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Delineating external stressor signals as time-variant
conditions affecting DNAPL source zone formation
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Groundwater aquifer systems serve as a major source of drinking and irrigation water supply. In recent years,
they have also become valuable for geothermal energy applications. The protection of groundwater against
detrimental factors is crucial to preserve this valuable water supply and ensure a sustainable energy transi-
tion. Subsurface contamination by dense non-aqueous phase liquids (DNAPLs) can cause adverse effects for
humans and the environment. These organic compounds are omnipresent in industrialized and developing
countries, particularly in areas with energy production (e.g., oil and coal industries, chemical plants), indus-
trial fabrication (e.g., steelworks, wood impregnation) and transportation hubs (e.g., railway systems, roads,
airports). Once re-leased into soils, DNAPLs form slowly miscible source zones that can contaminate ground-
water for decades.
Despite a range of existing subsurface remediation techniques, mostly for economic reasons, natural attenua-
tion of aqueous DNAPL components in groundwater represents the most commonly applied cleanup option.
As a con-sequence, the fate of contaminated sites remains unclear due to insufficient data and knowledge of
DNAPL source zones. Climate change and anthropogenic activity may jointly add new hazard potentials by
inducing hydraulic and thermal stressors potentially affecting present and emerging source zones. A robust
understanding of the processes associated with DNAPL source zone formation under changing conditions is
therefore crucial to ensure an efficient assessment of contaminated sites.
Our current research aims at systematically investigating the transient dynamics of DNAPL source zone for-
mation, and employs experimental and model-based methodologies to evaluate the relevance of changing
external stressors (hydraulic, thermal) compared to subsurface and fluid phase properties. In this study, we
present a methodology to systematically delineate variation signals, necessary for the definition of boundary
conditions in models considering changing conditions, frommulti-scale field site information (e.g., monitored
time series). For this, a range of field sites under variable anthropogenic pressures showing different intrinsic
hydro(geo)logical characteristics are involved.
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