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For more than 100 years, opencast lignite
mining in the Lusatian Mining District has
transformed more than 800 km? of landscape
in East Germany, forming a distinctive
pattern of active mines, post-mining lakes,
reclaimed agricultural land and forests
(Kriimmelbein et al. 2012). Dewatering,
aeration, and rewetting of iron sulfide
containing sediments during the mining
cycle led to the formation of strong acid mine
drainage (AMD) loads. The AMD pollution
of the River Spree, which drains the central
part of the mining district, mainly originates
from an area in the southern part of the
mining district, the Spreewitz glacial channel
(Fig. 1, left). Extensive AMD management
and remediation measures are required to
reduce the negative influence on the water
quality of the Spree River (Pflug 1998).
Water quality can be strongly impacted
by storm events due to event-driven dilution
or enrichment patterns in the catchment,
which overlay seasonal and long-term trends
(Musolff et al. 2021; Knapp and Musolff 2024).
In former mining areas, it has been shown
that storm events can increase pollutant loads,
including potentially toxic metals, iron, and
sulfide by orders of magnitude, highlighting
the critical role of flood events in accurately
estimating the annual dissolved pollutant
load in surface waters (e.g. Blake et al. 2003;
Canovas et al. 2008; Mayes et al. 2021).

In this context, we investigate the temporal
dynamics of AMD loads by deploying
high-frequency LTC (Level-Temperature-
Conductivity) data loggers of type Solinst
Levelogger 5 LTC at the Spree River and its
tributaries along a 15 km long river section,
the Spreewitz glacial channel (Fig. 1, left).
Loggers were placed on the streambed in
proximity to gauges using concrete slabs
(Fig. 1, right).

Data was monitored at a resolution of
10 minutes covering an observation period
between April, 10th 2024 and January, 10"
2025 (Fig. 2). In addition, surface water
samples at each deployment location have
been taken bimonthly. Samples for cation
analysis were filtered through 0.45 um teflon
filters, acidified with suprapure nitric acid to
a pH <2 and refrigerated until analysis in the
laboratory.

Due to the predominance of sulfate as
the most relevant electro-active species in
the AMD-impacted water of the Spree River
and its conservative behaviour, electric
conductance measured by each datalogger
at high frequency serves as a very good
proxy for sulfate concentration. According
to the data of our samples, we found a
linear correlation of R* = 0.97 (Fig. 3, left).
Hence, we set up a mass balance model
for the section of the Spree River between
Sprey and Spreewitz by interpreting the
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Figure 1 Left: Map of the study site with relevant installations. Water quality of groundwater wells and mining
lakes is provided by (LMBV 2024; Uhlmann et al. 2024). Right: LTC logger anchored on a concrete slab taken
out of the water at location Spreewitz. The reddish color is caused by iron hydroxide deposits.

product of measured flow rate provided
by gauging stations and corresponding EC
as the electroactive load. This parameter,
representing the total load of electroactive
species in the water, serves as a proxy for
estimating AMD loads entering the stream.
The results indicate that exchange fluxes
and their directions vary both spatially and
temporally, resulting in a net loss of stream
water to the groundwater but a net gain of
AMD loads (Fig. 2, lower plot). Analysis of
nine major storm events revealed an average
increase of approximately 75% in AMD

loads entering the stream compared to pre-
event conditions, potentially driven by the
mobilization of pre-event water stored in
sediments. Peaks in AMD loads occurred,
on average, 5.6 + 7.4 hours before the peak
discharge, while excess AMD loads ceased
5.2 £ 7.0 hours after the peak discharge. As
the events progressed, AMD loads fell below
pre-event conditions due to the dilution by
stormwater inflow becoming the dominant
factor (Fig. 3, right).

Our findings highlight the importance of
high-frequency measurements to accurately
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Figure 2 Time series of discharge and precipitation (top), monitored EC (middle) and derived exchange of AMD
loads between surface and groundwater (bottom) in the Spree River at the community Spreewitz.
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Figure 3 Left: Correlation between sulfate and EC in the Spree River at the investigation site (586 samples over
30 years at three locations, provided by the local water authorities). Right: Dynamics of exchange of AMD loads
between surface and groundwater in the investigated river section during a one in ten years flood event observed

in September 2024.

account AMD loads. They may contribute to
enhance AMD load management in receiving
waters by adopting measures to reduce
peak loads during storm events. Possible
measures like optimizing drainage designs
and implementing sediment control practices
may save costs and improve water quality in
surface water bodies affected by acid mine
drainage. In addition, accurately accounting
outflows of event-induced AMD loads from
tailings can improve estimates of remaining
AMD stocks in the tailings, allowing for
a more precise forecast of the remaining
timeframe required for remediation efforts
in the receiving waters until pollutant levels
drop below environmental standards.
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