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5.1 Introduction To Runoff 
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• Runoff : means the draining or flowing off of precipitation from a 

catchment area through a surface channel. It thus represents the output 

from the catchment in a given unit of time. 

• The excess precipitation moves over the land surfaces to reach 

smaller channels. This portion of the runoff is called overland flow 

and involves building up of a storage over the surface and draining 

off of the same.  

• Flows from several small channels 

join bigger channels and flows from 

these in turn combine to form a 

larger stream, and so on, till the flow 

reaches the catchment outlet. The 

flow in this mode, where it travels all 

the time over the surface as overland 

flow and through the channels as 

open channel flow and reaches the 

catchment outlet is called surface 

runoff. 



• A part of the precipitation that infilters 

moves laterally through upper crusts 

of the soil and returns to the surface 

at some location away from the point 

of entry into the soil. This component 

of runoff is known variously as 

interflow, through flow, storm 
seepage, subsurface storm flow or 
quick return flow (Fig. 5.1).  

• Groundwater Flow or Base  Flow: 

Another route for the infiltered water 

is to undergo deep percolation and 

reach the groundwater storage in the 

soil. For this flow the time lag, i.e. the 

difference in time between the entry 

into the soil and outflows from it is 

very large, being of the order of 

months and years.  
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5.1 Introduction To Runoff 



- Stream flow is used to 
describe the drainage after it 
reaches a defined channel 

 

• Drainage basins, watersheds, 

sub-basins, catchments: 

Defined by the total area 

contributing to a specific point.  

This point varies with the 

objectives of the project. 
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5.1 Introduction To Runoff 



Stream Flow Components: 

 
-Direct precipitation on the channel 
(typically incorporated into total 
basin area) 

-Overland flow: when soil moisture 
storage and depression storage are 
filled “excess” rainfall generates 
overland flow.  

-Interflow:  all rainfall that infiltrates 
does not reach saturated zone 
(ground water).  Under certain 
conditions infiltrated moisture can 
travel through shallow soil horizons.  
Usually only significant for highly 
permeable soils.  

-Baseflow:  contribution to stream 
flow from groundwater 
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• Based on the time delay between the precipitation and the runoff, the 

runoff is classified into two categories; as 

 1) Direct runoff, and 

 2) Base flow. 



5.2 Hydrograph 

• A plot of the discharge in a stream (Stream Flow) plotted 

against time chronologically (زمنيا) is called a hydrograph. 

Depending upon the unit of time involved, we have: 

 

• Annual hydrographs showing the variation of daily or 

weekly or 10 daily mean flows over a year. 

• Monthly hydrographs showing the variation of daily 

mean flows over a month. 

• Seasonal hydrographs depicting the variation of the 

discharge in a particular season such as the monsoon 

season or dry season. 

• Flood hydrographs or hydrographs due to a storm 

representing stream flow due to a storm over a 

catchment (Chapter 6). 
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5.2 Hydrograph 

-  Hydrograph components thus become, 

1. Surface runoff (overland flow) 

2. Interflow 

3. Direct precipitation 

4. Base flow 

 

- Direct Runoff: all moisture that reaches the stream channel without 
first entering zone of saturation (overland flow + interflow + Direct 
precipitation) 

 

- Streamflow  =  direct runoff + base flow 
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Water Year 
In annual runoff studies it is advantageous to consider a water year 

beginning from the time when the precipitation exceeds the average 

evaporation losses. In Palestine the water year start in 1 of October 

and end in 30 of September.  



5.3 Runoff characteristics of streams 

-Perennial Stream (Fig 5.2) 

A stream which always carries some flow. It is always fed from 
groundwater base flow. Even during dry seasons the water table 
will be above the bed of the stream. 
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Stream is always 

fed from 

groundwater 

base flow  
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Stream is fed 

from 

Groundwater 

base only in 

the wet season  

-An intermittent stream (Fig. 5.3) 

Stream is fed from groundwater base only in the wet season. 
During the wet season the water table is above the stream bed. 
During dry seasons the water table drops to a level lower than that 
of the stream bed; and therefore the stream dries up. 
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No contribution 

from groundwater 

(base flow) to the 

stream (most rivers 

in arid  zones)  

-An ephemeral steam (Fig 5.4) 

No contribution from groundwater (base flow) to the 
stream (most rivers in arid zones) 
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The flow characteristics of a stream depend upon: 

 

•The rainfall characteristics, such as magnitude intensity, distribution  

according to time and space, and its variability. 

