
Recent advances: Reactive transport

As of 2019, ConnectFlow supports the inclusion of hydrogeochemical reactions in multi-component solute transport 

calculations in DFN as well as CPM models. This is a significant advance that allows groundwater flow, transport and 

hydrogeochemistry to be properly represented in both porous and fractured bedrocks, and can be used to simulate a 

variety of different reaction types, including equilibration with rock minerals, ion-exchange, surface complexation and 

kinetic reactions. These processes are represented both in the flowing groundwater as well as in the rock matrix. In 

regional and site-scale models, an equivalent porous media representation of hydrogeochemical evolution may be 

sufficient. However, as the scale of interest becomes smaller and the rock properties more strongly heterogeneous, the 

implications of structural controls on flow and transport processes imposed by a fracture network become increasingly 

important. These types 

of calculations are 

computationally highly 

intensive, but are made 

tractable through an 

efficient implementation 

and parallelisation of 

the code.
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Key capabilitiesIntroduction

ConnectFlow is Wood’s groundwater modelling software package for simulating the migration of fluids and solutes 

through fractured and porous rocks, enabling the integrated assessment of structural geology, engineering, 

hydrogeology, hydrogeochemistry and contaminant transport processes. ConnectFlow includes the capability to 

model continuum porous media (CPM), discrete fracture networks (DFN), as well as nested sub-models in combined 

CPM/DFN models. The software has been verified extensively in international comparison exercises. 

The Continuous Porous Media (CPM) module was the first part of ConnectFlow to be created. It has since been 

developed over a period of more than 30 years, and is appropriate for modelling rocks and porous materials in which 

flow is transmitted through the connected pore-space between the solid grains of a rock matrix. The CPM module is 

used to support national radioactive waste disposal programmes in several countries throughout the world.

The discrete fracture network (DFN) module has been developed for over 25 years. Rock fractures are explicitly 

represented in a DFN model, with individually-assigned geometric and hydraulic properties. Simulation of fluid flow 

and transport in fractured rock is an essential tool for the study of water resources, oil and gas reservoir management, 

assessment of underground waste disposal facilities, evaluation of hot dry rock reservoirs, and for the characterisation

and remediation of contaminated land management. 

Continuous Porous Media (CPM) 

• Steady-state and transient groundwater flow in saturated and unsaturated conditions.

• Coupled multi-component advective/dispersive solute transport with variable

density and viscosity, including rock matrix diffusion and chemical reactions.

• Radionuclide transport with radioactive decay chains, sorption and solubility limitation.

• Coupled groundwater flow and heat transport.

ConnectFlow uses a highly efficient finite-element scheme for spatial discretisation of the modelled region. This is a 

powerful approach that is well suited to representing complex geometric domains, such as those that arise in 

geological settings, and allows ConnectFlow to handle large models consisting of many millions of grid cells and 

fractures. The software supports three primary modelling concepts:

Discrete Fracture Networks (DFN) 

• Deterministic and stochastic fracture parameterisation and generation.

• Steady-state and transient groundwater flow simulation in fracture networks.

• Upscaling of DFN networks to equivalent CPM models.

• Multi-component solute transport through fracture 

networks, with support for rock matrix diffusion and

chemical reactions.

Combined Models (CPM/DFN)

• Combined models can be divided into separate subdomains that use either 

the CPM or DFN concepts, embedded within one another.

• Supports steady-state and transient non-uniform density groundwater flow.

• Advective transport through DFN/CPM, based on a particle tracking approach.

Hydrogeological Modelling for a Spent Nuclear Fuel 

Repository, Forsmark (Sweden)

• ConnectFlow has been used extensively to support the Swedish 

Nuclear Fuel and Waste Management Company [SKB] in their 

applications to build a spent nuclear fuel repository.

• A novel multi-scale modelling methodology was used to assess 

details of flows in the fractured host rock around the repository, 

and describe the regional-scale evolution of groundwater flow 

and hydrogeochemical composition. 

• This provided important input to the safety assessment aspects 

of near-field and far-field modelling, hydrogeochemical 

evolution and biosphere modelling during temperate and glacial 

climate conditions [1]. 

Hydrogeological modelling of the Low Level Waste Repository 

(LLWR), Cumbria (UK)

• Connectflow has been used in hydrogeological modelling for 

LLW Repository Ltd. for several years, including a number of 

detailed modelling studies to support the 2011 Environmental 

Safety Case [2].

• The hydrogeology is simulated in a continuous porous media 

model, which represents the geological surfaces and 

engineered features of the LLWR (see image, left).

• The hydrogeological model is used to characterise

groundwater pathways, both in the present and at future post-

closure times, and provides inputs to groundwater pathway 
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[1] Joyce et al., 2010. Groundwater flow modelling of periods with temperate climate 

conditions – Forsmark. SKB Report R-09-20. SKB. Stockholm.

[2] LLWR, 2011. The 2011 ESC: Hydrogeology. LLWR/ESC/R(11)10022. LLWR. Drigg.
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