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Unit-V 

Floods: 

Types of floods and their estimation by different methods, probability and frequency 

analysis, flood routing through reservoirs and channels, flood control measures, economics of 

flood control. 

 

Types of floods: 

Coastal (Surge Flood): 

A coastal flood, as the name suggests, occurs in areas that lie on the coast of a sea, ocean, or other large 

body of open water. It is typically the result of extreme tidal conditions caused by severe weather. Storm 

surge — produced when high winds from hurricanes and other storms push water onshore — is the leading 

cause of coastal flooding and often the greatest threat associated with a tropical storm. In this type of flood, 

water overwhelms low-lying land and often causes devastating loss of life and property. 

Coastal flooding is categorized in three levels: 

 Minor: A slight amount of beach erosion will occur but no major damage is expected. 

 Moderate: A fair amount of beach erosion will occur as well as damage to some homes and 

businesses. 

 Major: Serious threat to life and property. Large-scale beach erosion will occur, numerous roads will 

be flooded, and many structures will be damaged. Citizens should review safety precautions and 

prepare to evacuate if necessary. 

The severity of a coastal flood is determined by several factors, including the strength, size, speed, and 

direction of the storm. The onshore and offshore topography also plays an important role. To determine the 

probability and magnitude of a storm surge, coastal flood models consider this information in addition to 

data from historical storms that have affected the area, as well as the density of nearby development. 

Fluvial (River Flood): 

Fluvial or riverine flooding, occurs when excessive rainfall over an extended period of time causes a river to 

exceed its capacity. It can also be caused by heavy snow melt and ice jams. The damage from a river flood 

can be widespread as the overflow affects smaller rivers downstream, often causing dams and dikes to 

break and swamp nearby areas. 

There are two main types of riverine flooding: 

 Overbank flooding occurs when water rises overflows over the edges of a river or stream. This is the 

most common and can occur in any size channel — from small streams to huge rivers. 
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 Flash flooding is characterized by an intense, high velocity torrent of water that occurs in an existing 

river channel with little to no notice. Flash floods are very dangerous and destructive not only 

because of the force of the water, but also the hurtling debris that is often swept up in the flow. 

The severity of a river flood is determined by the amount of precipitation in an area, how long it takes for 

precipitation to accumulate, previous saturation of local soils, and the terrain surrounding the river system. 

In flatter areas, floodwater tends to rise more slowly and be shallower, and it often remains for days. In hilly 

or mountainous areas, floods can occur within minutes after a heavy rain. To determine the probability of 

river flooding, models consider past precipitation, forecasted precipitation, current river levels, and 

temperatures. 

Pluvial (Surface Flood): 

A pluvial, or surface water flood, is caused when heavy rainfall creates a flood event independent of an 

overflowing water body. One of the most common misconceptions about flood risk is that one must be 

located near a body of water to be at risk. Pluvial flooding debunks that myth, as it can happen in any urban 

area — even higher elevation areas that lie above coastal and river floodplains. 

There are two common types of pluvial flooding: 

 Intense rain saturates an urban drainage system. The system becomes overwhelmed and water 

flows out into streets and nearby structures. 

 Run-off or flowing water from rain falling on hillsides that are unable to absorb the water. Hillsides 

with recent forest fires are notorious sources of pluvial floods, as are suburban communities on 

hillsides. 

Pluvial flooding often occurs in combination with coastal and fluvial flooding, and although typically only a 

few centimeters deep, a pluvial flood can cause significant property damage. 

Estimation by different methods: 

1. Empirical Formulae: 

In this method area of a basin or a catchment is considered mainly. All other factors which influence peak 

flow are merged in a constant. 

A general equation may be written in the form: 

Q = CAn 

Where Q is peak flow or rate of maximum discharge 

C is a constant for the catchment 

A is area of the catchment and n is an index 
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The constant for a catchment is arrived at, after taking following factors into account: 

(a) Basin characteristics: (i) Area, 

(ii) Shape, and 

(iii) Slope 

(b) Storm characteristics: 

(i) Intensity, 

(ii) Duration, 

(iii) Distribution. 

