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Preface 
 

Booklet No. 573 deals with investigation and planning for the construction of earthen 
tanks. The next step designing of a particular earthen tank is explained in this booklet. The 
proper designing of an earthen tank is very important for its stability and longevity. Earthen tank 
which is also known as percolation tank is a combination of aquatic and  terrestrial eco-system. 
Therefore it has to be carefully designed taking into consideration the characteristics of 
terrestrial and aquatic systems. Only then it will remain like a living ecosystem and will remain a 
productive system for a longer period. 
 
Dr. K. T. Chandy, Agricultural & Environmental Education  
 
I. Introduction 

All the earthen dams or earthen embankments for water storage are percolation tanks 
and hence the terms earthen dams, embankments and percolation tanks are used in this 
booklet interchangeably. 
 

Each earthen tank is unique in size, shape, capacity, location, soil and environmental 
characteristic and hence has to be designed individually. After the preliminary investigation and 
planning for an earthen tank in a particular place one has to design it in detail. For the proper 
design though one has to get the expert advice from the qualified engineers the supervision of 
the construction and maintenance management of the tank is usually done by one or two or a 
group of people at the local level. For them to have better grasp of the whole process beginning 
from investigation to operationalization of the tank, it is necessary that they have an idea of the 
design development also. In other words at least a general knowledge is very important for them 
to be effective in carrying out their responsibilities. 
 

The design development of the tank is explained mainly under the headings such as 
general considerations, crest cutoff excavation, borrow pits, spillway freeboard, upstream slope 
protection, settlement, outlet pipes valves, siphons topsoil cover, design of other types of dams, 
estimation of earth work, and plan specifications. The reader may keep in mind that several 
things discussed in this booklet may be overlapping with what was discussed in the booklet No. 
573 "Investigation and Planning for Earthen Tanks" and in the booklet No.576 on the 
"Maintenance of Earthen Tank" and later with the booklet No. 579 on the "Construction of the 
Earthern Tank". Since these are highly technical matters they are split into several topic in order 
to facilitate the understanding of these by the ordinary people. Such an approach is followed 
precisely because of the request from the field level social activists and technicians. 
 



Though there are several types of dams such as gully embankment dams, ring dams, 
turkey's nest dams, excavated dams, hill side dams, spread band dams and off-creek dams 
only, the design of gully embankment dam is explained in detail in this booklet. Also it should be 
noted that the design specifications described in this booklet is applicable only to dams less 
than 10 metre high. However for dams above five metre height civil engineers with experience 
should be consulted. 
 

The reader should note that the designing of earthen tank is a highly specialized 
engineering feat. The intention of this booklet is not to make anyone competent to construct a 
dam himself but to make him aware of the complexities in designing of an earthen tank. It is 
meant for rural social workers who may be initiating an earthen tank as part of their work in the 
rural areas. 
 

This booklet certainly do not cover all the details about the design of the earthen dam; it 
covers only some of the most important points that are to be kept in mind while designing a 
percolation tank. 
 
ll. General Considerations 
 

A number of general considerations should be kept in mind for the designing of a tank. 
The first among them is the internal forces that operate on the dam. The weight of the soil itself 
is acting always as a collapsing force which can destroy the dam. The second force comes from 
the constant seepage moving through the dam. There is a line cutting through the dam below 
which the soil will always the saturated and hence is in the danger of collapse. Care should be 
taken while designing that the seepage movement is kept very slow so that no particle will be 
moving along the water. Secondly the seepage line on the down stream must be kept as low as 
possible by providing very flat slope on the down stream side. By compacting the soil very firmly 
also we can keep the seepage line low and slow. 
 

The designer should ensure that the clay material used is impervious when compacted, 
possesses good shearing strength (needs more energy to pull an implement through) when 
compacted and saturated, low compressibility when compacted and saturated (this will reduce 
the danger of water passing through the dam like in a pipe at the time of first filling), can be 
easily compacted which is the result of the correct low moisture. (Correct moisture content is 
that moisture at which compaction produces maximum density in the soil). 
 

The design specifications for the homogeneous dam, zoned dam and diaphragm dams 
are different. 
 
