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Definitions 
• Weathering, erosion, mass-wasting, and depositional processes occur at 

or near the Earth’s surface and produce changes to the landscape that 
influence surface and subsurface topography and landform development. 

 

– Weathering is the physical disintegration or chemical alteration of 
rocks at or near the Earth’s surface. 

 

– Erosion is the physical removal and transportation of weathered 
material by water, wind, ice, or gravity.  

 

– Mass wasting is the transfer or movement of rock or soil down slope 
primarily by gravity. 

 

– Deposition is the process by which weathered and eroded materials 
are laid down or placed in a location that is different from their 
source.  

   

 
 



Types of Weathering  

I. Mechanical (physical) weathering is the physical disintegration and reduction 
in the size of the rocks without changing their chemical composition. 

Examples:  exfoliation, frost wedging, salt wedging, temperature changes, and 
abrasion 

 

II. Chemical weathering decomposes, dissolves, alters, or weakens the rock 
through chemical processes to form residual materials.  

Examples:  carbonation, hydration, hydrolosis, oxidation, and solution 

 

III. Biological weathering is the disintegration or decay of rocks and minerals 
caused by chemical or physical agents of organisms. 

Examples:  organic activity from lichen and algae, rock disintegration by plant or 
root growth, burrowing and tunneling organisms, and acid secretion 
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I. Mechanical Weathering  

Mechanical weathering is the physical disintegration and 
reduction in the size of the rocks without changing their chemical 
composition. 

 

– Exfoliation 

– Frost Wedging 

– Salt Wedging 

– Temperature Changes 

– Abrasion 
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Mechanical Weathering: Exfoliation 

• Exfoliation is a mechanical weathering process whereby pressure in a rock is 
released along parallel alignments near the surface of the bedrock and layers 
or slabs of the rock along these alignments break off from the bedrock and 
move downhill by gravity. 

• Exfoliation primarily occurs on intrusive igneous or metamorphosed rocks 
that are exposed at the Earth’s surface. 
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Mechanical Weathering: Frost Wedging  
• Frost wedging is a mechanical weathering process caused by the freeze-thaw 

action of water that is trapped between cracks in the rock. 

• When water freezes, it expands and applies pressure to the surrounding rock 

forcing the rock to accommodate the expansion of the ice.  

• This process gradually weakens, cracks, and breaks the rock through repetitive 

freeze-thaw weathering cycles. 
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Temperature Changes  
• Daily (diurnal) and seasonal temperature changes affect certain minerals and facilitates the 

mechanical weathering of bedrock. 

• Warmer temperatures may cause some minerals to expand, and cooler temperatures cause 

them to contract. 

• This gradual expansion and contraction of mineral grains weakens the rock causing it to break 

apart into smaller fragments or to fracture.  

• This process is more common in desert climates because they experience extreme fluctuations 

in daily temperature changes. 
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Mechanical Weathering: Salt Wedging  

• Salt wedging occurs when salts crystallize out of solution as water evaporates. As the salt 

crystals grow, they apply pressure to the surrounding rock weakening it, until it eventually 

cracks and breaks down, enabling the salt crystal to continue growing. 

• Salt wedging is most common in drier climates, such as deserts.   

Copyright © Michael Collier 8 



Mechanical Weathering: Abrasion  
• Abrasion occurs when rocks collide against 

each other while they are transported by 

water, glacial ice, wind, or gravitational force. 

• The constant collision or gravitational falling of 

the rocks causes them to slowly break apart 

into progressively smaller particles.  

• Flowing water is the primary medium of 

abrasion and it produces the ‘rounded’  shape 

of fluvial sediments. 

• During abrasion, rocks may also weather the 

bedrock surface they are coming into contact 

with as well as breaking into smaller particles 

and eventually individual grains. 

     Photo Source: SCGS 
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Types of Chemical Weathering 

Chemical weathering decomposes, dissolves, alters, or 
weakens the rock through chemical processes to form residual 
materials. 

 

• Carbonation 

• Hydrolysis 

• Hydration 

• Oxidation 

• Solution 

Copyright © Oklahoma University 

Stalactite and stalagmite joining together in  
Onondaga Cave State Park, Missouri.  
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Chemical Weathering: Carbonation 
• Carbonation is a process by which carbon dioxide and rainwater or moisture in the 

surrounding environment chemically react to produce carbonic acid, a weak acid, that reacts 
with carbonate minerals in the rock.  

• This process simultaneously weakens the rock and removes the chemically weathered 
materials.  

• Carbonation  primarily occurs in wet, moist climates and effects rocks both on and beneath 
the surface. 

• Carbonation occurs with limestone or dolomite rocks and usually produces very fine, clayey 
particles. 

 

 

 

 

 

Limestone weathered by  
carbonation processes  

Photo source: Wikipedia GNU Free Documentation License 11 



Chemical Weathering: Hydrolysis 
• Hydrolysis is a chemical reaction between H+ and OH- ions in water and the minerals in the rock. 

The H+ ions in the water react with the minerals to produce weak acids.  

• The reaction creates new compounds which tend to be softer and weaker than the original parent 
rock material. 

• Hydrolysis can also cause certain minerals to expand, which also facilitates mechanical weathering 
processes. 

• Hydrolysis commonly affects igneous rocks because they are composed of silicate minerals, such as 
quartz and feldspar, which readily combine with water. 

• Hydrolysis may also be accompanied by hydration and oxidation weathering processes. 

• The hydrolysis of feldspars produces kaolinite, which is a clay. 

 

Photo Source: Dr. Hugh Mills, Tennessee Technical University 

The weathering rinds shown on this sample of amphibolite 
illustrate the effects of hydrolysis weathering on deposited 
rock fragments. Geologists measure the ‘thickness’ of the 
weathering rinds on in-situ rock fragments to estimate the 

relative age of depositional landforms such as river terraces 
or alluvial fans. The thicker the weathering rinds, the older 

the landform.  
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Chemical Weathering: Hydration 
• Hydration is a process where mineral structure in the rock forms a weak bond with H20 which 

causes the mineral grains to expand, creating stress which causes the disintegration of the 
rock.  

• Hydration often produces a new mineral compound that is larger than the original 
compound. The increased size expanse the rock and can lead to decay. 

• Hydration can also lead to color changes in the weathered rock surface.  

• Once hydration begins, it accelerates other weathering processes and may also be 
accompanied by hydrolysis and oxidation. 

• An example of hydrolosis: Anhydrite (CaSO4) can absorb two water molecules to become 
gypsum (CaSO4·2H2O).    

• Hydration in granite transforms feldspar minerals to clay and accelerates the physical 
weathering of buried or exposed rocks.  

Copyright ©Bruce Molnia, USGS 

This boulder is surrounded by saprolitic soils formed 
by the weathered rock. Hydration processes cause 

the formation of clays and contribute to the reddish-
tan color of the saprolite.  
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Chemical Weathering: Oxidation 

• Oxidation occurs when oxygen and water react with iron-rich minerals and weaken the 
structure of the mineral. 

