GEOL. 360

6/29/05

Stream Discharge and Sediment Transport in the Field
Today we are going to learn how to measure discharge in a stream and estimate the flow necessary to mobilize the bed. Discharge is a fundamental quantity in geomorphology. Not only is it important in determining when sediment will move and therefore erosion and deposition, but on a broader scale it (along with sediment supply) governs the size, shape, planform geometry, and longitudinal profile of alluvial rivers and ultimately shapes entire landscapes. In a more practical sense discharge data is essential in flood frequency analysis which in turn is used for insurance purposes (e.g. FEMA’s delineation of flood prone areas) and engineering considerations such as bridge, culvert and reservoir sizing.

Learning Goals:

1. Develop basic field techniques in measuring discharge and sediment sampling.

2. Understand the physics behind resistance and sediment transport relations.

3. Derive empirical coefficients based on field data.

4. Use field data and theoretical and empirical relations to make predictions about bed mobility.
Once at the site we will break up into groups of 2-4 people due to equipment considerations.  One group will survey the stream channel, while another takes velocity measurements, and the last group does particle counts.  We’ll rotate after about 45 minutes.  Make sure you get exposure to all aspects of the survey, velocity, and particle size measurements. There is a lot of work to do here and we only have a few hours, so work as a team.  You can copy notes and do some calculations later if necessary, but you need to get all the field information now.
Equipment Needs: survey equipment (stadia rod, tape, tripod, auto level), flow meter, waders, sample bags, sample bottles, sharpies, depth-integrated sampler, calipers, small shovels.
Measuring Discharge:

Initial set up:

· Find a suitable reach of stream preferably a long “straight” section free of obstacles that would retard flow.

· Attach one end of the tape to the upper bank and run the tape across the river.  Zero should be on the left bank (looking downstream).  Be sure the tape is horizontal (minimal sag) and oriented perpendicular to the flow. 

· Sketch a map of your location, any benchmarks, and the river channel.  Be sure to note the location of the instrument and the direction of flow on your sketch.  Also note anything that may affect the flow (Submerged aquatic vegetation, trees, large rocks, refrigerators, cars, bridges, etc.) and what the floodplain looks like away from the channel (e.g. is it flat or sloped).

· Below we will divide the channel into several sections, and measure the area and velocity of each of those sections.  Summing them all together will yield the discharge.

Survey to determine the AREA of flow:

1. Set up and level the instrument.  Pretend that the instrument is at an elevation of 10m above sea level (i.e. you are assigning the instrument at an arbitrary datum of 10m).

2. Take elevation readings on two nearby objects.  These will be benchmarks and you’ll survey these two points again at the end of the survey to see if the instrument has gone off level.  If so, guess what - you need to re-survey.

3. In your notebooks set up a table to record the distance on the tape and the rod reading.  Subtracting the rod reading from the arbitrary datum and you get the elevation of that point relative to the instrument.

4. Divide the active part of the channel (where water is flowing) into a number of equal sections (flow cells) such that no section is wider than 0.5 meters.  You should have 8-10 sections in all. Later, you will measure velocity at the midpoint of each of these sections.

5. Survey the channel from top of left bank to top of right bank, noting any significant breaks in slope.  Also be sure to survey in your flow cells from step 4 above. 

6. Plot the cross-sectional data in your notebook before you leave the field.  Does it make sense?  If not, you may need to survey again.

7. Calculate the area of each of the channel sections. This is most easily done by breaking the flow area into a combination of triangles and squares and summing their areas (see Open Channel Profiling Handbook p.2.6 – 2.7 included in http://www.marsh-mcbirney.net/manuals/Model_2000_Manual.pdf)
8. Survey a longitudinal profile extending approximately 50m upstream and 50m downstream at 5m intervals. Distance upstream/downstream is measured along the thalweg (deepest point) of the channel.  Be careful not to pull the tape out of the thalweg – let it rest along the bottom. At each interval record the bed elevation and the water surface elevation (depth plus bed elevation). You should record also the bed and water elevation at significant breaks in slope (head and toes of riffles and pools). What is the water surface slope (S) and bed slope of this reach? Is water flowing downhill?
VELOCITY Measurements:

1. Read the handout on the Marsh-McBurney Model 2000 velocity meter (http://www.marsh-mcbirney.net/manuals/Model_2000_Manual.pdf)
2. The meter should be set to record on 10 second intervals, if not, see me.

3. At each subdivision, measure the velocity at 0.2, 0.6, and 0.8 times the depth (see MMcB p. 18&19 *same URL as above*).  Have someone record these measurements.

4. Back at campus you can calculate the average flow velocity as per Open Channel Profiling Handbook p.2.6. You will use this to calculate discharge (see below).

