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1. Velocity Profiles 
A) Velocity profiles using height above bed on the y-axis:
 Plot graph of velocity against ln height n the y-axis  of death. Fruits and vegatable he most milk have the highest incidents o
 

Velocity against ln of Height: 

 


B) For each profile, estimate

i.) The height above bed where velocity is zero  y0 = e (-a/b)  (- Y Intercept/Slope)

 Calculate bottom 20% to compute the regression slope (b) and y intercept (a)

Velocity Low Flow: 

Mean Y(VLow Flow)= 0.35m * 0.20 = 0.067m	
Regression y = 0.1413x + 1.0225

Y0 Low Flow = e(-1.0225/0.1413) = 0.0007199m

Velocity Bankfull Flow:

Mean YBankfull flow = 1.80m* 0.20 = 0.36m
Regression y = 0.4105x + 2.7691

Y0 Bankfull Flow = e(-2.7691/0.4105) = 0.00176m

ii) Friction Velocity  v* = 0.4b

Velocity Low Flow: (v*) = 0.4 x 0.1413 = 0.05652 m/s
Velocity Bankfull Flow: (v*) = 0.4 x 0.4105 = 0.1642 m/s

iii) Shear Stress  p(v*)2 	p = 1000 kg/m3

Velocity Low Flow: = 1000 (0.05652)2 = 3.195 N/m2
Velocity Bankfull Flow: = 1000 (0.1642)2 = 26.962 N/m2

iv) Roughness height  ks = 30(y0) 

Velocity Low Flow: (ks = (30)(0.0007199m) = 0.022m
Velocity Bankfull Flow:ks) = (30)(0.00176m) = 0.035m

v) Relative Roughness  (ks/Y)

Velocity Low Flow (ks/Y) = 0.022/0.35 = 0.063m
Velocity Bankfull Flow (ks/Y) = 0.035/1.8 = 0.019m

vi) Mean Velocity  (V) = 2.5v* [ln (Y/y0) – 1]

Velocity Low Flow
Y/y0 			= 0.35/0.0007199 = 486.179
ln (Y/y0)		=  6.187
Mean velocity 	=(2.5 x 0.05652)[6.187 – 1] = 0.733m/s

Velocity Bankfull Flow
Y/y0 			=  1.8/0.001176 = 1530.612
ln (Y/y0)		= 7.333
Mean Velocity	= (2.5 x 0.1642)[7.333 – 1] = 2.599 m/s


C) Compare the values of y0 and shear stress () between the two flow conditions. Explain the differences/similarities for both variables. 
	
	Y0
	Shear Stress

	Velocity High Flow
	0.00176m
	26.962 N/m2

	Velocity Low Flow
	0.0007199m
	3.195 N/m2



<<<Insert written comparison >>>

2. Sediment Transport

A) Using the values obtained from the velocity profiles in question 1, find the grain size (d) that can be transported in each case (assuming that sediment have the mass density of quarts, ps = 2650 kg/m3).
 

d (Velocity Low Flow) = 3.195/713 = 0.045m
d (Velocity Bankfull Flow) = 26.962/713 = 0.038m

B) Using shields equation and equimobility: 

i) Determine the values of oc for d = 1.5 cm, 4.2 cm and 28cm for both methods knowing that D50 = 4.2cm; 

d (1.5cm)  0.015m: oc = 713(0.015m) = 10.7
d (4.2cm)  0.042m: oc = 713(0.042m) = 29.95
d (28cm)   0.280m:oc = 713 (0.28m) = 199.64



d (1.5cm)  0.015m: 
oc  = (0.0115)((26000-9800)0.015) = 27.95 
d (4.2cm)  0.042m:  = 0.046
oc  = (0.046)((26000-9800)0.042) = 31.2984
d (28cm)  0.280m:  = 0.009
oc  = (0.009)((26000-9800)0.280) = 38. 56

ii) Plot a diagram and discuss the differences between toc vs d for both methods and discuss the differences between Shields and equimobility: 

Shield’s equation posits that shear stress is a function of grain size; as grain size increases, so too does shear stress. As depicted by the line in our graph. One observes a positive linear relationship between grain size and shear stress; as grain size increases, so too does shear stress. However, Shield’s theory has come under fire from the scientific community because it does not reflect the heterogeneity of grain sizes in natural rivers. Furthermore, it does not take turbulence into account, as fluctuations in velocity will affect forces acting on sediments.

