Measuring bankfull channel features, bed sediment, and bed load
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Exercise description: This class exercise is an opportunity for students to gain valuable field experiences and develop fieldwork skills.  The goal is to have students compare their measurements of a bankfull channel and its bed sediments with theoretical values that might imply whether the channel is 'adjusted' or is out of equilibrium with its setting.  This is accomplished by having the students calculate a bankfull Shields stress value and then compare that value with both: (1) a theoretical range of values that might comprise an 'adjusted' condition, and (2) experimental values for the minimal Shields stress required to entrain bed grains of different sizes.  They are then to evaluate whether the channel is stable or not.

GEOG 4640/6640: GEOMORPHOLOGY
Exercise 4: Field trip
Measuring bankfull channel features, bed sediment, and bed load
Please type your answers to the questions below and only turn in your own, original work.
EQUIPMENT
Helley-Smith sampler, stadia rod, tripod, balance, hand level, survey tape, pins, waders, gravelometer, notebook and pencils, first aid kit, plastic sample bags, stake, hammer, camera, and personal gear (e.g. warm layers, rain gear, bug spray, sun block, snack, etc.).

PURPOSE
The purpose of this exercise is for you to: (1) get hands-on experience determining the bankfull characteristics for a stream channel, (2) measure surface sediments, (3) observe complications in the balance between channel topography, surface sediments, incoming stream and sediment flux, and changes over time, and (4) learn how to measure bed load sediment.  Getting outside is nice too…  We will be heading to Medlock Park in Decatur.
BACKGROUND
The size of the bankfull channel of a river is important because it scales the balance of reach-scale erosion and deposition with the longer-term flow regime and sediment flux.  Rivers will tend to adjust towards an equilibrium condition, wherein the scale of the channel topography and the size of bed sediments are able to convey recurrent bankfull-level floods.  

The degree to which a river has adjusted depends on many factors, but particularly important is the amount of time that the river has had to adjust to a given flow regime and sediment flux.  For gravel-bed rivers, one method of determining the degree of adjustment for a given stream reach is to measure the size and the bankfull channel and reach slope, and to determine if it is in balance with the characteristic size of the bed sediments.  This is accomplished by obtaining the appropriate field measurements and using the equation for Shields stress for a bankfull channel:
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where τ0(bkfl) is the bankfull boundary shear stress (τo(bkfl) = ρghbkflS), ρs and ρ are the sediment and water densities, respectively, h is the depth, g is the gravitational acceleration, S is the slope, and D50 is the median grain size of the surface sediments.  For fairly simple, uniform channels with minimal lateral topography and assuming common values for ρs and ρ of 2.65 and 1 g/cm3, respectively, this equation may be reduced to:
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It is therefore possible to calculate a site-specific τ*bkfl value from the measured values of bankfull depth, reach slope, and median surface grain size.  An example is given in Figure 1. 


In general, the size of an adjusted gravel-bed river will be large enough to mobilize the full range of particle sizes present on the bed during bankfull floods, but not so large as to allow the reach morphology to undergo substantial erosion during these events.  Assuming that the entrainment threshold, τ*c, is equal to 0.03 (as is the case for many gravel rivers), τ*bkfl values of approximately 0.045 to 0.07 or so may reflect a stream that is in an adjusted condition.  If measured values of τ*bkfl are lower than this range, the channel may not be large enough to convey enough flow to mobilize the coarse grains found on the bed; conversely, if the measured τ*bkfl values are much higher than this range, the channel is probably too large and may experience significant erosion, such as downcutting, during floods.


[image: image3]
Figure 1

WHAT DEFINES THE BANKFULL CHANNEL? 
Determining bankfull height in the field is a difficult process, particularly because the evidence for bankfull can vary depending on the field conditions being considered.  In fact, even experienced field geomorphologists may disagree as to the exact bankfull channel dimensions at a given location.  In general, however, there are certain common features that we can look for in the field to help determine what the bankfull channel is, such as:

· the top of the “fining-up” sequence (appropriate for laterally-migrating channels with little vertical accretion)
· the break in topographic slope (may be appropriate for the inner bend for meandering channels, or the top of the bank for straight channels)

· the transition in vegetation from yearly, recent growth to semi-permanent, shrubby growth (assumes that the last large flood was several years or more in the past)

Some of these features may be observed in Figure 2 illustrating a bankfull cross-section.
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Figure 2, from Newbury & Gaboury, 1993
PROCEDURES FOR SURVEYING
1) After we have selected an appropriate, representative location, string a survey tape across the channel perpendicular to the flow and secure both ends with pins.  

