Drossman/Kummel



EV 311: Water


Block 8, 2010

Project I: Hydrologic Analysis of Chalk Creek by the Rosgen Classification System

Honor Code: You may use your notes, texts, library resources and the people in your group as resources. You may not use the help of any people outside your group (except questions for Miro or Howard).  Each person should sign the honor code as recognition and understanding of the stated rules for this project.  Each group should submit one set of answers (including the fully completed answer sheet on the last page of this assignment) on Monday, April 26 at 9 AM for full credit.  

This project is designed to help you make sense of the class hydrologic survey data.  The results of the hydrologic analyses from the Chalk Creek survey during our Arkansas River trip are somewhat useless unless the data are analyzed and interpreted correctly.  This group hydrologic analysis project should also allow you to make inferences about fluvial geomorphologic factors that affect stream ecology.  Though you might have different people in your group take the lead on the different tasks listed below, we strongly urge you to test for errors of calculation to learn more.  Each person must understand how to do all the calculations and graphs.  We reserve the right to include questions on all topics in this project on the final oral exams that may include calculations and interpretation of data.

Use the combined class hydrologic data (Excel spreadsheets) to answer the following questions.  The 11 Excel data spreadsheets linked to our class syllabus contain the (edited) student-generated data:

Long2010: longitudinal survey data and station data

Pebble1; Pebble 2; Pebble 3: riffle pebble counts from each location

RepPebbleCountUp: representative (pool and riffle) pebble count for upstream site

Discharge1; Discharge2; Discharge3: Discharge and calibration data for each cross-section

CrossSection1; CrossSection2; CrossSection3: cross-section data with floodplain information for lateral sections

Why Bankfull?

This project is based largely on the Rosgen stream classification system described in his 1994 Catena paper and expanded upon in by field observations and in the handout package available for each group in the ERC. Some knowledge from Chapters 1, 2, 3 and 6 of your text is also useful.  Groups of three students will analyze one cross-section for lateral profile, riffle pebble count and discharge.  In addition, all groups should analyze the entire longitudinal survey and the representative pebble data.  There is one handout package per group.  Email Howard if you can’t find a packet.

The role of bankfull in applied fluvial geomorphology:

“The role of the bankfull discharge in shaping the morphology of all alluvial channels is the fundamental principle behind stream classification.  The dimension, pattern and profile of rivers and streams at the bankfull discharge provide a consistent reference point that can be used to compare the morphology of rivers from around the world.  All of the morphological variables used in stream classification are expressed as bankfull values.  For example, width/depth ratio is the width of the bankfull channel divided by the mean bankfull depth.” …David Rosgen

Or to put it more succinctly:

“If you don’t know bankfull, you don’t know %$#@.” …attributed to D. Rosgen.

Part I: Cross-Section Data (lateral survey):  For these exercises, an Excel graph of elevation vs. cross-section is required.  Include a clearly labeled graph for your assigned cross-section with this part of your report.  Follow the directions starting on p. A10 of your handout for this section.

a. Use your assigned cross-section survey data to draw a cross-section view that includes the entire flood-prone area and indicates the bankfull elevation, water surface elevation and thalweg depth (as illustrated in handouts). Cross-sections should include the absolute elevations and not relative elevations.  Using this plot, estimate the bankfull width and fill in the value on the worksheet (on the last page of this handout).  Indicate whether the cross-section data is consistent with the longitudinal data.

b. What is the measured bankfull cross sectional area? Fill in the value of the bankfull cross-sectional area on the worksheet and provide a spreadsheet (or graph) with your calculations.  All graphs should be appropriately and clearly labeled.

c. Calculate the maximum bankfull depth by dividing the bankfull cross-sectional area by the bankfull surface width.  Fill in the value on the worksheet.

d. Calculate the W/D ratio by dividing the bankfull width by the bankfull mean depth.  Fill in the value on the worksheet.

e. Calculate the entrenchment ratio by dividing the width of the flood-prone area by the bankfull surface width (use handout to define).  Fill in the value on the worksheet.

