
























































































































































UNIT-3 

Reservoir Planning 

3.1Purposes of reservoir 

Dams are constructed across the rivers and streams to create an artificial lake or 
reservoir behind it. Dams and reservoirs are the most important and expensive 
elements in multi-purpose river basin development. They require very careful 
planning, design, and operation. 

Storage works are constructed to serve many purposes, which include: 

1. Storage and control of water for irrigation 

2. Storage and diversion of water for domestic uses 

3. Water supplies for industrial uses 

4. Development of hydroelectric power 

5. Increasing water depths for navigation 

6. Storage space for flood control Reclamation of low-lying lands 

7. Debris control 

8. Preservation and cultivation of useful aquatic life 

9. Recreation. 

 Classification of reservoir based on purpose: 

Depending upon the purposes served, reservoirs may be classified as under: 

(i) Storage or conservation reservoirs 
(ii)  Flood protection reservoirs 
(iii) Distribution reservoirs 
(iv) Multipurpose reservoirs. 
(I) Storage or Conservation Reservoir: Storage reservoirs are primarily used 

for water supplies for irrigation, hydroelectric development, domestic and 
industrial supplies. A river does not carry the same quantity of water 



throughout the year, and may carry large quantities in the other part of the 
year. A storage reservoir is constructed to store the excess water during the 
period of large supplies, and release it gradually as and when it is needed. 

(II) Flood Control Reservoirs: Flood control or flood protection reservoirs are 
those which store water during flood and release it gradually at a safe rate 
when the flood reduces. By the provision of artificial storage during the 
floods, flood damage downstream is reduced.  

(III) Distribution Reservoir: A distribution reservoir is a small storage reservoir 
used for water supply in a city. A distribution reservoir accounts for the 
varying rate of water during the day. Such distribution reservoir permits 
the pumping plants and water-treatment works etc. 

(IV)  Multipurpose Reservoir: A multipurpose reservoir is that which serves 
more than one purpose. For example, a reservoir designed to protect the 
downstream area from floods, and to store water for irrigation and 
hydroelectric purposes is a multipurpose reservoir. 

 INVESTIGATIONS FOR RESERVOIR PLANNING 

The following investigations are required for reservoir planning: 

 Engineering surveys. 

 Geological investigations. 

 Hydrological investigations. 
1. Engineering surveys: 

The area at the dam site is surveyed in detail and a contour plan is 
prepared. 
From the plan, the following physical characteristics are prepared: 
(a) Area-elevation curve. 
(b) Storage-elevation curve. 
(c) Map of the area to indicate the land property to be surveyed 



Area elevation curve and Storage elevation curve: 

 

 

2.Geological investigations: 
In almost all major civil engineering projects, geological advice is the most essential. 
Geological investigations cost very little in comparison to the total cost of the 
project; in a number of cases in recent years it has amounted to between 1/4 to 1 



percent of the whole. This relatively small amount represents a valuable insurance 
against expensive difficulties, otherwise unforeseen, which might arise during 
construction but which it may be possible to predict from a study of the geological 
factors involved. 
Geological investigations are required to give detailed information about the 
following items: 

1. Water tightness of reservoir basin. 
2. Suitability of foundations for the dam. 
3. Geological and structural features, such as folds, faults, fissures etc. of 

the rock’s basin. 
4. Type and depth of over burden (superficial deposits). 
5. Location of permeable and soluble rocks, if any. 
6. Ground water conditions in the region. 
7. Location of quarry sites for materials required for the dam construction 

and quantities available from them. 
 

3.Hydrological investigations: 
The hydrological investigation is a very important aspect of reservoir planning. 
The capacity of the irrigation canals and/or the installed capacity of the power houses 
will depend upon the available supplies from the reservoir. 

 
 



Factors affecting selection of site for a reservoir 

1. The geological condition of the catchment area should be such that percolation 
losses are minimum and maximum run-off is obtained. 

