GEOGRAPHY 235

PROCESS GEOMORPHOLOGY

ASSIGNMENT 3

STREAM MORPHOMETRY, STREAM FLOW, STREAM COMPETENCE


Recommended Reading: A.S. Trenhaile, 2013. Chapter 10 Fluvial Processes. Geomorphology: A Canadian Perspective. 5th Edition, Oxford University Press, Don Mill, ON, pp. 309-330.
Introduction

Flowing water is the most widespread agent of geomorphological change.  Water flowing within open channels is capable of eroding, transporting and depositing sediment. These processes initiate changes in the form of the channels as well as the landscapes in which these streams flow.  

The flow velocity of water in stream channels is a function of the hydraulic radius (R) of the channel, the slope (s) or gradient of the stream channel, and channel roughness, a factor related to the presence (in the water) of vegetation or other impediments that might slow the flow. The hydraulic radius of a stream channel is expressed as the ratio between the cross-sectional area (A) of the channel and the wetted perimeter (P) of the channel. If we assume that a stream channel exhibits a rectangular form, then 
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Channel slope is determined from the change in elevation over a given horizontal distance. The "rise" represents the difference in elevation between two points on the Earth's surface. The "run" represents the horizontal distance between two points on the Earth's surface. Slope may be stated as 

s = 
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Channel roughness (n) is determined by referring to published tables of roughness co-efficients that describe the influence of  friction generated by artificial and natural materials on stream flow.

These three variables can be combined in a single equation, Manning's equation, to estimate the average flow velocity (v) of water flowing in a stream channel (see page 315 in the textbook). The algebraic expression for Manning's Equation is

                                                                  v = 
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where velocity is measured in units of metres per second (m/s). 

Tasks:
1. Refer to the topographic profile data collected on the sandbar at Sutherland Beach. The data file (i.e. GEOG 235 Lab 3 Sutherland Beach Topographic Profile Oct 2013) can be found in the Course Contents folder in Blackboard.
Students must adjust the slope distances between two adjacent stations measured with tape measures to true horizontal distances and the slope angles between two adjacent stations measured with Abney clinometers to true vertical differences in elevation. Enter these data in the EXCEL worksheet. 

Horizontal distance = slope distance x cos (slope angle)

Change in elevation = slope distance x sin (slope angle)

Use these adjusted data to determine the variations in elevation along the length of the survey transect across the sand bar. Construct a topographic profile of the sand bar; plot change in elevation vs. change in distance along the surveyed sand bar. Illustrate the depth of the buried soil beneath the sand bar surface. The vertical exaggeration (VE) for this figure should be greater than 5x (VE>5x).

Sediments above the buried soil were largely deposited by a flood event that occurred in the late summer of 2011. Use the information presented in the data file and topographic profile to determine the average thickness of sediment deposited on the sandbar surface by the flood event.
Do the deposited sediments represent the gross or net sedimentation associated with the flood event at this site?

2. During the period of higher than average river discharge in the summer of 2011, the stage of the South Saskatchewan River increased to 5 metres (i.e., bankfull stage). A professional geographer working from a 1:50,000 scale topographic map sheet for the city of Saskatoon made several measurements of the width of the South Saskatchewan River in the vicinity of Sutherland Beach at bankfull stage. The data that he obtained are as follows: 0.8 cm, 0.8 cm, 1.0 cm, 0.6 cm, 0.7 cm. Convert these map distances to actual distances on the ground.  Determine the mean value for the width of the channel at bankfull stage.
The gradient of the stream channel at bankfull stage can be estimated by determining the slope of 

the adjacent floodplain. The professional geographer noted the elevation at two points on the floodplain of the river: Point A is 484 metres above sea level and Point B is 483 metres above sea level. The distance separating these two points on the 1:50,000 scale map was measured as 
13.7 cm. Convert this map distance to the actual distance on the ground. Use the information provided in this paragraph to determine the slope (i.e. channel gradient) of the river floodplain. 
Tasks:    
The materials that compose the bed and banks of the South Saskatchewan River in the vicinity of Sutherland Beach consist of fine sand with scattered cobbles and boulders. Use the information presented in Table 10.2, p. 316 in the textbook to estimate the Manning roughness co-efficient.
Use the Manning equation to estimate the flow velocity at bankfull stage. You may assume that
the channel exhibits a rectangular form. 

