Birth of a River in Yellowstone – Instructor’s Notes

I suggest doing this over one and a half to two days so that projects can be broken down into manageable workloads.

Day 1 would be to do a preliminary review lecture of stream hydrology principles as needed, depending on where the exercise falls in your sequence.  Then students can work in their field parties, independently compiling field notes, and developing the safety and sampling plans to turn in at the end of the day.  This gives an opportunity to review the deliverables and give correction feedback as necessary. (Tasks 1 through 3)

Day 2 is the work with the spreadsheets, and the review, the update of their safety and sampling plans and their written work.  Alternatively, they can turn in the final write-up the following morning. (Tasks 4 through 8)

Notes on each of the Student Tasks:

1.  Note 1a:  The “field parties” in this case can independently visit the Google sites in Street view, satellite and map views (give them a time limit or they will disappear down the rabbit hole).  They may need some prompts to get them started.  Then they can compare notes on their observations in a discussion forum to complete the three forms for their field party.  Class discussions can include the comparison of field safety to other locations or regions that they may be more familiar with.   

Additionally, Trip Advisor also has some photographs of the area, but not always as much detail as the Google street view (i.e. more people, less scenery).  And the references from National Park service water quality reports (see below) have images that could be used to augment the ones included in the student packet.

If they are new to field notes this may require some discussion to get them to note relevant information in the images.  Often students need reassurance that they are making the right observations.

2.  Note 2a:  Google has the Gibbon River mislabeled as the Madison River above the junction with the Fire Hole River so it does not match the topo maps.  It is arbitrarily changed to the correct labeling about 4 km up the river, below Gibbon Falls.  

Note 2b: There are several programs available for digital Field Notes; 
Google Docs can create a note page, 
Evernote is the student digital notebook and is apparently free,
Flipboard is a way to collect notes into a magazine format,
Notability, is inexpensive app,
Digital Field Notebooks; an application created for Professor Henry Art
e-Field Notebook for Ecological Study
Unfortunately, given the short ramp-up to digital learning, I have had little experience with any of them, in a pinch I had students use a Word document (landscape orientation with 2 columns) to record their field notes.

Note 2c: USGS topographic maps can be downloaded at the USGS website:  https://viewer.nationalmap.gov/basic/?basemap=b1&category=histtopo,ustopo&title=Map%20View.  As is typically the case, one map won’t do it.  Four different maps are necessary to cover the area of interest:

USGS 06037500 Madison River near West Yellowstone, MT
Latitude 44°39'25.46", Longitude 111°04'04.67"   NAD83
Gallatin County, Montana, Hydrologic Unit 10020007
Drainage area above gage: 435 square miles; Datum of gage: 6,650 feet above   NAVD88.
https://nwis.waterdata.usgs.gov/nwis/peak?search_site_no=06037500&search_site_no_match_type=exact&state_cd=mt&group_key=NONE&sitefile_output_format=html_table&column_name=agency_cd&column_name=site_no&column_name=station_nm&format=gif&set_logscale_y=1&date_format=YYYY-MM-DD&rdb_compression=file&hn2_compression=file&list_of_search_criteria=state_cd%2Csearch_site_no

Madison River gaging station is located on the West Yellowstone, MT, 7.5 min. Quadrangle, USGS 2017

Madison River headwaters are located on the Mount Jackson, WY, 7.5 min. Quadrangle, USGS 2017

USGS 06037100 Gibbon River at Madison Junction, YNP
Latitude 44°38'26.88", Longitude 110°51'39.83"   NAD83
Teton County, Wyoming, Hydrologic Unit 10020007
Drainage area above gage: 125 square miles; Datum of gage: 6,800 feet above   NAVD88.
https://nwis.waterdata.usgs.gov/nwis/peak?search_site_no=06037100&search_site_no_match_type=exact&state_cd=wy&group_key=NONE&sitefile_output_format=html_table&column_name=agency_cd&column_name=site_no&column_name=station_nm&format=gif&set_logscale_y=1&date_format=YYYY-MM-DD&rdb_compression=file&hn2_compression=file&list_of_search_criteria=state_cd%2Csearch_site_no

Gibbon River gaging station is located on the Madison Junction, WY, 7.5 min. Quadrangle, USGS 2017 