2) Set up a tripod at a flat location where there is an uninterrupted view of the survey tape.  Level the surface of the tripod by adjusting the legs, and also by using the bubble balance.  
3) Place the hand level on top of the tripod.  The eyepiece should be oriented such that the lines are horizontal, and it is perfectly level when the bubble is centered on the lines.  NEVER point the hand level at the sun.  
4) Select someone to act as note-taker for all field measurements.  Find and record the following:

· the data, time, and names of those involved in the surveying

· HI (height of the instrument) by measuring the exact height of the hand level

· the name and location of the cross-section you are measuring
· any other useful information about the site or current conditions

5) Set up your notebook to include the following column headings.  The “distance” is the measured distance across the cross-section, measured from the survey tape.  “BS/FS” stands for backsight and foresight- this is where you will note the vertical elevations read off of the stadia rod at each location.  A backsight is a measurement back to a point of known elevation, and a foresight is a shot to a new location.  “Comments” should include notes regarding places of geomorphic importance, such as the top of the bank, edge of water, any debris, etc.
	distance
	BS/FS
	comments


6) Pound in a stake at a highly visible location.  The top of this stake will act as the benchmark elevation against which we can compare all the other elevations we measure.  Measure the height of the stake with the hand level and stadia rod, and mark “BM1” under ‘Comments’, for ‘Benchmark 1’.  Try to keep the stadia rod as vertical as possible. 

7) With one person using the stadia rod and the other person looking through the hand level, survey the details of the cross-section topography, making sure to including the following items. 

· enough data to adequately represent the cross-section topography

· end-points of the cross-section
· all breaks in slope

· any geomorphic features

· the left and right edges of the active water surface

· (MOST IMPORTANT) the height and location of the bankfull channel on both sides
· avoid surveying large rocks or debris as part of the topography
This method of surveying works well when we are determining the change in elevation of an object over a known distance, such as measured intervals on a survey tape.  For more complex surveying (such as measuring the positions and elevations of multiple points in a field), a total station is used.

8) To obtain the reach slope, use a second survey tape and the stadia rod and extend the tape as far upstream and downstream as you can without crossing any morphological barriers.  Obtain the elevation of the water surface from upstream to downstream, stopping every 5 meters or so for a measurement.  Again, make sure to note key locations, such as the upstream-most and downstream-most ends, the position of the cross-section, and any geomorphic features of relevance.   
9) When you are done surveying, re-measure the elevation at BM1.  This is good surveying practice to make sure that you have not accidentally disrupted the survey set-up.  Potential errors arise from reading the numbers incorrectly, movement of the rod or tripod, or if the rod is not vertical.
10) When you are entering your data, add a column for “Elevation”.  Your elevations are calculated by subtracting each FS/BS measurement from your HI.  For example, if my HI = 1.46 m and some of my FS/BS measurements are 1.34, 1.89, and 2.55, the corresponding elevations would be 0.12, -0.43, -1.09.  If you would like to avoid dealing with negative numbers, it’s fine to add an arbitrary base elevation (e.g. 100 m) to the data.
PROCEDURES FOR SURFACE SEDIMENT SAMPLING
Obtaining a random sample of the sediments that comprise the bed of the channel is important because the median size of the bed grains, or the D50, provides us with a measure of the resistance of the bed particles to entrainment and is used in the denominator in the equations given above.  We will be using a metal template with square openings scaled to half-ø intervals, called a gravelometer, to determine the grain size distribution of bed particles in our reach.
1) One thing that may be immediately apparent is that finding a representative location to sample the bed particles may be difficult.  Coarse grains may be slightly segregated from finer grains, and other complexities may exist when looking at a real river.  For this class, one or two samples of the surface sediment will be sufficient to adequately characterize the overall size distribution of bed grains, but if we had more time it would surely be useful to get more samples and map the distribution of sizes through the reach.  Thus, our first step is to find a cross-section that has plenty of representatively-sized, exposed gravel.
2) Starting at one end of the selected cross-section, stop at regularly-spaced intervals (e.g. each step) at blindly point a finger downward until you touch a grain.  Pick up whichever one was contacted first and measure it using the gravelometer.  The number you should record is the smallest size opening through which the rock IS able to pass.
3) With one person on the bank recording the numbers, count 100 total rocks by walking back and forth and selecting grains at random in this way.  Consider just keeping a tally for each given size on the gravelometer (example below).  Repeat the process at a second cross-section, if there is enough time.
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MEASURING BED LOAD SEDIMENT
Bed load sediment can be measured at a given location (called a “point sample”) or across the entire channel (called an “integrated sample”).  We will be using a Helley-Smith sampler which is a hand-held point sampler that looks somewhat like a butterfly net but is designed to collect sand and granules.  It has a small, 3 in2 metal orifice that points upstream, and sediment collects in an attached mesh bag.  Individual bed load samples are taken for a standard amount of time, e.g. 10 min, which represents a compromise between the need for long a sampling duration due to the temporal variability of transport and the capacity limitation of the collection bag.  


