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Maximum probable flood and Design flood 

Any flow which is relatively high and which overtops the natural or artificial banks in any reach 

of a river may be called a flood. Floods are produced when the capacity of the river channel is 

inadequate to carry off the abnormal quantity of water arising from heavy rainfall causing the 

river to overflow its banks and inundate the surrounding low-lying country. 

Maximum probable flood 

The maximum probable flood, abbreviated as MPF, has been defined as the flood that may be 

expected from the most severe combination of critical meteorological and hydrologic conditions 

that are reasonably possible in the region. This is very large flood indeed and is very rarely used 

in design except for reservoir spillways where failure would lead to great damage and loss of 

life. The determination of the MPF involves a detailed study of storm patterns, transposition of 

storms to a position that will give maximum runoff and computation of maximum flood by the 

unit hydrograph method. 

Design flood 

A design flood is the flood discharge adopted for the design of a structure after careful 

consideration of economic and hydrologic factors. As the magnitude of the design flood 

increases, the capital cost of the structure also increases but the probability of annual damages 

will decrease. 

The most economical design flood can be found after studying the various alternatives. The 

design flood in many a case is less than the maximum probable flood because the MPF is not 
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economically practicable. Several design floods may be adopted in a single structure, as for 

example the design flood for a spillway of a reservoir may be much greater than the design flood 

adopted for temporary coffer darns at the initial stages of the structure. Central water 

commission has given certain recommendations regarding the design flood to be adopted with 

due consideration to the size and importance of the project. 

In general the methods used in the estimation of the design flood can be grouped as under. 

(i) Increasing the observed maximum flood by a certain percentage 

(ii) Envelope curves 

(iii) Empirical flood formulae 

(iv) Rational Method 

(v) Unit hydrograph application 

(vi) Frequency analysis (or Statistical methods). 

For an economic design consistent with safety it is necessary to have the complete design flood 

hydrograph rather than merely the value of flood peak. Methods (i) to (iv) of the above list can 

give only the flood peak. Method (v) gives the complete flood hydrograph but it cannot be used 

for very large areas. In method (vi) the flood hydrograph may be constructed by making its peak 

discharge equal to the estimated design flood, and other features to resemble the observed 

hydrographs in the available record. The method to be adopted in any specific case is mostly 

decided by the nature of data that is available. 

Increasing the observed flood, Envelope Curves and Empirical Formulae 

Increasing the observed Flood 

When the flood data is not available, or when the available data is short, the maximum flood that 

occurred during the past, and the number of years during which this flood was the highest are 

found out by local enquiries or from the observation of pas records. This is then increased by a 

certain percentage and adopted as the design flood. The percentage increase naturally depends on 

the number of years over which the observed flood was maximum. If it is over a longer period 

the percentage increase may be less and for shorter periods the increase may have to be more. 

This method is adhoc in nature and has not much theoretical justification and should be resorted 

to under helpless situations. 

Envelope Curves 

When the observed peak floods in different catchments of a hydro meteorologically 

homogeneous region are plotted against their respective areas on a log-log sheet it will usually 

show that all the points lie below an enveloping curve which can be drawn by eye. After the 

envelope curve is drawn the maximum flood for the catchment under consideration can be read 

by entering the plot with the known area of the catchment. Fig. 1.1shows the envelope curves for 

Indian Catchments, presented by Kanwarsain and Karpov (1967). Baird and Mcilluraith (1951) 

gave the following equation for the enveloping curve of maximum floods throughout the world. 

Q = 3010A 

(277 + A)0.78 

where Q is in m3/s and A is in km2. 
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Empirical Formulae 

Flood formulae are about the earliest to be used for estimating flood peaks. Many are purely 

empirical and some are based on theoretical considerations with liberal approximations, 

assumptions and oversimplifications. Depending upon the basis adopted they can be classified in 

different ways. But they may be considered under the following heads for the purpose of present 

discussion. 

(a) Formulae that take area of the basin only into consideration. 

(b) Formulae that take one or more basin parameters apart from area and also rainfall 

characteristics into consideration. 

(c) Formulae that take recurrence interval either explicitly or implicitly into consideration. 

Formulae Based on Area: Most of the formulae in this category are of the form 

Q = CAn, 

Where Q and A are the flood peak and catchment area, C and n are the empirical Co-efficient. 

