Homework 2 - Spring 2008: Earth 441 — Aquifer Mechanics

Assigned: Jan 31, 2008 Due: Feb 7, 2008 at the beginning of class

Please make sure to show all your work, including any diagrams you used. This may be submitted in

either paper or electronic format (Shasta@nmt.edu). Please cite your sources.

1.

Darcy’s Law, Darcy velocity, and average linear pore water velocity (24 pts)

Background: A cylindrical vertical Darcy column has a length of 60 cm and a diameter of 10 cm. It is

filled with a sand that has hydraulic conductivity of K = 600 cm/d and effective porosity n = 0.20. The

pressure head at the top is 30 cm H,0, while the pressure head at the bottom is 80 cm H,0.

Required:

(a)
(b)
()
(d)

(f)

(8)

(h)

Calculate the flowrate, Q (cm?/min).
Calculate the Darcy velocity, g (cm/min).
Calculate the average linear pore water velocity, v (cm/min).

Discuss the difference between the terms “porosity” and “effective porosity.” Give examples of
how this differs between different materials.

What direction is the water flowing in the column?

Consider the closely related terms “Darcy Velocity” and “Average Linear Pore Water Velocity.”
Which is always larger in a porous medium? Why?

Calculate travel time for a non-reactive tracer, released at the upgradient end of the column,
and arriving at the downgradient end.

Using the value you calculated in (b) above and the following values, calculate the Reynolds
number and decide if Darcy’s law is applicable to this situation.
dso = 0.25 mm, density = 998.2 kg/m?, dynamic viscosity = 1.002 x 10~ kg/(m * sec)
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2. Heterogeneity and effective conductivities (15 pts)
Background:

Refer to Figure 3 for this problem. A uniformly packed vertical column of Soil A has reached a steady
state flow with a constant water level maintained at the top. A second column with identical
dimensions was filled with two soil layers (A and B) of equal depths. Soil A has a saturated hydraulic
conductivity of 10 m/s. Soil B has a saturated hydraulic conductivity of 0.5x10 m/s.

Refer to Figure 2.
Required:

(a) Determine the water level in the second column required for attaining a flux density equal to
the first column. This solution should be in symbolic form.

(b) Now plug in the numbers given in the background above and give the numeric value of the
required height.

(c) If the saturated hydraulic conductivity in Soil B were changed to 10° m/s, what would the
required height for Column 2 be?

Column 1 Column 2

The triangles indicate
free water surfaces
that do not change

height with time. 120 cm

60 cm

Constant water levels are maintained
by the reservoirs at the bottom of the
columns.

Figure 2. Diagram of two vertical soil columns.
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3. Heterogeneity (20 pts)

Background: Assume that groundwater flow is horizontal from left to right in a layered system of
unconsolidated deposits. The thickness, hydraulic conductivity, and effective porosity of each layer are
given in Figure 2. Assume that the system is 10 m long in the horizontal direction (Figure 4) and that the
change in total hydraulic head from the left side to the right side of the system is 1 m.

Required:

(a) Calculate the specific discharge g and layer discharge for each layer. The layer discharge is layer
g multiplied by layer thickness.

(b) What is total volumetric flow rate Qr for the entire layered system? What is the effective
horizontal hydraulic conductivity, Ke, for the entire system?

(c) Calculate the average linear pore water velocity v for each layer.

(d) Calculate the travel time over the 10 m distance from the left to right of each layer. Which layer
has the shortest travel time? The longest? How do they differ?

(e) Based on the layer values of K and n,, what are likely lithologies for these unconsolidated
deposits?

Flow direction

—

Layer 1 K, =10° m/s n, = 0.30 15
e
= N
Layer 2 K,=10°m/s n,=0.25 0.5m
N
Layer 3 K,=10""m/s n, = 0.1 > 05m
Layer 4 K,=10"° m/s n, = 0.20 2m
€ N
» /7
10m

Note that the vertical scale is exaggerated as compared to
the horizontal scale.

Figure 3. Cross section of a layered system.
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4. Hydraulic conductivity and intrinsic permeability (21 pts)

Background: For this problem, assume that water is the fluid of interest. The water is at standard
atmospheric pressure and at a temperature of 20°C.

Required:

Part 1 (5 pts) — State the relationship between hydraulic conductivity and intrinsic permeability both
symbolically and in words. In this relationship, identify which of the variables depend on the porous
medium and which of the variables depend on the fluid (or both or neither).

Part 2 (16 pts) — Convert the hydraulic conductivity of K = 4.0 x 10 m/s to the following units:

(a) ft/day

(b) gal/(ft* day)

(c) intrinsic permeability k in cm?
(d) intrinsic permeability k in darcy
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