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SEDIMENT:

It is a fragmented material, originated either from chemical or physical

disintegration of rocks. These materials can vary from a big boulder to a colloidal

particle. The fluvial sediments move in the stream as bed load or suspended load

through waterflow.

SEDIMENT YIELD:

Total quantity of sediment moving out of a watershed in a given time interval,

expressed in units of mass per unit time.

Total sediment discharge from a watershed relative to the watershed area,

expressed in units of mass per unit time per unit area.

SEDIMENTATION:

In reservoir, sedimentation is a phenomenon due to which the sediment particles

get deposited in the form of bed load and suspended load after separating from

their origin. In fluvial hydraulics, sedimentation is an important parameter as it

provides a probability of being used as a capacity predicting device in all storage

zones due to which life of a reservoir can be predicted; as there is a unique



relationship between capacity and life of a reservoir. To be more explicit, for a

given reservoir, sedimentation is dependent on sediment yield, which is defined

as the sediment discharge through a river outlet per unit catchment area per unit

time (ASCE 1982). Soil erosion in the catchment is also an important parameter

as the sediment yield depends on it. In order to reduce the problem corresponding

with the amount of sediment particles that ultimately deposit into the reservoir

after getting eroded from the catchment, attempts have been made to relate the

soil erosion, sediment yield and sedimentation into the reservoir, since these three

parameters deal with the life of a reservoir directly or indirectly.

Background of soil erosion, sediment yield and sedimentation:

The erosive effect of rainfall and runoff break away the sediment particles from the

catchment of the reservoir (Hudson 1975) due to intense shear stress generated by

the interaction of kinetic energy of raindrop and soil surface. This phenomenon has

also been explained by Wischmeir (1960). According to Roose (1980), rainfall

dominates over the surface runoff in West Africa (256 times). Eroded sediment

particles collide and break into smaller fragments. Transportation of sediment

particles in a river begins when the induced shear stress by the flow overcomes the

critical shear stress of the bed particles. Particles are in suspended form when the

materials made up of very fine particles such as clay and silt are lifted as a result of

turbulence and transported by the river. Bed load particles such as boulders are

rolled and pushed along the river bed by the force of the river. When a reservoir

loses its energy due to the reduction of rainfall, increasing evaporation and

reduction of velocity, the sediment particles get deposited gradually in the

reservoir due to gravity and consolidate over time. All the eroded sediment

particles produced due to erosion in a watershed is transported out of it as there



will be considerable temporary depositions in various phases and locations.

However, there exists a relationship between the soil erosion and the sediment

yield, which is represented using sediment delivery ratio (SDR = sediment yield at

the catchment outlet/gross erosion in the catchment). Therefore, the sedimentation

being a function of both soil erosion and sediment yield is used to determine the

life of a reservoir.

Sediment Sources:

Three principle sources of sediment are:

1) soil erosion of upland areas from overland flow, including farmed areas.

2) head-cut or knickpoint migration in degrading low-order systems.

3) remobilization of stored sediment through channel processes acting on flood

plains or other storage sites, including channel migration, bank widening, and

avulsion.

At the scale and scope of the present investigation, sufficient information is

available from previous or ongoing studies on soil erosion resulting from overland

flow. However, incision of low-order streams and fluvial erosion of storage areas

are poorly understood and may represent significant, if not major, sources of

sediment in the Bay area. Similarly these two processes may strongly affect

nitrogen and phosphorus dynamics and delivery to the Bay; erosion of storage

areas exerts an equally strong influence on retention times.

Study approaches to the three principle sediment sources, outlined above, are:



(1) Compilation and analysis of retrospective data set on overland erosion, drawn

from the Smithsonian Environmental Research Center, the University of Maryland,

and others. This effort will focus on small monitored watersheds located in

physiographic regions or subregions identified as substantial source areas from

gaging station sediment records. Whenever possible, these sites will be nested

within increasingly larger watersheds where companion studies of channel and

floodplain sediment aggradation and degradation have been or will be conducted as

part of the present program.

