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4.1 Introduction    

• Streamflow representing the runoff phase of the hydrologic 

cycle is the most important basic data for hydrologic studies.  

 

• It was seen in the previous chapters that precipitation, 

evaporation and evapotranspiration are all difficult to measure 

exactly and the presently adopted methods have severe 

limitations.  

 

• Streamflow is the only part of the hydrologic cycle that can be 

measured accurately. 

 

•  A stream can be defined as a flow channel into which the 

surface runoff from a specified basin drains. 

 

• Streamflow is measured in units of discharge (m3/s) occurring 

at a specified time and constitutes historical records.  

 

 



Stream Measurements  
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1) Direct measurement of stream 

- Area-velocity methods  

- Dilution techniques 

- Electromagnetic methods 

- Ultrasonic method   

 

2) Indirect measurement of stream 

- Hydraulic structure such as weir, flumes and gated 
structure   

- Slope area method 

 



4.2 Measurement of Stage  
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• Barring a few exceptional cases, continuous 

measurement of stream discharge is very difficult. As a 

rule, direct measurement of discharge is a very time-

consuming and costly procedure. 

 

Hence two steps are followed: 

 

1- the stage of the stream ( elevation of water surface above 
a datum) is measured by many methods such as staff 
Gauge, wire gauge, automatic stage recorder…. etc. the 
results is stage hydrograph (Figure 4.7). 

2- The discharge is related with the stage in well known 
stage-discharge relationship (rating curve) 
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rating curve 



4.3 Measurement of Velocity (Horizontal Axes Meter) 
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v = stream velocity at the instru- 

ment location in m/s, 

Ns = revolutions per second of the meter and 

a, b = constants of the meter.  

 

•Typical values of a and b for a standard 

size 12.5 cm diameter Price meter (cup-

type) is a = 0.65 and 

     b = 0.03.  

 

•Smaller meters of 5 cm diameter cup 

assembly called pigmy meters run faster 

and are useful in measuring small 

velocities. The values of the meter 

constants for them are of the order of a 

= 0.30 and b = 0.003. 



4.4 Area-velocity method (direct method) 
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• This method of discharge measurement consists essentially of 

measuring the area of cross section of the river at a selected 

section called the gauging site and measuring the velocity of flow 

through the cross-sectional area.  

 

• For purposes of discharge estimation, the cross-section is 

considered to be divided into a large number of subsections by 

verticals (Fig. 4.14).  

 

• The average velocity in these subsections are measured by 

current meters or floats.  



4.4 Area-velocity method (direct method) 
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• Accuracy of discharge estimation increases with the number of 

subsections used. However, the larger the number of segments, the 

larger is the effort, time and expenditure involved.  

 

• The following are some of the guidelines to select the number of 

segments. 

• The segment width should not be greater than 1/15 to 1/20 of the 

width of the river. 

• The discharge in each segment should be less than 10% of the total 

discharge. 

• The difference of velocities in adjacent segments should not be 

more than 20%.  

 

• It should be noted that in natural rivers the verticals for velocity 

measurement are not necessarily equally spaced.  

 

• The area-velocity method as above using the current meter is often 

called as the standard current meter method. 
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4.4 Area-velocity method  

(direct method) 
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 Figure 4.14 and Example 4.1 



4.4 Area-velocity method (direct method) 
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4.4 Area-velocity method  

(direct method) 
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4.8 indirect method 
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- Make use of the relation between the discharge and 
the flow discharge and the depths at specified 
locations. 

  

1. Flow measuring structures (weirs, flume…etc) 

2. Slope area methods  

 

For flow measuring structures the discharge Q is a function 
of the water-surface elevation measured at specified 
location  

 

Q=f(H) 

 



4.9 Stage Discharge Relationship 
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 Measuring the discharge in direct method requires two 

steps: 

1. Measuring the stage (G) and discharge. 

2. Prepare a stage discharge (rating curve) 

 

 For a gauging section of the channel, the measured values of 

discharge are plotted against the corresponding stages. 

 

 The flow can be control by G-Q curve when: 

1. G-Q is constant with time (permanent) 

2. G-Q is vary with time (shifting control) 

 



Permanent control 
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 Most of streams and rivers follow the permanent type and 

the G-Q curve can be represented by: 

 

 
 Q = stream discharge 

 G = gauge height  

 a = a constant of stage at zero discharge 

 Cr & B = rating curve constants 

 This relationship can be expressed graphically by plotting the 

observed relative stage (G - a) against the corresponding discharge 

values in an arithmetic or logarithmic plot [Fig. 4.22(a) and (b)]. 
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Permanent control 
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 Straight lines is drown in logarithmic plot for (G-Q) (Fig.22b) 

 Then Cr & B can be determined by the least square error method 

 

 

 For the best fit of N. observation, by regression analysis (use excel or other programs) 

 r correlation coefficient is 1 for perfect fit 

 0.6 – 1 can be considered as good correlation 

 It should be noted that in the present case, as the discharge Q increases with (G - a)  

where the variables Y and X are positively correlated and hence r is positive.  

  

 

 

is called the rating equation of the stream and can be used for estimating the discharge Q 

of the stream for a given gauge reading G within range of data used in its derivation. 



Stage for zero discharge (a)  
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 It is hypothetical parameter and can’t be measured 

Method 1 

 Plot Q vs. G on arithmetic scale 

 Draw the best fit curve 

 Select the value of (a) where Q = 0 

 Use (a) value and verify wither the data at log(Q) vs. 

log(G-a) indicate a straight line 

 Trial and error find acceptable value of (a) 

 

 



Stage for zero discharge (a)  
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Method 2 (Running’s Method)  

 Plot Q&G on arithmetic scale and select 

the best fit curve 

 Select three points (A,B and C) as 

 

 

 

 

 

 Draw vertical lines from (A,B and C) and 

horizontal lines from (B and C) 

 Two straight lines ED and BA intersect at 

F 

 See figure 4.23 



Stage for zero discharge (a)  

Method 3  
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• Plot Q vs G to an arithmetic scale and draw a smooth good-fitting 

curve by eye judgement.  

 

• Select three discharges Ql
, Q2 and Q3 such that  

 

  Ql/Q2 = Q2/Q3 

 

• Note from the curve the corresponding values of gauge readings 

Gl, G2 and G3. 

 

• Apply : 
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