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River Types

We are primarily concerned with the hydrogeometric properties of 
rivers for modeling, that is the hydraulic (flow, velocity, dispersion) and 
the geometric (depth, width, slope).



River Types



River Types

Temperate climates produce nearly constant 
hydrographs with a peak for snowmelt.

Humid climates show a more varied 
hydrograph, with spikes due to 
thunderstorms. The difference between 
spring and summer is not as pronounced due 
to even distribution of precipitation.



River Types
In colder climates there are drastically different 
periods of peakflow due to a significant portion of 
snowmelt.

Ephemeral streams in an arid climate show significant 
periods where the river is dry and then flow when 
there are large storms



River Types
Human influence can substantial hydrographs:

Impoundments: Moderate streams by reducing seasonal 
variability, shifting timing of minima and maxima

Urbanization and channelization: Creates more 
pronounced and concentrated runoff, leading to higher 
spikes

Human water use: irrigation, hydropower, alter the 
spatial and temporal variability (withdrawals and 
discharges)



Stream Hydrogeometry

A stream’s hydrogeometry consists of its hydrologic characteristics 
(velocity, flow, dispersion) and its geometry (depth, width, cross-
sectional area, slope). 

Two approaches are available for determining these parameters: 
at a point
at a reach



Point Estimates (Transect)



Point Estimates (Transect)
Depth and water velocity measurements are evaluated, then 
used to estimate mean depth and cross-sectional area via 
integration. 

𝐴𝐴𝑐𝑐 = �
0

𝐵𝐵
𝑧𝑧(𝑥𝑥)𝑑𝑑𝑥𝑥

𝐻𝐻 =
𝐴𝐴𝑐𝑐
𝐵𝐵

where Ac = cross-sectional area (m2)
x = distance measured across the stream (m)
z(x) = depth measured at location x (m)
H = mean depth (m)
B= stream width



Point Estimates (Transect)

Once the average velocity for 
each point on the transect is 
derived, �𝑈𝑈(𝑥𝑥), the values can be 
integrated to arrive at the mean 
flow

𝑄𝑄 = �
0

𝐵𝐵
�𝑈𝑈(𝑥𝑥)𝑧𝑧(𝑥𝑥)𝑑𝑑𝑥𝑥

And mean velocity:

𝑈𝑈 =
𝑄𝑄
𝐴𝐴𝑐𝑐





Reach Estimates



Reach Estimates

The reach approach is predicted on the assumption that stream width 
is less variable than its depth. Given this, a stream reach is identified 
that has a relatively constant width, once measured, the flow at the 
end of this reach is determined by point estimate.

A travel time is determined by injecting a tracer such as dye at the head 
end and timing how long it takes to traverse the reach. The mean 
velocity:

𝑈𝑈 =
𝑥𝑥
𝑡𝑡

where x = reach length and t =travel time. 



Reach Estimates

The velocity and flow rate can then be used to estimate the average 
cross-sectional area:

𝐴𝐴𝑐𝑐 =
𝑄𝑄
𝑈𝑈

and then used to determine the mean depth:

𝐻𝐻 =
𝐴𝐴𝑐𝑐
𝐵𝐵





Low-Flow Analysis

Traditional water-quality modeling has used the steady, low-flow summer period 
as its design condition,…..

How do you establish low-flow conditions?

https://www.fws.gov/r5crc/habitat.html

https://www.fws.gov/r5crc/habitat.html


Low-Flow Analysis

7Q10: The minimum 7-day flow that would be expected to occur every 
10 years is generally expected as the standard design flow. This can be 
established for the entire year, by month, or for a season (e.g. a 
summer: July to September). 

First: Long-term flow record is required for the specific location
Next: Examine data to determine smallest flow that occurs for seven 
consecutive days.
Then: tabulate n flows in ascending order and assign them a rank m. 



Low-Flow Analysis

Then: tabulate n flows in ascending order and assign them a rank m. 
The cumulative probability of occurrence is given by:

𝑝𝑝 =
𝑚𝑚

𝑁𝑁 + 1
The recurrence interval is :

𝑇𝑇 =
1
𝑝𝑝







Low-Flow Analysis



Dispersion and Mixing
In rivers, we examine two mixing regimes:

First: with one-dimensional models, we are concerned with mixing in the 
direction of flow  (longitudinal mixing), parametrized by the dispersion 
coefficient.

In addition: we are interested in the mixing across the stream (lateral mixing). 

We assess our assumption that the point sources are instantaneously mixed, 
quantifying the longitudinal flow length required to attain lateral mixing. 



Longitudinal Dispersion
To estimate the longitudinal dispersion coefficient for streams and 
rivers, Fischer et al (1979) developed the following:

𝐸𝐸 = 0.011
𝑈𝑈2𝐵𝐵2

𝐻𝐻𝑈𝑈∗

where E has units (m2 s-1)
U= velocity (m s-1)
B= width (m)
H= mean depth (m)
U*= shear velocity (m s-1), which is defined by:

𝑈𝑈∗ = 𝑔𝑔𝐻𝐻𝑔𝑔



Longitudinal Dispersion

𝑈𝑈∗ = 𝑔𝑔𝐻𝐻𝑔𝑔
where g = acceleration due to gravity (m s-2) and S = channel slope 
(dimensionless). 



Longitudinal Dispersion

An alternative formula is (McQuivey and Keefer, 1974):

𝐸𝐸 = 0.058
𝑄𝑄
𝑔𝑔𝐵𝐵

where Q = mean flow (m3 s-1). M&K74 studied rivers from 35 to 33,000cfs, 
limiting it to Froude No. (𝐹𝐹 = 𝑈𝑈/ 𝑔𝑔𝐻𝐻) less than 0.5. 



