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ABSTRACT
This research is introducing a novel application to investigate the effect of critical or
maximum pumping rate at which 1% of saltwater wedge reaches the well in heterogeneous
coastal aquifer. Seven numerical and experimental tests were examined in triple layers
stratified aquifer with different values of hydraulic conductivity (K) in the order of high-lowhigh pattern. Five experiments had incremental values of pumping rates and the first and
seventh experiments were without pumping to present the initial and the receding conditions,
respectively. Quantitative and qualitative matching showed that 2D numerical analysis using
SEAWAT code validated the experimental results with a very good percentage of error
(7.6%). The sensitivity of the critical pumping rate and the critical time (defined as the time
needed for the upconing to reach the well) to the well configurations and aquifer
heterogeneity was examined. Mainly three aquifer configurations were examined, contrast
ratio of hydraulic conductivity, low K layer thickness, and low K layer location. Results
showed that, critical pumping rate decreased with the increasing of the contrast ratio which
reflects the vulnerability of the well to be salinized under the heterogeneous condition and
the critical time decreased with the increasing of hydraulic conductivity contrast ratio. Low
K layer thickness effect showed higher contribution to the critical pumping rate than contrast
ratio effect. The percentage of the change in critical pumping rate in different low K layer
location was less than 1%, however the critical time was significantly decreasing by the
decreasing of the vertical distance between low K layer and the well.
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ABSTRACT
To date, most studies on the biogeochemistry of submarine groundwater discharge (SGD)
were conducted on sheltered beach sites. In contrast, studies focusing on exposed sandy
beaches, which cover wide areas of global ice-free shorelines, are scarce. At our study site
the mesotidal, high-energy beach of Spiekeroog Island, NW Germany
tide-induced
seawater recirculation is the dominating process influencing SGD to the costal sea (Beck et
al. 2017). The composition of SGD is set within the recirculation cell of the subterranean
estuary. Main controlling factors are water residence times, microbial respiration rates, and
the supply with fresh marine organic matter and electron acceptors. The response of
biogeochemical processes to these driving forces was studied by performing different
spatially resolved sampling techniques during different seasons, namely pore water profiling
(a) along cross-shore transects and (b) on a high resolution grid (~200x200m) capturing the
intertidal ridge-and-runnel-morphology.
Our results show, that pore water is successively being enriched in macronutrients (N, P) and
micronutrients (Fe, Mn) compared to seawater. Nutrient concentrations in saline pore waters
of discharge areas were found to be in the same order of magnitude or even higher than
concentrations observed in deep groundwater wells of the inland freshwater lens. Thus, in
our study area of comparably low anthropogenic influence, nutrient remineralization in the
seawater recirculation cell driven by the continuous delivery of seawater-derived electron
acceptors and donors may outmatch the conveyor of nutrients to the subterranean estuary
by meteoric, old groundwater. The investigation results showed that the intensity of nutrient
remineralization and their respective transformation changes with season, as well as with
changes in beach morphology and seawater composition. It suggests that the high dynamics
in hydrological and hydrobiochemical conditions at the beach have a profound effect on
subsurface biogeochemical patterns. Flux calculations need to account for these effects, in
order not to under- or overestimate the impact of SGD on coastal water chemistry.
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