GES 235, Spring 1997

Homework #1

Due Tuesday, April 22, 1997

1. Problem 1.1 on p. 34 of Groundwater in Geological Processes.

2. Problem 1.4 on p. 34-35 of Groundwater in Geological Processes. In addition, for each assumption, discuss how the assumption can be recognized by looking at the form of the groundwater flow equation.

3. Evaluate the solution, eq. (2.10), of the example problem in Lecture Notes 2 for L_1 = 1 km, L_2 = 1.4 km, h_1 = 0 m, h_2 = 5 m, K = 10^{-7} m/s, and S_s = 10^{-6} m^{-1}. Compute the hydraulic head (in meters) from x = 0 km to x = 2.4 km at increments of 0.2 km, for t = 1 day, 10 days, 50 days, and 100 days after the fault rupture. Plot the heads versus distance for the 4 different times on a graph.

4. Consider the movement of an oil globule in a sandstone layer (see figure below). The sandstone layer has a uniform thickness of 50 meters, a dip of 5^o from horizontal, and is bounded by shale above and below. Ground water flows in the sandstone layer along the downdip direction. The hydraulic gradient along the direction of flow is 0.45%. A globule of oil is released at the base of the sandstone layer. The goal of this exercise is to calculate the movement of this oil globule. For your calculations, assume the following properties:

Permeability of sandstone, k = 5 x 10^{-13} m^2 (=500 millidarcies) Porosity of sandstone, n = 20% Density of oil, ρ_{oil} = 0.85 gm/cm^3 Dynamic viscosity of oil, μ_{oil} = 2 x 10^{-3} Pascal sec Density of water, ρ_w = 1 gm/cm^3

a. How many years will it take for the oil globule to reach the top of the sandstone layer?

b. Assume that the shale is an effective barrier to oil migration. What will happen to the oil globule after it reaches the top of the sandstone layer?

c. How far (horizontal distance) will the oil have traveled from its initial release point after 50,000 years?

d. Repeat parts a, b, and c assuming that the hydraulic gradient is 3% while all other parameters are kept the same.

50 m

sandstone shale

shale

direction of water flow

release point of oil globule