2. The reservoir site should be such that quantity of leakage through it is a minimum. 
Reservoir site having the presence of highly permeable rocks reduce the water 
tightness of the reservoir. Rocks which are not likely to allow passage of water 
include shales and slates, schists, gneisses, and crystalline igneous rocks such as 
granite. 

3. Suitable dam site must exist. The dam should be founded on sound watertight rock 
base, and percolation below the dam should be minimum. The cost of the dan is often 
a controlling factor in selection of a site. 

4. The reservoir basin should have narrow opening in the valley so that the length of 
the dam is less. 

5. The cost of real estate for the reservoir, including road, rail road, dwelling re-
location etc. must be as less as possible. 

6. The topography of the reservoir site should be such that it has adequate capacity 
without submerging excessive land and other properties. 

7. The site should be such that a deep reservoir is formed. A deep reservoir is 
preferable to a shallow one because of (i) lower cost of land submerged per unit of 
capacity, (ii) less evaporation losses because of reduction in the water spread area, 
and (iii) less likelihood of weed growth. 

8. The reservoir site should be such that it avoids or excludes water from those 
tributaries which carry a high percentage of silt in water. 

9. The reservoir site should be such that the water stored in it is suitable for the 
purpose for which the project is undertaken. The soil and rock mass at the reservoir 
site must not contain any objectionable minerals and salts. 

 

 



Zones of storages and various water levels: 

The following are various zones of storage in reservoir: 

(1) Useful storage. 

(2) Surcharge storage. 

(3) Dead storage. 

(4) Bank storage or Valley storage. 

 The maximum level to which the water will rise in the reservoir during 
ordinary operation condition is called normal pool level.  

 The level to which water rises during the design flood is known as the 
maximum pool level.  

 The lowest elevation to which the water in the reservoir is to be drawn under 
ordinary operating conditions is known as the minimum pool level. 

 The volume of water stored between the normal pool level and the minimum 
pool level is known as the useful storage.  

 The volume of water below the minimum pool level is known as the dead 
storage. 

 The term bank storage or valley storage are referred to the volume of water 
stored in the pervious formation of the river banks and the soil above it. Such 
storage depends upon the geological condition of river banks.  

 The volume of water stored between the normal pool level and the maximum 
level corresponding to a flood is called surcharge storage, and is usually 
uncontrolled. 

 



 Storage capacity and yield of reservoir: 

Yield is the amount of water that can be supplied from the reservoir in a specified 
interval of time. The interval of time chosen for the design varies from a day for 
small distribution reservoirs to a year for large conservation reservoirs 

Safe yield or firm yield-The maximum quantity of water that can be guaranteed 
during a critical dry period is known as the safe yield or firm yield. 

Secondary yield-Secondary yield is the quantity of water available in excess of safe 
yield during periods of high flood. 

Average yield-The arithmetic average of the firm and the secondary yield over a 
long period of time is called average yield. 

 

 

 

 

 

Dams: Various types of dams 

 

Based on use, dams are classified as follows: 



(i) Storage dam,  
(ii) Diversion dam 
(iii) Detention dam. 

Storage dam -This is the most common type of dam normally constructed. Storge 
dam is constructed to impound water to its upstream side during the periods of excess 
supply in the river (i.e. during rainy season) and is used in periods of deficient 
supply. 
Behind such a dam, a reservoir or lake is formed. The storage dams may be 
constructed for various purposes, such as for irrigation, water power generation or 
for water supply for public health-purposes, etc. 
 
Diversion dam-The purpose of a diversion dam is essentially different, a diversion 
dam simply raises water level slightly in the river and thus provides head for carrying 
or diverting water into canals, or other conveyance systems to the place of use.A 
diversion dam may be constructed for irrigation or municipal or industrial uses. 

Detention dam-A detention dam is constructed to store water during floods and 
release it gradually at a safe rate, when the flood recedes. By the provision of 
artificial storage during the floods. flood damage downstream is reduced.  

A detention dam is sometimes called water-spreading dam or dike. 

In a multipurpose river valley project, the dam may serve the purposes of storage, 
flood protection and recreation. The stored water may also be used for irrigation, 
water power generation, municipal and industrial supply and other purposes. 

