EAS 345 HYDROLOGY
Lab 8

STREAM DISCHARGE AND RATING CURVES
Introduction
It is far easier to measure the stage (or water height) of a stream than its discharge.  Discharge is measured by determining velocity profiles across the width and depth of the stream and adding the discharge from each segment. An example was given in Lab 1, where you also found

1. The wetted perimeter, Pwet, or the length of the stream bed.

2. The cross section area, A of the stream.

3. The stream's hydraulic radius, R = A/Pwet.

These quantities will be useful in Manning's Equation for Stream Flow (see next page),

The stream discharge is measured for a large range of different stages (this may take months to ensure a sufficient range of stages) so that in the future (provided the stream bed does not change) discharge is found by measuring the stage and using the rating curve.

The rating curve is a way to estimate the discharge from the stage and to forecast higher discharges on the basis of higher stages. Of course, the rating curve may not apply when extrapolated beyond the range of observations. Thus, discharges cannot be accurately assessed for some record floods. 

Each point on a stream has its own equation to relate discharge to stage.  This equation has the form,
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where q is the discharge (m3 s-1), z is the stage.  K, b, and z0 are constants that have to be determined.  Thus, there are three unknowns. 

In general the higher the stage the faster the flow and the greater the cross-sectional area of the stream.  This implies that b > 1.  The stream basically stops flowing when it gets so shallow that it is reduced to isolated pools of water.  This occurs when the stage is z0.

Technique for Determining the Rating Curve
The rating curve is based on data that includes the discharge at a number of different stages.  For example,
Stage  z(m)
Discharge  q(m3 s-1)

 .75

 32.4


1.0

 75.8


1.5

187.4


2.0

323.2


3.0

______



First, find z0 by graphing z vs q and finding the value of z when q = 0.

This yields z0 ( 0.45

Then to find K and b it is best to take the natural log of the rating curve, 

This can be expressed in the form,
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2
which is the equation of a straight line.  The technique (from elementary algebra) is to find the slope (b) and intercept (log[K]) of this line by substituting two pairs of values of (q, z), or
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3
Solving yields K = 175 and b = 1.4.  Thus the rating curve is,
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4
This can now be used to compute the discharge when z = 3.0
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Manning Formula for Discharge
One of the physically motivated formulas for stream discharge is the Manning Formula, because flow speed depends on slope and friction.
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6
where

n = roughness coefficient

A = cross sectional area of stream

Pwet = wetted perimeter (total length of stream bed from one bank to the opposite bank).

R = hydraulic radius = A/Pwet
S = slope of river bed

Bed Type

n
Paved


.01

Average

.04

Clogged

>.1

The Manning formula makes physical sense because stream discharge is greater the smoother the bottom (n small), the steeper the slope (S large), the greater the cross sectional area (A large), and the deeper the river (R large).

Example: Calculate the discharge and average current velocity for a stream with slope S = .0001 and rectangular cross section that is 10 m wide and 3 m deep. Assume that the stream bed is very smooth so that n = .01.

Solution: First calculate the cross sectional area, the wetted perimeter, and the hydraulic radius.

A = 10(3) = 30 m2
Pwet = 10 + 2(3) = 16

R = A/Pwet = 30/16 = 1.875

Now use the Manning Formula to find discharge
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7
The average current speed is equal to the discharge divided by the cross sectional area, or,
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STREAM DISCHARGE AND RATING CURVES
PROBLEMS
On Math Problems show all work.
1. Find the rating curve for a stream with the following values of q and z,

Stage  z(m)
Discharge  q(m3 s-1)

 .5

  7.9


1.0

 36.2


1.5

 71.6


2.0

111.7


3.5

______



z0 = ________ (Plot this in EXCEL and extrapolate the curve to q = 0. After creating chart Click on Chart top menu bar, Add Trendline, Polynomial, Order 2, Options, Extend Line Backwards )

K = _______

b = _______

2. From the rating curve, find q when z = 3.5 m.

z(3.5) = _______m3 s-1
3. On a rainy day (24 hours) 10 cm of precipitation falls and all runs down the stream.  If the basin area is, A = 109 m2
a. Calculate the mean runoff or discharge.

q = ___________m3 s-1
b. Will the stream flood?  Flood stage is z = 3.5 m.  Explain.
4. Use the Manning Formula to find the average current speed and discharge in a river with a rectangular bed that is 40 m wide, 4 m deep, has a slope, s = .002, and a very rough stream bed with n = .15.

v = ___________m s-1
q =_____________m3 s-1
5. Once every several years a natural stream or river overflows its banks. The water spreads out onto the floodplain. For the accompanying cross section of the Chemung River (a tributary of the Susquehanna River) at Elmira, NY, indicate the bounds of the floodplain on the contour map and on the cross section assuming that water level can rise 10 m above flood stage.
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