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International PhD Course in

MODELLING FLOW AND TRANSPORT IN FRACTURED MEDIA 

May 10-14 2004

Geocenter Copenhagen, Denmark

Guest lectures

Professor René Therrien, Université Laval, Canada

Professor Larry McKay, University of Tennessee, USA

Assistant

 Thomas Graf, PhD student, Université Laval, Canada
Objectives

The objective of the course is to provide theoretical background on processes governing fluid flow and solute transport in fractured geologic material, including measurement techniques that are appropriate in such environments. The course will also provide background on numerical methods for the simulation of flow and transport and will introduce the various conceptual models currently used for fractured media. Hands-on modeling exercises will allow students to use various conceptual models to simulate flow and transport in fractured media and get an understanding of data needed for such simulations.

Specific objectives include

· Understand the fundamental processes that govern fluid flow and solute transport in fractured porous media

· Get an overview of laboratory and/or field methods to characterize fluid flow and solute transport properties in single fractures and in networks of fractures

· Understand the different conceptual models for fractured media

· Link the type of conceptual model with data need for numerical modeling 

· Get an introduction to variably-saturated flow in fractures and fractured media, as well as reactive transport

· Understand the basic concepts for numerical modeling of flow and transport

· Get an introduction to the use of a discrete-fracture model

· Get hands-on modeling experience for fluid flow and solute transport in fractured media

Course outline 

Lectures

1. Introduction

2. Geology of fractured media

· Fractured rocks, fractured porous media (for example: fractured till)

· Types of fractures

· Fracture description, fracture mapping

3. Fluid flow in a single fracture

· Darcy’s law, hydraulic head

· Parallel plate approximation

· Cubic law

4. Transport in a fracture

· Advection, dispersion

· Matrix diffusion

· Fracture networks 

· Reactive transport

· Retardation

· Decay

· Degradation

· Reactive transport

5. Field sampling

· Measuring head (open borehole, packed-off intervals)

· Concentration measurements (borehole mixing)

6. Laboratory and field measurements of hydraulic parameters

· Hydraulic tests

· Tracer tests

· Porosity measurements

· Indirect methods (geophysics)

7. Basic modeling concepts

· Conservation of mass

· Governing equations

· Control volume method

· Basic concepts of finite difference, finite elements

8. Conceptual models for fractured media

· Equivalent porous medium

· Dual-continuum, dual-porosity

· Discrete fractures

9. Variably-saturated flow, preferential flow

· Dual continuum model, macropores

· Simple analytical solutions for transport in discrete fractures

· Single fracture

· Sets of fractures

10. FRAC3DVS model

· Overview

· Capabilities

· Overview of data input and analysis of output

11. Flow and transport in fractured till

· Specific issues

· Case studies

12. Examples of model applications for flow and transport in fractured media

Hands-on modeling

1. Simple analytical solutions for transport

2. FRAC3DVS modeling

· Equivalent porous medium flow and transport

· Dual-porosity for transport

· Dual-continuum (saturated or variably-saturated flow, transport)

· Models for discretely-fractured porous media

3. Student projects

4. Simulation of published model results

Background of participants
Participants are expected to have a basic understanding of hydrogeology.

Time and place

May 10-14, 2004

Geocenter Copenhagen, Denmark

Organizers

Karsten Høgh Jensen, University of Copenhagen (email: khj@geol.ku.dk)
Work load and credit points

Approximately 100 hours in total including the lectures and exercises during the course and preparatory reading before and during the course. The work load corresponds to 4½ ECTS.

Study material

Notes and copies of references papers will be provided during the course. Software and key papers can be made available ahead of time upon request.

Admission

Applicants are requested to submit the registration form no later than April 20. Information on admission to the course will be forwarded shortly after.

The total number of participants is limited to 20. PhD students are given first priority but depending on the number of registrants we also welcome post-graduate participants. The course is free for PhD students enrolled at universities. Post-graduate participants will be charged a course fee of DKK 4.000. 

Scholarships

For PhD students FIVA can offer a limited number of scholarships to partially support travel and lodging expenses related to participating in the course. If a scholarship is requested an application should be submitted to FIVA that includes (1) a brief description of research interests and background, (2) a CV, and (3) a letter of recommendation from the research advisor.

Accommodation 

For PhD students lodging in residence facilities near the university will be offered on a first come, first served basis. Other participants and those who wish to stay in hotels are requested to make their own arrangements. 

Further information

Please contact the course organizer or FIVA.
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