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Motivation

The investigation of carbon and nutrient cycling in terrestrial systems is driving the need for integrated hydrol-
ogy models that include coupled surface/subsurface tracer and reactive transport. A significant challenge in
developing this complex multi-physics simulation capability is the interdisciplinary expertise that is required to
bring together advanced capabilities from hydrology and biogeochemistry. Leveraging recent work on the Arcos
multi-physics framework that supports process-rich coupled simulations in the Advanced Terrestrial Simulator
(ATS), we demonstrate that a community-based approach using interoperable open-source components can
efficiently achieve this goal.

As our models become more elaborate, we need the ability to combine different computational processes
in a sensible and interoperable fashion. A fully coupled non-isothermal surface/subsurface hydrology model
(with freeze/thaw) can be very advantageous in hydrological investigations, especially for capturing the strong
interaction between surface and subsurface processes in space and time. While many different models support
fully coupled surface and subsurface flow simulations coupled solute and reactive transport received much less
attention. Including this unique capability in coupled fine-scale integrated models provides the opportunity
to study: contaminant transport involving surface-subsurface interactions, tracer hydrographs, transport of
isotopes, biogeochemical processes in the hyporheic zone.
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Figure 1: Model tree for fully integrated surface/subsurface flow hydrology and reactive transport

Mathematical Model and Coupling

The system of nonlinear PDEs which describes the integrated hydrology model coupled with overland/subsurface
reactive transport is presented below:
Subsurface Hydrology
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Overland Flow (conservation equation for moles of water)
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Qw = qrain + qmelt − qevap − qss

Uw = − χδ
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Transport Model (conservation equation for moles of component)

∂(φslCl)

∂t
= −∇ · (VlCl) +∇ · (φesl(Dl + τMl∇Cl) +QC

QC = Qvol +Qsurf/subsurf

Chemistry
Chemistry engines are provided through the Alquimia interface. This interface enables Amanzi to use the

well-established and powerful capabilities of PFLOTRAN and CrunchFlow libraries for simulating geochemistry.

Figure 2: Coupling scheme.

We use an adaptive time-stepping strategy for the fully implicit integrated hydrology, and this controls the
typically larger flow step, t→ t+ ∆t, while subcycling is used for the reactive-transport processes.

We demonstrate numerical simulation of the integrated hydrology and reactive transport capability to study
the hyporheic exchange in stream meanders at the LBNL Science Focus Area (SFA) field site at the East River,
Colorado.
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