1. Homogeneous dams 

Homogeneous dams are made of single type of material consisting of at least 20 to 30 
per cent clay. If one follows the unified soil classification the type of soils in the order of 
preference will be, Clay gravels (GC), Clayey Sands (SC), Inorganic Clay with Low liquid Limits 
(CL) and Inorganic Clay with High Liquid Limits (CH). The slopes on the upstream and down 
stream slopes varies with the height of the dam and the type of the soil as given in table 1. 
 

Table 1: Slope specification for homogeneous dams 
 

Sl.No Height of dam (m)  Slope 

   GC SC CL CH 

1 Upto 3 Upstream 2.5:1 2.5:1 2.5:1 3:1 



  Downstream 2:1 2:1 2:1 2.5:2 

2 3.1 to 6 Upstream 2.5:1 2.5:1 2.5:1 3:1 

  Downstream 2.5:1 2.5:1 2.5:1 3:1 

3 6 to 10 Upstream 3:1 3:1 3:1 3.5:1 

  Downstream 2.5:1 3:1 3:1 3:1 

Legend: GC -Clay gravel, SC- Clayey sands, CL-lnorganic clay with low liquid limits, CH -
Inorganic clay with high liquid limits: 

 
If the dam is subjected to flood water the slope should be reduced further than 3: 1 ratio. 

 
2. Zoned dams 

The zoned dams have a clay core built inside the shell which is formed by the heaped 
and compacted soil on both side of the core. For building darns up to 10 metre zones structure 
is used. It can have steeper slopes compared to the homogeneous darns. The core is usually 
made of Clay Gravels (GC), Clayey Sands (SC), Inorganic Clay with Low Liquid Limits (CL) or 
Inorganic Clay with High liquid Limits (CH) while the shells are made of Well Graded Gravels 
(GW), Poorly Graded Gravels (GP), Well Graded Sands (SW) and Poorly Graded Sands (SP). 
The core should be built on the firm foundation fixed on the cutoff excavation with a bottom 
width equal to the height of 'the darn and the crust should be no less than 3 metres. The core is 
first built and compacted well before the shell is built and compacted to join to the core. 
 
3. Diaphragm dams 

Diaphragm dams are built by fixing a layer of clay on the upstream slope of the dam to 
provide an impervious  section. The type of soils used for the diaphragm are Clayey gravels 
(GC), Clayey Sands (SC) and Inorganic Clay with Low liquid Limits (CL) while the pervious layer 
is built with Well Graded Gravels (GW), Poorly Graded Gravel (GP), Well Graded Sands (SW) 
and Poorly Graded Sands (SP). The diaphragm is built up from the foundation fixed on the 
cutoff excavation. The typical diaphragm thickness for different heights of the dam are: up to 5 
metre height the thickness of the diaphragm is 0.60 m, for 6 m ht 0.75 m, for 7 m ht 0.90 m and 
for 8 m ht 1.05 m thickness is given. The slope should be in conformity to those given in table 1 
for the homogeneous dam. 
 
III. Components of a Dam 
 

The major components of any dam are: cutoff excavation, burrow pits, upstream slope 
protection, crust, spillway and freeboard. Instead of or along with spill way in some dams outlet 
pipes or siphons with valve are fixed. On the down stream side a base channel or drainage to 
collect all the seepage water and divert to the main stream that will be flowing into the command 
area. On the upstream side along the edge of the line of the upper level of water when the dam 
is maximum filled, soil conservation measures like contour line tree plantation, intermittent 
trenches, other vegetative barriers on both sides of the streams and channel that drain water 
into the tank. For easy supervision of the upper side of the dam a road is built originating from 
and in contour line with the crust of the dam. When every thing is complete the place a topsoil 
cover on the earthen dam, its slopes, on the sides of the spill way, roads and paths. The design 
specification of these components is briefly explained here. 
 