• During oxidation the minerals in the rock will change colors, taking on a ‘rusty’, reddish-
orange appearance.  

• Similar to other chemical weathering processes, oxidation accelerates rock decay, rendering 
it more vulnerable to other forms of weathering. 

Photo: SCGS 

The reddish-orange color of this sandstone is a result 
of oxidation processes weathering the rock.  
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Chemical Weathering: Solution 

• Solution occurs when minerals in rock dissolve directly into water.  

• Solution most commonly occurs on rocks containing carbonates such as limestone, but may 
also affect rocks with large amount of halite, or rock salt. 

• Solution of large areas of bedrock may cause sinkholes to form, where large areas of the 
ground subside or collapse forming a depression. 

Copyright © Larry Fellows, Arizona Geological Survey 

Subsurface dissolution of halite has  
caused overlying rocks to collapse  

and form crater-like features. 

Copyright © Bruce Molina, USGS 

This is an example of a limestone solution 
karst feature found in Florida's Everglades 

National Park.  
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Biological Weathering 

Biological weathering is the disintegration or decay of rocks and 
minerals caused by chemical or physical agents of organisms. 

 

• Organic activity from lichen and algae 

• Rock disintegration by plant growth 

• Burrowing and tunneling organisms 

• Secretion of acids 
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 Lichen, Algae, and Decaying Plants 
• Organisms such as lichen and algae often live on bare rock and extract minerals from the rock 

by ion-exchange mechanisms. 

• This bio-chemical weathering process leaches minerals from the rock causing it to weaken 
and breakdown. 

• The decaying of plant materials can also produce acidic compounds which dissolve the 
exposed rock. 

• The presence of organisms growing, expanding, or moving across the surface of the rock also 
exerts a small amount of abrasion and pressure that gradually cause the mechanical 
weathering of the rock as the organisms extract various minerals. 

 

 

 

 

Photo: SCGS 

This is an example of biological weathering 
that is caused by mosses and lichen 

growing on  
the face of a rock. 

17 



Plant Roots  

• The most common form of biological weathering is when plant roots penetrate into cracks 
and crevices of rocks and cause the rock to split or break into smaller particles through 
mechanical weathering. 

• Although, this process is gradual, it can be fairly effective at breaking apart rocks that may 
already have a pre-existing weaknesses such as fractures, faults, or joints. 

Copyright © Bruce Molnia, Terra Photographics 

This is an example of a tree that is 
growing between a crevasse in a rock. 

The tree is splitting the rock along 
parallel planes of alignment that are 

already weakened by foliation 
processes, a form of mechanical  

weathering. 
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Organism Activity 
• Burrowing, tunneling, and acid-secreting organisms are another form of biological 

weathering that chemically or mechanically contribute to weathering.  

• Some animals may burrow or tunnel into rocks or cracks in rocks and cause the rock to break 
down and disintegrate. Small animals, worms, termites, and other insects, often contribute 
to this form of biological weathering. 

• Some organisms, such as snails, barnacles, or limpets, attach themselves to rocks and secrete 
acid acids that chemically dissolve the rock surface.  

Photo: D. Kroessig 

The periwinkle snails on this rock are 
secreting acids that dissolve the rock. 
This picture is taken from a volcanic 

shoreline in Hawaii. 
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Differential Weathering 

 

 

 Weathering rates will not only vary depending on the type of weathering process, whether it 
is mechanical, chemical, or biological, but they will also vary depending on the rock material 
that is being weathered.  

 Some rocks are harder than other rocks, and will weather slower than softer rocks.  

 The differences in rates of weathering due to different types of rocks, textures, or other 
characteristics is referred to as differential weathering. 

 Differential weathering processes contribute to the unique formation of many landforms, 
including pedestals, waterfalls, and monadnocks. 

 Climate can also produce differential weathering responses for the same rock type. For 
example, limestone weathers more quickly in wet climates than dry climates.  

Peachtree Rock’s unique pyramidal shape is a result 
of differential weathering associated with the 

different sedimentary sandstone rock components. 
The top portion of the outcrop consists of hard, 

coarse-grained sandstone, while the lower part of 
the rock consist of a less cohesive, sandstone layer. 
The lower portion of the rock has weathered more 

quickly than the upper portion ultimately producing 
its unique pyramidal shape.  

20 
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The threat of nuclear weapons and man's ability to 

destroy the environment are really alarming. And yet 

there are other almost imperceptible changes - I am 

thinking of the exhaustion of our natural resources, and 

especially of soil erosion - and these are perhaps more 

dangerous still, because once we begin to feel their 

repercussions it will be too late… 

The Dalai Lama's Little Book of Inner Peace: 2002 



About 120.7 Mha of land in India is degraded. 

70% is due to water erosion. 



Soil Erosion 

TERMS ASSOCIATED WITH SOIL EROSION  

Geological Erosion 

Accelerated  Erosion 

Caused by natural phenomenon 
Geological and climatic factors are responsible 

Caused by Over exploitation  of nature by humans 
       Example- deforestation, managemental error 



SOIL EROSION AGENTS 

Wind Water Gravity 

Water Form Glaciers 

Rainfall Runoff Reservoirs & Oceans 

Surface runoff Subsurface runoff 

Sheet or  
inter-rill 
erosion 

Rill Erosion Gully Erosion Stream Bank erosion 

Land Slides 

Landfall 

Debris 

(Splash  
Erosion) 

What about tillage erosion????? 









Rill Erosion 



Rill Erosion 



Gully Erosion 



Gully Erosion 



Gully Erosion 



Slope angle and length of slope effect the soil erosion 



SOIL EROSION AGENTS 

Wind Water Gravity 

Water Form Glaciers 

Rainfall Runoff Reservoirs & Oceans 

Surface runoff Subsurface runoff 

Sheet or  
inter-rill 
erosion 

Rill Erosion Gully Erosion Stream Bank erosion 

Land Slides 

Landfall 

Debris 

(Splash  
Erosion) 



Sheet or inter-rill erosion 

  Fertile top soil is removed in uniform layers  (sheets) under the   
    action of overland flow. 

 
 Raindrops detach very thin layers of soil particles which then   
     carried through inter-rill by a very thin layer of the overland   
     flow. 

 
 





Rill Erosion 

 Prolonged occurrence of soil erosion through inter-rill erosion 
 leads to widening of inter-rill and formation of small 
 channels called rills. 

 
 Rills carry both overland flow from inter-rill and direct flow. 

 
Rills can be destroyed by tillage operations. 



Rill Erosion 



Gully Erosion 
 When rills get larger in size and shape 
due to prolonged occurrence of flow, 
then gully forms. 

 
It can’t be removed by tillage 
operation. 

 
Large gullies and their networks are 

called ravines.  
 

More than 25 lakhs hectare of land has 
been severely affected by gully erosion. 

 



STAGE I: Formation Stage: Scouring of top soil in the direction of 
general slope occurs as the runoff water concentrates. 
 
STAGE II: Development Stage: Causes upstream movement of the 
gully head and enlargement of the gully in width and depth. 
 