•Catchment characteristics such as soil, land use/cover, slope, geology, 

shape and drainage density. 

•Climatic factors which influence evapotranspiration. 

 

The interrelationship of these factors is extremely complex, the following 

points can be noted.  

 

•The seasonal variation of rainfall is clearly reflected in the runoff.  

•The shape of the stream hydrograph and hence the peak flow is 

essentially controlled by the storm and the physical characteristics of the 

basin. Evapotranspiration plays a minor role in this. 

•The annual runoff volume of a stream is mainly controlled by the amount 

of rainfall and evapotranspiration. The geology of the basin is significant to 

the extent of deep percolation losses. The land use/cover play an important 

role in creating infiltration and evapotranspiration opportunities and 

retarding of runoff. 



5.5 Flow-Duration curve 

• It is well known that the streamflow varies over a water year. One of 

the popular methods of studying this streamflow variability is through 

flow-duration curves (a plot of discharge against the percent of time 

the flow was equaled or exceeded). This curve is also known as 

discharge-frequency curve. 

 

- Step of construction the curve 

Stream flow discharge is arranged in decreasing order. 

Use class interval if we have very large number of 
records (example 5.8)  

The data used can be daily, weekly, ten daily or 
monthly values.  

Use plotting position to compute the probability of 
equal or exceeded. m= order number of discharge (class value) 

N= number of data 

Pp= percentage probability  

Plot the discharge Q against Pp (Fig 5.8) 

Or semi-log or log-log paper (Fig 5.10) 12 



5.5 Flow-Duration curve 

• In a perennial river Q50 = 100 m3/s 

(the average daily flow)  

 

 

 

-Example 5.8 
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• The flow  duration  curve  represents  the  cumulative  frequency 

distribution and can be considered to represent the streamflow 

variation of an average year.  

• The ordinate Qp at any percentage probability Pp represents the flow 

magnitude in an average year that can be expected to be equalled or 

exceeded Pp per cent of time and is termed as Pp % dependable flow.  

• In a perennial river Ql00 = l00% dependable flow is a finite value.  

• On the other hand in an intermittent or ephemeral River the streamflow 

is zero for a finite part of the year and as such Ql00 is equal to zero. 
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The presence of a reservoir in a stream considerably 

modifies the Natural flow duration curve depending on the 

nature of flow regulation. Figure 5.9 shows the typical 

reservoir regulation effect. 

Reservoir Regulation Effect 



5.6 Flow mass curve 

• The flow-mass curve is a plot of cumulative discharge against 

time plotted in sequential order, the ordinate of the mass curve, V at 

any time t is thus: 

 

 

where tO is the time at the beginning of the curve and Q is the discharge 
rate. 

• The flow-mass curve integral curve (summation curve) 
of the hydrograph 
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Hydrograph 



Flow mass curve (Fig. 5.11) 
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- X axes is the time which can be 

days, weeks or months  

 

- Y axes is the ordinate which  is in 

units of volume in million m3 

 

- Other units employed for ordinate 

include m /s day (cumec day), ha.m 

and cm over a catchment area. 

 
- Slope of the mass curve =dv/dt =Q 

= flow rate 
 

- Average flow rate in the time 
between tm and tn  
 

- Slope of line AB is the average over 
whole period records 

 

 



Calculation of Storage Volume 

• Assume there is a reservoir on a stream 
where FM curve is shown in Fig 5.9 and it 
is full at the beginning of a dry period. 

• When the inflow rate is less than the 
withdrawal (demand) rate, the storage (S) 
of the reservoir  

 

 

    VD   =demand volume (withdrawal) 

     VS   = supply volume (Inflow) 

 

• The storage “S” is the maximum 
cumulative deficiency in any dry season.  
It is obtained as the maximum difference 
in the ordinate between mass curves of 
supply & demand. 

• If there are two dry periods, the minimum 
storage volume required is the largest of 
S1 and S2 (Fig. 5.11) 
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   SD VVS  of maximum 



Calculation of Storage Volume 

- i.e. The minimum storage volume 
required by a reservoir is the largest value 
of S 

 

CD is drawn tangential to the first part of 
curve  

 

Qd slope of CD is a constant rate of 
withdrawal from the reservoir 

 

The lowest capacity is reached at E 
where EF is tangential at E 

 

S1: the water volume needed as storage to 
meet the maximum demand (reservoir is 
full). 