Ryves formula 

Q = CA2/3 

Where Q is in m3 /s and A is in km2. This formula is specially developed by Ryves for the 

catchment areas in Madras State and is widely used in ' South India. The value of the constant C 

may be adopted as follows, though some observed floods have given as high a value as 30 for C. 

Areas within 80 km from the coast 6.75 

Areas within 80 to 2400 km from the coast 8.45 

Limited areas near hills 10.00 

Inglis formula: This formula is applicable for catchments of Maharashtra 
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Q = 124A 

√A+10.4 

Where Q is in m3 /s and A is in km2. 

Fullers formula 

Qav = CA0.8 

Q= Qav x (1 + 0.8 log Tr) 

Qmax = Q(1 + 2.66 A-0.3) ... (14.13) 

where A is area in sq. km; Tr is the return period in years; Qav is yearly average flood; Q is 

maximum 24 h flood with recurence period of Tr, years and Qmm: is the maximum 

instantaneous discharge. The coefficient C varies from 0.026 to 2.77. 
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Rational Method 

 In this method it is assumed that the maximum flood flow is produced by a certain rainfall 

intensity which lasts for a time equal to or greater than the period of concentration time. 

 This concentration time is nothing but the time required for the surface runoff from the 

remotest part of the catchment area to reach the basin outlet. 

 When a storm continues beyond concentration time every part of the catchment would be 

contributing to the runoff at outlet and therefore it represents condition of peak runoff. 
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 The runoff rate corresponding to this condition is given by 

Q = C A I 

Where A is the area of the catchment, 

I is the intensity of rainfall and 

C is a runoff coefficient to account for the abstractions from the rainfall. 

In the above equation, if A and I are substituted in units of acres and inches/h, the runoff is 

obtained in ft3/s without requiring any conversion factor. For this reason the above equation is 

called the rational formula. However, in SI system of units when A is in km2 and I is in cm/b, the 

flow rate is given by 

Q = 2.778 C A I 

The maximum rainfall intensity, as discussed in the Intensity Frequency-Duration analysis, 

depends on duration and frequency. The intensity of rainfall used in above equation should 

therefore be corresponding to duration equal to concentration time and desired return period. 

This requires an estimate of concentration time which is usually provided by an empirical 

equation given by Kirpich (1940). 

tc = 0.0195 L 0.77 S-0.385 

Where tc is in minutes, 

L is the maximum length of travel of water along the water course in m and 

S is the slope expressed as the ratio of difference in 'elevation between the remotest point and the 

catchment outlet to the length L. There is other equations .available to estimate concentration 

time. 

A given catchment may have distinctly different characteristics requiring the use of different 

runoff coefficient for different sub-areas within the catchment. In such cases the individual sub 

catchments are delineated and their runoff coefficients are identified. The runoff coefficients are 

weighed in proportion to the areas of their respective sub catchments and then the peak flood is 

estimated. That is . 

Q = 2.778 I (ЄCiAi) 

in which Ci is the runoff coefficient of ith subcatchment and Ai is the drainage area of the 

subcatchment. 

The rational method is found to give good results for small areas up to about 50 km2. It is 

generally used to estimate the peak flood in the design of urban drainage systems, storm sewers, 

air port drainage, and in the design of small culverts and bridges. Values of C for use in Rational 

Method 
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Unit hydrograph application 

The application of unit hydrograph to convert a given effective rainfall into 

corresponding runoff hydrograph has already been described in Unit No 3. 

Flood Frequency Methods 

 In flood frequency methods, the observed data of the past floods is used to predict the future 

floods of a particular probability or return period. 

 The analysis is based on the premise that the flood is a random phenomenon, and, therefore, 

the mathematical theory of probability can be used to analyse the data. 

 For frequency analysis, adequate and reliable flood data should be available. The record of a 

period shorter than 20-25 years would not give reliable results. 

 The longer the period of record, the better and the more reliable is the frequency analysis. 

Moreover, the data should be homogeneous. 

 If the data are affected by changes in watershed chrematistics, they should be adjusted before 

the analysis. 

Annual flood series and Partial duration series The stream flow peaks of the past years are 

collected for the flood frequency analysis. There are two methods of collecting the flood peak 

data. 

