Instructor’s Notes:

Background for this study

All the major waterways in Memphis are under fishing advisories for various toxic chemicals (as of the 2008 EPA report) and yet there is still a significant population in Memphis that subsistence fish around the City. The local chapter of Sierra Club has an environmental justice focus and is interested in quantifying where people are fishing and whether there are adequate warnings posted in these areas. The lowest income residents in Memphis may not be literate in some cases and may not speak or read English, as there is an increasing Hispanic population in some sections of the City.

This service learning project was put together for the Environmental Hydrogeology course at Rhodes, which is taken by mostly non-science major, non-freshmen, but also is taken by Environmental Science minors (who are science majors but make up a small percentage of the students in the course). 

Memphis is located within the Mississippi Embayment and so is covered in reworked loess deposits. The city looks very green from the air, since trees here grow very tall canopies that often hide buildings and roads in aerial view, but is surprisingly urban on the ground with very few small open-space parks. The topography is very slight and because of all these factors combined with frequent heavy rains, runoff is very high and soil is easily compacted. In addition, Memphis does not appear to enforce littering laws, so runoff becomes a larger problem in terms of transport of potential pollutants. The drinking water in Memphis all comes from a deep aquifer under this region and is very clean. We will also be considering groundwater later in the semester (not described in this project). 

Supplies needed for field and lab activities:

Grain size analyses

You will need a set of sieves for grain size fractionation. We happen to have a shaker table, but this can be done manually as well. You will also need at least one scale and plastic weigh boats to measure the size fractions.

For drying the samples, we use a drying oven set to a low temperature (~50(C), although this can be done by air drying or gently blowing a fan across samples. It will depend on how much time you have to prep the samples before lab, since air drying takes much longer.

Note: For our class, we have asked the Douglass High School students to collect infiltration rate data and the corresponding soil sample from their yards or nearby their home to bring back to us. The high school students gain practice doing science, compiling a short report and delivering a brief oral report, and we are then able to process samples from a much larger area than we would reasonably be able to collect in one field lab.

Note: After they calculate hydraulic conductivity in saturated vs. unsaturated soil, there is a scenario at the end that attempts to show the relevance of what they have just calculated. The values for slope of the water table and distance to the local river can be changed to affect the answer about which company caused the problem. You can also change this to fit a local problem in your area. I chose numbers that are roughly consistent with the Velsicol Chemical Company (previously Hayden Chemical Co.) which is situated in the SW corner of the Douglass neighborhood we work in and is 3 km from the Wolf River that flows nearby campus and empties into the Mississippi River in downtown. The dates of company occupation are fictitious. 

Infiltration rates in the field

You will need to get ~7 in. lengths of 2 in. diameter PVC tube – one for each sample you want to take. I am estimating 1 per student plus a handful of extras just in case. 

On the inside and outside of the tube, mark with a sharpie or piece of duct tape the 2 in. line from the bottom and another line 4 inches above that. You might want to draw some arrows on the outside that point down in the direction you want them to push it in so they don’t get confused. The students will push the tube 2 inches into the ground – up to the 2 in. mark. (In Memphis, this would be very hard to do if the ground is too dry, so you may have to modify these instructions for your area.) The students then pour bottled water quickly and carefully up to the 4 in. mark so that each infiltration rate is collected in a standardized manner.

You will need as many bottles of water as you want to collect data points. I am using bottled water (despite the plastic waste) because I am concerned that residents and/or parents of students will not want this test done if we bring our own water and tell them it is clean. (It is only our word for it and I think there is enough mistrust in this area that it could be a problem.) I will make sure to have the students recycle or reuse the plastic bottles when we are done.

You will also need to have a gallon ziplock for each soil sample you want to take back. Since we can easily add soil moisture to our dataset by measuring the weight before and after drying, putting the whole core into a ziplock will prevent evaporation until the samples come back to the lab.

Mapping field data and modeling runoff vs. infiltration

We will use GIS to acquire the background data for topography and land use and Google Earth for easy viewing of the landscape, but since this course is for non-science majors, I have chosen to have them complete the rest by hand using overhead transparencies so the exercise does not become a black box for them. Instructions for how to find the data sources for this GIS activity are listed in the next section.

