Lab 5: Grain size analysis and calculating hydraulic conductivity

The goals of this lab:

· To measure the grain size distribution of the soil samples provided to us by the Douglass High School students from their neighborhoods.

· To use this data to calculate the hydraulic conductivity.

· To understand what hydraulic conductivity is and how it can be used.

· To incorporate these data into our GIS base map for Memphis.

· To create a brief report to give back to the students about their samples that includes what properties were measured, what they tell you (why are they important), and what tributary and main stream (Nonconnah, Wolf, Loosahatchie) the water moving through the soil will eventually end up in.

Step 1: 

We were given 10 samples by the students and the latitude and longitude of the sample location.

To measure the grain size distribution, we first have to dry the samples, break up any lumps (this speeds up the sorting process), and sort the sample into different grain sizes.


I have dried the samples already and I have gone through these steps for half the samples already. You will complete these steps (after the drying) for the other 5 samples – 1 for each group.


Before drying the samples, I weighed them wet. I will provide these values for you and when you weigh them dry, you will be able to determine the soil moisture as % by weight. Report the soil moisture as % by weight on the Wiki, in the Excel file (see below), and to the Douglass student (see Part 4).

To sort the sample, we have a set of sieves that grade from course to very fine and a shaker table to do the manual labor for us. It is loud but still better than shaking by hand. Sieve your sample for 5 minutes. 

When the sieve is finished, collect the fraction from each sieve separately. Weigh each size sample and record the weight and color of each size fraction in the Excel template provided. Also calculate weight% of each size fraction.

While you are waiting for your turn and your sample to finish, proceed to step 2.

Step 2:

Once you have your table of data in Excel, create a histogram of grain size vs. weight %.

What assumption are we making here when we use weight instead of volume? (In other words, what property of the soil might be affecting our results because we are using weight?)

What do these grain sizes mean? 

Coarse sand: 1/2mm

Medium sand: 1/4mm

Fine sand: 1/8mm

Very fine sand: 1/16mm

Silt: 1/32mm to 1/128mm

Clay: <1/256mm

From the grain size distribution, we can categorize any soil type using the following ternary diagram. A ternary diagram is a good way to quickly determine where something falls in a space defined by 3 variables all of which total 100%. In our case, soils are classified based on how much sand, silt and clay they have in them and each of those components must add up to 100% of the soil. Notice that this does NOT characterize the organic content of soil at all.

Below is a ternary diagram for soils. Plot your 2 soil samples on this diagram and report the soil type on the Wiki and to the Douglass students (Step 4). To do this, find the line that marks % sand  (100% is at the sand corner and 0% sand is side of the triangle directly opposite that). Then find the lines for % silt and % clay. If you’ve done it right, your 3 lines should intersect at a point. Which soil type do your points fall into? Record the soil type also in your Excel file as both the name and the proper number designation: 1=clay, 2=silty clay, 3=sandy clay, 4=clay loam, 5=silty clay loam, 6=sandy clay loam, 7=loam, 8=silty loam, 9=sandy loam, 10=silt, 11=loamy sand, 12=sand.
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Loam is the word we use to describe the perfect soil for plant growth. Loam soils generally contain more nutrients and organic matter than sandy soils, have better infiltration and drainage than silty soils, and are easier to till than clay soils.

Step 3:

Calculate hydraulic conductivity from our data. What is hydraulic conductivity?

Hydraulic conductivity, symbolically represented as K, is a property of vascular plants, soil or rock that describes the ease with which water can move through pore spaces or fractures. (In other words, how fast does water move through soil or rock?) It depends on the intrinsic permeability of the material and on the degree of saturation.

Why do we care about hydraulic conductivity? For point-source pollutants on land, some of the pollutant may runoff on the surface to surface waters, but some also seeps into the ground and eventually can reach the water table and groundwater. Hydraulic conductivity is a way to estimate how fast the contaminant will reach the water table and how fast it will spread once it is below the water table (in the shallow groundwater). However, remember that the soil above the water table is unsaturated – the pore space is a mixture of air and water. So we will need to adjust our hydraulic conductivity value to reflect this.

Research online to find out the difference between hydraulic conductivity (K), permeability (x), discharge (Q), and fluid flow velocity (u). Explain your findings on the Wiki in terms that can be understood by the Douglass students.
To calculate hydraulic conductivity in saturated soil (below the water table), use the following equation:

K = C(d10)2
Where K = hydraulic conductivity (cm/s)

d10 = grain size of the 10th percentile (cm)

C = constant according to the following table:

Very fine sand, poorly sorted = 40-80

Fine sand with many fines = 40-80

Medium sand, well sorted = 80-120

Coarse sand, poorly sorted = 80-120

Coarse sand, well sorted = 120-150

If your sample is poorly sorted, you will have relatively equal mass fractions in a variety of different sizes and your histogram will look fairly even. If your sample is well sorted, you will have most of the mass in one or two size fractions (an extreme bell curve). “Fines” refers to grain sizes smaller than very fine sand (see the table earlier in this lab).

Record the hydraulic conductivity in your Excel file and report to the Douglass students.  Save this file in both .xlsx and upload to the Wiki. We will use the Excel files to compile a combined dataset to import to GIS later in the semester. As we collect information in the lab and in the field, we will add to our GIS base map that we saved from lab 2.
We can use our hydraulic conductivity to illustrate how this affects the flow of water through the soil in these two fictional examples of different topography:

Flow velocity (u) is the hydraulic conductivity (K) times the hydraulic gradient (i). 

(= Ki
Hydraulic gradient (i) is a term that expresses change in pressure (caused by the slope of the water table, which usually mimics the slope of the land) divided by the distance considered.

Scenario

There is a chemical production facility located 3 km from a local river. From 1930 to 1950, the facility was operated by Company A to produce DDT (a pesticide) among other things. Company A went bankrupt in 1950 and the facility remained closed for 10 years, at which time Company B bought the facility and began producing DDT and other pesticides. Company B remained in production from 1960 to 1990, but stopped producing DDT after 1972.

The facility is currently under scrutiny because of large numbers of reported dead fish in the local river starting in 2010.

The water table underneath the facility is 18 m below the land surface. The water table is at the land surface at the river, which is 20 m lower elevation than at the facility. This means the hydraulic gradient is 2 meters divided by the distance between the facility and the river.

Calculate the flow velocity below the watertable (cm/s) for all of your soil samples. Report this flow velocity to the Douglass students (you will probably have to explain what it means). This gives us 3 scenarios, each with the assumption that the soil is uniform across the distance between the facility and the river.

What path will infiltrating water take to reach the river? (You need to know this in order to know the distances for the following scenario.) 

Using your flow velocities, if the fish kill is being caused by DDT produced in that facility, when must the DDT have reached the water table underneath the facility? (You will have 3 answers for 3 different soil types.)

When must the DDT have been dumped on the land at the facility in each case? (Assume that the flow velocity is the same in the unsaturated zone below the facility.) What properties of water will cause this assumption to not be entirely accurate?

Which company was responsible for the fish kills?

Report your values on the Wiki. Include an explanation in your own words of how hydraulic conductivity can be used to trace transport of pollutants through shallow groundwater and include this in your report to the Douglass students.

Step 4: 

Now create a brief handout that explains your findings to return to the Douglass students that gave us samples. Each student that provided a sample should receive their own report (since their results will be different). Include a brief description of your results (grain size distribution, soil type, hydraulic conductivity, and velocities under the two fictional scenarios). Be sure you explain concepts in terms they will understand. Feel free to include graphs if you think they would be useful. This only needs to be a page long.
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