losing and gaining flow conditions. Losing and gaining flow conditions become the dominant
mechanisms of water exchange at a threshold flux, which depends on the competitive interaction between the
overlying velocity in the stream and the losing/gaining fluxes.
This type of interaction between surface and subsurface flow is expected to regulate nutrient and contaminant
transport and microbial activity in streams, and should be incorporated into modeling frameworks that describe
solute transport.