 CLASSIFICATION ACCORDING TO HYDRAULIC DESIGN 

1.Overflow dam. 

2.Non-overflow dam. 

Non-overflow dam. A non-overflow dam is the one in which the top of the dam is 
kept at a higher elevation than the maximum expected high flood level. Water is not 
permitted to overtop the dam. A non-overflow dam may be constructed of wide 
variety of materials, such as earth, rockfill, masonry, concrete etc. 



Overflow dam An overflow dam is the one which is designed to carry surplus 
discharge (including floods) over its crest. Its crest level is kept lower than the top 
of the other portion of the dam (i.e. non-overflow dam) Such dams are generally 
made of concrete or masonry. An overflow dam is commonly known as a spillway. 

 

Classification according to material: 

Rigid Dam 

Non-rigid Dam 

Rigid dams. Rigid dams are those which are constructed of rigid materials such as 
masonry, concrete, steel or timber. Rigid dams may be further classified as follows: 
1. Solid masonry or concrete gravity dam: 
2. Arched masonry or concrete dam. 
3. Concrete buttress dam. 



4. Steel dam. 
5. Timber dam. 
Non-rigid dams. Non-rigid dams are those which are constructed of non-rigid 
materials such as earth and/or rockfill. The most common types of non-rigid dams 
are 
1. Earth dam. 
2. Rockfill dam. 
3. Combined earth and rockfill dam. 
GRAVITY DAMS 
A gravity dam is the one in which the external forces (such as water pressure, wave 
pressure, silt pressure, uplift pressure etc.) are resisted by the weight of the dam 
itself. Thus, the forces disturbing the stability of the dam are resisted by the gravity 
forces of the mass of the dam. A gravity dam may be constructed either of masonry 
or of concrete. 
 Masonry gravity dams are now-a-days constructed of only small heights. 
All major and important gravity dams are now constructed of concrete only. 
ARCH DAMS 
An arch dam (Fig. 7.2) is a dam curved in plan and carries at major part of its water 
load horizontally to the abutments by arch action. This part of water load depends 
primarily upon the amount of curvature. The balance of the water load is transferred 
to the foundation by cantilever action. 

 
 



BUTTRESS DAMS 
A buttress dam (Fig.7.3) consists of a number of buttresses or piers dividing the 
space to be dammed into a number of spans. To hold up water and retain the water 
between these buttresses, panels are constructed of horizontal arches or flat slabs. 
When the panels consist of arches, it is known as multiple arches type buttress dam. 
If the panels consist of flat slab, it is known as deck type buttress dam. 

 



Steel Dams: Steel dams are constructed with a framework of steel with a thin skin 
plate as deck slab on the upstream side. 
Steel dams (Fig. 7.5) are generally of two types 

(i) direct strutted type                                     (ii) cantilever type.  
In the direct strutted type, the load on the deck plate is carried directly to the 
foundations through inclined struts. 
 In the cantilever type, the section of the bent supporting the upper part of the 
deck is formed into a cantilever truss.  

 
Timber Dams: 
A timber dam is constructed of framework of timber struts and beams, with 
timber plank facing to resist water pressure. A timber dam is an ideal temporary 
dam, though a well-designed, constructed and maintained timber dam may last 
30-40 years. 
They are suitable to places where timber can be available in plenty. 
Timber dams are normally found to be of three types: 
1. A-frame type  
2. Rock-filled crib type  
3. Beaver type 
EARTH DAMS AND ROCKFILL DAMS 
Earth dams are made of locally available soils and gravels and therefore, are most 
common types of dams used up to moderate heights. Their construction involves 
utilization of materials in the natural state requiring a minimum of processing. 
With the advancing knowledge of soil mechanics and with the more sophisticated 
earth moving equipment, earth dams are now becoming more common, even for 
higher heights. The foundation requirements of earth dams are less stringent than 
for other types.  



 
 
 Factors governing the selection of type of dam 

The selection of a type of a dam at a given site depends upon many physical factors 
such as topography, geological and foundation conditions, available materials, 
suitable site for spillway, data about earthquake etc.  