Lateral Mixing

Lateral mixing of point sources is the second facet of mixing relevant to one-
dimensional stream water-quality modeling.

𝐸𝐸𝑙𝑙𝑙𝑙𝑙𝑙 = 0.6𝐻𝐻𝑈𝑈∗

where H = mean depth (m) and U* = shear velocity (mps). This can be used to 
compute the length to attain complete lateral mixing. For side discharge:

𝐿𝐿𝑚𝑚 = 0.4𝑈𝑈
𝐵𝐵2

𝐸𝐸𝑙𝑙𝑙𝑙𝑙𝑙
For discharge in the center of the channel:

𝐿𝐿𝑚𝑚 = 0.1𝑈𝑈
𝐵𝐵2

𝐸𝐸𝑙𝑙𝑙𝑙𝑙𝑙



Lateral Mixing

Yotsukura (1968) has proposed the following alternative formula for a side 
discharge:

𝐿𝐿𝑚𝑚 = 8.52𝑈𝑈
𝐵𝐵2

𝐻𝐻
where Lm= mixing length (m)

U = velocity (mps)
B = width (m)
H = depth (m)





Flow, Depth, and Velocity

If a steady flow rate Q enters the upstream end for a sufficiently long 
period of time, then the continuity equation will describe these 
conditions for steady, uniform flow conditions:

𝑄𝑄 = 𝑈𝑈𝐴𝐴𝑐𝑐
where Ac = cross-sectional area and U = mean velocity. Since these 
factors (velocity, depth, width) are components, we can use them to 
relate these characteristics to flow.



Discharge Coefficients

Power equations (Leopold and Maddock, 1953) can be used to relate mean 
velocity, depth, and width to flow:
𝑈𝑈 = 𝑎𝑎𝑄𝑄𝑏𝑏

𝐻𝐻 = 𝛼𝛼𝑄𝑄𝛽𝛽

𝐵𝐵 = 𝑐𝑐𝑄𝑄𝑓𝑓

where mean depth, and a, b, 𝛼𝛼, 𝛽𝛽, c, f are empirical constants that are 
determined from stage-discharge rating curves (log-log plots)



The Manning Equation

The Manning equation which is derived from a momentum balance for 
the channel, provides a means to relate velocity to channel characteristics

𝑈𝑈 =
𝐶𝐶𝑜𝑜
𝑛𝑛
𝑅𝑅2/3𝑔𝑔𝑒𝑒

1/2

where Co = a constant (= 1.0 metric, 1.486 for English)
n = Manning’s roughness coefficient 
R = channel’s hydraulic radius (m or ft) = Ac/P
P = wetted perimeter (m or ft)
Se = slope of the channel’s energy grade line



The Manning Equation
The Manning equation can also be substituted into the 
continuity equation (𝑄𝑄 = 𝑈𝑈𝐴𝐴𝑐𝑐) to calculate the flow:

𝑄𝑄 =
𝐶𝐶𝑜𝑜
𝑛𝑛
𝐴𝐴𝑐𝑐𝑅𝑅2/3𝑔𝑔𝑒𝑒

1/2

If we had a flow and area and hydraulic radius, can be 
expressed as depth, there is one unknown- depth. This 
can be solved for then used with flow to calc. velocity. 



The Manning Equation
If we had a flow and area and hydraulic radius, can be expressed as depth, 
there is one unknown- depth. This can be solved for then used with flow to 
calc. velocity. 
E.g a trapezoid:

𝐴𝐴𝑐𝑐 = 𝐵𝐵0 + 𝑠𝑠𝑠𝑠 𝑠𝑠

𝑃𝑃 = 𝐵𝐵0 + 2𝑠𝑠 𝑠𝑠2 + 1

𝑅𝑅 =
𝐴𝐴𝑐𝑐
𝑃𝑃

=
𝐵𝐵0 + 𝑠𝑠𝑠𝑠 𝑠𝑠

𝐵𝐵0 + 2𝑠𝑠 𝑠𝑠2 + 1



The Manning Equation

These equations (𝐴𝐴𝑐𝑐 = 𝐵𝐵0 + 𝑠𝑠𝑠𝑠 𝑠𝑠; 𝑅𝑅 = 𝐴𝐴𝑐𝑐
𝑃𝑃

= 𝐵𝐵0+𝑠𝑠𝑠𝑠 𝑠𝑠
𝐵𝐵0+2𝑠𝑠 𝑠𝑠2+1

) can be 

substituted into the Manning Equation (𝑄𝑄 = 𝐶𝐶𝑜𝑜
𝑛𝑛
𝐴𝐴𝑐𝑐𝑅𝑅2/3𝑔𝑔𝑒𝑒

1/2). 

𝑄𝑄 = 1
𝑛𝑛

𝐵𝐵0+𝑠𝑠𝑠𝑠 𝑠𝑠 5/3

(𝐵𝐵0+2𝑠𝑠 𝑠𝑠2+1)2/3 𝑔𝑔𝑒𝑒
1/2

𝑓𝑓 𝑠𝑠 =
1
𝑛𝑛

𝐵𝐵0 + 𝑠𝑠𝑠𝑠 𝑠𝑠 5/3

(𝐵𝐵0+2𝑠𝑠 𝑠𝑠2 + 1)2/3
𝑔𝑔𝑒𝑒
1/2





Routing and Water Quality 
(Advanced Topic)



Routing Water



Routing Water



Routing Pollutants
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