Note: I have found my students need a lot of help translating abstract knowledge they learn in a textbook into a working conceptual model. I have tried this type of exercise in the past but provided students with a template model (Excel or Stella, depending on the course) that they had to change to fit their dataset. It was never clear to them what had happened in the model, because they had not created it. So this time I will walk them through a portion of the conceptual model as a demo first and then have them complete the rest of the model themselves. I will also make it optional for them to complete in Excel or complete by hand since we are only doing one scenario and the use of Excel to quickly run modified models is not required.

Note: The model we run initially does NOT account for storm drains. The students are asked at the end to explain how their model results would change if we put in the storm drains. This is mainly in the interests of saving time, but also serves to demonstrate the differences in an urban setting vs. rural setting.

Mapping survey data for Sierra Club

The lab instructions we used for creating the base map in GIS are posted on the main page for this activity under “Creating a Base Map in GIS”. The data sources and how to retrieve them are explained in the next section.

This lab is when the students complete the finished product for Sierra Club on the fishing survey. They need to have the map completed, the Wiki Main Page cleaned up with annotations etc. so that someone outside the course can understand what they did, and we will have an art contest during lab to redesign the fish consumption warning signs and will post all the contributions and the winner(s) on the Wiki as well. At this time, the class will write a newsletter post for Sierra Club briefly explaining what they accomplished and where more information can be found (on the Wiki). 

Note: The Excel file with raw data from interview responses will NOT be made public, according to our exemption status with the Rhodes IRB. We will provide Sierra Club with the map of sightings (no identifying material attached as to who provided information or who did the fishing) and any photo-documented warning signs we saw. The students this semester have also chosen to provide the results of percentage of participants that knew about contaminant issues with fish in Memphis streams/ponds and percentage of participants that would not fish if they saw a warning sign. 

Data sources for GIS

Topography

I finally found (free) topography data that could be imported into GIS at this USGS website: http://seamless.usgs.gov/
Click on View and Download US Data. You do need to allow popup windows, in case your computer is set to disallow them. Zoom into the area you want to retrieve data for (in my case it was only a few neighborhoods so I zoomed in quite a bit).

The menu on the right determines what information is displayed. I turned off the transportation layers for my purposes. To get topographic data, open the pull-down for elevation. I used 1/3 arc second data and I noticed that not all resolution scales are available for my area. When you are ready to download, choose the Define Rectangular Download Area from the left side toolbars (it looks like a dashed rectangle underneath the download tools). A window should open and it should have information in the area box and output parameters box. If there is no information there, then that resolution data is not available for the area you chose. When I tried it, the default output format was ArcGrid, but we no longer have ArcInfo that can read that format, so I chose Modify Data Request tab at the top of this new window and changed it to GeoTIFF (you have to find the elevation section to change what is selected). Click Save changes and return to menu at the bottom and you should see the original window but the output format is changed to GeoTIFF. Click download.

Hydrography data

The data for this is from the National Hydrography Dataset (NHD) at the USGS, but you will need to know your watershed number (8 digits). The easiest way to figure that out is to go to the EPA Surf your Watershed site: http://www.epa.gov/surf/
and type in your zipcode. The NHD does have an interactive viewer at http://nhdgeo.usgs.gov/viewer.htm
but I found it easier to go straight to their ftp site instead. NOTE: This will NOT work in Firefox. I had to call the helpline to figure out my problem, but use Internet Explorer and it will work fine.

The ftp site is: ftp://nhdftp.usgs.gov/SubRegions/
Notice there is no http: at the beginning. Select “Medium” resolution. On the next screen, find the file NHDM####.ZIP where #### are the first 4 numbers of your watershed. For example, the watershed Rhodes College is in is the Wolf River watershed: 08010210, so my ftp file is NHDM0801.ZIP.

Download the file and unzip it. There should be a folder called NHDH####.mdb, inside of which is a folder called Hydrologic Units and another called Hydronet. Both are needed for the pre-project activity described in Creating a Base Map in GIS.
Aerial photo layer

ESRI has a pre-made aerial photo layer for ArcMap at this website: http://resources.esri.com/arcgisonlineservices/index.cfm?fa=content_detail&contentID=C3A82879-1422-2413-19519F6AA06A2868
Near the top of the page you will see a heading called “Open ready-to-use base map”, click on whichever format you want. I have only tried the ArcMap format but it works great. In ArcMap, you can keep zooming in and the resolution gets better.