Part II: Longitudinal Data (Longitudinal Survey & Stream maps)

Survey Map: The longitudinal data profile characterizes average stream slopes and depths of riffles, pools, glides, rapids and steps/pools. An example of what your cross-section map should look like is illustrated on page A9 of the handout package.  All groups need to complete the entire longitudinal profile.  

a) You will first need to use Excel to calculate the longitudinal elevations (above sea level) for the water surface, bankfull “surface” and thalweg bottom surface using the station elevations, the laser level data and the water surface data.  Make sure you adjust the elevations for the four different stations. All elevations should be consistent with the Station 1 ground surface elevation of 8200 ft.

b) Plot the thalweg elevation as a function of distance downstream using the connected line option for scatter plots in Excel.  

c) Label the major features (pools, riffles, glides, runs) and explain carefully why the stream takes these observable features as a function of the water velocity (vertical or horizontal dimension?) and stream meander.  Include your plot with this report.  Use the figure from page A20 of the handout as a guide.

d) The average water surface slope is required for delineating stream types and is used for calculating several dimensionless parameters.  Though the average water surface slope is usually measured between two bed features of the same type (e.g. top of riffle to top of riffle) over a distance of 20-30 bankfull channel widths, you should calculate the average water and bankfull slopes using the Excel trendline function.  Report both the slope and the r2 value.  Explain the meaning of the r2 value and whether your calculated r2 values indicate a good or poor fit to the data.  Fill in the value for water slope on your worksheet and print a copy of the longitudinal profile with the bankfull and water surface data and slopes calculated.  How does the bankfull slope compare with the water slope?  Are they statistically the same?

e) Based on your knowledge of habitat preference of macroinvertebrates and fish, suggest how each type of organism would likely be distributed among the main channel features.

Part III: Hydraulic Relations (Pebble Counts)
a) Using the tables on p. A27 and A29 as a guide, plot the upper limit of each size class and the corresponding cumulative percent finer than values on the x-axis and primary y-axis respectively for the riffle samples in your assigned cross-section.  On the same graph, plot the upper limit of each size class and the corresponding value for the combined representative riffle and pool total from the upper reach analysis.  Record the D16, D35, D50, D84, D95 and D100 values on the worksheet. D refers to the diameter of the particle and the number (i.e. 16 refers to the cumulative percentile for that diameter).  Thus the value of D16≤D35≤D50.  Use the example table provided on p. A28 of the handout to plot the data using Excel from your assigned cross-section riffle pebble count and the representative pebble count.  Are the representative and riffle counts the same statistically for D50?  Are the pools and riffles the same for D50?  You may assume a 10% error when deciding if the values are the same for D50.

b) Use the pebble count data to calculate u/u*, bed roughness, stream classification and Manning’s n as detailed in the handout (pp. A 38 – A 44).  You may need some data from other parts of this assignment.

c) Explain carefully the meaning of u/u*, Manning’s n and then explain why different size grains move at different velocities and why this is important in fluvial geomorphology (reference texts in Tutt Library like Luna Leopold’s Fluvial Processes in Geomorphology or View of the River will be useful here; I will try to place my copies in the ERC as well - please do NOT remove them!). There is some information on Manning’s n in Chapter 3 of your text and information on movement of sediment in Chapter 4.

Part IV: Discharge Measurement (Discharge Data and Internet gaging station data)

a) Use the most appropriate method from HL Ch. 3 to calculate stream discharge for your assigned cross-section (in both cfs and cms) with your set of count measurements.  Make sure to use the calibration value to convert from counts (which measure propeller rotations) to water velocity.  An Excel spreadsheet works quite well here.  Submit an electronic copy the spreadsheet on PROWL in .xls (NOT .xlsx) format.   

Using data from the Chalk Creek gaging station linked on the Chalk Creek project page (and below) any other gaging data for Chalk Creek (CHCRNACO): http://www.dwr.state.co.us/SurfaceWater/data/division.aspx?div=2 to answer the questions below: 

b) Compare your calculated discharge to the gage discharge on Chalk Creek on the day of our survey. Discuss how close our data is to the observed data by estimating our accuracy.  On many prior years, there was a much larger discrepancy where the gage data was much less than our observed data. Discuss which of the following explanations (or others) is the most probable source of discrepancy when our calculated discharge data is significantly greater than the gage data at Chalk Creek?

i-Errors due to your calculation of discharge.

ii-Errors due to excess drainage or infiltration: compare the drainage area at the gauge versus drainage area for the survey.

iii-Errors due to water diversions

c) Would the discrepancy likely increase or decrease at high flows?  Explain carefully.

BONUS: Compare the stream hydrographs at Parkdale (USGS gage) and Nathrop (CO DWR gage).  Hypothesize how long it takes for an average water molecule to move down the Arkansas?  The drive from Parkdale (bathroom stop) to Nathrop was about 60 miles.