1. Cutoff excavation 

The cutoff excavation is a trench cut across the flow of water up to a suitable depth to 
cut off the seepage that possibly will be occurring under the dam. This trench is filled with 
compacted clay or some other impervious material. The core can be built in continuation of this 



compacted clay in this cutoff excavation. The cutoff excavation may be in the clay, in the rock, 
sand or gravel bed. If on clay very safe, on rock check whether there are cracks and crevices 
which will cause seepage of leakage. If on the sand or gravel remove the sand and gravel till an 
impervious bed is located. Otherwise a blanketing of about 0.6 m thick and 35 m long clay is 
spread on the upstream extending to the upstream slope of the dam like diaphragm. Blanketing 
obviously is very expensive. The minimum width of the cutoff excavation should be 2.5 m and 
the slope of the sides may be kept within the range of 1:1 to 1:2 ratio. 
 
2. Burrow pits 

The burrow pit is a depression made by the excavation of the soil more or less at the 
middle of the main part of the reservoir. The sides of the burrow should not be more than 3:1 
slope and should be at least 6 to 10 feet away from the base or toe of the dam on the upstream 
side. The centre of the burrow pit may be made deeper than all the other sides and is connected 
to the out let pipe or to the suction pipe. The greatest advantage of the burrow pit is that the 
entire weight of the water stored will be shifted to the centre of the burrow pit. However burrow 
pit should have a blanket of at least 0.6 m compacted clay which should prevent the excessive 
seepage. The size of the burrow pit depends on the size of the tank storage. The simple rule to 
be followed is to maintain a very steady slope within 3: I ratio ending in a flatbed at the centre. 
 
3. Upstream slope protection 

On the upstream side of the tank there will always be the wave action of the water and 
slowly and steadily the soil from the dam will be eroded. To prevent this some kind of protection 
is given on the upstream side of the tank. The best type of protection is given by spreading the 
stone bolders about 20 to 30 cm thick on the upstream slope. If logs or bundles of small sticks 
and branches are available, these also could be spread to counteract the wave action of the 
water 
 
4. Crest 

Crest is the upper part of the dam. The width of the crest depends on the height of the 
dam. More the height greater should be the width of the crest. Often crest is used as a road for 
public transport. The proportion of the height of the dam and the width of the crest is given in 
table 2 as follows. 
 

Table 2: Minimum crest widths 

Sl. No Height of dam (m) Crest width (m) 

1 Up to 2 2.5 

2 2.1 to 3 2.8 

3 3.1 to 4 3.0 

4 4.1 to 5 3.3 

5 5.1 to 6 3.5 

6 6.1 to 7 3.7 

7 7.1 to 8 3.9 

8 8.1 to 9 4.0 

9 9.1 to 10 4.2 

 
 

As already mentioned the slope of the sides may be kept as given in  
table 1  for the upstream and downstream. 
 
5.Spillway 



Spillway is the outlet made by the side of the dam to let out the excess water 
accumulated in the tank. But the important principle that should be kept in mind is that the flow 
of water should not exceed more than 2.5 metre per second to avoid erosion. The maximum 
amount of water that flow during a flood season is determined from the flood monitoring or 
irrigation and water supply department. This is expressed in cubic metre per second. Depending 
on the amount of the water the width of the spill ways is adjusted Table 3 gives the ratio 
between water flow and the width of the spill way. 
 

Table 3: Minimum inlet width of the spillway. 

Sl. 
No 

Flood flow (cumecs) Inlet width (m) 

1 Upto 3 5.5 

2 4 7.5 

3 5 9.0 

4 6 11.0 

5 7 12.5 

6 8 14.5 

7 9 16.5 

8 10 18.5 

9 11 20.0 

10 12 22.0 

11 13 23.5 

12 14 25.5 

13 15 27.5 

Cumees = Cubic metre per second. 
 

The next step is to calculate the width for the outlet of the spillway. The width of the 
outlet depends on the percentage of slope and the quantity of water flowing out. Table 4 gives 
the outlet width in relation to the flow of water. At the same time as a rule the out let should not 
be more than one and half the times the width of the inlet though exceptions are noticed in table 
4 wherever the slope is more than 8 per cent. When it occurs the width of the inlet should be 
increased to meet the requirement. 
 