Limitations: 

1. This method does not take frequency of flood into consideration. 

2. This method cannot be applied universally. 

3. Fixing of constant is very difficult and exact theory cannot be put forth for its selection. 

However, they give fairly accurate idea about the peak flow for the catchments they represent. Some 

important empirical formulae are mentioned below. 

(i) Dicken s fo ula: 

It was formerly adopted only in Northern India but now it can be used in most of the States in India after 

proper modification of the constant. 

Q = C.M3/4 

Where Q is discharge in m3/sec. 

M is area of catchment in km2. 

C is a constant. 

(ii) ‘y e s fo ula: 

This formula is used only in Southern India. 

Q = C.M2/3 

C = 6.74 for areas within 24 km from coast. 

= 8.45 for areas within 24 —161 km from coast. 
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= 10.1 for limited hilly areas. 

In worst cases it is found that value of C goes up to 40.5. 

(iii) The Inglis Formula: 

This formula is used only in Maharashtra. Here three different cases are taken into consideration. 

(a) For small areas only (It is also applicable for fan shaped catchment). 

Q = . √A 

(b) For areas between 160 to 1000 km2 

Q= 123. √A-2.62(A-259) 

 Fo  la ge a eas Q = . A/√A + . 6 

In all the equations A is area in km2. 

2. Envelope Curve: 

It is another method of estimation of peak flow. It is based on the assumption that highest known peak flow 

per unit area registered in the past in one basin in a region may occur in future in another basin in the same 

region or a region possessing similar hydrologic characteristics. 

A graph is constructed by plotting the highest peak flows observed per unit area of the catchment against 

their catchment areas in the region. The points obtained on the graph are joined by an envelope curve. The 

curve once constructed can be used to calculate the probable maximum peak flow for any basin in that 

region. 

This method was given formerly by Creager Justin and Hinds in USA. 

The equation to the curve was of the type: 

q = C. An where q represents the peak flow per unit area 

A represents the catchment area 

C is a constant, and 

n is some index. 

By multiplying both sides of the above equation by area of the asi  A , e get 

Q = C.An+1 

Where Q represents the peak flow. 
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Kanwar Sain and Karpov have developed two envelope curves to suit Indian conditions. One curve has been 

developed for the rivers in South India and the other for Northern and Central Indian Rivers. 

 

3. Rational Method: 

This method is also based on the principle of the relationship between rainfall and runoff and hence can be 

considered to be similar to empirical method. It is, however, called rational method because the units of the 

quantities used are approximately numerically consistent. This method has become popular because of its 

simplicity. 

The formula is expressed as follows: 

Q = PIA 

where Q is peak discharge in cumecs 

P is runoff coefficient which depends on the characteristics of the catchment area. It is a ratio of runoff: 

rainfall. (P values are given later). 
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I is the i te sity of ai fall i  /se  fo  the du atio  at least e ual to ti e of o e t atio . 

And A is area of the catchment in m2. 

Time of concentration: 

It is the time taken by the rain water falling at the remotest point of the drainage basin to reach the 

discharge measurement point. It is given by the formula 

tc = 0.000324 L0.77/S0.358 

Where tc is time of concentration in hours, 

L is length of the drainage basin in m measured along river channel upto the farthest point on the periphery 

of the basin. 

S is average slope of the basin from the farthest point to the discharge measuring point under 

consideration. 

Assumptions: 

The rational formula is given on the following assumptions: 

(i) A peak flow is produced on any drainage basin by a rainfall intensity which continues for a period equal 

to the time of concentration of the flow at the point under consideration. 

(ii) The peak flow resulting from any rainfall intensity attains maximum value when the rainfall intensity 

lasts for the time equal to or greater than the time of concentration. 