(2) Compilation and analysis of a retrospective data set on low-order channel

incision occurring within the Bay watershed. Most of this information will come

from studies conducted at Johns Hopkins University and the Universities of

Maryland and Delaware.

(3) Channel-stability monitoring along selected reaches of rivers to determine the

long- and short-term trends in channel and flood-plain erosion or degradation. The

alluvial areas of streams near the Bay and typically within the Coastal Plain are

largely aggradational and represent significant sediment traps. However, rivers

within the Piedmont and Great Valley function as both sediment sinks through

flood-plain accretion and as sources through channel and bank erosion; at these

sites most of our field efforts will involve the quantification of erosion of storage

areas. Methodologies will include channel migration determination from aerial

photography, analysis of current and historic cross sections, and dendrogeomorphic

analysis of bank retreat. These techniques will permit quantitative estimates of

current and recent sediment remobilization through degradation and channel

migration and aid in estimation of retention time.



Sediment Transport:

We will use historic and current gaging station sediment records to determine

sediment (and nutrient) loads in relation to stream size and discharge. This

information will be used in conjunction with sediment trapping, remobilization,

and estuarine storage data to develop a regional sediment budget.

Sediment Deposition/Storage:

Reaches will be selected along rivers that are representative of the basin and

typically significant sites of deposition, i.e. substantial historic or current flood-

plain development. Long-term rates of sedimentation will be estimated from

stratigraphic analysis, flood-plain cores (using markers including palynology and

isotopes), and dendrogeomorphic analysis. Short-term and current rates of

deposition will be estimated from placement of feldspar clay pads. These data will

be combined with sediment transport and source information to develop a sediment

budget at various spatial and temporal scales.

BED LOAD:

Bed load moves by rolling, sliding, and hopping (or saltating) over the bed, and

moves at a small fraction of the fluid flow velocity. Bed load is generally thought

to constitute 5-10% of the total sediment load in a stream, making it less important

in terms of mass balance. However, the bed material load (the bed load plus the

portion of the suspended load which comprises material derived from the bed) is

often dominated by bed load, especially in gravel-bed rivers. This bed material

load is the only part of the sediment load that actively interacts with the bed. As the



bed load is an important component of that, it plays a major role in controlling the

morphology of the channel.

Bed load transport rates are usually expressed as being related to excess

dimensionless shear stress raised to some power. Excess dimensionless shear stress

is a nondimensional measure of bed shear stress about the threshold for motion.

Bed load transport rates may also be given by a ratio of bed shear stress to

critical shear stress, which is equivalent in both the dimensional and

nondimensional cases. This ratio is called the "transport stage" and is an

important in that it shows bed shear stress as a multiple of the value of the

criterion for the initiation of motion.

There are essentially four slightly different approaches to the bed load problem.

They are:

i. The Du Boys-type equations Du boys (1879) introduced the tractive force

or bed shear stress which was an entirely new concept. He expressed

transport rate in terms of shear stress and the critical shear stress for

initiation of sediment motion.

qs= Cs.Ꞇo(Ꞇo-Ꞇc)

qs = rate of bed load transport

Cs = coefficient



Ꞇo = average shear stress exerted on the channel boundary

Ꞇc = critical shear stress

ii. The Schoklitsch-type equations The bed load formula of A Schoklitsch

(1926) is based on discharge relationship, and represents essentially the

same form as the Du Boys formula.

Gi = 4.37 /√d . S1.5 . (q – qc )

Gi = rate of bed load transport

d = particle diameter

S = slope of stream bed

q = observed discharge

qc = critical discharge

iii. The Einstein-type equations Introducing probability concepts of sediment

movement and statistical considerations of the lift forces, Einstein (1942-

1950) developed his empirical relationship. The contributions by Einstein

(1942-1950) to the problem of bed load transportation represent also

somehow a departure from the Du Boys-type and Schoklitsch-type

equations.

iv. The Hassanzadeh-type equations More recently, based on the

dimensional analysis and the Buckingham П – theorem,



Hassanzadeh(2007) has presented a dimensionless semiempirical

equation on the bed load.This latest dimensionless bed load equation has

been given as a function of the hydrodynamic-immersed gravity force

ratio.