Some common problems with this procedure include: (1) it is hard to keep the sampler flush with coarser areas of the channel bed during higher flow, (2) sampling requires someone to stand in the water

for the entire 10 min duration (which can be difficult in deeper, faster, or colder streams), (3) the opening may not always be positioned perfectly upstream, (4) the sampler may capture some suspended sediment and debris, and (5) the placement of the sampler on the bed may accidentally scoop sediment that would otherwise have remained immobile. Care must be taken to minimize the disturbance of the bed during the bed load sampling.  Bed load samples are then stored for future processing in the laboratory.  Samples are typically oven-dried for 24 hours and coarse organic particulates are removed.  Each sample is then sieved to determine the grain size distribution and individual percentiles (D16, D50, D84) of the bed load.  

1) Normally, determining the bed load flux would require taking samples all the way across the channel or extrapolating from a few samples to the rest of the cross-section.  In our case only a small fraction of the channel width will be mobile, so we will only be considering the low flow sediment flux.  As such, make sure to record the left and right sides of the region of active bed transport. 

2) Standing downstream from the sampler and trying not to disturb the bed or scoop any sediment, place the Helley-Smith sampler gently on the bed for exactly 10 minutes.  Be sure that the metal orifice is pointed exactly up-current.  Have someone on the bank timing the procedure.

3) At the end of 10 minutes, take the sampler to the bank and empty all collected grains into a plastic sample bag.  Be sure to mark the exact location and date on each bag.  Do this several times across the active transport region of the channel and keep track of all your numbers. 

TURN IN
1) A graph of the measured cross-section (this is a graph of your “distance” versus “elevation” data).  Make sure to clearly indicate the bankfull level.  Label also any other relevant geomorphic features.  Please see me if you need help with Excel’s graphing capabilities.
2) Find the average depth for only the data that are at or below the bankfull level.  This is calculated by subtracting the elevations of all points that are below the bankfull level from the bankfull elevation, and then taking the average of all these values.  This is your cross-section’s bankfull depth.

3) Find the reach slope from your field measurements, recalling that slope = rise/run.

4) Your surface sediment sampling data, as shown in the example above.  Also: once you have arranged your data in this way, count (either from top or bottom) to the 50th (middle) data point.  This is your median value, or D50, for the surface sediments.  If the median falls in between two categories, it’s fine to take the average of the two values.
5) Use your values of depth, slope, and D50 to calculate the τ*bkfl for the reach.
6) Compare your value for τ*bkfl with a typical critical entrainment threshold value of τ*c = 0.03.  Are we above or below this value?  What does this suggest about the potential for bed load transport when the river is at bankfull stage?
7) Is the stream ‘adjusted’?  (see bottom of page 1…)
8) Using the Table below, determine the size of sediment that you would expect the river to be able to transport at bankfull flow.  Is this value finer or coarser than your measured D50 value?  Speculate as to why the values are different…
[image: image6.emf]
9) Turn in all of your bed load measurement details.  Obviously we don’t have time to dry and sieve the samples, but at least include details regarding the width and location of the active portion of the channel so that we may later have the ability to calculate a low-flow bed load transport flux.
10) [OPTIONAL, EXTRA CREDIT question, worth 1.5 pts.]  Using your measured slope and surface D50, find the minimum depth of water that will mobilize the bed sediments.  Stated differently, find the channel depth for which τ* = τ*c.  (Hint: use the values in the Table above).















written by Jordan Clayton, GSU Geosciences Dept.


[image: image1.wmf]50

)

(

*

gD

s

o

bkfl

bkfl

r

r

t

t

-

=

_1268549580.unknown

_1268550458.unknown