Table 4: Minimum outlet width of the spillway 
 

Sl.No Flood 
flow 
(cumecs) 

Outlet width of various return slopes 

  24% 22% 20% 18% 16% 14% 12% 10% 8% 6% 4% 
or 
less 

1 Upto 3 20 19 18 16 15 13 12 10 9 7 6 

2 4 27 25 23 22 20 18 16 14 12 9 8 

3 5 34 31 29 27 25 22 20 17 14 11 10 

4 6 40 38 35 32 30 27 24 21 17 14 12 

5 7 47 44 41 38 35 31 28 24 20 16 16 

6 8 54 50 47 43 39 36 32 28 23 19 16 

7 9 60 56 53 49 44 40 36 31 26 21 17 

8 10 67 63 58 54 49 45 40 35 29 23 19 

9 11 74 69 64 59 54 49 44 38 32 26 22 



10 12 80 75 70 65 59 54 48 41 35 28 24 

11 13 87 81 76 70 64 58 52 45 38 30 26 

12 14 94 88 82 75 69 62 56 48 41 33 28 

13 15 100 94 87 81 74 67 59 52 44 35 30 

 
-Note: These widths are for well grassed spillways, poorly grassed spillways should be wider. 
Cumecs = Cubic metre per second. 
 
6. Free board 

Free board is the vertical distance between the floor of the inlet of the spill way and the 
crest of the darn. It must be of sufficient height to prevent overtopping of the darn even under 
the most severe flood conditions. Normally the free board is one metre for all small size darns. If 
there is more water to be drained the width of the inlet and outlet is increased. But in case of 
very big darns the free board is increased. There is a correlation between the fetch of the darn 
and the free board as given in the table 5 of the text. Fetch of dam means the longest exposed 
water surface on the storage. 
 

Table 5: Typical freeboard values for various fetches 

Sl.No Fetch (M) Freeboard (m) 

1 Upto 600 1.0 

2 1000 1.2 

3 2000 1.3 

4 3000 1.5 

5 4000 1.6 

6 5000 1.7 

 
Generally an island is built inside the tank to reduce the effect of wind blowing over the 

water in the line of fetch to reduce speed of the wind and the wave action. 
 
7. Outlet pipes 

In some cases instead of the spill way an outlet pipe is fixed at the level of the burrow pit 
or at the bottom of the earthen dam. The pipe can be made of cement, burned clay or any other 
convenient material. Usually the pipe consists of several segments and hence they have to be 
jointed strongly. In order to reduce the possible and sometimes unavoidable seepage a number 
of collars have to be fixed on to the outlet pipe line. collars may be made of concrete or steel. 
 

The number of collars depends on the length of the pipe line. For example a minimum of 
3 collars are required for a 20 metre long pipe line, 4 for 25 metre .length, 5 for 30 metre, 6 for 
35 metre, 7 for 40 metre and 8 for a 50 metre long pipe line. Each collar should be having 
1.2xl.2 sq metre area on all the four sides and should be placed at 2.5 metre distance. 
 

The number of collars are usually calculated according to the length of the pipe line 
covered by the embankment whenever there is a change of direction (bend), a fitting that could 
develop thrust (gate valve etc.) or a region of unstable soil etc. in the pipe line anchor blocks or 
thrust blocks are placed. 
 

The volume of discharge depends on the diameter, length, roughness of the interior, 
condition of the entry and exit of the pipe and the presence. of bends, valves or any other 
restriction. Table 6 will help in determining the discharge of water through the outlet. 
 



Table 6: Flow rates through pipes of various lengths and diameters 
 

Sl.No Pipe length 
(m) 

Head (m) Flow rate (litres/sec) 

   150 mm dam 225 mm dam 300 mm dam 

1 20 1 29 76 148 

  2 41 108 209 

  3 51 132 256 

  4 58 153 296 

  5 65 171 330 

  6 71 187 362 

  7 77 202 391 

  8 82 216 418 

2 45 1 22 60 121 

  2 31 85 171 

  3 38 104 209 

  4 44 120 242 

  5 49 134 270 

  6 54 147 296 

  7 58 159 320 

  8 62 170 342 

3 70 1 18 51 105 

  2 26 72 148 

  3 32 89 181 

  4 36 102 209 

  5 41 114 234 

  6 45 125 256 

  7 48 145 277 

  8 52 145 296 

 
If the pipes are fixed then they should be fixed before the earthen bund (both the core 

and the shells) is made. After the estimation of the width of the earthen bund at the bottom 
make the proper alignment of the pipe line. The pipes are fixed firmly in place. The diameter of 
the pipe line is determined by the amount of the water one wants to drain out at a time. 
 