Estimating soil loss from measurements of sediment movement in streams and

rivers faces several problems. Taking the measurements is time consuming and

expensive; the accuracy of the measurements is likely to be poor; and even if there

are good data on the movement in a stream it is not known where the soil came

from and when. Some of the technical problems are discussed in Dickinson and

Bolton (1992). However, it may be useful to be able to make comparisons of the

movement in different streams, or at different times of year, or from watersheds

under different land uses.

Sediment movement in streams and rivers takes two forms. Suspended sediment is

the finer particles which are held in suspension by the eddy currents in the flowing

stream, and which only settle out when the stream velocity decreases, such as when

the streambed becomes flatter, or the stream discharges into a pond or lake. Larger

solid particles are rolled along the streambed and called the bedload. There is an

intermediate type of movement where particles move downstream in a series of

bounces or jumps, sometimes touching the bed and sometimes carried along in

suspension until they fall back to the bed. This is called movement in saltation, and

is a very important part of the process of transport by wind, but in liquid flow the

height of the bounces is so low that they are not readily distinguished from rolling

bedload.

The relative quantities moved in suspension and as bedload vary greatly. At one

extreme, where the sediment is coming from a fine-grained soil such as a wind-



deposited loess, or an alluvial clay, the sediment may be almost entirely in

suspension. On the other hand, a fast-flowing clear mountain stream may have

negligible amounts of suspended matter and almost all the movement by rolling

gravel, pebbles and stones on the streambed. Very high concentrations of sediment,

as occur in some rivers such as the Yellow River in China and the Mississippi in

the USA, may cause significant changes in the rheological properties of the water.

The viscosity is higher and the particle settling velocity much lower, so that the

threshold between suspended sediment and bedload becomes blurred.

The estimation of suspended load by sampling is relatively simple, but taking a

representative sample of bedload is difficult. Both types of sampling are briefly

reviewed, also estimation of the total sediment movement, and estimates based on

measuring the amount of deposition in ponds or lakes.



There are several sources of error associated with trying to correlate the amount of

sediment measured in streams with the extent of erosion within the watershed.



Firstly, there may be significant amounts of erosion taking place which do not

contribute to sediment in the stream because the eroded material is deposited

before it reaches the stream. The proportion of sediment which does reach the

stream compared with the gross sediment movement within the watershed is called

the delivery ratio. It could be as low as 1% if there are depressions or heavily

vegetated areas where most of soil would be deposited. In a countrywide study of

105 agricultural production areas in the USA Wade and Heady (1978) found

delivery ratios varying between 0.1% and 37.8% of the gross erosion.

A second possible source of error is the time factor. In a larger watershed sediment

may be eroded and deposited, then eroded again and redeposited, and this process

could be repeated a number of times before the sediment reaches the stream. A

sample of sediment could include material which had been originally eroded

several years previously.

The third difficulty is that the sediment in the stream includes material which has

come from several different sources with widely different delivery ratios. Sediment

caused by the collapse of gully sides or river banks passes immediately into the

streamflow, whereas soil lost from a small cultivated area within a dominantly

forested watershed might have high local rates of erosion but contribute little to the

total sediment load.

Estimates of the total sediment discharge in streams may be made by combining

estimates of the sediment concentration with velocity of flow. The sediment

concentration also varies, being usually greater near the bottom, and so the amount

of total sediment discharge is the product of these two variables.

ESTIMATING SUSPENDED LOAD



Grab samples

The simplest way of taking a sample of suspended sediment is to dip a bucket or

other container into the stream, preferably at a point where it will be well mixed,

such as downstream from a weir or rock bar. The sediment contained in a

measured volume of water is filtered, dried and weighed. This gives a measure of

the concentration of sediment and when combined with the rate of flow gives the

rate of sediment discharge.

A study of alternative sampling techniques in South Africa showed that dip

sampling in bottles generally gives concentrations about 25% lower than results

obtained from more sophisticated techniques (Rooseboom and Annandale 1981).

