Instructor’s notes to LONGPRO – stream modeling exercise
OVERVIEW

LONGPRO is a laboratory exercise in a 300-level Geomorphology course.  The course serves majors in geology, physical geography, soil science, construction engineering, and secondary education (broadfield science).  LONGPRO is the third in a sequence of Excel® spreadsheet exercises used to teach spreadsheet skills, to apply those skills to the modeling of natural processes, to use those models to better understand the processes, and to apply that understanding in a research mode.  At this point, students are expected to be able to track formula components from the Formula Bar, understand conditional formulas and absolute and relative cell addresses, and modify graphical output to optimize visual communication.
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The specific student-centered goal of the LONGPRO exercise is to understand the nature of adjustments in bedload-dominated fluvial systems.  Although over-simplified, Lane’s Balance (Fig. 1) summarizes nicely; load times load caliber (resisting) and discharge times slope (driving) are the significant variables.  The LONGPRO exercise requires matching of a modeled stream profile integrating these variables to a real, measured stream profile.  This is an intellectually-challenging exercise, requiring 3-6 hours of work by 2- or 3-person teams with a success rate of only ~40%.
LONGPRO is built around Middle Cottonwood Creek north of Bozeman, MT.  Middle Cottonwood Creek is an intermittent stream that runs every spring (snowmelt plus seasonal rains) for part, but not all, of its length across the bajada between the Bridger Range and local base level: the East Gallatin River.  This lab takes place in October, when no flow is present on the alluvium (although flow is perennial in the mountains).  Initial field observations included bedload caliber (estimated from the intermediate axis lengths of the largest ten cobbles in any reach) and lithology, channel slope (from topographic map), and channel width and depth (measured in the field).  The students were asked to explain the concave-upward longitudinal profile of the channel in the context of particle size, discharge (with channel cross-section as a proxy) and magnitude-frequency relationships.

Originally, this was the second week of a two-week lab in which the first week involved a field trip to observe the stream system and collect sediment data, however logistical concerns forced the cancellation of the field trip and inclusion of archived data and visuals instead.  [NOTE: former field trip site 1, at a trailhead within the mountains, is not shown on the map or data tables.]  The same model could easily be applied to other streams.  The critical factors are an alluvial fan or apron (for which equilibrium, in a restricted sense, can be assumed) and the availability of data on either bedload or sedimentary deposits is available, along with approximate flood discharge.    The LONGPRO exercise is exhaustively described in the accompanying Activity Description and spreadsheet.
TIPS TO LONGPRO

A quick examination of the photographs shows that the channel shrinks in the downstream direction.  Runoff from the mountains infiltrates into the alluvial apron.  If no deposition occurred, channel slope would have to increase to maintain transport.  However, the channel slope actually decreases downfan, thus deposition must outpace the decrease in discharge; bedload must fine and be reduced in quantity as well.  The major variables, as stated above, are discharge, load, and load caliber.  Slope is calculated in Column L as the dependent variable; the others are treated as dependent.  
Discharge is estimated at the mouth of the bedrock canyon of Middle Cottonwood Creek.  It is immaterial what recurrence interval of formative discharge is selected – the equation can be “solved”.  Empirically, however, temporary gauges along the mountain front documented a 3.5 cms flood event that decreased to 1 cms at site 6.  Thus, the toe of the fan can only be shaped by rare (RI > 50 years) events.  The rate of infiltration is loosely constrained by the data above – whether it is linear, exponential, or more complex is unknown (but must be guessed by the students).
Load caliber in the bedrock basin is unknown, but the table of field data represents the coarse fraction deposited on the alluvial apron.  As a starting point, the load caliber input should be about 200 mm and the input amounts per length increment should be less than 0.001 cms.  [NOTE:  the angular boulders observed in the channel at stop 2 are NOT load!  They have rolled down the valley walls and serve as large roughness elements in the channel rather than as load.  At all other stops the coarse fraction was transported in and deposited by the creek.]   The students must realize that the caliber value is a mean (logically a geometric mean) of a few coarse particles (> 500 mm) and innumerable fines.  
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Load caliber output is defined by the largest clasts measured.  Note that this is an oversimplification, but the pattern of values is representative.  If a smaller caliber were used for output (e.g., “50% of the diameter of the ten largest clasts”), the model would simply require finer inputs as well to achieve equilibrium.  The output caliber is initially coarser than the throughput (average) caliber – this has caused student consternation in the past.  What takes some thought is that deposition of a small percentage of total load, but ONLY the coarse tail, will inevitably require the deposited material to have a coarser caliber than the throughput load (Fig. 2). 
STUDENT PROBLEMS

· Students will almost inevitably add in each increment above the canyon mouth the total discharge that they have selected as the formative discharge, thus achieving a total discharge six times desired at the canyon mouth!  Although we could shortcut that problem by simply defining a discharge at the canyon mouth, that would eliminate the potential to model above that point.  So – be alert!  Discharge must decrease down-fan, but cannot become zero or negative.
· Channel width can be forced by entering measured values, but that is risky (if the discharges are unreasonable the depth can become absurd!).  The width coefficient in cell D20 represents a power function defining width from discharge – it can (but need not) be tweaked to match modeled widths to observed widths but only if the discharge is reasonable (2-4 cms maximum).
· Bedload in(out)put are the least constrained numbers in the model.  Accordingly, they should be addressed last.  In order for the model to build, however, some “reasonable numbers must be available.  Reasonable maximum sediment discharge is about 0.0025 cms (varies with formative discharge).  Like discharge, it decreases down-fan to small non-zero values; common problems include removing too little or too much too high or too low on the fan.
· Bedload caliber comes from the observations, interpolated to intermediate values.  The only common problem is using the value from site 2 (“roughness, NOT load”).  Occasionally students will insert negative numbers (caliber, as a diameter, is always positive).

· It is easy to get an approximate match – it is a challenge to get a perfect match!  The biggest problem is that, when close but not close enough, changing one parameter will often make throughput of water or sediment go negative, thus “blowing up the model”.  The correct response is to change another parameter to bring the model back, but that requires a level of confidence that is often lacking.

· The most common incorrect outcome is a perfect profile match but with average (throughput) caliber at the toe of 1 m or more and miniscule sediment discharge.  The students often recognize the error but are out of time, patience, and ideas to correct it.

The ideal outcome has a discharge at the mouth of the canyon between 2 and 7 cms, a maximum load caliber between 175 and 275 mm, and a maximum total sediment load between 0.0003 and 0.003 cms (Fig. 3).  Infiltration rates should decrease smoothly down fan (as channel wetter perimeter decreases), and rates of sediment output or deposition also decrease down-fan.
Good Luck!
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