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1. 
a) A screen capture of the longitudinal profile of the water depth in the channel.  

 
 
b) Screen captures of the Cross-sections at the upstream and downstream ends 
of the channel. Document the velocity, depth and top Width of the flow at these 
two cross-sections. 
 
Downstream 
 

 



 
Velocity = 10.45 ft/s 
Water Depth = Max Chl Dpth= 4 ft 
Top Width = 56.39 ft 
 
Upstream 

 
 

 
Velocity = 7.68 ft/s 
Water Depth = Max Chl Dpth= 5.19 ft 
Top Width = 59.78 ft 
 
 



c) Use the data provided by the HEC-RAS program to verify uniform flow 
conditions at the upstream end of the channel and critical flow conditions at the 
downstream end of the channel.  
 
Downstream 
 

 
As we can see from the table above, the Water Surface Elevation and the Critical 
Water surface is the same (432.79 ft), which indicates that the flow downstream 
is Critical Flow.   This can be verified using the formula for critical conditions: 
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From the display above, Q = 2000 cfs, T = 56.39 ft, A = 191.32 ft2, and g = 32.2 
ft/sec2.   Hence  
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Upstream 
 



 
As we can see from the table above, the Energy Gradient Elevation is equal to the 
bed slope (0.01), which indicate that the flow upstream is uniform.   Let’s verify 
this using Mannings Equation.  In general, for any flow condition: 
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So if we solve for the slope of the energy grade line, Sf, we obtain 
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From the table above for upstream flow conditions, we have Q = 2000 cfs, n = 
0.050, A = 260.32 ft2, and P = 62.63 ft.  Hence R = A/P = 260.32/62.63 = 4.15 ft 
and the resulting friction slope is  
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Which is labeled as E.G. Slope (ft/ft) = 0.01 in the Upstream conditions given 
above.  This is the same as the bed slope of So = 0.01 given as a part of the 
problem statement.  Hence So = Sf and the requirement for uniform flow is 
satisfied. 
 
2. Using the web site http://fris.nc.gov/fris/ compute the expected annual 
damage from flood losses at 115 London St, Asheville NC. What is the value of 
this property? Describe the mitigation strategies that the owners of this property 
have to reduce their losses in the event of a flood. Which one would you choose?  
 
Value of the property 
 



Value Property =  $ 415,709 
 

 
 

 
 
(Microsoft Excel Worksheet Object) 

Annual 

chance of 

Flood

Building 

losses

Average 

losses
ΔP

Expected 

Losses

0.1 $109,082 $109,082  0.100  $  10,908.20 

0.04 $110,745 $109,914  0.060  $    6,594.81 

0.02 $114,071 $112,408  0.020  $    2,248.16 

0.01 $114,071 $114,071  0.010  $    1,140.71 

0.002 $117,396 $115,734  0.008  $       925.87 

21,817.75$        Sum of Expected Losses  
 
This means that the average annual flood losses at this location are nearly 
$22,000 per year.  About half of these losses are for 10 year return period events 
or less, so that means that this is a “Repetitively Loss Property” which is 
anticipated to have losses at fairly frequent intervals. 
 
Mitigation Strategies 



 
 
Utility Elevation costs $12,000 and given that the property floods frequently, it 
is clear that this is worthwhile (Benefit/Cost Ratio = 59.55). 
 
Wet Flood Proofing costs $18, 920, and again since the property floods 
frequently, this is also worthwhile (Benefit/Cost Ratio = 55.66). 
 
Relocation costs $437,108, and although it is much more expense, the 
Benefit/Cost ratio = 11.47 
 
Elevating the Building costs $189,196 and it also has a very positive 
Benefit/Cost ratio = 7.55 
 
If only a small amount of capital is available than elevating the utilities and wet 
flood proofing should be done. 
 
If more capital is available, it is probably best just to relocate the whole activity 
in this building. 
 
a) Elevation 
 



 
 
b) Relocation 

 
 
 
 
 
 
 
 
c) Dry flood Proofing 

 
d) Wet flood Proofing 

 
e) Levees & Floodwalls 



 
f) Mitigation Reconstruction 

 
g) Utility Elevation 

 


