GES 235, Spring 1997

Homework #3

Due Tuesday, May 13, 1997

For this homework, we study the paper “On the Thermal Effects of Groundwater Flow,1. Regional Scale Systems” by Leslie Smith and David S. Chapman (Journal of Geophysical Research. v. 88, no. B1, p 593-608). This is a widely referenced paper and is discussed by Ingebritsen and Sanford (Section 4.3.2). See also Domenico and Schwartz (Physical and Chemical Hydrogeology, p. 336). The purpose of this homework is to develop greater understanding of ground-water flow and heat transport by qualitatively reproducing some of the model simulations in the paper.

1. Read the paper.

2. Discuss the major differences between the ground-water flow and heat transport problem as formulated by Smith and Chapman, and as formulated in Lecture Notes 7 (and implemented in the interactive model on the class Web page).

3. Using the interactive model, set up the flow system analyzed by Smith and Chapman. Use a model domain width of 40,000 m and a vertical exaggeration of 1.33. The water table should slope linearly from an elevation of 5000 m to 4500 m (or as close to these values as you can manage within screen resolution). Your goal is to simulate the subsurface temperature distribution for the three cases (k = 1 x 10^{-18} m^2, k = 2 x 10^{-16} m^2, and k = 5 x 10^{-16} m^2 ) shown in Fig. 4 of the paper.

a. Because our model assumes constant fluid properties, it is not possible to exactly reproduce the results of Smith and Chapman. For your model runs, use your judgement in selecting the most appropriate parameter values. Describe the values you use and why you chose them.

b. Compare your results (computed temperature distribution) for the three cases with those of Smith and Chapman. Discuss and similarities and differences. Propose explanations for differences in results.

c. Suppose the basin permeability is similar to that of first case (k = 1 x 10^{-18} m^2) so that ground-water flow is not expected to significantly perturb the heat flow. However, the observed temperature distribution is similar to that of third case. Propose an explanation in terms of a heterogeneous distribution of thermal conductivity. Qualitatively support your proposal by a model simulation.

4. Reproduce an additional case examined by Smith and Chapman. Some choices are: (a) basin with homogeneous permeability and segmented water table, (b) basin with a high permeability layer bounded by less permeable materials, and (c) basin with heterogeneous permeability. Set up the model as close as possible to the setting analyzed by Smith and Chapman. Compare results and explain similarities and differences.