Hydraulic Conductivity

     All Earth materials generally contain some void space (porosity) and these pores are often interconnected in some manner.  Water contained within the voids is capable of moving from one pore to another, circulating water in the subsurface.  There are some rocks that exhibit pores, but lack interconnection between pores.  The property of a porous medium alone is termed the intrinsic permeability.  Some sediments, soils, and rocks, have a great number of pores (high intrinsic permeability) that are so small that water is unable to flow through the rock with ease.  The rate at which water is capable of traveling through a porous medium is termed the hydraulic conductivity.  In determining the hydraulic conductivity of a medium, both the density and the kinematic velocity of the water must be considered.

Intrinsic Permeability

     Intrinsic permeability of a medium is largely a function of the size of pores and the degree of interconnectivity, Unconsolidated coarse-grained sediments represent some of the most prolific producers of ground water.  Likewise, clays have extremely low intrinsic permeability and are often used for a number of engineering purposes such as lining solid-waste disposal sites.  The smaller the size of the individual grains, the larger the surface area of the medium providing resistance to flow.  As the frictional resistance to flow increases, the intrinsic permeability of the medium reduces.  

     Hydraulic conductivity is the systematic movement of water from pore to pore.  This is different from a medium’s permeability (as seen with the petrographic slides during last weeks lab).  One way to measure the systematic movement of water through a medium is with a permeameter.  A number of measurements and accurate calculations are needed to measure the hydraulic conductivity of a porous medium.  In addition to the accuracy of your measurements, there are a number of additional variables that can affect the permeameter measurements of a material.  We will be performing an abridged form of conductivity test and omitting some variables such as the density of the water used, its viscosity, and its temperature.  While completing the lab, observe your activities, and the permeameter set-up, so that you can later report on the potential sources of error in your conductivity results.

Procedure

1. Examine and report on the medium of which you are running your experiment(s).  

2. Measure and record the length of the medium column (L), and the hydraulic radius (A).  NOTE: hydraulic radius is the cross-sectional area of the column.

3. Begin a flow of water through the medium, adjusting your rate of flow to maintain a consistent water level in the funnel.

4. Once the flow through the medium has stabilized, collect the outflow for about 3 to 5 minutes, keeping an accurate measure of water outflow (Q) and time (t).

5. Calculate the velocity (v) of water through the medium using the formula v=Q/A.  REMEMBER: v is a function of distance and time (Δd/ Δt). 

6. Measure the hydraulic conductivity employing a variation of Darcy’s Law in which the hydraulic conductivity (K) is calculated from K=VL/Ath, where:

K = hydraulic conductivity (cm/s)

V = the volume of water (cm3)

L = the length of the sample (cm)

A = the hydraulic radius of the sample (cm2)

t = the total time (s)

h = the hydraulic head (cm)

The hydraulic head for this experiment will be based on an average head associated with this permeameter set-up, approximately 2cm.  For a more accurate measurement, measure the vertical water level (head) in the vertical tube closest to the funnel in centimeters and then measure the vertical water level in the vertical tube closest to the outflow.  The difference between these two measurements is the hydraulic head.  These measurements can change dramatically if the inflow of water changes, the medium shifts, air pockets are present in the medium, etc.

Questions

Describe each sample that you measured and where you would expect to find such materials.  Which sample has the greatest amount of pore space?  Do you believe this sample will likewise have a high intrinsic permeability and hydraulic conductivity?

What was the velocity of water through each medium?  What does this tell you about the intrinsic permeability?  Which material has the highest intrinsic permeability?

What is the hydraulic conductivity of each sample?  Describe a situation in which each of the measured hydraulic conductivities is desirable?

What are the potential sources of error you observed or hypothesized while conducting this experiment?