STAGE III: Healing Stage: Vegetation starts growing in the gully. 
 
STAGE IV: Stabilization Stage: Gully reaches a stable gradient, gully 
walls attain a stable slope and sufficient vegetation cover develops 
over the gully surface. 

Development of Gully : Four Stages 











Stream Channel Erosion 

 It is prevalent in drainage channel. 
 

 The removal and transportation of soil, occurs 
 in three stages: 

(i) Suspension- (Suspended load is also called washload.) 

(ii) Saltation 

(iii) Surface creep 

  The sediment that moves in almost continuous contact with the bed of the 

stream is called the bed load or surface creep. 
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Factors Affecting Erosion 

1. Climatic (rainfall and runoff) Factors 

2. Soil Factors 

3. Topographic Factors 

4. Vegetative Factors 



Erosion results when the power of water or wind applied 
exceeds the ability of the land to dissipate and absorb it. 
 
Power is applied by raindrop action, surface flows of 
water, or wind shear. 
 
Power (Erosivity) 
 
Dissipation is provided by vegetative cover, mulch and 
other durable materials at the soil surface. 
 
Resistance is the ability of soil to absorb applied power 
without disruption or removal. 

PHYSICS OF SOIL EROSION 



Erosive power is the capacity of an event (i.e. 
wind or rain storm) to cause erosion. 
 

 
The contributing factors are:  
 Rainfall duration, drop size, and intensity 
 Generation of runoff 
 Velocity of runoff 
 Wind velocity 
 Wind turbulence 



Mechanics of Erosion 

• Erosion is the wearing away of material by naturally 
occurring agents through the detachment and 
transport of soil materials from one location to 
another, usually at a lower elevation.  

 

• Natural agents are mostly responsible for this 
phenomenon but the extent to which erosion occurs 
can be considerably accelerated through human 
activities.  

 

• Water is the predominant agent of erosion on 
highway construction sites. 



Primary Activities in Soil Erosion 

• Detachment of Soil Particles 

 

• Transportation of Soil Particles 

 



RAINDROP 

Drop larger than 0.5 mm is called the raindrop. 



• Light Rain- Less than 2.5 mm/h 

 

• Moderate Rain- 2.5 mm/h-7.5 mm/h 

 

• Heavy Rain- Greater than 7.5 mm 









































Strip cropping
➔ Strip cropping is a practice of growing field crops in narrow strips 

involves planting crops in strips across the slope, with alternate strips 
of grain and/or forage crops.

➔ Strip cropping combines the soil and moisture conserving properties 
thus reducing soil losses from water and wind.

➔ Growing crops in a systematic arrangement of strips across a field.
➔ Types of strip cropping include:

● Contour
● Field 
● Buffer



Types
➔ Contour Strip Cropping : Contour strip cropping is the growing of a 

soil-exposing and erosion permitting crop in strips of suitable widths across 
the slopes on contour, alternating with strip of soil protection and 
erosion-resisting crop.

➔ Field strip cropping : A specialized strip cropping where crops are planted 
in parallel bands across a slope but do not follow contour lines; bands of grass 
or other close-growing species are alternated with the bands of cultivated 
crops.

➔ Buffer Strip Cropping : In the case of permanent or temporary buffer strip 
cropping, the strips are established to take care of critical, i.e. steep or highly 
eroded, slopes in fields under contour strip cropping.







➔ Raising Erosion Permitting Crops (EPC) with Erosion Resistant Crops 
(ERC) having abundant adventitious root system and providing high 
percentage of canopy for erosion control.

➔ The close-growing ERC strips are generally legumes which fix 
nitrogen in the soil and enrich it.



Strip cropping is a multipurpose practice that has one or more of the 
following effects: 

➔ Reduced sheet and rill erosion
➔ Reduced wind erosion
➔ Increased infiltration and available soil moisture
➔ Reduced dust emissions into the air
➔ Improved water quality
➔ Improved visual quality of the landscape



Purposes :

➔ educe soil erosion from water and wind.
➔ Strip Cropping reduces the rate of soil erosion and the runoff velocity.
➔ Increasing the infiltration rate of the soil under cover condition.
➔ Reduce the transport of sediment and other waterborne 

contaminants.
➔ Protect growing crops from damage by windborne soil particles.
➔ Improve water quality.



Conservation Tillage



➔ Mechanical soil disturbance and exposure to climatic elements are 
major factors that degrade soil structure and accelerate soil 
erosion. Plowing and soil turnover lead to soil exposure and 
increase susceptibility to erosion.

➔ An effective erosion-control strategy, therefore lies in minimizing 
soil disturbance and keeping the soil surface covered A system of 
seedbed preparation based on the concept of minimum soil 
disturbance and maintenance of crop residue mulch is called 
"conservation tillage". 





Tillage operations carried out for conservation of soil are

(a) Minimum tillage

(b) No tillage

(c) Strip tillage



Minimum Tillage

It involves considerable soil disturbance, though to a much lesser extent 
than that associated with conventional tillage. Tillage can be reduced in 
two ways:

1. by omitting operation which do not give much benefit when compared 
to the cost.

2. by combining agricultural operations like seeding and fertilizer 
application.



Zero Tillage

Zero tillage is also called as no till. Zero tillage is an extreme form of 
minimum tillage. Primary tillage is completely avoided and secondary 
tillage is restricted to seedbed preparation in the row zone only.

Till planting is one method of practicing zero tillage. The machinery 
accomplishes four task in one operation: clean a narrow strip over the 
crop row, open the soil for seed insertion, place the seed and cover the 
seed properly. A wide sweep and trash bars clear a strip over the previous 
crop row and planter-shoe opens a narrow strip into which seeds are 
planted and covered.



Soil loss measurement 
Rlmorf Plut App11oaeh: 

• It is a strucrura u.soo to measure tlie overland flo1Y- and soil lass under controlled 

co□di l ion. Runoff p[uts are l'lOnslrucleu d irecll.)' in th1ei field. 

• For erusiunf soil loss, stndies tlhese a re crop1led \\it.h the crops taken into consideration 

ftn~ stuch· . ., 

• The soil ~1le and slop-e nf th~ plot eia.n be changed as per requiremrnL 

• Smnller ru1J1off p!ots should be O\"aiil~d . ht-cause the resuLts obtained from such plols a.re· 

mther mi:;leading. 

• Runoffpluts are ewiensi,relJl used for erosion or soil Joss studies. 



Types of Runoff Plots 
• Runoff plot with natural rainfall 

• Runoff plot with artificial rainfall facility; arid 

• Bounded or un-bounded runoff.plots. 



bounded 
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Slot Samplers 
➔ A total collection tank may be constructed to measure erosion in small 

test plots. The collection tank ~hould be large enough to contain the 
total runoff (water and sediment) expected in a 24- or 48-hour period. 

➔ Therefore slot samplers are used. Slot samplers, which collect a small 
percentage of the runoff-sedi1nent 1nixture, are preferred because they 
can be used for larger test plots. 

