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Open notes, textbooks, and computers, but do the work yourselves, do not collaborate.    Ask me if you have any queries in interpretation of questions. SHOW YOUR WORK, I GIVE PARTIAL CREDIT, BUT FOR NUMERICAL ANSWERS UNDERLINE YOUR FINAL ANSWER! Or you will get NO partial credit.  Each question or group is worth about 10 points.  The exam is long, you will run out of time if take too much time over any one question.  Be brief and concise in your answers!  You only have about 2 or 3 minutes per lettered question!  Don’t try to squeeze your answers onto this paper, use another sheet.  MAKE IT READABLE!
1 (Quick answers!)

a. Are Pascals a unit for Cohesion?

b. What is the typical ratio of height of fall to the horizontal distance travelled for small to medium landslides?
c. Estimate the Froude number of the Laramie River.

d. Most creep processes on hillslopes decrease with depth into the slope, chose two processes and explain why this occurs for your two choices. (1 sentence each, label first process (e) and second (f))
e. Second process (f) from question (e).
f. Why does bedrock weathering rate tend to be less beneath very shallow soils, compared to deeper soils?
g. Why do rocks tend to rise to the surface in debris flows?

h. Why do clays and silts, once settled to the river bed, resist erosion better than sand sized particles?

i. What sets the length scale for river dunes? 
j. Does the basal shear stress in a river system tend to increase or decrease downstream?  (Use hydraulic geometry)
k. (hard) Why is the Froude number useful in streams, but not in full pipes?
2 ( Questions on the last week of lectures)
Assume an alluvial river system that is near grade. [In other words, apply our class discussion of the river system as a Diffusional system]

a) A major tributary enters the main channel.  Compared to the main channel the tributary is very low in sediment load (but has significant water discharge); what is the change in the main river slope, above to below the tributary junction?
b) If the water discharge in a river is increased by stream capture, how does that affect the response time of the river system? [does the response time increase directly proportionally, or as the square or what?]
c) You measure a real world long profile (of an alluvial river) and it is concave downwards.  What are 2 causes of this steepening downstream profile?
d) Assume there is a tributary stream to the alluvial river.  If the main stem alluvial river degrades over a short period of time so that the tributary starts cutting down into bedrock, describe the response in the bedrock tributary to the lowering of local baselevel? (1 or 2 sentences)
e) If the planform of a river reach had 3 or 4 main channels, with intervening vegetated bars and islands, what would the river type be called? 

3 (Sediment transport) 
Consider a small creek; the thalweg depth is 40cm and the sand on the bed is 0.3mm and smaller.  The slope is 0.0009, and the width is 3m.  

a) Calculate the basal shear stress.
b) Is the hydraulic radius more or less than the depth?
c) The average flow velocity is about 0.7 m/s.  Calculate Manning's "n".

d) Use the Shield’s approximation [from your notes] to determine if the critical shear stress for the 0.3mm sized bed material is exceeded by the actual basal shear stress, to cause motion? (you may assume the density of the sand is 2700 and the density of the fluid is 1000)
e) What is the value of V*, the shear velocity?

f) If a sand grain is entrained into the shear flow just above the bed, and is moving slower than the average velocity of the shear flow, describe the 3 main forces on the particle (careful… I am asking for the 3 MAIN forces). 
g) Would (and why) you expect anti-dunes on the bed of this stream?
4 (Stress Strain and Pressure) Soil on slopes creeps down slope, slowly.  In places in the Laramie Range, the soil surface creeps down slope over 1 cm per year, while the soil near the bedrock does not move at all. Assume the soil is 1m thick over the rock. 
a) What is the depth averaged shear strain parallel to slope in one year? 
b) What is the strain rate (per year) in a)?

c) If the speed of the creeping soil decreases linearly with depth, from the max at the surface, to zero at the soil/rock interface, what is the shear strain at 0.75 meter depth (down from the surface) ?

d) What is the normal and shear stress (relative to the slope surface) under a rock block or slab that is 10 meters by 10 meters by 2 meter thick (thickness normal to the slope), resting loosely on a 10 degree slope of soil? (the rock has a density of ~2700kg m-3)

e) If the soil trapped under the block is saturated and has a soil water pressure of 104Pa, what is the pressure head of the water?

f) What is the effective normal stress under the block?

5 (Flows)

a) You observe a debris flow, moving down a small gully. The flow is about 1 meter deep and a couple of meters wide. The slope of the gully is 0.5. A sample of debris material yields a bulk density of about 1,600 kg/m3 ("wet"). Mud on the front of a tree stump in the path of the flow is about 10cm above the mud lines on the bank. You got the impression that about half of the depth of flow was moving as a "plug".  Based on the above, give an estimate of the surface velocity? (hint: tree stump)

b) Estimate the critical shear stress ( tc) of the debris flow material.

c) Draw a cross-section through a meander bend to show the circulation pattern of the water.  Show the water surface, and vectors to show the rotational flow of the water.  (Extra difficult question: Put one vector in the very middle of the cross-section and indicate its direction.)

d) Draw a planview sketch of a meander bend including the cross-over to the next bend, label the point bar, the pool, regions of erosion and deposition and the riffle.  Draw a dotted line to show the path of the fastest water (the thalweg), draw a dashed line to show the path of the coarse sediment in transport, and a dot-dashed line to show the path of fine grained sediment.