1. Annual flood series 

2. Partial duration series 

In the annual flood series, only the highest flood of each year is taken for analysis; whereas in 

the partial duration series, all flood peaks above a selected peak are collected irrespective of the 

year in which they occur. Thus in the partial duration series, there may be a number of such 

floods in a year. On the other hand, in some years, there may not be any such flood at all. 

 The partial duration series has an advantage over the annual flood series because 
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all the floods above a particular peak are considered; whereas in the annual flood series, some 

large floods, which may be even larger than the largest floods in other years, are not considered. 

 However, the partial duration series data do not provide a proper statistical series. 

Consequently, the statistical analysis is not perfect because the flood peaks may not be 

independent of one another, which is the basic condition of the analysis 

Frequency analysis is a vast subject. The discussions herein are limited to the following three 

methods: 

1. Probability plotting methods 

2. Gumbels Method 

3. Log - Pearson Type III method 

Probability Plotting Methods 

 In the probability plotting methods, the recurrence intervals are first computed for various 

flood peaks. 

 A plot is then made between the flood discharge as ordinate and the recurrence interval as 

abscissa. 

 For the computation of the recurrence intervals, the data are arranged in the descending order 

of the magnitude. 

 The flood data are assigned the order or rank (m), depending upon the position of a particular 

flood in the series. 

 Thus the highest observed flood is given the rank of 1, and the lowest observed flood, the 

rank of n, where n is the number of years of record. 

The recurrence interval (Tr) is usually computed by one of the following methods: 

1. California formula 

2. Hazen's formula 

3. Weibull’s formula 

Gumbel's Distribution Method 

Gumbel's distribution is perhaps the most widely used distribution for the estimation' of floods of 

various recurrence intervals. Gumbel considered the annual flood series. 

According to Gumbel, the probability of occurrence of an event X equal to or larger than a value 

of Xo. 

Design flood: For the estimation of the design flood for any return period Tr' the 

following procedure is used. 

I. Compute the mean flood Q and the standard deviation (⌐) from the given data. Thus 

Q1 = ЄQ/n 

⌐ = √Є (Q - Q1)/ (n – 1) 
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Log-Pearson type III Distribution Method 

In this method, the variate (i.e. Q in this case) is first transformed into logarithmic form before 

analysing the data. If Q is the variate of a random hydrologic series, then another series of Y 

variates is thus obtained such that Y = log10 Q.  

The value of the variate yT for any recurrence interval Tr is given by 

yT = y1 + K⌐ 

Where K is the frequency factor which depends upon the recurrence interval Tr and the 

coefficient of skew (g). The value of g is given by 

g = n Є(y-y1)/ (n-1) (n-2) ⌐3 

y1 = mean of y - values = Єy/n 

n = sample size (= no. of years of record) 

⌐ = standard deviation of y= √Є (y - y1)/ (n – 1) 
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2. Determine the mean value (y1), the standard deviation (⌐) and the skew coefficient (g) of the 

series. 

3. For the given return period (Tr) and the computed skew coefficient g, determine the value of K 

from Table above 

4. Determine the logarithmic value of design flood yT from equation. 

5. Obtain the design flood QT = (10)yT. 
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Flood routing 

Flood routing may be defined as the procedure whereby the shape of a flood hydrograph at a 

particular location on the stream is determined from the known or assumed flood hydrograph at 

some other location upstream. 

As the discharge in a stream increases stage also increases and with it the volume of water in 

temporary storage in the channel. When the flood wave recedes water is depleted 

from the channel storage as the stage in the stream falls. As a result, a flood wave moving down 

a channel lengthens its base time and consequently its peak gets reduced. The flood wave is then 

said to be attenuated. The effect of reservoir storage or lake storage is also similar. Flood routing 

is the technique in hydrology to compute the effect of storage on the shape and movement of the 

flood wave, Flood routing is used in establishing the height of a flood peak ata downstream 

location in short term flood forecasting, estimating the protection that would result from 

construction of a reservoir, determining required levee heights for flood protection, determining 

the adequacy of spillways, predicting the behavior of a river after a change in channel conditions 

and in the derivation of synthetic unit graphs. 

Flood routing may be divided into two basic types namely 

a) The reservoir routing and 

b) The channel routing or the stream flow routing. 