➔ The sampled volume of water-sedin1ent n1Tu.'ture is then reduced to 
ma11agcable quantities. 

. ' 1 I 



Two main types of slot samplers are the 
stationary multislot divisor and the 
Coshocton wheel sampler equipped with 
a revolving slot. 

-Multislot divisor The runoff is routed ..., 

through the multislot divisor where a 

sample is obtained from a single slot 
11 

and routed to a sample storage tqnk. A 
second or third sample storage tank may 

be connected to the first, if additional 
'1 

sample storage is needed. 



j, 

Coshocton-type runoff sampler 
collects and concentrates runoff from 

an erosion test plot or a natural 

watershed into a collector at the plot . 
end from which it flows into an 

approach channel. Water discharge 

from this channel falls on a- water 
wheel , which is inclined slightly 
therefore causing the wheel to rotate. 
,,. .... --•-· ·-·ed sampling slot mounted / F.il " > 
on the wheel extracts a sample of 
water-sediment mixture with the 

G representative proportion. 

t,oshocton San1pler 



Advantage of Rainfall Simulator. 
➔ The main advantages are: 
➔ The ability to take many measurements quickly without having to wait for 

natural rain. , ,. 

➔ Able to work with constant contro)Jed rain, thereby eliminating the erratic and 
unpredictable variability of natural rain. 

➔ It is usually quicker and simpler to set up a simulator over existing cropping 
treatments than to establish the treatments on runoff plots. 



Limitations 

The limitation are all related to scale: 

· Simulators to cover field plots of $ay 100 m 2 are large, expensive and 
cumbersome. 







































Design of Bunds 



Bunds are among the most common techniques used in agriculture to collect surface run-off, increase 
water inftltrat' and prevent soil erosion. 

in Hilly 
Regions 

B X ) 

Agricultural Bunds are of two types: 
➔ Gradeod Sund 
➔ Contour Bund 



➔ Effectively store surface run-off (increases the green water pool of the 

soil) and prevent erosion 

➔Comparably simple and cheap implementat ion 

➔Simple maintenance 

➔ Also applicable to fields that are already under cultivation 



• 

➔ For stone bunds, shortage of stones can lead to higher 

implementation costs 

➔contour bunds need an even ground (between two contour bund or 

withirt a seml-drcula1r bund), otherwise, water will collect in lower spots 

➔semi-circular bunds c::~onot be made mechanically and are 

therefore time consuming in their c()nstruction 



bunds mainly 
trapezoidal l-1'.•~ \,)·,!t9 ........,_____ 1t::-1' .;....a, 

Design of Contour bund includes: 
➔spacing between bunds ~ 
➔Bund Cross-Section 

-
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~ \ 1l\ 



G 

VI 

R 
R,, = 100 • H. l 

R H. l 
h =--r-

50 J,V~ 

• 

HI 

Minimum top width of so cm Is selected • 

h 

W 1 h 
-=-
H. I V. I 

h= 
R 
_,.V I 
50 . 

Freeboard of 25% should be added 

Side slope are decided based on angle of repose of the soil. 



R ff. I 
h=-·-

50 ~'Vs 

~==---~:-~ ....... - width of 50 cm Is selected. 

h 

h w, 
=-

H. I 

h = 

V. I 

R 
-•V I so . 

Freebonrd of 25% should be added 

Side slope are decided based on angle of repose of the soil. 



Minimum top width of 50 cm is selected. 

VI 
v 

HI 
R 

R =-• HI • 100 . 

h = 

d 

Side slop~ e decided based on angle of repose oft 

• <- ➔ 



w 
• • • 

VI . 

-
HI 

R,, = 
H. ~-\, 0 (N>' A 1 

w, .. 
s,, = 

2 

R HI 
h - . 

so w\. 

Minimum top width of so cm hi selected, 

1 h, 

( w., 
-=-
ff. I 

It = 

V. I 

R 
,-.-.. V I so 

\ 

f'1rf'.!ho:,rd ,1 2!,-% should be a<ldPd 

. since · al 
Side slope are decided based on angle of repos\?,fcfW,~~i hcrease r 

decre .. se <-



13 

VI 

R 
R,, = 1oo • H.l 

R H. I 
h=- •-

50 w~ 

HI 

Minimum top width of so cm is selected. 

w 
• 

R 
h = SO• V. I 

Freeooaro of :15% should be addJd 

S~de sloe_e are decided based on a119le of repose of the soil./ 

































5. The diameter of a circular channel section 

which is running full is 8m. Determine the 

discharge through the channel section if the 

bed slope is 1 in 600 and the va lue of the 

manning's co efficient is 0.013. 

a) 249.45m3;s 
b) 250.45m3;s 
c) 251.45m3;s 
d) 252.45m3;s 

t_ View Answer] 

Answer: b 

Explanation: 

D
., 

7r -
A= - = 50.24m2 

4 

P = rcD = 25 .12m 

R= 2m 

1 ! !( ) m3/ Q = - RaS0 2 A = 250.45 5 . 
n f 1 



4. A circu lar channel section has diameter of 

6m and it is running half. Calcu late the 

discharge through the channel if the bed 

slope is 1 in 600 and manning's co efficient is 

equal to 0.014. 

a) 52m3JS 

b) 53m3;s 
c) 54m3JS 

d) 55m3;s 

1~ View Answer I 
Answer: c 

Explanation: 
., 

A = rrD- (!) = 14.13m2 
4 2 

rrD 
P=- = 9.42m 

2 

R= 1.5m 

1 .! !( ) m3/ Q =-RaS0 2 A = 54 S · 
n 



2. Estimate the discharge through a 

triangular channel having depth 7m and side 

slope 1 H:SV in which the bed slope is 1 in 

1000. Manning's co efficient= 0.03. 

a) 8.07m3/s 

b) 9.07m3/s 

c) 1 0.07m3/s 

d) 11 .07m3/s 

f View Answer I 

Answer: a 

Explanation: 
l 2 1 

Q = -RaS02(A) 
n 

A= Zy 2 = 
1
(49)= 9.8m2 

5 

P= 2y.J1 +z2 = 14 1 + _!__= 14.28m 
25 

R= 0.69m 

2 1 

Q = 1 
(0.69i) ( 

1 2
) (9.8) 

0.03 1000 

Q = 8.07"13 /s-



3. The base width and the depth of a 

trapezoidal channel is 9m and Sm 

respectively. Calcu late the discharge through 

a channel if the side slope of the channel is 

1 H:4V and the bed slope is 1 in 500. (n=0.04) 

a) 109.73m3/s 

b) 110.73m3/s 

c) 111.73m3/s 

d) 112. 73m3/s 

f View Answer I 

Answer: a 

Explanation: 

A = )'(B + Z)') = 5(9 :: (5)) = 51.25m2 
4 

P = B + 2),v'1 + Z 2 = 1931m 

R = 2.65m 

2 1 3 
i - -c ) m I Q = -RaS0 2 A = 109.73 5 . 
n 
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Numerical Problem 

r 

' . 

