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How situated in course
In-class activity during last half of lecture period in large (50-100) student environmental geology lecture course for non-science majors.  Students also have weekly 2-hour lab, so assessment/grading is minimized in the exercise, but activity could be developed into lab (some ideas included).  
In previous lecture(s), students have seen and discussed terms/graph/figures to learn terms and concepts: river stage, velocity, cross-sectional area, discharge, hydrograph and its components, changes in hydrographs based on storm type, location along stream, region, etc.  In short, they have had the usual intro to rivers and floods.
Experiments take ~10 min to run and ~ 5 to discuss.  Need 1-3 student volunteers.

Brief Summary

Create hydrograph and explore changes in physical parameters on form of hydrograph.  Set up is easy: water is sprinkled into a model watershed (sand in pop bottle) and allowed to dribble onto cheap digital scale.  Students record weight of water over time, convert to volume, and then create hydrograph.  More complicated pop-bottle watersheds can model effect of urbanization, antecedent moisture, changes in precipitation, changes in “soil” porosity/permeability, etc.
Goals
Primary
-To take the lecture off PowerPoint!

- Have students make a graph based on data collected in class.   This is an opportunity to be explicit about the process of science.
- Transformation of data: measure weight over time but plot discharge over time.  Similar to stage-time graph conversion to create hydrograph (although it does not address rating curves).

- Provide visual and kinetic mechanism for brainstorming other factors that change hydrographs.
- Reinforce basic skills: data collection, setting up a table, unit conversion, plotting data

- Make a prediction based on knowledge from lecture (how will form of hydrograph change if we change X, and why?)

- Example variations that can address advanced ideas
Calculate a water balance to determine amount of transport vs. storage in the watershed if components are weighed before and after.
Insert gutters (straws) that will make system more “flashy”

Add sponge or vegetation to increase peak lag time and decrease rising limb (Admission: I haven’t tried this!)

Compare different materials (gravel vs. silt) and examine transmissivity (note, to save time, can be completed side-by-side tests to just compare time.)

Just re-run first setup to examine effect of antecedent moisture (see caveat in challenges!)

Idea is altered from in-class hydrograph run by Josh Roering at University of Oregon. His set up and handouts can be accessed at: http://www.uoregon.edu/%7Ejroering/hydrologicresponse.html

Details

Materials
· Empty two 2-liter pop bottles with caps
· Silty sand (3-4 cups)
· Scale (digital kitchen scale to 0.2 g works)

· Handouts with table and graph on same page (I make them fill in columns and axis titles)

· Set up excel on projection or overhead transparency so student volunteer can record data 
· Watch with seconds
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Optional
· Straws (act as sewers)

· Organic material (to slow infiltration)

· Alternate clastic materials (clay or gravel)
· Your idea here.

Set up
See drawing below.  Cut bottles so that you have a:

· Storm (top with small holes poked in cap)

· Watershed (bottom with small holes poked in bottom)

· Lake (bottom)

· I also use a ring from center to better separate storm and watershed

· Students to hold apparatus, read scale, record data

Procedure
After introducing terms and use of watershed, stage, discharge, infiltration, and hydrograph in flood monitoring, I present the apparatus to students and ask for volunteers (3 is good).  A set amount of water is poured into storm, which is nested in watershed.  One student holds storm and watershed above (not resting on) lake.  Stopwatch started and the beginning of the storm is recorded.  Water slowly percolates through silty sand in watershed; students can see wetting front, discuss water in pore space, etc.  With the first drop of water into the watershed the timer calls out the weight of water every 30 seconds.  Student recorder writes in time and weight in column (rest of class fills in handouts too).  Note when storm stops. Point out peak discharge as it passes. Students calculate volume from weight (easy if you use grams) and change in time to calculate discharge.  Instruct them to label graph and plot data as experiment progresses.  

Discussion/Reflection/Synthesis
Discuss observations, data, and graph after first model and then brainstorm for ideas on changing the watershed hydrology and effects on the hydrograph.  Easy and quick models to run are (1) using the same (now wet) watershed to illustrate effect of antecedent moisture or (2) imbed straws into other watershed that act as sewers/gutters.  

Assessment

Ideas for determining what students have learned:

- Have students draw concept sketch (of sorts) that includes 2 hydrographs for different settings (urban vs. forest, upstream vs. downstream floods) with labels (lag time, rising limb, falling limb, peak discharge) and short descriptions that explain why the hydrographs are shaped as they drew them.  Would be quick to grade but synthesizes lots of info.

- Would be good to develop questions that test misconceptions. 

Challenges
The rising limb is steep!  Because the water starts to pour out quickly, excited student often reads out weights in sequence rather than designated time intervals.  Can be confusing for data recorder (so I usually sit nearby and keep my own so it can be cleared up if need be).
Some students slower at graphing, so I do towards end of hour so that faster students can leave but others can stay and get help.