There should be proper inlet and outlet tanks, valves or any other system to control the 
flow of water through the pipe. Arrangements are made to operate the valves at the same level 
as the crest of the bund through gear. system or some other way. For the laying of the pipe line 
and the fixation of the valves one should consult competent engineers. 
 
8. Valves 

Valves are controlling mechanism introduced in the flow of water. It can be fixed at the 
outlet or at the inlet and can be opened or clossed by turning or steering a wheel. When the 
valves are attached at the down stream it is called 
down stream valves and when they are fixed at the upstream .they are called up stream valves. 
Upstream valves are better because the pipe line is under pressure only during the time of flow 
of water. The valve control rode with a wheel may be fixed at vertical or slanting direction. 
 
9. Siphon 



Instead of spill way and the outlet pipe line one can also have a siphon system operating 
to drain out the excess of water accumulated in the reservoir. However if siphon  is installed the 
following points should be kept in mind. The structure of the siphon is explained with following a 
diagram (Fig. I). 
 

 
 
a. The length (A) of the siphon on the upstream should be kept minimum. 
 
b. The vertical height (C) from the base of the dame to the top of the siphon should not be more 
than 4.5 metres. This should be reduced by one metre for every 900 metres above the sea 
level. 
 
c. The length of the siphon on the downstream side (B) should be longer than the hydraulic 
gradient for the full supply level. The hydraulic gradient is the length between the bottom of the 
dam on the downstream to the top of the water line vertically above the bottom line of the dam 
on the upstream minus the inlet and velocity head (D). Actually two hydraulic gradients are there 
in a dam: one when the water level is full and other when the water level is lowest. But again we 
can consider a number of hydraulic gradients ranging between these points of maximum and 
minimum water level. For our practical purpose we can take the length of the hydraulic gradient 
when the water level maximum.. The vertical distance (E) between the bottom points at the 
upstream and the down stream.  
 
d. To prevent the entry of air into the siphon the velocity of the water should be maintained 
maximum possible. 
 
e. There should be a disconnecting pit at the end of the outlet of the siphon and it should be 
made in such a way that the outlet is kept submerged in the pit. Table 7 provides values of 
minimum fall across siphon for various siphon lengths and diameters as a ready recokoner. 
 

Table 7: Minimum falls across siphon for various siphon lengths and diametres 

Sl.No Siphon 
diameter 
(mm) 

Discharge 
(l/sec) 

Minimum fall (E) Inlet loss 
& 
velocity 
head (m) 

   20 m 
siphon 

40 m 
siphon 

60 m 
siphon 

80 m 
siphon 

 

1 75 5 1.0 1.9 2.8 3.6 0.09 



2 100 10 0.9 1.6 2.3 3.0 0.11 

3 150 28 0.8 1.4 2.0 2.7 0.18 

4 225 72 0.6 1.0 1.5 1.9 0.23 

5 300 145 0.7 1.0 1.4 1.7 0.30 

 
10. Toe channel 

At the down streamside in order to collect all the seepage water there should be a base 
or toe channel running all along the length of the earthen bund. This channel is continued to the 
command area and serves as a supply channel to the fields or the residential areas. Proper 
lining of the channel will prevent overflowing of the water which may be as high as 80 per cent 
of the water passing through the channel. 
 
11. Soil conservation measures 

The catchment area immediately above the reservoir is the most sensitive area in terms 
of soil erosion and siltation of the dam. Though all the areas in the catchment are sensitive. 
Generally catchment area should be placed under permanent forestry plantation. If that is not 
possible place it under permanent plantation crops or orchards; but never under the seasonal 
crops which necessitates the frequent stirring of the soil causing large scale soil erosion and 
siltation. 
 