Design a grassed waterway cf parabolic shape to carry 

a flow of 3.0 m3/s down a slope of 2 percent. The 
waterway has a good stand of grass an1d a velocity of 
1.6 m/s ca 1n be aflcwed. Assume the value of n in 
Manning's formula as 0.04SR 
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WIND EROSION 
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WIND EROSION 

Wind erosion is the process of detachment, transportation and deposition of soil particles by 

the action of wind. 

 

BASIC CAUSES OF WIND EROSION 

1. Soil Is loose, dry and finely separated 
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2. Soil surface is smooth and bare 

3. Wind is strong enough to detach the soil particle 

 

 

AREAS AFFECTED BY WIND EROSION IN INDIA 

 

 

 

 

FACTORS AFFECTING WIND EROSION 

1. Climatic factors : Temperature, Humidity, Wind velocity 

2. Top soil condition : Dry/Wet, Compact/Ploughed 

3. Vegetation  : Vegetated/Bare 
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MECHANICS OF WIND EROSION 

The occurrence of wind erosion could be described under the following three different 

phases. 

1. Initiation of soil movement 

2. Transportation of soil particles 

3. Deposition of soil particles 

 

Soil movement is initiated by turbulence created by strong wind currents. The movement 

may be described by three different phases depending on size of soil particles. 

 

(a) Suspension  

It is movement of very fine soil, generally less than 0.1 mm in diameter. It remains 

suspended in the air for a long period of time by the effect of turbulence and eddy 

currents of air. 

 

 
(b) Saltation 

It is the movement of soil particles in a series of low bounces over the soil surface. It 

is found in medium sized soil particles in the range of 0.05 mm to 0.5 mm diameter. 
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(c) Surface creep 

Surface creep may be referred as the movement of soil particles by rolling along the 

land surface, activated by wind force and other particles moving with the wind. Most 

rolling particles are found in the range of 0.5 mm to 2 mm in diameter. 
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SIZE RANGE OF SOIL PARTICLES IN WIND EROSION 

 

0.05  0.1  0.5 2.0 

SUSPENSION  

 SALTATION  

 SURFACE CREEP 

All dimensions in mm 

 

 

 

DETACHING CAPACITY OF WIND 

D = K1 * u2 

D = Detaching capacity of wind (g/cm2-s) 

K1= Constant 

u= Frictional velocity of wind (cm/s) 

 

 

TRANSPORTING CAPACITY OF WIND 

q = K2 * (ρ/g) * u3 

q = Rate of soil movement (g/cm-s) 

K2= Constant 

ρ = Density of air (g/cm3) 

g= Acceleration due to gravity (981 cm/s2) 

u= Frictional velocity of wind (cm/s) 
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EROSIVITY OF WIND 

KE = wa *  v2 

KE = Kinetic energy of wind (J/ m2-h) 

wa= Specific weight of air (N/m3) and wa may be computed as: 

wa= (1.29/(1+0.00366 * T)) * (P/101.3) 

 T= Temperature of air (oC) 

 P= Barometric pressure (kPa) 

v= Velocity of wind (cm/s) 

 

 

CRITICAL WIND VELOCITY FOR WIND EROSION 

vc
 2 = (α * d + β) * g 

vc = Critical wind velocity (m/s) 

g= Acceleration due to gravity (981 cm/s2) 

d= Grain diameter (mm) 

α = Constant (generally taken as 14) 

β = Constant (generally taken as 0.006) 
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TRANSPORTATION DISTANCE OF SOIL PARTICLES IN WIND EROSION 

L= hm / t * g * α 

L= Transportation distance (m) 

hm= Height upto which soil particles are lifted (m) 

t= Temperature of air (oC) 

g= Acceleration due to gravity (981 cm/s2) 

α = Constant  

 

AMOUNT OF SOIL BLOWN AND DEPOSITED 

G= 0.5 hm * b * vt 

 G= Amount of soil transported (m3/s-m) 

 hm = Height upto which soil is lifted (m) and may be computed as: 

  hm = (vm - vc)
2 / 2g 

vc = Critical wind velocity (m/s) 

g= Acceleration due to gravity (9.81 m/s2) 

b = Relative width (m) 

vt = Transit velocity of soil particles (m/s) 
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CONTROL OF WIND EROSION 

 

There are three types of measures used for controlling the erosion by wind. 

 

1. Cultural Measures 

 

(a) Primary and secondary tillage (in the direction of wind) 

(b) Use of crop residues 

(c) Strip Cropping (perpendicular to the direction of wind) 

 

 

2. Mechanical measures 

This method consists of some mechanical obstacles constructed across 

the prevailing wind to reduce the impact of erosion. These may be non-

permeable or semi-permeable. Some of the most commonly used 

obstacles are: 

(a) Fences 

(b) Walls 

(c) Stone packing etc. 

 

 

3. Vegetative measures 

It is then most effective and economical measure to reduce the wind 

velocity to protect the land from erosion by wind. 

A. Temporary vegetative measures 

It may be described as different crop management practices to 

provide a good vegetative cover on the soil surface. The canopy traps 

and root system holds the soil particles, thus reducing erosion. 

B. Permanent vegetative measures 
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These measures consist of planting the trees, shrubs and grasses for 

protecting the land against wind erosion. The Windbreak and 

Shelterbelt are most effective permanent vegetative measures. 

 

(i)  Windbreak 

  

A windbreak is defined as any type of barrier either mechanical or 

vegetative, used for protecting the areas like orchards, farmsteads 

etc. from blowing winds. The windbreak acts as fencing around the 

affected areas, normally constructed by one row or maximum 

upto two rows across the prevailing wind. 

 

 
 

(i)  Shelterbelt 

Shelterbelt is a longer barrier than the windbreak. It is installed in 

more than two rows, generally at right angles to the direction of 

prevailing wind.  
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DESIGN AND LAYOUT OF WINDBREAK (WB) AND SHELTERBELT (SB) 

 

1. Location of WB/SB should be in such a way so that maximum amount of 

wind energy can easily be dissipated / diverted. 

 

2. Width is the number of rows of plants being raised in a WB/SB. 

 

3. Length of WB/SB mainly depends upon the width of the area to be 

protected. 

 

4. Spacing depends upon the choice of the plant species. 

 

5. Density also depends upon the choice of the plant species. 

 

AREA PROTECTED BY A WINDBREAK (WB) OR SHELTERBELT (SB) 

 

The distance of protection may be computed by the following relationship and 

subsequently the area protected by  

d= 17h * (Vm/V) Cosϴ 

d= distance of protection (m) 

h= height of the barrier (m) 

Vm=  Minimum wind velocity at 15m height required to move the soil 

particle (kmph) 

V=   Actual wind velocity at 15m height (kmph) 

ϴ= Angle of deviation of wind (degrees) 
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Water Harvesting 

 

Importance of Water Harvesting  

Although close to three fourths of our planet is made of water, not all of it is suitable 

for use. The water in the oceans and seas cannot be used as drinking water and little of 

it can be utilized for other purposes. As a result, there is a constant shortage of water 

that is either good for drinking or for domestic and industrial use. Areas on the planet 

that have long faced water shortage were able to combat this problem by harvesting 

what little rain water they received. This slowly started spreading to areas where there 

was plenty of rainfall. As a result, the modern day rainwater harvesting system was 

bought into practice. 

