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chemical processes in the near-stream zone i new ways
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Alntroduction: Why care about GW-SW interactions ?
ACharacteristics of the GW-SW interface
ACase studies of three stream-aquifer systems
- 1st order stream in a riparian wetland (Lenstenbach, South-East Germany)
- monsoonal stream-aquifer dynamics (Haean catchment, South Korea)
- hyporheic dynamics (selke River, North-East Germany)
AConclusions

AOutlook 7 challenges and ways forward
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[Introduction
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Background

AEU WFD mandates Agood statusi
AManagement A fate of critical substances in aquatic systems
Almportance of GW-SW exchange for ecological functions

ANeed to evalute water & solute fluxes between GW and SW

Hypotheses
AGW-SW interface as a reactive zone for solute transformations
AHydrologic dynamics A biogeochemical space-time patterns
APatterns affect solute export to rivers and streams
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[The GW-SW interface
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spatial patterns dynamics

pollutant attenuation habitat and refugia

nutrient transformations

Typically steep hydraulic, biogeochemical and thermal gradients
Spatial and temporal variability of fluxes A hot spots, hot moments
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Hydrology 4 4 biogeochemistry
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HYDROLOGY BIOGEOCHEMISTRY
o GW-SW exchange 0 oxygen content
0 mixing A chemical, thermal 0 redox-reactions / sequences
o flow paths A residence times 0 microbial activity
o flow velocities A exposure /\ o thresholds

\oclimatic forcing / MOSAIC Ykinetics /

of hydrologic
& biogeochemical
regimes

export of nutrients
and pollutants from
aquatic systems

o transformation
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Complexity of GW-SW exchange I nested scales
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hyporheic exchange catchment-scale GW-SW exchange

Meander Driven
Exchange

wetland zones

M upslopeareas

. Lehstenbach catchment

30-40m
regolith

\\ Groundwater
Discharge
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Bedform Driven
Exchange

from: Frei, Lischeid, Fleckenstein 2010, AWR, 33(11):1388-1401
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Lehstenbach 1 simulation of exchange dynamics
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observation well

hydrograph nodes

10m — surface
® outlet
channel
w

numerical code HydroGeoSphere
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Non-linear, hysteretic discharge behavior

a) discharge [m®/d] b) discharge [m?/d]
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Non-linear, hysteretic solute dynamics
N~

three rain events in the summer of 2010

HydroEco 2011, Vienna
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Simulated biogeochem. patterns 1 particie tracking + PHREEQC

N-species Fe-species
A) path lines A) path lines

o 2 4 & 8 10 12 14 18 18 20
C) nitrification

Z[m]

Z[m]

iron(lll) concentration

20
nitrate concentration
concentrat E)

12 14 16 18 20
iron(ll) concentration

0 2 4 6 8 10 12 14 186 18 20
F) oxygen content 10 12 14 16 18 20

1 X[m]
0 2 4 6 8 10 12 14 16 18 20 age
B R
X[m] 12345678 9101112
iron reduction [mol/Ls]
- \ _ [yiifsl - \ \ | | - iron(l11) concentration [mol/L]
12 3 4 56 7 8 9101112 low high iron(ll) concentration [mol/L]
nitrification [mol/Ls] f
-—| |—|—| - ammonium concentration [mol/L] , H E L M H 0 LTZ
high nitrate concentration [mol/L]
low 9N oxygen content [molL] CENTRE FOR

ENVIRONMENTAL
RESEARCH - UFZ

Page 11




e\

HydroEco 2011, Vienna

Observed vs. simulated concentration profiles
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Haean catchment, South Korea
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pressure
transducer,
river stage

temperature
Sensors

(414.2m) pressure
(412.9m) transducer,
groundwater
level
not to scale




HydroEco 2011, Vienna

scour in the channel

[Monsoon events 4
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before July 2010 event (p
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after July 2010 event
adapted mesh
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Monsoon events A4 shifts between losing & gaining
\/ 0.15
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Monsoon events A4 shifts between losing & gaining
\/ 0.4
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Simulated vs. observed heads
N~
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Simulated vs. observed temperatures at W8
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Dynamics of NO,

N
0
s~ | 1t v il 1l..---F- scouring event
N 10
= B [
= 6. 420 £
prd : E
(@)
& ] é
g 730 =
< a0 &
2. 250
2010-06-21 2010-07-21 2010-08-20 z
7 HELMHOLTZ
W8 - W5 CENTRE FOR

ENVIRONMENTAL
RESEARCH - UFZ

Page 19




/\ HydroEco 2011, Vienna
[Hyporheic zone dynamics 1 Selke River, NE Germany
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