(iii) The maximum peak flow resulting from long duration rainfall intensity as mentioned above is its simple 

fraction. 

(iv) The coefficient of runoff is same for all storms of varying frequencies on a given drainage basin. 

(v) The frequency of peak flow is same as that of the rainfall intensity for a given drainage basin. 

While defining the peak flow When rainfall continues for such long enough time that all portions of the 

drainage area simultaneously contribute runoff to an outlet peak flow is reached. Obviously the rainfall 

must continue till water falling at the farthest point also reaches the discharge measurement point. If the 

rainfall occurs at uniform rate right from the beginning the time of concentration will be equal to the time 

of equilibrium when effective rainfall equals direct runoff. 

Limitations of the Rational Method: 

(i) It is clear that as the extent of the catchment area increases all assumptions cannot be fulfilled. Hence, 

for large catchment areas the utility of rational formula is questionable. 
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(ii) For very large and complex catchment areas before the water reaches outlet from the farthest point if 

the rainfall ceases then there is no possibility of whole catchment contributing its share of runoff to the 

outlet simultaneously. In such cases the lag time of peak flow is smaller than the time of concentration. In 

the above circumstances the rational formula does not give maximum peak flow. 

Obviously the rational formula is applicable for small and simple drainage basins for which time of 

concentration is nearly equal to the lag time of the peak flow. 

(iii) It is seen that rational formula gives better results for paved areas with drainages having fixed and 

stable dimensions. Therefore, it is popularly used for urban areas and small catchments only when detailed 

study of the problem is not justified. (The catchment area best suited is of the order of 50 to 100 ha). Since 

flood records are not available for small areas this method is found convenient. 

(iv) The choice and selection of value of (P) the runoff coefficient is the most subjective thing and requires 

good judgment. Otherwise it is likely to introduce substantial inaccuracy. 

Refinement of rational method: 

As a refinement sometimes the drainage basin is divided into zones by contours. Each zone is so selected 

that the time of concentration of each zone is same. Each zone is then assigned appropriate value of (P) the 

runoff coefficient depending upon the imperviousness of the area. The total discharge is taken as 

summation of discharges from various zones. Using this value of total discharge average runoff coefficient 

for the drainage basin can be worked out. 

4. Unit Hydrograph Method: 

In the last chapter it is already mentioned that the largest ordinate of the unit hydrograph multiplied by the 

effective rainfall (in cm) occurring in the unit duration gives the peak flow. To this amount base flow may 

also be added to get total peak flow. The method is fully explained and examples solved in the last chapter 

to ake the p o edu e lea . I  ase of u gauged asi s “ yde s “y theti  u it hyd og aph ay e 
developed to estimate the peak flow. 

Frequency analysis is a method which involves statistical analysis of recorded data to estimate flood 

magnitude of a specified frequency. It, therefore, requires knowledge of statistics to clearly appreciate the 

methods of frequency analysis. 

 

Probability and frequency Analysis: 

Frequency analysis is a method which involves study and analysis of past records (historical data) of 

hydrologic events to predict the future probabilities (chances) of occurrence. It is based on the assumption 

that the past data are indicative of the future. 
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Frequency analysis is done to estimate various things like annual runoff variations, frequencies of floods, 

droughts, rainfall etc. In other words the primary objective of the frequency analysis of hydrologic data (say 

flood events) is to determine the recurrence interval of the hydrologic event of a given magnitude. 

For such analysis so called probability curves have been used. Given the observed data (for example 

maximum discharges for estimating maximum flood, average annual discharges for annual variations etc.) 

the task is to find a theoretical curve the ordinates of which will coincide with those observed. Good 

agreement of a theoretical curve with an empirical one ensures that the extrapolation can be rightly done. 

When stream flood records of sufficient length and reliability are available they may yield satisfactory 

estimates. The accuracy of the estimates reduces with the degree of extrapolation. It is considered by some 

that extrapolation may be done only up to double the period for which data is available. For example, to get 

a 100 year flood 50 years record is necessary. However, insufficiency of recorded data makes it obligatory to 

use short term data to predict 1000 and 10,000 year floods also. 