The reservoir routing analyses the effect of reservoir storage on the flood hydrograph, 

while the channel routing analyses the effect of storage of a specified channel reach on 

the flood hydrograph. 

Reservoir routing 

Letting I and Q to denote the inflow into and outflow from a reservoir, and S the storage in the 

reservoir, the continuity equation in the differential form for the reservoir is given by 

I-Q = dsdt 

Alternatively, the same can be written as 

I Δt+ O Δt = Δs 
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Where I is the average inflow rate in a small time interval Δt,O is the average outflow rate in the 

same time interval andΔs is the corresponding change in the storage of the reservoir 

during the same time interval. 

If suffixes 1 and 2 are used to denote a given quantity at the beginning and the end of the 

time interval and if the inflow and outflow have straight line variation within the time interval, 

the above equation can be written as 

(I1 + I2//2) Δt – (O1 + O2/2) Δt = S2 – S1 

Proper units must be chosen for storage to maintain compatibility in the above equation 

For example, if / and Q are expressed in m3/s and Δt in days, then storage must be 

expressed in cumec-days. 

the first term on left hand side represents the volume of water entering the storage, 

(I1 + I2//2) Δt 

the second term represents the volume of water leaving the storage and 

(O1 + O2/2) Δt 

the term on the right hand side represents the change in storage, 

S2 – S1 

which can be either Positive or negative depending on whether 1 is more than or less 

than O. if I> O – Positive storage 

. if I< O – Negative storage 

In the above equation I1 and I2 are known from the given inflow hydrograph to be routed 

through the reservoir, O1 and S1 are the initial outflow from the reservoir and the initial storage in 

the reservoir which are either known or assumed and O2 and S2 are the two unknown quantities 

which must be determined. Thus to solve for O2 and S2 one mor.e relation is needed. 

In reservoirs the water surface is level (or horizontal) and it can be assumed that the storage in 

the reservoir is independent of inflow and the outflow is dependent onJy on storage. And it is this 

relation between storage and outflow which provides the additional relationship required for the 

solution of S2 and O2.. For this reason, the reservoir routing is also caIJed level pool routing. All 

the reservoir routing methods will make use of this storage discharge relation in some convenient 

form or other. 

Storage Discharge Relation 

Before we discuss the routing methods, we describe how the storage discharge relation can be 

obtained from the topographical data of the reservoir site and the discharge characteristics of the 

reservoir outlets such as spillways and sluices. 

Establishing Storage-Discharge Relationship 

 The area at the reservoir site is surveyed in detail and a contour map is prepared with a 

contour interval of 2 to 3 m depending on the size of the reservoir. 
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 From this map the areas enclosed by various contours are .planimetered and acurve of 

elevation versus area is prepared. 

 Such a curve is very useful in estimating the evaporation losses from the reservoir  since the 

area enclosed by any contour will also represent the water spread area 

 if the water is stored in the reservoir up to that contour' elevation, though it is not directly 

useful in the routing procedure. 

 Once the areas enclosed by contours are known the incremental volumes of water stored 

between any two successive contours can be determined using one of the following equations. 

 

 If these incremental volumes are accumulated up to any contour value, then that sum 

represents the storage volume of the reservoir up to the elevation of that contour. 

 This information is used to prepare a curve of elevation versus storage such as 

shown in Fig (1.1 a). 

 The outflow from the reservoir corresponding to any elevation can be determined using the 

discharge equations of the openings. 

 

Where Qsp = the discharge from the spillway 

C = coefficient of the spillway 

L = effective length of the spillway 

Hsp = sill 'level of the spillway 

H = water level in the reservoir 

Qsl =the discharge from the sluices 

n =the number of sluices 

A =area of each sluice 

Hsl = sill level of sluices 

Cd =coefficient of discharge of sluices. 

 If the reservoir is provided with both spillway and sluices, (Qsp + Qsl) will give the discharge 

corresponding to the elevation H. 
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 When the outflow is plotted against elevation, a curve as shown in Fig. (1.1 b) is obtained 

which is known as the elevation-discharge curve. 

The curve of Fig.(1.1 a) and Fig.(1.1b) are then utilized to prepare a curve of storage versus 

discharge as shown in Fig. (1.1c). It is this curve which is used in reservoir routing. 
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