Part V: USGS Maps, Digital Photos and Sketch Maps (much but not all of this section should have been completed on Monday in the GIS lab):

Use the USGS section of the Chalk Creek topographic map and/or digital elevation photographs provided in the GIS lab as well as (when useful) your sketch maps to:

a) Determine the Strahler stream order of Chalk Creek at our survey area.  Include a copy of the map data with all inlet streams labeled with their correct order.

b) Delineate the Chalk Creek watershed (drainage area) that terminates at our survey site (graph paper or a balance might be useful here).  A balance and scissors will be helpful.  Include the map and calculations.

c) Using the dimensions from both the topographic map and your field measurements, calculate the sinuosity, belt width, meander length and radius of curvature (see handout p. A34).  Add your answers to the worksheet on the last page of this handout.  Compare your field results with the map results.  Which seem more accurate? Why?

d) Compare the USGS map with your hand-drawn maps from the field.  What aspects of your hand-drawn maps were least accurate?  What aspects of your hand-drawn maps were more helpful?

Part VI: Validation of Hydraulic Relations with Gauging Station Data For this part you will be following the instructions on page A46.  It will probably be best to complete all previous parts above before doing this part.

a) Bankfull flows occur, on average, at the 1.5-year flood return interval.  For accuracy in determining this recurrence interval, we need enough data to plot flood frequencies.  We have linked a spreadsheet on the Project page of the peak flow data since 1950 (but missing a number of years where no data was available). Use the Excel file that contains peak flows since 1950 (minus some years of missing data) to generate a flood frequency spreadsheet as described in the handout on the useful links part of this project.  

b) Based on the results in part a, answer the following questions:

i- What is your best estimate of the discharge of a 50-year flood?  What is the corresponding height? 

ii- What is your best estimate of the discharge of a 100-year flood?  

iii-What is your best estimate of bankfull height based on all available Chalk Creek data from the gaging station?

c) Compare your calculated Chalk Creek data of drainage area (calculated from GIS on Day 1-or during the weekend project with a balance and scissors) to the most appropriate diagram of drainage area vs. discharge provided on page B8 of your handout package.

d) Compare your calculated Chalk Creek data of drainage area (calculated from GIS on Day 1) to the most appropriate diagram of drainage area vs. channel dimensions provided on page B9 of your handout package.

e) Compare relative roughness and Manning’s n by friction factor as well as Manning’s n by stream type using figures on pp. A41-A43 in your handout.

e) How do each of these support or not support your assignment of bankfull depth?

Part VII: Summary of River morphology.  This part requires that you complete all parts above first.

a) Classify the stream using the Rosgen classification system (A1a+ ( G6c; p. A3) and explain briefly why you chose this classification.  Is this what you guessed before surveying?  If not, explain the most likely source of the discrepancy.

b) Explain why bankfull is so important.  For instance, why don’t we use the most commonly observed flow rates rather than bankfull flow rates?

c) What flow rate is most commonly observed at Chalk Creek at our site?  You might use the annual data from the Chalk Creek gaging station and any discrepancies to help estimate this discharge.  You can look at all the annual data by clicking on the WY (water year) button on the Chalk Creek site.  Note that a water year runs from October – September and not January – December.

d) In your own words, explain briefly why Chalk Creek (or any creek) meanders as opposed to going straight.  You may get ideas from your text or a web reference, but be sure to re-state the ideas in your own words-and think critically about your source(s).

e) Based on your data collection, describe how the river hydrology supports our assignments of the river continuum for Chalk Creek.  Support your claim with specific evidence.

f) According to Chapter 2 of our HL text, how would the authors classify Chalk Creek? Be as specific as possible.

Hydrology Project Summary Calculation Sheet

	Variable
	Answer (with correct units)

	Bankfull Width, Wbkf (ft)
	

	Mean Depth, dbkf (ft)
	

	Width/Depth Ratio,  Wbkf/dbkf
	

	XS Area, Abkf (ft2)
	

	Max Bankfull Depth, dbkf (ft)
	

	Width Floodprone Area, Wfpa (ft)
	

	Entrenchment ratio, ER
	

	Sinuosity, K
	

	D16 (mm)
	

	D 35 (mm)
	

	D50 (mm)
	

	D84 (mm)
	

	D95 (mm)
	

	Slope (ft/ft)
	

	Stream Type
	

	Belt Width, Wblt (ft)
	

	Meander Width Ratio, Wblt /Wbkf
	

	Meander Length, Lm (ft)
	

	Meander Length Ratio, Lm/Wbkf
	

	Radius of Curvature, Rc (ft)
	

	Rc/Wbkf
	

	R/D84
	

	u/u*
	

	Mannings n
	

	Mean Velocity, ubkf (ft/s)
	

	Calculated Bankfull Discharge (cfs)
	

	Estimated Bankfull Discharge (from peak flow data)
	


