Exercise 8c: Nevada Mines analysis – choosing water sampling sites to test for possible water contamination

Data sets: 

· US state outlines from the ArcGIS Online
· Streams and water bodies from ArcGIS Online
· USA Roads from ArcGIS Online
· Nevada mines from the EPA archives
· DEM of Nevada from the EPA archives
· Mines data from the Nevada Department of Environmental Protection


Due: class Wednesday, March 29; due at the start of class on Friday, March 31. 
Goal: To use distance rasters and buffering to determine which of over 8000 mine shafts in Nevada are closest to streams and rivers; to combine the mine shafts data set with a set of data from the Nevada of Bureau of Mining Regulation and Reclamation to determine a set of priority sites for water sampling. 
Turn in: this sheet with the answers to the questions.
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Part I. Reclassifying and symbolizing by major metal
A. Reclassifying the mine shafts data by major metal
1. As you are considering where to sample streams for contamination, you might want to know what the major metal extracted from each mine was.
2. If you open the attribute table of your mine shafts layer you’ll see a list under Commoditie (sic) of the major metals in most (but not all) of the mines. These metals are listed in order of importance at that particular mine.
3. Add a text field mjr_met. Choose an appropriate field length for the length of the words you’ll need.
4. Use one of the selection techniques that you learned in the NYS Geo exercise to reclassify the mines by the major metal at that mine. For those that have no metals listed, enter something like unknown. 
5. 
Resymbolizing the mines layer
a. [image: 6b-II-b]It would be nice to be able to color each of the mine symbols by the major elements at the mine. Under Symbology, symbolize by categories, choosing your new major metal field as the Value Field. 
b. After you Add All Values, click on the first symbol (should be for Antimony). In the Symbol Selector, search for a mine shaft symbol. Be sure that All styles is selected so that you search all of the symbol sets, not just the ones you have included in your Symbol Selector. Choose a mine symbol plus a color.
c. Remember that you can use the Style Manager to add the symbol set containing the mine shaft symbols to your Symbol Selector.
d. Repeat for your other major metals, using the same mine symbol but different colors for each.
6. You might also be interested to know which mines contain some particularly toxic elements. Of all the trace metals in these mines, the two that are most alarming are Hg (mercury), which is a neurotoxin, and As (arsenic), a carcinogen). It would be nice to know which mines contain these two metals. 
a. Add a new field As_Hg. 
b. You already know how to use a Wild Card selection technique, but the one you know will only work if “As” or “Hg” are at the beginning of a list in the Commoditie field (which they aren’t). You can modify your wild card selection technique to be ‘%As%’ (i.e., a % sign both fore and aft), and it will look for “As” anywhere in the list.
c. Reclassify the mines that contain arsenic and those containing mercury. You can leave the others blank.
d. Select only those mines with arsenic, and save the selection as a new “Arsenic” layer. Repeat to create a mercury layer.
Part II. Distance analysis 
[image: 6b-IIIA-7d]A. Creating a distance raster
1. A Euclidean distance raster is an excellent way to create a visual picture of how far points lie from objects in a feature class. Euclidean distance is an “as-the-crow-flies” distance between two points.
2. Do a tool search for Euclidean distance. 
a. Make sure that nothing is selected in your ArcMap.
b. The Input is your Nevada rivers and streams file. The tool will create a new Raster file. Each pixel will show the distance of the center of the pixel to the nearest stream.
c. Click in the Output cell size bar, and read in the Sidebar Help what the output cell size is. Remember that your map units are in meters, so an output cell size of 2000 (the default) is 2000 m. We’ll use an output cell size of 100 m.
d. Click on the Environments button > Raster analysis settings. Choose your Nevada outline file as the Mask. Click OK.
3. Make sure that your mine shafts shapefile is turned on and lies above the distance raster. 
4. Changing the break points in your distance raster. 
a. Your distance raster comes in with automatically assigned classes and a default color ramp. Zoom in until you can see streams and mines to see what you have. With 10 classes and evenly divided distance increments, the first color division covers all mines closer to the nearest stream than 3,831.5…. m. This is pretty far away. 
b. Because you chose an output cell size of 100 m, you can divide this much more finely.
c. Go to symbology, and click on the classify button. Change the Break Values (simply select and re-type) so that you can see better what’s happening near streams. You can pick whatever you like, but you might try making the first value 100, the next 250, then 500, 1000, 5000, then 10,000, 15,000 and so on at 5000 m increments. That’s not an even interval, but it emphasizes the detail near the streams without giving you a huge number of classes at distances that you don’t really care about.
5. Now you can browse around your raster and see where the mines are in terms of distance from streams. Do any interesting patterns emerge?


B. Using buffers to select the mine shafts that are within a particular distance from the nearest stream
1. You could browse around your distance raster and hunt for the mines that lie a certain distance from a stream. But you can use ArcMap Tools to do specific analyses for you.
2. Option 1: Select by Location 
a. Use Select by Location, and locate mines that lie within 2000 m of the nearest stream. Open the attribute table, sort by Selected Features, and make a new layer from the selection. How many mines line within 2000 m of a stream?


b. Make a permanent shapefile from the selection (Data > Export data) and give the new shapefile a meaningful name. 