The concept of equimobility posits that all grains will be moved at the same shear stress value, as indicated by the prefix “equi-“, meaning equal. Furthermore, equimobility does a better job of reflecting how natural rivers operate because it takes armouring and sheltering into consideration. Armouring occurs when the surface layer is coarser than the substrate, inhibiting movement of grain particles. Sheltering refers to the phenomenon of large grains “sheltering” smaller grains from the force of water. When this large grain is dislodged, the small grains will move with it, having lost their protection.
C) i) Which rivers are competent to erode and ii) Type of bed-form according to stream power using Phase diagram (Calculations below): 
	
	Stream
	Mean depth Y (m)
	Mean velocity (m/s)
	Median particle diameter (m)
	o (


	oc (N/m2)
	Competent to Erode 
o>oc
	Stream Power (Watts/m2)
	Bed-form Type 

	a.
	North Platte River
	0.52
	
0.91
	[image: ]
0.00090
	4.84
	0.64
	Yes
	4.41
	Dune

	b.
	Little Popo Agie River
	0.34
	
0.82
	0.03350
	16.33
	23.89
	No
	13.39
	--

	c.
	Cottonwood Creek
	0.24
	0.55
	0.01830
	9.64
	13.05
	No
	5.30
	--

	d.
	Cheyenne River
	0.24
	0.58
	0.00005
	3.06
	0.036
	Yes
	1.77
	Dune

	e.
	Lance Creek
	0.16
	0.43
	0.00300
	1.14
	2.14
	No
	0.49
	--

	f.
	Middle Creek
	0.41
	0.25
	0.00030
	2.93
	0.21
	Yes
	0.73
	Ripple



i) Which river would be competent to erode bed material (use the Shields criterion and assume R = Y)? 
Motion will occur when o (pgYs0) > oc (713d)		Stream Power = (o)(V)
a. North Platte River
Shear Stress (o) = (1000)(9.8)(0.52)(0.00095) = 4.8412
Critical Shear Stress (oc) = (713)(0.00090) = 0.6417 N/m2
	o < oc therefore, erosion incompetent 
Stream Power (Ω) = (4.8412)(0.91) = 4.405492 Watts/m2
b. Little Popo Agie River 
Shear Stress (o) = (1000)(9.8)(0.34)(0.00490) = 16.3268
Critical Shear Stress (oc) = (713)(0.03350) = 23.8855 N/m2
	o < oc therefore, erosion incompetent 
Stream Power (Ω) = (16.3268)(0.82) = 13.387976 Watts/m2
c. Cottonwood Creek: 
Shear Stress (o) = (1000)(9.8)(0.24)(0.00410) = 9.6432
Critical Shear Stress (oc) = (713)(0.01830) = 13.0479 N/m2
	o < oc therefore, erosion incompetent 
Stream Power (Ω) = (9.6432)(0.55) = 5.30376 Watts/m2
d. Cheyenne River
Shear Stress (o) = (1000)(9.8)(0.24)(0.00130) = 3.0576
Critical Shear Stress (oc)  = (713)(0.0013) = 0.03565 N/m2
	o > oc therefore, erosion competent 
Stream Power (Ω) = (3.0576)(0.58) = 1.773408 Watts/m2
e. Lance Creek 
Shear Stress (o) = (1000)(9.8)(0.16)(0.00073) = 1.14464
Critical Shear Stress (oc) = (713)(0.0030) = 2.1390 N/m2
	o < oc therefore, erosion incompetent 
Stream Power (Ω) = (1.14464)(0.43) = 0.4921952 Watts/m2
f. Middle Creek
Shear Stress (o)  = (1000)(9.8)(0.41)(0.00073) = 2.93314
Critical Shear Stress (oc) = (713)(0.0003) = 0.2139  N/m2
	o > oc therefore, erosion competent 
Stream Power (Ω) = (2.93314)(0.25) = 0.733285 Watts/m2
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