	"LONGPRO" STREAM MODELING EXERCISE
	W. W. Locke


	In this lab you will learn to "think like a stream" by integrating modeling with field data. The context is a study of a piedmont alluvial stream - Middle Cottonwood Creek - and its deposits. The format is a modeling exercise incorporating previously collected field data, in which the output of the model is constrained by the field data. The desired outcome is an applied understanding of the interaction among stream discharge and slope (stream power) and sediment load and load caliber (bedload), as demonstrated by the ability to accurate model Middle Cottonwood Creek.  This instruction sheet introduces the activity in words, with reference to the accompanying Excel spreadsheet; it is followed by an explicit “recipe” of steps to follow.

The field exercise involved multiple traverses of Middle Cottonwood Creek (draining part of the west flank of the Bridger Range north of Bozeman, MT) between the Bridger Range and the point where it disappears into subdivisions and agricultural fields on the floodplain of the East Gallatin River. At each stop, the caliber of the bedload was assessed by measuring the ten largest clasts and calculating a mean diameter. Channel size (exclusive of human modifications) and approximate roughness was also noted. 

The model, as documented, uses a bedload transport equation to reach an equilibrium slope to transport the available load at the existing load caliber, with the available discharge. It does NOT model erosion or deposition (although these may be postulated), merely an equilibrium slope. The sum of the equilibrium reach slopes defines the equilibrium longitudinal profile.

Inputs to the spreadsheet model (column headings in CAPITAL LETTERS) are many. They include arbitrarily assigned values (width coefficient, Manning's N), regionalized values (incremental increases in discharge), measured values (load output caliber), and values which must be manipulated to achieve the desired result (incremental decrease in discharge, change in load, and caliber of bedload input). In order to make this exercise work, you must be able to visualize the effects of changes in each of these variables.  Values are changed incrementally (meaning a new value must be input for each 1 km reach of the stream).  

Assumptions of this project are many. Most importantly, the bedload transport function (included in the "Slope" column) must be reasonably accurate. Snow and Slingerland (cited in Snow, R.S., 1991, Jour. Geol. Ed., v. 39, p. 227-229) discuss the source of this equation, which is a paper in the engineering literature which discusses 30 or more possible bedload functions! We must assume a single formative discharge, whereas it is likely that the river channel is never in equilibrium throughout, but may erode in one reach while depositing in another, or evolve at its head in high-frequency events and its toe in low-frequency ones. The sediment data are defined as OUTPUT CALIBER, but they could also be considered as "Total Caliber" (transported, rather than deposited, at peak discharge, and deposited in declining stages). All units are in "per second", thus total work and total volumes cannot be directly calculated.

Implications of this project are legion. Multiplied by the duration of significant discharges, it implies something about rates of mountain erosion, basin filling, and work in the system. The nature of the groundwater system is also implied by the required rate of infiltration.

	RESOURCES NEEDED:


 Topographic map of entire drainage from divide to East Gallatin River - Belgrade and Sedan, MT 1:62,500 quads

 LONGPRO Excel spreadsheet model

 Data from field trip

STOP

WIDTH (m)

DEPTH (m)

MEAN CLAST
DIAMETER
(mm)

CLAST Standard Deviation (mm)

Manning N
(visual
estimate)

2

4

0.7

1064
(Do not use - 
roughness, not load!)
155

0.07

3

4

1.0

785

96

0.06

4

3.5

0.8

478

70

0.05

5

3

0.75

297

23

0.045

6

2

0.6

132

42

0.035

7

[Heavily modified]

121

20

0.04

8

Note: No existing channel - plowed under!



	PROCEDURE AND RATIONALE (see Recipe at end of page for summary of steps):

In its simplest form, this model requires that a theoretical longitudinal profile be matched to an actual profile. The first step is to determine the actual profile by marking points at 1 km increments along the stream from the drainage divide to the toe of the model, estimating the elevations of those points (in feet) from the map, inputting them as a column at the right end of the model, converting them to meters in the adjacent column, defining the "DISTANCE DOWNSTREAM" column in km), and graphing elevation versus distance. [This is the easy part - I even did it for you!]
Discharge
To model the profile requires many steps. First, the formative discharge must be estimated.  Middle Cottonwood Creek is ungaged - the discharge must be estimated from regional data.  But what discharge? Inasmuch as Middle Cottonwood doesn't run to the valley floor in most years, a recurrence interval longer than one year seems indicated. Magnitude/frequency relationships, however, suggest that infrequent large events do less work than frequent smaller ones, thus a 100-yr R.I. is probably too long. R. J. Omang (USGS WRI-92-4048) has estimated flood discharges from topographic characteristics of drainages in regions of Montana - based on catchment area and elevation.  Those discharges for Middle Cottonwood Creek at the canyon mouth are as follows:
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DISCHARGE INPUT must be added incrementally within the mountains to achieve the desired discharge at the canyon mouth (green line). Below that point, no further addition is possible on the surface (no tributaries) or likely from groundwater (no springs), and observations suggest decreasing discharge downstream (OUTPUT - blue text; disappearing stream, decreasing channel size). It cannot, however, decrease to or below zero, or the model will blow up!  So much for models imitating reality!  [Note that Jim Hay's (1997) thesis discharge data – 3.75 m3s-1 at the canyon mouth and 1 m3s-1 at site 6 – Springhill Road - provide discharge and infiltration calibration.]