 S2: is for C’D’ 

Then the minimum reservoir storage 
required is the largest storage            

    S2>S1 
20 
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… Example 5.9 (Figure 5.12) 
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Compute the monthly flow volume by using 
the actual days in each month 

 

Compute the accumulated volume in 
(cumec – day) or in m3. 

 

Plot the flow mass curve (accumulated flow 
volume and time) 

 

Draw tangential to the mound at the 
beginning of the curve (line AB) with slope 
of 40 m3/s3 

 

Slope = y/x                y=x(slope) 

 

    y= 60.8 days x 40 =2432 cumec-day 

 

To draw the demand line, the number of 
days in a month can be taken as  30.4 days. 

 



… Example 5.9 (Figure 5.12) 
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• A line parallel to this line is drawn 

tangential to the mass curve at the 

valley portion; line A'B'. 

  

• The vertical distance S1  between these  

parallel lines is the minimum storage 

required to maintain the demand.  

 

• The value of S1 is found to be 2100 

cumec. Days = 181.4 million m3 



Calculation of storage volume 

 Refer to Example 5.9 

-Flow mass curve (Figure 5.12) 

 

-Draw parallel line to AB in the valley point A’B’ 

 

-Vertical value S1 is the storage required to maintain the 
demand 

 

-From figure 5.12            2100 m3/s.day 

 

-Solve Example 5.10 
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Dec Nov Oct Sept Aug July June May Apr Mar Feb Jan Month 

70 80 90 105 80 50 22 15 25 35 45 60 

Mean 

Flow 

(m3/s) 

Calculation of Storage Volume, Example 10 

Work out the Example 5.9 through arithmetic calculation without the 

use of mass curve. What is the maximum constant demand that can be 

sustained by this river? 



… Example 5.10 
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Calculation of maintainable demand 

- If the storage volume is given, then your 
job is now to determine the maximum 
demand that can be maintained by this 
given storage volume (Fig. 5.13): 

• Tangents are drawn from the ridges and 
valleys of the mass curves at various 
slopes (since we still don’t know the 
demand!). 

• The demand line that requires just the 
given storage is the proper demand that 
can be sustained by the reservoir in that 
dry period. 

• Similar demand lines are drawn at other 
valleys. 

• The smallest of the various demand rates 
thus is the maximum solid demand that 
can be sustained by the given storage 
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Calculation of maintainable demand 
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The following salient points in 

the use of the mass curve are 

worth noting: 

•The vertical distance between 

two successive tangents to a 

mass curve at the ridges (points 

v1 and u2 in Fig. 5.13) 

represent the water "wasted" 

over the spillway. 

•A demand line must intersect 

the mass curve if the reservoir is 

to refill. 

•Nonintersection of the demand 

line and mass curve indicates 

insufficient inflow. 
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• An ordinate XY of magnitude 3600 Cumec-

days is drawn in Fig. 5.12 at  an approximate 

lowest position in the dip of the mass curve 

and a line passing through Y and tangential 

to the "hump" of the mass curve at C is 

drawn (line CYD in Fig. 5.12).  

 

• A line parallel to CD at the lowest position of 

the mass curve is now drawn and the vertical 

interval between the two measured. If the 

original guess location of Y is correct, this 

vertical distance will be 3600 m3/s day. If not, 

a new location for Y will have to be chosen 

and the above procedure repeated. 

 

• The slope of the line CD corresponding to 

the final location of XY is the required 

demand rate. In this example this rate is 

found to be 50 m3/s. 



Variable demand  

• In practice the demand rate varies 
with time to meet various end uses 
(such as irrigation,  power and 
water supply needs, etc.) 

 

• A mass curve of demand is 
prepared and superposed on the 
flow-mass curve. 

 

• If the reservoir is full at first point of 
intersection of the two curves, the 
maximum intercept between the 
two curves represents the needed 
storage of the reservoir (Fig. 5.14). 
Such a plot is sometimes known 
as regulation diagram of a 
reservoir. 
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-In the analysis of problems related to reservoirs it is 
necessary to account for evaporation, leakage, and 
other losses from the reservoir. 

-These losses can either be included in demand rates or 
deducted from inflow rates.  If you used the second 
method, the mass curve may have negative slopes at 
some points. 

 

 

-Solve Example 5.12 
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Variable demand  
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