5. At the thalweg (deepest part of the channel) take velocity readings every 5cm from the bottom to the top (try to get at least 10 measurements). Use this to create a vertical velocity profile. In the field plot velocity on the abscissa and depth on the ordinate axis with 0 at the top. Describe its shape – does it make sense?
DISCHARGE Calculation:

1. Discharge is equal to the flow rate (velocity) time the flow area. Q=V*A

2. Take the average flow velocity of each section and multiply it by the area of the section.

3. Sum the interval discharges to get at total discharge for the channel.

Sediment Sampling: 

1. Wolman (1954) came up with this simple methodology for sampling the surficial material of a river bed. This sampling scheme is not suitable for material finer than about 2 mm and is biased towards larger particles. Select 100 particles by traversing the channel in one-step intervals and selecting the first particle that you touch off the toe of your right boot (no peeking!). Measure the intermediate axis (b-axis) of the particle to the nearest mm using calipers or a ruler.  Record these data on the sheet provided (Pebble Count.xls).

2. Back at the lab, enter the data into the spreadsheet which will generate two plots for you. The first is a cumulative frequency distribution (% finer) and the second is a simple histogram. We will use these extensively next week. For now we will use the % finer plot to estimate the median size of the bed sediment (the D50). Look at your histogram – do you think that your sediment size distribution is well represented by the median value?
3. We’ll also take bulk samples of bed material at the midpoint of each cell.  Simply take a couple of scoops of bed material and put it in a labeled sampling bag.

4. Suspended sediment measurements will also be taken at the mid point of each cell using a depth integrated sediment sampler. This sounds fancy, but it all you do is slowly lower the bottle to the bed and then raise it back up again such that the bottle fills by the time you bring it back up.  Be careful to clearly label all bottles. 
5. We’ll use the samples from 3 and 4 in next week’s lab on sediment size analysis.
What to hand in

Now that you have collected the field data, you need to organize, analyze, and present it. You will be using this data also for the individual portion of you lab, so sweat the details. Make sure that you prepare clean, neat, and appropriately labeled and annotated figures, tables, and calculations. Show all of your work and make it easy for me to give you full credit.

Each group should submit the following:

1. A site sketch

2. A cross section of the river channel drawn to scale (vertical exaggeration is acceptable, but should be noted).  Be sure to include the water surface elevation.  

3. A separate cross section showing how you divided the flow area for discharge calculations. Show the velocity data points on this figure as well. 
4. Discharge calculations for each flow cell and the summation of these.
5. A plot of velocity distribution from the bed to the surface at the thalweg. Where is the velocity at a maximum? at a minimum? Explain why sediment transport occurs where the velocity is lowest (e.g. at the bed). Recall that shear stress is proportional to the change in velocity over depth=dv/dy). Where is shear stress at a maximum?
6. A contour plot of the transverse (cross sectional) velocity distribution. Where is velocity fastest? Slowest? Why?
7. A plot of the sediment size distribution of the bed surface material showing how you determined the D50.
Recall that your end goal is to determine at what discharge is the bed mobilized. This kind of analysis might be important if you wanted to know the impact of a river diversion or dam on fish spawning habitat for example. To approach this problem, consider the following. From your velocity measurements you can determine the channel roughness. Then you can use resistance equations to estimate the velocity, discharge, and shear stress at any given flow depth. You can also use your sediment size distribution and the shields equation to estimate the critical shear stress.
Each Individual should submit answers to the following.

1. We can use the Manning equation to back calculate the roughness (n) of the channel. 
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where R is hydraulic radius (area divided by wetted perimeter) and S is the water surface slope. Compare and contrast this value with those from the empirical equations from class and from Barnes (1967). Describe how the roughness would change (if at all) with increasing flow depth. 

Is the Manning equation is dimensionally homogeneous? What are the units of n?
2. Using the cross section and slope information you surveyed and your estimate of roughness, calculate the channel filling (a.k.a. bankfull) discharge of the channel using the Manning equation. Justify your selection of roughness.
3. Assuming fully turbulent flow, we can use Shield’s criteria c = 0.045(s-w)gD50 and the D50 from your sediment size distribution to determine the critical shear stress required to mobilize the bed. You can assume quartz density for the sediment and a water density of 1 g/cc. Is the assumption for turbulent flow valid? What other assumptions go into this simplified assessment? 

Would the bankfull flow determined in (2) above be sufficient to initiate sediment transport? If not, what flow would be required to mobilize the bed? Recall that the average shear stress for steady uniform flow is given by the depth-slope product (=gRS). 
4. What are some other applications of this methodology?
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