
Option A:  Freshwater 
1.  Drainage basin hydrology and geomorphology 

 
Stream flow 
Water flow in rivers (page 8) 
 
Gradient: 
 

 
 
 
Velocity 
 
The effect of friction is to create an uneven distribution in velocity (speed) in a stream.  Water 
closest to the bed (bottom) and banks (sides) travel slowest (see the diagrams below), while 
water nearest the center travels faster.  The channel shape (we say it’s either symmetrical or 
asymmetrical) also affects velocity as does the roughness of the river bed.  The river bed 
tends to be rougher in the upper course where there are more rocks, resulting in friction, 
reducing velocity.  
 
Channel shape 
 

Symmetrical - on a straight part of the river Asymmetrical - occurs on a bend 

 

 



Note the velocity is the fastest in the center, just 
below the surface (reducing friction), and away 
from both the banks (sides) and bed (bottom) of 
the river, as both increase friction. 

Note the velocity is highest below the surface, 
away from the bed, however it is near the 
deeper part, on the bend (outside of a bend 
where the velocity is greatest).  The inside is 
shallower as it is slower, hence less energy and 
more deposition. 

 
Hydraulic radius 
 
 
The efficiency of a stream’s shape is measured by its hydraulic radius.  The unit is in 
meters (m). 

 
 
 

 
Calculation = CROSS SECTIONAL AREA 
(remember this is a product of the 
average depth x width) - (m2) divided by 
the wetted perimeter (m). 
 

Wetted perimeter - this is the total length of the river bed and banks in contact with water (see 
the diagram above). 
 

1.  Calculate the hydraulic radius for steam A and B below. 

 Wetted perimeter (m) Cross-sectional Area (m2) Hydraulic radius (m) 

Stream A    

Stream B    

 
The greater the hydraulic radius means the stream is more efficient. 
 



2.  Which is the most efficient based on your calculations _______________________.  This 
means there is low relative friction. 

 
 
The hydraulic radius is a RATIO between the cross 
sectional area and wetted perimeter.  Both stream A and 
B had the SAME cross sectional area, however 
STREAM B had a much larger wetted perimeter 
RELATIVE TO THE AREA.  Do not assume that the 
larger the wetted perimeter the more efficient.  
 
This can be demonstrated by comparing a section of a 
river in the upper course and lower course. 
 

 Wetted perimeter (m) Cross-sectional Area (m2) Hydraulic radius (m) 

Upper course 7m 7.5  

Lower course 75m 135  

 
 
 
 
 
 
 
 
 
 
 
 

1.  Which has the highest wetted perimeter? 
 

………………………………………………. 
 
      2. Which has the higher hydraulic radius?  Explain………………………………………. 
 

………………………………………………………………………………………………. 
 
………………………………………………………………………………………………. 



 
Channel roughness  
 
A rough channel can cause friction, which reduces velocity.  Friction is often caused by 
irregularities  in the riverbed, boulders, trees, vegetation and contact with the river bed and 
banks cause friction, reducing velocity. 
 
 
In your own words describe how the characteristics of a stream can have an influence on 
velocity. 
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