In order to avoid this we are introducing a number of new measures to be implemented 
at least 500 metres width area covering immediately above the upper level of water line. This is 
a wide strip of intensively treated area with a number of soil conservation measures. A 
combination of a number of soil conservation methods, such as planting of trees, shrubs and 
grasses, intermittent trenches, paths and roads are necessarily to be implemented in this area. 
They are briefly explained here. 
 
a. Peripheral road 

Following the same contour line of the crest of the dam a road is constructed all along 
and parallel to the upper level of water line in the catchment side of the dam. The side of this 
road is well protected against soil erosion and wherever it is crossing a stream or a drain that 
brings in water into the reservoir should be fitted with a culvert. This road begins at one end of 
the earthen dam and closes at the ends at the other end making the circle full. This road serves 
as the key inspection line along which we can move back and forth to inspect the condition of 
the catchment area and the dam and to some extend the command area. Though initially it is 
expensive to construct a road of this type it will be extremely useful and in the long run very 
profitable. Both sides of the road trees are planted and are trained to grow straight up so that 
the view to both sides is not obstructed. Besides this road we can also have several parallel 
paths or roads within the intensively treated soil conservation area. 
 
b. Trees and grasses in contours 

On the upper side of the road on the catchment area about 200 to 500 metres wide strip 
running all along and parallel to the road trees and grasses are planted in alternating contour 
lines. They could be planted in strips of few lines of trees and alternating with few line of 
grasses. These trees and grasses will serve as soil conservation measures.  
 
c. Trenches 

Between the line of trees and grasses interminttant trenches of 0.6x0.6x3.6 metres size 
at a distance of 2-3 metres is dug in contour line parallel to the road. Besides the road if 
necessary we can have several paths and roads constructed between the lines of trees and 
trenches. Moving up and down on these roads we can control the soil erosion and silting into 



the dams. These roads also provide easy access to the trenches to remove the accumulated 
silts in the trenches. 
 

Trenches are better made on the upper side of the road than on the lower side. The idea 
is that the flowing water with the eroding soil will fall into these trenches where the soil is 
trapped and mostly the water flows out. This water is slowly  guided into the culverts build at 
regular interval in the road or path. Moving along the paths and roads we can remove the silt. 
 
d. Stream and gully checks 

Checks are constructed at regular interval in all the streams and gullies that bring in 
water into the reservoir. During the rainy season lot of silt comes down along with flood waters 
and the reservoir gets filled. These checks will retain.  
 

The stream and gully checks prevent the reservoir from, silting. The checks are usually 
built up to a height of 45- 60 cm. They are placed at such distance that the top of the lower 
check is about 15-30 cm above the bottom level of the upper check. Such checks are 
contructed in all the streams and gulleys in the intensively treated catchment area. 
 
e. Stream and gully bank protection 

Due to the water erosion the side of the streams and gullys in the catchment get eroded 
slowly. In order to reduce or prevent this mechanical and vegetative barriers are set up on all 
the stream and gully banks in the intensively treated catchment area. By doing this we can 
reduce soil erosion to the minimum. 
 
f. Treatment of catchment area in general 

The stream/gully checks and stream/gully bank protection should be implemented 
through out the catchment area of the tank. The people who own the land in any part of the 
catchment area should be encouraged or even forced to adopt these measures. Besides these 
two measures other soil and water conservation meansures such as bunding, trenches, 
vegetative barriers, terracing etc., should be practiced in each ones cropping land. 
 
IV. Design of Other Types of Dams 

 
Ring tanks, turkey's nest tanks, excavated tanks, off-creek storages, spread bank tanks 

and hill side tanks are other types dams being built for storing water. Though several of these 
tanks are not common in our country they are briefly explained here for information sake so that 
in case some one wants to build any of them can have a basic idea of the same, 
 
1. Ring tank 

The ring tank as indicated by obvious from the name itself is in the form of a ring 
bounded by a bund of about one metre. The material required for the bund making is taken from 
inside of the tank. By taking the soil inside the bund a shallow trench is created leaving a 
circular platform like structure which is more or less at the same height as the ground level. The 
trench is also in the form of a ring. 
 