As land pressure rises, more and more marginal areas in the world are being used for 

agriculture. Much of this land is located in the arid or semi-arid belts where rain occurs 

irregularly and much of the precious water is soon lost as surface runoff. Recent 

droughts have highlighted the risks to human beings and livestock, which occur when 

rains falter or fail. While irrigation may be the most obvious response to drought, it 

has proved costly and can only benefit a fortunate few. There is now increasing 

interest in a low cost alternative, generally referred to as "water harvesting". 

Water harvesting is the collection of runoff for productive purposes. Instead of runoff 

being left to cause erosion, it is harvested and utilized. In the semi-arid drought-prone 

areas where it is already practiced, water harvesting is a directly productive form of 

soil and water conservation. Both yields and reliability of production can be 

significantly improved with this method. 



Water Harvesting & Soil Conservation Structures TSW-382 

 

_____________________________________________________________________________________ 
pskashyap   Page 3 of 21 
 

P
ag

e3
 

Water harvesting can be considered as a rudimentary (basic) form of irrigation. The 

difference is that with water harvesting the farmer has no control over timing and 

amount. Runoff can only be harvested when it rains. To reduce the consumption of 

groundwater, many people around the world are using rainwater harvesting systems. 

This practice has been around for thousands of years and has been growing at a rapid 

pace. Till today, rainwater is used as a primarily source of drinking water in several 

rural areas.  The best thing about rainwater is that it is free from pollutants as well as 

salts, minerals and other natural and man-made contaminants. In areas where there is 

excess rainfall, the surplus rainwater can be used to recharge ground water through 

artificial recharge techniques. 

In urban areas, harvesting is usually done with the help of some infrastructure. The 

simplest method for a rainwater harvesting system is storage tanks. In this, a 

catchment area for the water is directly linked to tanks and reservoirs. Water can be 

stored there until needed or used on a daily basis. The roofs of our homes are the best 

catchment areas, provided they are large enough to harvest water needs.  

Rainwater harvesting, in its broadest sense, is a technology used for collecting and 

storing rainwater for human use from rooftops, land surfaces or rock catchments using 

simple techniques such as jars and pots as well as engineered techniques. It is an 

important water source in many areas with significant rainfall but lacking any kind of 

conventional, centralized water supply system. It is also a good option in areas where 

good quality fresh surface water or ground water is lacking. There are a number of 

ways by which water harvesting can benefit a community. The idea behind the process 

is simple. Rainwater is collected when it falls on the earth, stored and utilized at a later 

stage. It can be purified to make it into drinking water, used for daily applications and 

even utilized in large scale industries.  
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Water Harvesting (Definition) 

The collection, conveyance and storage of water above ground surface or in the soil is 

known as water harvesting. 

Components of Water Harvesting 

1. Source of water 

2. Collection of water 

3. Conveyance of water 

4. Storage of water 

 

Advantages of Water Harvesting  

The harvesting of rainwater has a few advantages over the conventional water supply 

system. These are: 

1. An ideal solution in areas having inadequate water resources  

2. Easy to construct with locally available materials and labour 

3. Investment requirements are low 

4. Assures a more continuous and reliable access to water 

5. May improvement the quality of ground water 

6. Rise in the water levels in wells and bore wells  

7. Mitigation* of the effects of drought (*lessening in severity or intensity) 

8. Reduction in the soil erosion as the surface runoff is reduced 

9. Decrease in the flooding of roads and choking of drains 

10. Saving of energy to lift ground water 

Disadvantages of Water Harvesting 

In addition to the great advantages, the rainwater harvesting system has few 

disadvantages which are: 

1. Requires some technical skills to install 
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2. Regular Maintenance is required. 

3. Limited and no rainfall can limit the supply of rainwater. 

4. If not installed correctly, it may attract mosquitoes and other waterborne 

diseases 

5. One of the significant drawbacks of the rainwater harvesting system is storage 

limits. 

 

Constraints  

The constraints come into picture when a water harvesting system is to be used on 

community basis. The development of a water harvesting system for a community 

depends upon a number of constraints. Some of the important points that must be 

considered include: 

1. Acceptance by the local community whether the system is to be used for 

livestock, domestic purposes, agro-forestry or farming 

2. The quality of water required to meet the need 

3. The materials, labour, machinery available and budgetary limitations 

4. The provisions for maintenance 

5. The collection and storage facilities may also impose some kind of restrictions 

as to how much rainwater one can use 

 

The Uses of Harvested Water 

1. Drinking 

2. Cooking 

3. Bathing, washing and cleaning 

4. Agricultural uses 

5. Irrigating gardens, lawns, house and outdoor plants 
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6. For pets, livestock and wildlife 

7. For pools and other water bodies 

8. For fire protection 

 

Types of Water Harvesting 

1. Rooftop Water Harvesting 

The rainwater from roof tops, courtyards and similar compacted surfaces may be 

harvested in the areas having rainfall of considerable intensity and spread over the 

large part of the year. Such areas in India are Himalayan regions, coastal regions, NE 

states, Andaman, Nicobar, Lakshadweep islands. Other than these areas roof water can 

also be harvested according to the necessity. The rainwater is bacteriologically pure, 

free from organic matter and soft in nature. 

 

Rooftop Water Harvesting System 

In this system, the rooftop is the catchment*. The roofing may be of concrete, GI 

sheets, asbestos, clay tiles or any other locally available material. In case of thatch 

(plant stalks) roofs, it may be covered with LDPE sheets. The roof should have a 
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slope. A gutter* i.e. drain collection arrangement is provided along the edge of the 

roof for collection of water of the roof. The gutter is fixed with a gentle slope towards 

downpipe* which is meant for free flow of water to the storage tank*. The gutter and 

downpipe may be made of GI sheet, vertically cut HDPE pipes or bamboos, wood or 

any other locally available material. The downpipe should have at least 10 cm 

diameter and may be provided with a wire mesh screen* at the inlet to prevent dry 

leaves and other debris from entering into the tank. During the period of no rain, the 

roof generally remains dirty. The dirt is washed off with the first rain. The entry of 

dirty water into the tank may be prevented by not collecting the water of the first rain. 

A flexible pipe* may be used in the downpipe so that it can be removed during the 

first rain. The storage tank is provided a man hole* of 0.5m x 0.5m size with cover. 

An overflow pipe* of 10 cm diameter covered with a fine mesh is provided for the 

overflow of the harvested water, which may be diverted towards a recharge pit or any 

other area. A drain pipe* of 10 cm diameter is provided at the bottom for cleaning the 

tank. An outlet pipe* near the bottom of the tank is provided for using the harvested 

water from the tank. 

