
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

Plume evolution, transport and mixing processes under highly transient boundary
conditions: A laboratory-scale study

Basilio Hazas, Mónica ; Ziliotto, Francesca ; Rolle, Massimo; Chiogna, Gabriele

Link to article, DOI:
10.5194/egusphere-egu2020-5629

Publication date:
2020

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Basilio Hazas, M., Ziliotto, F., Rolle, M., & Chiogna, G. (2020). Plume evolution, transport and mixing processes
under highly transient boundary conditions: A laboratory-scale study. EGU2020-5629. Abstract from EGU
General Assembly 2020. https://doi.org/10.5194/egusphere-egu2020-5629

https://doi.org/10.5194/egusphere-egu2020-5629
https://orbit.dtu.dk/en/publications/fd919060-41bb-47f1-93f4-89911e8a98b0
https://doi.org/10.5194/egusphere-egu2020-5629


EGU2020-5629

https://doi.org/10.5194/egusphere-egu2020-5629

EGU General Assembly 2020

© Author(s) 2020. This work is distributed under

the Creative Commons Attribution 4.0 License.

Plume evolution, transport and mixing processes under highly
transient boundary conditions: A laboratory-scale study 

Mónica Basilio Hazas1

, Francesca Ziliotto

1

, Massimo Rolle

2

, and Gabriele Chiogna

1,3

1

Technical University of Munich, Germany

2

Technical University of Denmark, Denmark

3

Universität Innsbruck, Austria

Transient boundary conditions are important in the transport of dissolved solutes and

contaminants in the subsurface, as they can generate complex groundwater flow fields that

influence mixing and mixing-controlled reactions. An important example of highly transient

boundaries are rivers in which the river stage changes fast and sharply due to the operation of

hydropower plants. In order to better understand how these rivers influence the groundwater

flow field, we performed a laboratory experimental study. A quasi two-dimensional flow-through

chamber was filled with glass beads and sand and the surface of the saturated porous medium

was connected to two water reservoirs representing two rivers in hydraulic contact with the

aquifer. The river stage could be changed independently by a separate lifting system for each

reservoir. This experimental set-up was inspired by shallow unconfined aquifers in hydraulic

contact with rivers affected by hydropeaking. In order to observe the influence of the transient

boundary conditions, we injected a color tracer and observed the evolution of the solute plume

across the tank. We monitored the spatial distribution of the tracer and the impact of the dynamic

river boundaries on the groundwater plume with a non-invasive image analysis technique,

consisting in a background light foil and a CCD camera. Additionally, to analyze the breakthrough

curves we also took samples at multiple outlet ports and measured the tracer concentration using

a spectrophotometer. We characterized the plume behavior using different metrics, including the

dilution index, the flux-related dilution index and the moments of the tracer distribution. We

conducted experiments both under steady-state flow conditions (with and without rivers) and

under different transient conditions, obtained by variations in the order and the intensity of the

river fluctuations, and groundwater flow velocities.
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