Ring tank is located on relatively flat ground. The ring tank need not be always in ring 
shape; square and rectangular shaped dams are also constructed. They are filled up by 
pumping water from some other source into the tank. In bigger ring tank a centre island should 
be constructed to counteract the wave action. 
 
2. Turkey's nest tank 



The turkey's nest tank is similar to the ring tank. But the material for the bund 
construction is brought from the outer side of the bund. The level inside the tank is same as that 
out side. 
 
3. Excavated tanks 

The shape of the excavated tanks may be rectangular, square, triangular, irregular or 
even round. The excavated material is used to construct the embankment. The tank is usually 
constructed in clay soil other\vise clay lining should be done to retain the water inside the tank. 
 
4. Spread bank tank 

Spread bank tank as the name indicates is a tank with excavated pond which is 
surrounded by an extended bund which is sloping towards the pond in the centre. The bund 
acts as a catchment area which allows the water to percolate into the pond. 
 
5. Hillside tanks 

An excavated tank is made on a sloping land and the water coming as a runoff from the 
slope is collected and stored in the tank. If the slope is more the storage capacity, (storage ratio) 
is less and vice a vice. 
 
6 Off-creek storages 

Off-creek storages are constructed in any form as described in this booklet. The 
distinguishing point is that the tank is constructed a little away from a stream from which water is 
pumped or diverted into the storage. Therefore it is called off-creek tank. 
 
V. Estimation of Earthwork and Storage Capacity 
 

The earth work and the storage volume of different types of dams differ from each other 
and are estimated using different formulae. 
 
1. Gully embankment dam 

The amount of earth work to be done and the volume of water stored in the upstream of 
a gully embankment dam will depend on the height of the dam, shape of the gully cross-section 
at the dam site and the shape of the storage basin upstream of this site. 
 

There are several methods for estimating the volume of the earth work; but the most 
accurate means of estimating this volume is the horrizontal slice method which involves dividing 
the whole dam into a series of horizontal slices of about 0.5 metres thick. Then with the aid of a 
planimeter the volume of each slice is calculated. The total volume of the tank is obtained by 
adding up the volumes of each slice. 
 

A simpler but less accurate method is to identify the shape of the gully cross section and 
then select the corresponding shape from the examples given in Fig 2 and read off the 
appropriate coefficient (K) which ranges from 0.5 to 1.6 and estimate the volume by using the 
formula 
 



 
 
Ve = 1.05 x K x B x H x (H+I) where 
Ve = the volume of earthwork in the dam (cubic metres), K = the selected coefficient of cross-
section at the dam site, 
B = the bredth of the gully or the length of the dam across the gully, measured along its crest 
(metres) and  
H = the maximum height of the dam (metres). 
 
Example I 

A dam is to be built across a gully which has a k value of 1.2 at the dam site (See fig. 2). 
The length of the dam (B) is 250 metres and the maximum height (H) 6 metres. Calculate the 
earth works volume (Vc) in the dam. 
 

Ve  = 1.05 x K x B x H x (H+I) 
= 1.05 x 1.2 x 250 x 6 x 7 
= 13230 cub metres. 

The volume of water in full storage is obtained by the formula  
V = Ve + Vs where  
Ve = earth work volume 
V s = natural, storage volume 

The natural storage volume (Vs) is estimated by using the formula  
Vs = 0.22 x K x W x D x L where  
K = the coefficient obtained from figure 2  

W = the width of water across the dam wall (metres) 
D = the depth of water at the dam (metres) 
L = length of the longest stretch of water surface on the storage (metres) 
 
Example 2: 

Calculate the natural storage volume (Vs) for the above mentioned dam of K value 1.2, 
w value 200 metre, D value 4 metres and L value 600 metres. 