3. Option 2: making a permanent shapefile that shows a particular buffer.
a. Analysis tools > Proximity > Buffer. Input your streams layer, enter 1000 m  as the linear unit, and select All for the Dissolve Type. Click OK.
b. Zoom in until you can see the buffer you have created.
c. Use Select by Location to determine which mines Lie Inside the stream buffer.
d. Some other options:
1. Experiment with Dissolve Type > None instead of Dissolve Type > All. What difference does it make?


2. Make a buffer shapefile for the mines layer. How does this differ from making a buffer shapefile for the streams?


3. Try out the Multiple Ring Buffer script (Proximity > Multiple Ring Buffer) to see what it does for either the streams or the mine shafts. Don’t get carried away on this one – if you make lots of rings, it can take forever to run.



Part III. Your BMRR data sets
A. Understanding the BMRR feature class names
Your BMRR data set has a number of feature classes, including Regulation and Reclamation locations in Nevada. 

Regulation: What do the locations in the BMRR Regulation data set represent?




Reclamation: What do the locations in the BMRR Reclamation data set represent?




Your BMRR data set also includes several other feature classes: tails, pits, pit lakes, and leach pads. Do the following to get some background on these features.

Tails 
1. Do a Google search on mine tailings. What are mine tailings?



2. Then do a Google image search on mine tailings so that you know what they look like.




Pits and Pit Lakes
1. Do a Google search on strip mining. What is strip mining?



2. Then do a Google image search on strip mine pit so that you know what a strip mine pit looks like, as well as lakes that form in abandoned strip mine pits.




Leach Pads
1. Do a Google search on heap leaching. What is heap leaching?



2. Then do a Google image search on heap leach pad so that you know what a leach pad looks like.






Why are there large areas of many mine shafts that have no BMRR symbols?




Before going on to Part IV, be sure to symbolize/color each of your BMRR data sets differently.


Part IV: Your mining data to Google Earth 
A. Exporting your data to KML/KMZ files
1. When you  make kmz files from shapefiles, the placemarks will inherit the symbols and colors from ArcMap. So, be sure that each file has a different symbol in arc map before going on.
2. Make kml/kmz files of your mine shafts shapefiles (the “all mine shafts” file, plus the Hg and As mine shafts files). Note that the layer must be visible in your ArcMap in order for the kmz file to inherit the symbology.
3. Make a kmz file from each of your BMRR layers.
4. Make a kmz file for your Nevada streams as well. Before you export your streams, be sure that they are blue…..
B. Exploring your mining data in Google Earth
1. Before saving your kmz files out of ArcMap, you should have symbolized and/or colored your mine shafts and each of your BMRR data files differently. If you did not do this, go back to ArcMap, do this, and re-save your kmzs.
2. Launch Google Earth. Open your new .kmz files. The kmz files are listed in your Temporary Places. Click on the globe icon to open each kmz file, and right-click on the folder insider (not on the globe icon) and choose Save to My Places. Remember that you can turn layers on and off so that you can see various sets of data more easily. 
3. There is an amazing amount of information in each of these placemarks. Below, you’ll see two placemarks for the same location – the one on  the left comes from the BMRR Regulation sites and the one on the right comes from the BMRR Reclamation sites.
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4. Be sure that the geographic information under Layers is turned on in Google Earth so that you can see the names of cities and towns.
5. Fly to Manhattan, NV, and zoom out until you have roughly the view shown below. 
a. Google Manhattan, NV, and read the Wikipedia entry, which has good basic info. Gotta love the population stats - as of 2005, the population of Manhattan was 124, and the town has two bars….Also read about the mining district at http://www.goldrushnuggets.com/mamidine.html 
b. [bookmark: _GoBack][image: ]Zoom way in, and explore the areas marked by placemarks plus the data behind the placemarks in the Manhattan Mining District by clicking on placemarks and reading the info boxes. 
6. Now that you know what sort of information is behind the various placemarks, plus what you can see in Google Earth, zoom in on other places in Nevada, explore the placemarks and what you can see in the high resolution satellite imagery. Develop a picture for past and present mining activity in Nevada. Do a little Googling on the mining districts that you encounter.


Part V: Choosing critical water sampling targets
You now have a complex data set, including the high resolution satellite imagery in Google Earth. You know what each data set contains, and you know how to do a variety of GIS analyses. Your job now is to decide what areas pose the greatest potential for surface water contamination and risk to human populations. You will recommend critical areas for immediate water sampling and monitoring and defend your choices with arguments supported by GIS data and analyses. You will need to decide:

1. What are the criteria I will use for choosing these critical areas, and why?
2. Do I need to do additional GIS analyses in order to locate these areas?
3. What arguments will I use to support my choice of critical sites (and, by extension, not choosing others)?

This is more open-ended than any analysis we have done so far, and there is no “right answer”. Think critically, analytically, and creatively.
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