*components of a rooftop water harvesting system 

 

General Design Features of a Rooftop Water Harvesting System 

A rooftop water harvesting system can provide good quality water if the design 

features outlined are taken into account: 

1. The substances used in the making of the roof should be non-toxic in nature 

2. Roof surface should be smooth, hard and dense so that it can be cleaned easily 

3. Roof painting is not advisable since most contain toxic substances and may peel 

off 

4. No overhanging tree should be near the roof 

5. The nesting of birds on the roof should be prevented 
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6. All gutter ends should be fitted with a wire mesh screen to trap dry leaves and 

debris 

7. The storage tank should have a tight fit roof with a provision of man hole 

8. The storage tank should have a overflow pipe, drain pipe and outlet device 

9. A first flush rainfall arrangement should be there to prevent dirty water of first 

rain 

10. There should be no possibility of contaminated wastewater flowing into the 

tank 

11. Water from other sources unless reliable should not be allowed to enter into the 

tank 

12. A soak away/recharge channel/pit should be provided near the overflow, outlet 

and drain pipe 
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Water Harvesting Classification based on Source 

1. Rain/Runoff Water Harvesting 

Water harvesting techniques which harvest runoff from roofs or ground surfaces fall 

under the term rain/runoff water harvesting. Runoff harvesting increases water 

availability for on-site vegetation. Runoff harvesting reduces water flow velocity, as 

well as erosion rate and controls siltation problems. 

2. Flood Water Harvesting 

All other systems, except rainfall/runoff water harvesting, which collect discharges 

from watercourses are grouped under the term flood water harvesting. Flood water 

harvesting provide a valuable source of water to local and downstream water users and 

play an important role in replenishing floodplains, rivers, wetlands and groundwater. 

Flood water inundates (overflows) into the channels/canals then to the fields, carrying 

not only rich silt but also fish which can swim through the canals into the lakes and 

tanks to feed on the larva of mosquitoes.  

Rain/Runoff Water Harvesting vs. Flood Water Harvesting 

Rain/Runoff Water Harvesting Flood Water Harvesting 

Water harvesting techniques which 

harvest runoff from roofs or ground 

surfaces fall under the term rainwater 

harvesting.  

All other systems which collect 

discharges from watercourses are grouped 

under the term flood water harvesting. 

 

 

Runoff harvesting increases water 

availability for on-site vegetation. 

 

Flood waters harvesting provide a 

valuable source of water to local and 
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downstream water users and play an 

important role in replenishing floodplains, 

rivers, wetlands and groundwater. 

Runoff harvesting reduces water flow 

velocity, as well as erosion rate and 

controls siltation problem. 

Flood water harvesting, floodwater enters 

into the fields through the inundation 

canals, carrying not only rich silt but also 

fish which can swim through the canals 

into the lakes and tanks to feed on the 

larva of mosquitoes.  

 

Water Harvesting Classification based on Storage 

1. Rainwater Harvesting:  

Rainwater harvesting is defined as the method for collecting, storing and conserving 

local surface runoff for agriculture in arid and semi-arid regions. Three types of water 

harvesting are covered by rainwater harvesting. 

a. Water harvesting from compacted surfaces like roof tops and courtyards or 

similar compacted or treated surfaces is used for domestic purpose or garden 

crops. 

b. Micro-catchment water harvesting is a method of collecting surface runoff from 

a small catchment area and storing it in the root zone of an adjacent infiltration 

basin. The basin is planted with a tree, a bush or with annual crops. 

c. Macro-catchment water harvesting, also called harvesting from external 

catchments is the case where runoff from hill-slope catchments is conveyed to 

the cropping area located at foothill on flat terrain. 

2. Flood Water Harvesting:  
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Flood water harvesting can be defined as the collection and storage of creek* flow for 

irrigation. Flood water harvesting, also known as ‘large catchment water harvesting’ or 

‘Spate Irrigation’, may be classified into following two forms: 

a. In case of ‘flood water harvesting within stream bed’, the water flow is dammed 

and as a result, inundates the valley bottom of the flood plain. The water is 

forced to infiltrate and the wetted area can be used for agriculture or pasture 

improvement. 

b. In case of ‘flood water diversion’, the water is forced to leave its natural course 

and conveyed to nearby cropping fields. 

* A creek can be defined as a small body of flowing water. However, the meaning of the term ‘creek’ varies in 

different geographical location. In British English, Creek refers to a narrow, sheltered waterway, particularly an 

inlet in a shoreline or channel in a marsh. In North America, Australia, and New Zeland a creek is a small or a 

medium size stream or a tributary of a river. Creeks are generally shallow in depth and flow into a large body of 

water. Creeks are said to be smaller than rivers. 

 

 

3. Groundwater Harvesting:  

Groundwater harvesting is a rather new term and employed to cover traditional as well 

as unconventional ways of ground water extraction. Qanat systems, underground dams 

and special types of wells are a few examples of the groundwater harvesting 

techniques. Groundwater dams like ‘Subsurface Dams’ and ‘Sand Storage Dams’ are 

other fine examples of groundwater harvesting. They obstruct the flow of ephemeral 

streams in a river bed; the water is stored in the sediment below ground surface and 

can be used for aquifer recharge. 
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Water Harvesting Classification based on Use 

Runoff harvesting for short and long term is done by constructing structures. 

A. Short Term Runoff Harvesting Techniques  

1. Contour Bunds:  

 

Fig. 3.1. Contour Bunds  

 

This method involves the construction of bunds on the contour of the catchment area 

(Fig. 3.1). These bunds hold the flowing surface runoff in the area located between 

two adjacent bunds. The height of contour bund generally ranges from 0.30 to 1.0 m 

and length from 10 to a few 100 meters. The side slope of the bund should be as per 

the requirement. The height of the bund determines the storage capacity of its 

upstream area. 

2. Graded Bunds:  

 

Fig. 3.2. Layout of Graded Bund 
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Graded bunds also referred as off contour bunds (Fig. 3.2). They consist of earthen or 

stone embankments and are constructed on a land with a slope range of 0.5 to 2%. The 

design and construction of graded bunds are different from the contour bunds. They 

are used as an option where rainfall intensity and soils are such that the runoff water 

discharged from the field can be easily intercepted. The excess intercepted or 

harvested water is diverted to the next field though a channel ranges. The height of the 

graded bund ranges from 0.3 to 0.6 m. The downstream bunds consist of wings to 

intercept the overflowing water from the upstream bunds. Due to this, the 

configuration of the graded bund looks like an open ended trapezoidal bund. That is 

why sometimes it is also known as modified trapezoidal bund. This type of bunds for 

water harvesting is generally used for irrigating the crops. 

“Graded bunds or graded terraces or channel terraces are the bunds or terraces laid along a pre-determined longitudinal grade very near 

the contour but not exactly along contour”. 

 

3. Semicircular Hoop:  

 

Fig. 3.3. Layout of Semi-Circular Hoop (Source: Barron and Salas 2009) 

This type of structure consists of an earthen impartment constructed in the shape of a 

semicircle (Fig. 3.3). The tips of the semicircular hoop are furnished on the contour. 

