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About Us: At IWS, pioneering research is driven by a passion for understanding the
multifaceted interactions between water and its complex environment that hosts a
wide range of invaluable habitats from micro to macro scales. From pure source code
development to high-detail applications to address pressing research questions
about ecosystem health, our work has a direct impact on the planet. This project is
led by our experts in flow and transport through porous media and hydraulic
engineering. Join us as we strive to balance ecological sustainability with human
demands, employing cutting-edge field and computer technology.
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Introduction / Background

Water can move in two interconnected realms: the fast, visible rivers at the surface
and the slower, pressure-driven flow within substrates. Today, engineers can model
each realm separately, yet a reliable, open-source tool integrating a shallow-water
solver and a multiphase porous-media solver within the same framework is missing.
Without this coupling, it is not possible to predict how oxygen, nutrients, pollutants, or
fine sediments migrate between surface water and the bed, or to quantify how
restoration actions affect life-sustaining processes such as fish spawning and
methane oxidation.

Decades of fieldwork at IWS have documented riverbed clogging, that is, a surplus of
fine suspended sediment (e.g., downstream of dams) that settles in less steep river
reaches, thus plugging gravel pores and reducing oxygen supply to benthic habitats.
These measurements explain the problem, but they cannot forecast future conditions
or test management scenarios. Planners are therefore forced to act first and evaluate
much later. This PhD project closes this gap by:

* integrating the porous-media solver of DuMu*, the IWS-developed simulator, with
its new shallow-water module recently created in partnership with the German
Federal Waterways Engineering and Research Institute (BAW),

* building a fully coupled model that simulates surface hydraulics and subsurface
flow with relevant turbulence models and considers the transport of suspended
matter (tracers);

» calibrating and validating the model against long-term data on hydraulic
conductivity, water temperature, and dissolved oxygen from several rivers.



The outcome will substantiate an open-source forecasting tool that links river
hydraulics to hyporheic exchange, allowing restoration actions to be evaluated prior
to implementation, specifically how a proposed action alters oxygen delivery to fish
embryos or the habitat of methane-oxidizing microbes. This development will also
provide the basis for novel applications of existing DuMu* capabilities to simulate
reactive agents and biofilms, which are anticipated to play a key role in climate
preparedness in water resource management.

If you want to advance computational hydraulics while tackling an urgent ecological
challenge and substantiating a critical tool for water resources management, this
project offers a great pathway, equipped with tools, data, and mentorship.
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Your Tasks

* Review and familiarize with surface and subsurface hydraulics, their coupling,
turbulence closure schemes, and fine-sediment transport.

e Set up a development environment for DuMu* and the new shallow-water module.

* Design and implement numerical interfaces that exchange pressure heads,
velocities, and tracer concentrations between porous-media and surface domains.

* Integrate and, if relevant, extend turbulence models within the shallow-water
module to simulate shear-driven mixing near the bed.

* Implement consistent advection-diffusion frameworks for tracers in both domains.

* Build test cases to verify numerical stability, conservation properties, and
scalability of the coupled solver.

» (Calibrate against a subset of field data (using automated optimization methods).

* Validate predictive skill on independent data to quantify uncertainty.



* Document code, test cases (tutorials), and contribute the coupling modules to the
official DuMu* repository.

* Disseminate findings through peer-reviewed journal papers and presentations at
international conferences.

Research goals

* Develop a numerical framework that couples depth-averaged shallow-water
hydraulics with multiphase porous-media flow, explicitly resolving turbulence-
driven exchange and suspended load transport across the surface-subsurface
interface.

* (Calibrate, validate and benchmark the coupling framework with data from the Inn
and Isar River.

* Contribute a new open-source DuMu* module to simulate oxygen delivery and
clogging dynamics in rivers.

Methods to be used

* Fieldwork: participate in one survey to understand the ecosystem and
measurement techniques.

e C++ coding with DuMu* source code and its shallow-water module (link
Darcy/Richards models with shallow water equations).

* Python coding for workflow control, data pre- and post-processing as well as
model calibration and validation.

* High-performance computing (HPC) for running test cases and benchmarking.

Your Profile

Candidates need a solid background in hydraulic engineering, fluid mechanics, or
related fields; experience with numerical methods and C++/Python programming is
an asset.

Prerequisites

* Ability to analyze and quality-control field datasets (hydraulic conductivity,
temperature, dissolved oxygen)

* Good communication skills in English for code documentation, journal papers,
and conference presentations

* Solid understanding of fluid mechanics, graduate-level open-channel hydraulics,
and numerical methods

* Ideally, C++ and Python programming skills, fluency with Linux command line,
version control (git), or HPC workflows

Your Benefits: Join a highly skilled team with extensive experience in cutting-edge
technology. Take advantage of networking and mentorship, and enjoy special offers
for PhD students.

Research Environment

The Ph.D. candidate will share a quiet two- to three-desk office at IWS and will have
access to HPC clusters and a dedicated computer. Early in the project, the student



will join a multi-day field survey on a gravel-bed river to familiarize with the river
ecosystem, learn in-situ measurement techniques, and broaden the
calibration/validation dataset. Day-to-day supervision comes from an interdisciplinary
team that spans fluid mechanics, numerical methods, and hydraulic engineering.
Throughout the doctorate, the student will commit code enhancements to the open-

source DuMu* repository and disseminate results in peer-reviewed journals and at
international conferences.