USGS 06036905 Fire Hole River near West Yellowstone MT
Latitude 44°37'12.66", Longitude 110°51'48.61" NAD83
Park County, Wyoming, Hydrologic Unit 10020007
Drainage area above gage: 261 square miles; Datum of gage: 7,050 feet above NAVD88
https://nwis.waterdata.usgs.gov/nwis/peak?search_site_no=06036905&search_site_no_match_type=exact&state_cd=wy&group_key=NONE&sitefile_output_format=html_table&column_name=agency_cd&column_name=site_no&column_name=station_nm&format=gif&set_logscale_y=1&date_format=YYYY-MM-DD&rdb_compression=file&hn2_compression=file&list_of_search_criteria=state_cd%2Csearch_site_no

The Fire Hole River gaging station is located on the Lower Geyser Basin, WY, 7.5 min. Quadrangle USGS 2017

The topo maps are available as PDFs and very good quality, however the balance between the resolution and file size for the students to download is thin. If additional map-based projects are to be added in to measure stream properties such as grade, or to draw stream valley profiles, etc.,  I have cropped higher resolution images and their scale from the larger pdfs and added them to Word files (e.g. the map in the student handout).  

Note 2d:  The road is accessible during most of the year so images in street view provide a lot of information on stream flow (lots of fisherman and bison for scale) and stream flow during different times of the year (i.e. May (peak) versus August (return to base flow).

3.  Note 3a:  The field plans can be simple or build on other information earlier in a class to include not only field measurements, but to collect water samples for lab analyses.  The safety plan template is modified form a collection of various university safety plan forms.  The safety plan required for Yellowstone NP is quite detailed and probably beyond that required for most field sites the students would encounter outside the park. 

4. Note 4a:  The USGS data selected for the sampling overlaps in time to minimize the day to day variability.  Only the samplings that contained specific conductance data along with the discharge data were chosen form the available data.   

5. Note 5a:  Some temperature data exists along with the specific conductance data.  Temperature can also be modeled as well, but the results are not as clear-cut owing to the amount of hydrothermal springs in the area.  In addition, the amount of sun striking the streams is greatly increased by the browsing and grazing of the park ungulates and beaver.  Streams that would be shaded by willows under normal conditions, are exposed because of the over-grazing.  While the re-introduction of the wolves has improved stream quality in other areas of the park, they have not had an impact in this area.










Example from 2006 data
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	Madison River at high flow WY - October
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Note 5b: Values in black text from the data set, values in blue are calculated values.
“Calc.” values for X3 are by default set = 1.0.  Values for “measured” will be >1 for additions from groundwater, precipitation, etc. and values <1 suggest loss through the streambed or evaporation/transpiration.  This becomes a good discussion point for the students to think about the change in input and output over the entire water year.  

6.  Note 6a:  There are 16500 lines of data in this sheet.  The site records, like most active sites, every 15 minutes.  We have randomly removed a number of points to bring it to a manageable number of values to enable easy loading, but more could be removed if necessary.

[image: ]
This was the first year of data following the gage installation, some of the noise in the data may be attributed to disruptions following installation until things settled.

Over time, changes in stream channels are often caused by erosion or deposition of streambed materials, seasonal vegetation growth, debris, or ice. New discharge measurements plotted on an existing stage-discharge relation graph would show this change, and the rating curve is frequently reevaluated, reviewed and adjusted to allow the correct discharge to be estimated for the measured stage.

7.  Note 7a:  These data are not from the park, but from a similar tributary downstream and represent the input of small perennial streams into the Madison River that are often spring fed from fracture flow through the rhyolite.  If this is taken as an average size small stream, the number of unnamed streams that appear between the headwaters and the gaging station in West Yellowstone and be summed up and compared to the discharge differences in the mass balance exercise above (their task 5).   

The salt tracer exercise is modified from:
Salt Tracer and Area-Velocity Water Discharge, Catherine Riihimaki, Drew University
https://serc.carleton.edu/NAGTWorkshops/geomorph/activities/23496.html with additional modified by Candace Kairies-Beatty, Winona State University

8.  Note 8a:  You may want the students to have longer for the final write-up they could potentially turn in the final write-up the following morning, to give them time to think about the different methods and their pros and cons for use in this area, and how they would summarize the data.  

I have also had more advanced students write the final summary as if they were constructing an abstract for a meeting using the Geological Society of America guidelines for abstract submissions.   The length and detail of the final summary all depends on where this fits in the course and the level of the students participating.
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