The water contributed from the area is collected within the hoop to a maximum depth 

equal to the height of the embankment. Excess water is discharged from the point 

around the tips to the next lower hoop. The rows of semicircular hoops are arranged in 

a staggered form so that the over flowing water from the upper row can be easily 
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interrupted by the lower row. The height of hoop is kept from 0.1 to 0.5 m and radius 

varies from 5 to 30 m. Such type of structure is mostly used for irrigation of grasses, 

fodder, shrubs, trees etc. 

 

4. Trapezoidal Bunds:  

 

Fig. 3.4. Layout of Trapezoidal Bund (Source: Barron and Salas, 2009) 

 

Such bunds also consist of an earthen embankment, constructed in the shape of 

trapezoids. The tips of the bund wings are placed on the contour. The runoff water 

yielded from the watershed is collected into the covered area. The excess water 

overflows around the tips. In this system of water harvesting the rows of bunds are 

also arranged in staggered form to intercept the overflow of water from the adjacent 

upstream areas. The layout of the trapezoidal bunds is the same as the semicircular 

hoops, but they unusually cover a larger area (Fig. 3.4). Trapezoidal bund technique is 

suitable for the areas where the rainfall intensity is too high and causes large surface 

flow to damage the contour bunds. This technique of water harvesting is widely used 

for irrigating crops, grasses, shrubs, trees etc. 
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5. Rock Catchment:  

 

Fig. 3.5. Rock Catchment 

The rock catchments are the exposed rock surfaces, used for collecting the runoff 

water in a part as depressed area. The water harvesting under this method can be 

explained as: when rainfall occurs on the exposed rock surface, runoff takes place very 

rapidly because there is very little loss. The runoff so formed is drained towards the 

lowest point called storage tank and the harvested water is stored there. The area of 

rock catchment may vary from a 100 m
2
 to few 1000 m

2
; accordingly the dimensions 

of the storage tank should also be designed. The water collected in the tank can be 

used for domestic use or irrigation purposes. 

6. Ground Catchment:  

 

Fig. 3.6. Ground Catchment 
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In this method, a large area of ground is used as catchment for runoff yield. The runoff 

is diverted into a storage tank where it is stored. The ground is cleared from vegetation 

and compacted very well. The channels are as well compacted to reduce the seepage or 

percolation loss and sometimes they are also covered with gravel. Ground catchments 

are also called roaded catchments. This process is also called runoff inducement. 

Ground catchments have also been traditionally used since last 4000 years in the 

Negev (a desert in southern Israel) where annual crops and some drought tolerant 

species like pistachio dependent on such harvested water are grown. 

 

B. Long Term Runoff Harvesting Techniques  

The long term runoff harvesting is done for building large water storage for the 

purpose of irrigation, fish farming, electricity generation etc. It is done by constructing 

reservoirs and big ponds in the area. The design criteria of these constructions are 

given below. 

 Watershed should contribute a sufficient amount of runoff. 

 There should be suitable collection site, where water can be safely stored. 

 Appropriate techniques should be used for minimizing various types of water 

losses such as seepage and evaporation during storage and its subsequent use in 

the watershed. 

 There should also be some suitable methods for efficient utilization of the 

harvested water for maximizing crop yield per unit volume of available water. 

 

The most common long term runoff harvesting structures are: 

1. Dugout Ponds 

2. Embankment Type Reservoirs 
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1. Dugout Ponds:  

 

Fig. 3.7. Dugout Pond 

The dugout ponds are constructed by excavating the soil from the ground surface. 

These ponds may be fed by ground water or surface runoff or by both. Construction of 

these ponds is limited to those areas which have land slope less than 4% and where 

water table lies within 1.5-2 meters depth from the ground surface (Fig. 3.7). Dugout 

ponds involve more construction cost, therefore these are generally recommended 

when embankment type ponds are not economically feasible. The dugout ponds can 

also be recommended where maximum utilization of the harvested runoff water is 

possible for increasing the production of some important crops. These types of ponds 

require brick lining with cement plastering to ensure maximum storage by reducing the 

seepage loss. 

 

2. Embankment Type Reservoir:  

These types of reservoirs are constructed by forming a dam or embankment on the 

valley or depression of the catchment area.  The runoff water is collected into this 

reservoir and is used as per requirement. The storage capacity of the reservoir is 

determined on the basis of water requirement for various demands and available 
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surface runoff from the catchment.  In a situation when heavy uses of water are 

expected, then the storage capacity of the reservoir must be kept sufficient so that it 

can fulfill the demand for more than one year. 

Embankment type reservoirs are again classified as given below according to the 

purpose for which they are meant.  

a. Irrigation Dam:  

 

Fig. 3.8. Irrigation Dam 

The irrigation dams are mainly meant to store the surface water for irrigating the 

crops. The capacity is decided based on the amount of input water available and output 

water desired. These dams have the provisions of gated pipe spillway for taking out 

the water from the reservoir. Spillway is located at the bottom of the dam leaving some 

minimum dead storage below it. 

b. Silt Detention Dam:  
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Fig. 3.9. Silt Detention Dam 

The basic purpose of silt detention dam is to detain the silt load coming along with the 

runoff water from the catchment area and simultaneously to harvest water. The silt 

laden water is stored in the depressed part of the catchment where the silt deposition 

takes place and comparatively silt free water is diverted for use. Such dams are located 

at the lower reaches of the catchment where water enters the valley and finally 

released into the streams. In this type of dam, provision of outlet is made for taking out 

the water for irrigation purposes. For better result a series of such dams can be 

constructed along the slope of the catchment. 

c. High Level Pond:  

 

Fig. 3.10. High Level Pond 

Such dams are located at the head of the valley to form the shape of a water tank or 

pond. The stored water in the pond is used to irrigate the area lying downstream. 

Usually, for better result a series of ponds can be constructed in such a way that the 

command area of the tank located upstream forms the catchment area for the 

downstream tank.  Thus all but the uppermost tanks are facilitated with the collection 

of runoff and excess irrigation water from the adjacent higher catchment area. 

d. Farm Pond:  

Farm ponds are constructed for multi-purpose objectives, such as for irrigation, live-

stock, water supply to the cattle feed, fish production etc. The pond should have  
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Fig. 3.11. Farm Pond 

adequate capacity to meet all the requirements. The location of farm pond should be 

such that all requirements are easily and conveniently met. 

e. Water Harvesting Pond:  

 

Fig. 3.12. Water Harvesting Pond 

The farm ponds can be considered as water harvesting ponds. They may be dugout or 

embankment type. Their capacity depends upon the size of catchment area. Runoff 

yield from the catchment is diverted into these ponds, where it is properly stored. 

Measures against seepage and evaporation losses from these ponds should also be. 

f. Percolation Dam:  
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These dams are generally constructed at the valley head, without the provision of 

checking the percolation loss. Thus, a large portion of the runoff is stored in the soil.  

 

Fig. 3.13. Percolation Dam 

The growing crops on downstream side of the dam, receive the percolated water for 

their growth. 

 

 

 