 

Flood routing through reservoirs and channels: 

Routing is a technique used to predict the changes in shape of a hydrograph as water moves through a river 

channel or a reservoir. In flood forecasting, hydrologists may want to know how a short burst of intense rain 

in an area upstream of a city will change as it reaches the city. Routing can be used to determine whether 

the pulse of rain reaches the city as a deluge or a trickle. 

Routing also can be used to predict the hydrograph shape (and thus lowland flooding potential) subsequent 

to multiple rainfall events in different sub-catchments of the watershed. Timing and duration of the rainfall 

events, as well as factors such as antecedent moisture conditions, overall watershed shape, along with sub 

catchment-area shapes, land slopes (topography/physiography), geology/hydrogeology (i.e. forests and 

aquifers can serve as giant sponges that absorb rainfall and slowly release it over subsequent weeks and 

months), and stream-reach lengths all play a role here. The result can be an additive effect (i.e. a large flood 

if each su  at h e t s respective hydrograph peak arrives at the watershed mouth at the same point in 

time, thereby effectively causing a "stacking" of the hydrograph peaks), or a more distributed-in-time effect 

(i.e. a lengthy but relatively modest flood, effectively attenuated in time, as the individual sub catchment 

peaks arrive at the mouth of the main watershed channel in orderly succession). 

Other uses of routing include reservoir and channel design, floodplain studies and watershed simulations. 

i) Reservoir Routing – considers modulation effects on a flood wave when it passes through a water 

reservoir – results in outflow hydrographs with attenuated peaks & enlarged time bases. – Variations in 

reservoir elevation & outflow can be predicted with time when relationships between elevation & volume 

are known. 
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ii) Channel Routing – considers changes in the shape of input hydrograph while flood waves pass through a 

channel downstream. – Flood hydrographs at various sections predicted when input hydrographs & channel 

characteristics are known. 

Flood control measures: 

Some methods of flood control have been practiced since ancient times. These methods include planting 

vegetation to retain extra water, terracing hillsides to slow flow downhill, and the construction of 

floodways (man-made channels to divert floodwater). Other techniques include the construction of levees, 

lakes, dams, reservoirs, retention ponds to hold extra water during times of flooding. 

Dams 

Many dams and their associated reservoirs are designed completely or partially to aid in flood protection 

and control. Many large dams have flood-control reservations in which the level of a reservoir must be kept 

below a certain elevation before the onset of the rainy/summer melt season to allow a certain amount of 

space in which floodwaters can fill. The term dry dam refers to a dam that serves purely for flood control 

without any conservation storage (e.g. Mount Morris Dam, Seven Oaks Dam). 

Diversion canals 

Main article: Flood control channel 

Floods can be controlled by redirecting excess water to purpose-built canals or floodway, which in turn 

divert the water to temporary holding ponds or other bodies of water where there is a lower risk or impact 

to flooding. Examples of flood control channels include the Red River Floodway that protects the City 

of Winnipeg (Canada) and the Manggahan Floodway that protects the City of Manila (Philippines). 

Floodplains and groundwater replenishment 

Excess water can be used for groundwater replenishment by diversion onto land that can absorb the water. 

This technique can reduce the impact of later droughts by using the ground as a natural reservoir. It is being 

used in California, where orchards and vineyards can be flooded without damaging crops, or in other places 

wilderness areas have been re-engineered to act as floodplains. 

River defences 

In many countries, rivers are prone to floods and are often carefully managed. Defences such as 

levees, bunds, reservoirs, and weirs are used to prevent rivers from bursting their banks. 

A weir, also known as a low head dam, is most often used to create millponds, but on the Humber River in 

Toronto, a weir was built near Raymore Drive to prevent a recurrence of the flood damage caused 

by Hurricane Hazel in October 1954. 