3. The flow in the channel at bankfull stage is turbulent. Determine the nature of this turbulent flow by calculating the Froude Number (Fr) -
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where:  v = average flow velocity (m/s)

                                     g = gravitational acceleration (9.81 m/s2)

                                     d = flow depth (stage; in metres).

Is stream flow in the channel subcritical, critical or supercritical according to this criterion?

4. Water flowing within a stream channel exerts a force, shear stress ((0), against the channel bed and banks. The magnitude of the average shear stress ((0) at the channel bed and banks can be estimated by the following expression (see p. 320 in the textbook):

(0 = (w g R s


where: (w = density of water

g = acceleration due to gravity = 9.81 m/s2
                                     R = hydraulic radius of channel

s = slope of channel bed

Calculate the shear stress ((0) at the channel bed at bankfull stage. 
The density of water is 997.66 kg/m3 (temperature = 22oC). 

Note: Shear stress is measured in Pascals (1 Pa represents 1 N/m2). 
Tasks:

5. Refer to the particle size data presented in the file titled “GEOG 235 Lab 3 Fluvial Grain Size Data Oct 2013” that can be found in the Course Contents folder in Blackboard.

Plot these data as a histogram; use the Wentworth particle size classes (see Table 2.2, p. 53 in the textbook) to determine the class intervals employed in creating this histogram. 

Determine the modal class of the particle size distribution illustrated in the histogram. State the appropriate descriptor for this range of particle sizes based on the information presented in Table 2.2 in the textbook. 
6.  Sediment particles at rest on the channel bed and banks will begin to move 
   (i.e., entrainment) when a critical shear stress ((cr) is applied to the channel floor. The  

   threshold for sediment movement can be calculated by the Shield’s parameter ((cr: see 
   p. 324 in the textbook):

     (cr = (cr/((s - (w) g D



where: (s = density of sediment particles
                                               (w = density of water

 g = acceleration due to gravity = 9.81 m/s2
 D = grain diameter (expressed in metres)

For the stream bed examined in this exercise, the expression that appears above reduces to – 
                                                (cr = 0.06((s - (w) g D 
The stream channel consists of non-cohesive sandy sediments. The particles present in the channel floor consist of equal proportions of quartz ((s = 2650 kg/m3) and alkali feldspar 
((s = 2560 kg/m3). Determine the range of critical shear stresses ((cr) required to entrain 
sediment from the channel floor under the following conditions:

6.1. D = coarsest particle size in the modal class for the surface sediments.

6.2. D = coarsest particle size in the modal class for the subsurface sediments.
6.3. D = coarsest particle size in both surface and subsurface sediments (i.e., 2.00 mm)

Tasks:
7. Compare the values for bed shear stress ((0) calculated in Task 5 with the values for critical 
     shear stress ((cr) calculated in Task 6. What do these data indicate about the ability of the 
     stream flow to entrain the sediment that was deposited on the sand bar? 
8. Refer to the particle size data for subsurface sediments presented in the file titled “GEOG 235 Fluvial Grain Size Data Oct 2013” that can be found in the Course Contents folder in Blackboard.

Plot these data as a histogram; use the Wentworth particle size classes (see Table 2.2 in the textbook) to determine the class intervals employed in creating this histogram. 

Determine the modal class of the particle size distribution illustrated in the histogram. State the appropriate descriptor for this range of particle sizes based on the information presented in Table 2.2 in the textbook. 

9. Compare the particle size distributions of the surface and subsurface samples. Do these data suggest that the subsurface sample was deposited at velocities lower than or greater than the flows that deposited the surface sediments? Justify your response.
10. Given the information on the modal class of fluvial sediments deposited by the flood event and the flow regime defined by the Froude number, what were the most likely bedforms to develop in sandy sediments on the point bar surface during the flood event?
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