The choice of a dam may also be guided by many local problems such as availability 
of labor and equipment, accessibility of site, limitations etc. 



1. Topography-The first choice of dam is usually governed by the topography for 
the site. A low rolling plains country suggests an earth dam with a separate spillway. 

A low narrow V-shaped valley suggests an arch dam, provided the top width of valley 
is less than one-fourth its height and separate site for spillway is available. A narrow 
stream flowing between high rocky walls (giving rise to a U-shaped valley) would 
suggest a concrete overflow dam.  

2. Geology and Foundation Conditions. The next important factor is the geology 
and foundation conditions. If the foundation consists of sound rock, with no fault 
or fissures, any type of dam can be constructed on it.                                                                      
Poor rock or gravel foundations are suitable for earth dam, rockfill dam or low 
concrete gravity dam. Since there will be considerable under-seepage in this case, 
effective water cutoffs or seals have to be provided. Silt or fine sand foundations 
have the problems of settlement, seepage and toe-erosion. Hence, such foundations 
are suitable only for either earth dam or low concrete gravity dam but not rockfill 
dams.  

3. Materials of Construction. The next important factor is the availability of 
materials of construction for dam. The cost of construction of a particular type of 
dam will depend upon the availability of the materials in nearby area so that 
transportation charges are reduced. If sand, gravel and crushed stone is available, a 
concrete gravity dam may be more suitable. If, however, coarse- and fine-grained 
soils are available an earth dam may be suitable. 

4. Spillway Size and Location. The safe discharge of flood water through dam is 
very essential, and for that suitable site for spillway should be available. If the area 
is such that a large spillway capacity is required, an overflow concrete gravity dam 
should be preferred.  

5. Roadway. If a roadway is to be passed over the top of the dam, an earth dam or 
gravity dam would be preferred. 

6. Length and Height of Dam. If the length of the dam is very long and its height 
is low, an earth dam would be a better choice. If the length is small but height is 
more, gravity dam is preferred. 



7. Life of Dam. Concrete or masonry gravity dams have very long life. Earth and 
rockfill dams have intermediate life. However, timber dams are adopted only for 
temporary storages. 

Factors for selection of site for a dam 

The following are the requisites of good sites for various types of dams: 

1. Foundations. Suitable foundations should be available at the site selected for a 
particular type of dam. For gravity dams, sound rock is essential. For earth dams, 
any type of foundation is suitable with proper treatment.  

2. Topography. (i) The river cross-section at the dam site should preferably have a 
narrow gorge to reduce the length of the dam.  

(ii) A major portion of the dam should preferably be on high ground, as this would 
reduce the cost and facilitate drainage. 

3. Site for Spillway. Good site for the location of a separate spillway is essential 
especially in the case of earth or rockfill dam.  

4. Materials. Materials required for a particular type of dam should be available 
nearby, without requiring much of transportation. This would very much reduce the 
cost of construction. 

5. Reservoir and Catchment Area. (i) The side should ensure adequate storage 
capacity of reservoir basin at a minimum cost. 

(ii) The cost of land and property submerged in the water spread area should be 
minimum. 

(iii) The reservoir site should be such that quantity of leakage through its side and 
bed is minimum. Reservoir site having the presence of higher permeable rocks 
reduce the water-tightness of the reservoir. 

(iv) The geological conditions of the catchment area should be such that percolation 
losses are minimum and maximum run-off is obtained. 

(v) The reservoir site should be such that it avoids or excludes water from those 
tributaries which carry a high percentage of silt in water. 



6. Communication. It would be preferable to select a site which is connected by a 
road or rail link or can be conveniently connected to the site for transportation of 
cement, labor, machinery food and other equipment. 

7. Locality. The surroundings near the site should preferably be healthy and free of 
mosquitoes etc., as labor and staff colonies have to be constructed near the spillway 
may be located at its middle.  

 

 

  

Student assignment 

Q. Comparison of earthen and gravity dams with respect to foundation, 
seepage, Construction and maintenance. 