Coastal defences 
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Coastal flooding has been addressed in Europe and the Americas with coastal defences, such as sea 

walls, beach nourishment, and barrier islands. 

Tide gates are used in conjunction with dykes and culverts. They can be placed at the mouth of streams or 

small rivers, where an estuary begins or where tributary streams, or drainage ditches connect to sloughs. 

Tide gates close during incoming tides to prevent tidal waters from moving upland, and open during 

outgoing tides to allow waters to drain out via the culvert and into the estuary side of the dike. The opening 

and closing of the gates is driven by a difference in water level on either side of the gate. 

Self-closing flood barrier 

The self-closing flood barrier (SCFB) is a flood defence system designed to protect people and property from 

inland waterway floods caused by heavy rainfall, gales or rapid melting snow. The SCFB can be built to 

protect residential properties and whole communities, as well as industrial or other strategic areas. The 

barrier system is constantly ready to deploy in a flood situation, it can be installed in any length and uses 

the rising flood water to deploy. Barrier systems have already been built and installed in Belgium, Italy, 

Ireland, the Netherlands, Thailand, United Kingdom, Vietnam, Australia, Russia and the United States. 

Millions of documents at the National Archives building in Washington DC are protected by two SCFBs. 

Temporary perimeter barriers 

When permanent defences fail, emergency measures such as sandbags, hydro sacks, Flood stop flood 

barriers or portable inflatable tubes are used. 

In 1988, a method of using water to control was discovered. This was accomplished by containing 2 parallel 

tubes within a third outer tube. When filled, this structure formed a non-rolling wall of water that can 

control 80 percent of its height in external water depth, with dry ground behind it. Eight foot tall water 

filled barriers were used to surround Fort Calhoun Nuclear Generating Station during the 2011 Missouri 

River Flooding. Instead of trucking in sandbag material for a flood, stacking it, then trucking it out to a 

hazmat disposal site, flood control can be accomplished by using the onsite water. However, these are not 

fool proof. A 8 feet (2.4 m) high 2,000 feet (610 m) long water filled rubber flood berm that surrounded 

portions of the plant was punctured by a skid-steer loader and it collapsed flooding a portion of the facility. 

In 1999, A group of Norwegian Engineers founded and patented Aqua fence. A transportable, removable, 

and reusable flood barrier which uses the water's weight against itself. In 2013, Aqua Fence was awarded 

the highest level USA ANSI Certification after more than one year of testing of the system by US ARMY 

Corps of Engineers as well as parts testing and production review by FM Global. Both commercial and 

municipal customers spanning across The United States of America, Europe and Asia. In the US alone, Aqua 

Fence removable flood panels are protecting more than $10 billion worth of real estate as well as cities and 

public utilities. 

A similar technology is the Water-Gate Flood barrier, a rapid-response barrier which can be rolled out in a 

matter of minutes. It is unique in the way that itself deploys using the weight of water to hold it back. The 
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product has been FM Approved following testing from the US Army. It is used in 30 countries around the 

world, and notably by the Environment Agency in the UK. 

 

Economics of flood control: 

The sense of insecurity arising out of the high risks due to recurrence of floods in flood prone but fertile 

plains dissuades farmers from making long-term investments in farming. It also dissuades other investors, 

including government agencies, from making investment in infrastructural projects. From this point of view 

flood is a  i hi iti g fa to  i  the p o ess of ag i ultu al g o th of a eas su je t to f e ue t floodi g . 
Consequently, without flood protection, flood prone areas receive low levels of investment in both the 

farming and non-farming sectors. These result in low levels of economic development thereby perpetuating 

the vulnerability of the people. In many developing countries there is a strong need for better utilization of 

the agro-e o o i  pote tial of flood plai s to p o ide s ope fo  edu i g people s ul e a ility a d 
providing enhanced opportunities for food and livelihood securities to the flood affected people. This, in 

turn, would reduce poverty and improve quality of life. 
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