Bedload Input
BEDLOAD INPUT is positive in each increment above the canyon mouth (erosion of channel and sideslopes and increasing discharge), but becomes negative (OUTPUT - blue text) below the canyon mouth (deposition, not incision and terracing below Shadow Mountain Road crossing). Note that the Total Sediment cannot go to zero despite downstream deposition. Trial-and-error has shown that the model is incredibly sensitive to the rate of sediment input, and that values in the 0.0001-0.001 m3s-1 range are appropriate.

Input Caliber
INPUT CALIBER is moderate within the mountains, reflecting steep slopes and coarse input from rockfall, but low Q, thus moderate stream power. The actual value reflects a weighted average caliber, or effective caliber, not the actual diameter of any single particle. OUTPUT CALIBER on the fan starts much larger than Total caliber (because only the coarse tail of the total bedload is deposited at each step).  In order to reflect actual stream processes, Total Caliber must decrease downstream on the piedmont and should be finer than the IN(OUT)PUT  CALIBER at any given point on the piedmont.  The large clasts measured at each stop are indicative of OUTPUT CALIBER – if you don’t use those values, you should use a proportion (e.g., 60%) of them.  Obviously, caliber too must remain greater than zero. Both BEDLOAD INPUT and INPUT CALIBER can/must be adjusted to achieve the desired result.  NOTE: Input caliber will typically be less than 300 mm in the basin (fine particles reduce the mean value) even though they exceed 750 mm (coarse "tail" only) on the fan!

Manning's N
Roughness values have been estimated for you in the data table above – make your own estimates from the pictures if you prefer: see http://www.geology.buffalo.edu/courses/gly313/Lecture/Manning/4MANNING.HTM.

Width
At this point, either input and interpolate field data in the WIDTH column, or input a value in the "Width Coefficient" cell (above the model matrix) which yields reasonable values in the "Channel Width" column.  Note that if a much larger channel is required than was measured in the field, your formative discharge may be too high.

Model Generation
The model starts with the real stream elevation at the bottom of the Water Sfc. Elevation column and calculates the slope needed to transport the available load and load caliber with the available discharge. Graphed as series 2, it can be compared with the actual stream profile (series 1). The ultimate goal of the exercise is to match the two profiles. Note that, within the mountains, the model profile must only lie below the actual profile (implying that the existing slopes are steep enough to transport all available load - no deposition). The INPUT CALIBER of deposition downstream is constrained by field data. The fine-tuning process involves modifying the rate of discharge loss downstream (faster near the mountains, in coarser sediment, or slower in less well-sorted materials?), the rate of deposition downstream, and the amount and size of sediment input within the mountain in order to both match the alluvial profile and keep the Total Caliber reasonable. 
Good Luck!
RECIPE

1.      Load LONGPRO into Excel.  Set Zoom as required to see the entire model and graph at once.  All values in columns headed by BOLDFACED UPPERCASE are merely placeholders and must be changed.

2.      Insert estimated MANNING ROUGHNESS values at measurement sites: e.g., 2=0.07, 3=0.06, 4=0.05, 5=0.045, 6=0.035, 7=0.04.  Interpolate/extrapolate to complete the column. 

3.      Insert measured WIDTH values.  Interpolate/extrapolate or allow model to estimate the rest.  Note:  after you have determined discharge (step 9) you might want to compare the measured widths to the calculated ones! 

4.      How frequently do YOU believe that deposition affects the fan surface?  Select a formative discharge (Qn, where n = recurrence interval in years) at the canyon mouth: Q2 ~ 1, Q5 ~ 2, Q10 ~ 2.7, Q25 ~ 3.6, Q50 ~ 4.8, Q100 ~ 6 m3s-1.   

5.      Add incremental positive DISCHARGE IN(OUT)PUTs in the bedrock basin to reach that formative discharge in the Total Discharge (m3s-1) column at the canyon mouth, then add incremental negative DISCHARGE IN(OUT)PUTs to reduce discharge appropriately on the fan. 

6.      Insert measured IN(OUT)PUT CALIBERs (in mm) or proportional values at study sites and interpolate and/or extrapolate values at remaining sites.  NOTE: within the mountains, use 200 mm to start, then tweak as necessary. 

7.      Estimate rates of SEDIMENT IN(OUT)PUT across the area.  Start with INPUTS of no more than 0.001 m3s-1 within the mountains and OUTPUTS of -0.0003 m3s-1 on the fan, then tweak as necessary. 

8.      Modify input CALIBER, BEDLOAD IN(OUT)PUT, and DISCHARGE INPUT as necessary to match the MEASURED and calculated profiles.  NOTE: Total Caliber must remain less than INPUT (actually OUTPUT) CALIBER on the fan. The MEAS. MINUS CALC. column should approach zero (within 10 m) at all points below the canyon mouth and must be positive (model below real) in the mountains, where erosion dominates.

9.      Explicitly characterize the vertical exaggeration (VE) in your graph as you customize it for ideal display of your work. 

10.  Submit your work with a 1-2 page discussion of why the Middle Cottonwood Fan looks like it does. Use terms such as "independent variable" and "dynamic equilibrium" and "base level". Explain all trends in your data, especially anomalous values.  Due at close of business (5 PM) Friday.