Vs = 0.22 x KxWxDxL 
= 0.22 x 1.2 x 200 x 4 x 600 
= 126720 cub. metres 

 
The storage ratio (Rs) is calculated by the formula 

Rs = Ve + Vs/ Ve 
 
Example 3 

Calculate the storage ratio (Rs) of the above mentioned dam 
Rs. = Ve + Vs- Ve 



13230 + 126720 
= ---------------------------- 

       13230 
= 10.578 

If the storage ratio is less than 2 it is rated as poor, between 2 to 4 as moderate, 4.1 to 6 
as high and above 6 as very high. In case of this dam it is rated very high. 
 
2. Ring tanks 

Ring tanks are constructed with various heights and diametres. Table 8,  9 & 10 are 
ready reckoners for estimating t the earth work, storage capacity and the area covered by a ring 
dam. These ready reckoners are prepared based on  the assumption that the site is flat with not 
more than one metre fall across the outside diameter of the tank and the side slopes of the bank 
is maintained 2.5:  1 on the inside (water side) 2: I on the outside. 
 

Table 8: Ring tank earth work volumes for various sized tanks in cubic metres 

Sl.No Ht. Of tank 
(m) 

Earth work volumes *(M3) 

  Outside diameter 

  100 m 150 m 200 m 250 m 300 m 

1 2 4100 6400 8700 11000 13200 

2 3 7900 12400 17000 21600 26000 

3 4 13000 20800 28500 37000 45000 

 
These figures allow 10 % for compaction and settlement but do include stripping under 

the bank or the cutoff excavation. 
 

Table 9: Ring storage capacities in mealtimes 
 

Sl.No Ht. Of tank (m) Storage capacity (ML) 

  Outside diameter 

  100 m 150 m 200 m 250 m 300 m 

1 2 11.5 26 45 70 100 

2 3 18.5 42 75 118 170 

3 4 24.5 57 102 160 230 

 
Table 10: Areas covered by ring tanks of various sizes in hectares 

 

Sl.No Outside diameter 
(m) 

100 m 150 m 200 m 250 m 300 m 

1 Area (ha) 0.8 1.8 3.1 4.9 7.1 

 
3. Turkey's nest tank 

The earth work involved for the turkey's nest tank is more or less same as the ring tank 
when based on the outside diameter dimensions. However the storage capacity will be less 
since the material for the bank is taken from outside. For a 100 metre outside diameter with 2 
metre high bank can store 7 million litres and for 3 metre high bank 10 million litres. 
 
4. Excavated tanks 



The excavated tanks may be of different shape and size and accordingly the storage 
capacity differs. The dimensions and capacities of some typical square excavated tank is given 
in table 11. 
 

Table 11: Storage capacities of square excavated tanks 
 

Sl.No Storage 
capacity (ML) 

Depth (M) Top dimension 
(M) 

Bottom 
dimension (M) 

1 1 2.5 27.0 12.0 

2 2 4.5 33.0 6.0 

3 3 5.0 38.0 8.0 

4 4 6.0 41.5 5.5 

5 5 6.0 45.0 9.0 

6 6 6.0 48.0 12.0 

7 7 6.0 50.5 14.5 

8 8 6.0 53.0 17.0 

9 9 6.5 55.0 16.0 

10 10 6.5 57.0 18.0 

11 12 6.5 61.0 22.0 

12 14 7.0 64.0 22.0 

13 16 7.5 67.0 22.0 

14 18 8.0 69.5 21.5 

15 20 8.0 72.0 24.0 

 
* When calculating the storage capacity, it is assumed that the side batters are 3.1 and that 
there are no banks around the excavation. 
 
For a rectangular excavated tank the storage capacity is estimated (when all the measurements 
are in meters) by the formula  
 
V = (A + B + C) x D/6000 where 
 
V = storage capacity in megalitres (million litres) 
A = top area (Lj x B1) 
B = bottom area (Lj x B1 
C = (L1 + L2) x (B1 + B2) 
D = depth of the tank 
 
VI. Conclusion 
 

After the proper investigation of the location proposed for the construction of earthen 
dam the second step is to prepare a design of the earthen tank, which is suitable to that place. 
In the design planning the data obtained from the investigation will be used. Depending on the 
size, height, inflow of water, amount of overflow, type of soil, geological formations each part of 
the dam has to be planned. 

 
%%%%%%%%%% 