For single samples taken by scooping a sample, a depth of 300 mm below the

surface is recommended as better than sampling at the surface. If the single sample

can be taken at any chosen depth, half the depth of flow is recommended as giving

the best estimate of average sediment concentration. Where the sampling

programme consists of samples on vertical sections at several points across the

stream, the recommended pattern is to use six equally spaced sections as shown in

Figure 38.



Depth-integrating samplers

One can allow for variations in sediment concentration at different points in the

stream by using an integrating sampler, that is one which gives a single sample



combined from small sub-samples taken from different points. A typical sampler is

illustrated in Figure 39 and consists of a glass bottle inserted in a fish-shaped frame

mounted on a rod when gauging small streams or suspended on a cable for larger

streams. For the bottle to fill smoothly and evenly when below the surface it is

necessary to have one nozzle or orifice for entry of water, and a second pipe

through which the displaced air is ejected. The entry nozzle is usually designed

with a slightly expanding cross-section behind the point of entry in order to reduce

the risk of back pressure which could interfere with the flow into the bottle. In

operation, the sampler is moved from the surface down to the bed and back up to

the surface while sampling continuously. A few trial runs will establish how long

is required for the bottle to fill during this double journey. It is undesirable for any

type of bottle sampler to continue to accept more inflow after the bottle is full as

this can lead to an accumulation of sediment in the bottle. In some depth-

integrating samplers the bottle is lifted out of the flow when or just before it is

filled; other types of sampler may have some device to stop further sampling once

the bottle is full.

Point-integrating samplers

The point-integrating sampler remains at a fixed point in the stream and samples

continuously during the time it takes for the bottle to fill. Opening and closing the

valves of the sampler are controlled from the surface electrically or by cables.

Samples should be taken at a number of depths at each of several vertical sections,

as described in the section Velocity/area methods in Chapter 4, for the gauging of

streams by the current meter method, so these two operations are often carried out

at the same time.



Another method of obtaining samples at various depths of flow is to use automatic

samplers which will take a sample at a predetermined depth of flow. A typical

example is shown in Figure 40 using a milk bottle and two lengths of bent tubing.

Factory-made versions usually use copper tubing accurately bent to shape, but a

simple field version can be made using plastic tubing which is tied to a rigid

framework to hold it in place. The bottle starts to fill when the depth of flow

reaches point A and starts syphon flow into the bottle, and ceases when the depth

of flow rises to point B which is the outlet of the air exhaust pipe. The range of

sampling is controlled by adjusting the distance between points A and B. In its

simplest form the intake and exhaust pipes are bent into a simple U shape, but this

means that flow into the sampler is at right angles to the streamflow, and this may

interfere with the sediment concentration, so a more sophisticated version has the

two pipes with a second bend to point upstream into the flow, as in Figure 42.

An ingenious home-made automatic sampler was used Kenya and is illustrated in

Figure 41. The operation is described as follows.

"The surface samples are collected through a small-bore brass tube which projects

upstream to avoid the turbulence caused by the assembly. The tube delivers the

water into a standard one-pint milk bottle inside which there is a flexible rubber

ball (standard squash ball) that floats up and seals off the bottle internally when

full.

"The sub-surface sample is also taken in a standard milk bottle that it initially

sealed by a rubber ball attached to a rod projecting from an inverted milk bottle as

shown in the diagram. The length of the rod is such that the upper bottle begins to

float, thus unsealing the sampling bottle, just as the water level has reached the

orifice of the tube in the companion pipe. The surface and sub-surface samples are



therefore taken at more or less the same time in the flood. The sub-surface

sampling bottle is sealed internally when full with a floating squash ball as before.

A further set of pipes is designed to sample the flood at a higher stage, as shown in

the diagram." (Pereira and Hosegood 1962).



If it is required to take a series of samples as the river rises, then an automatic

sampler can be set up as shown in Figures 42 and 43. The concentration of

suspended sediment is usually higher when the river is rising than when it is

falling.

Pumping samplers

Samples can be manually pumped from a stream as shown in Figure 44. However,

for nearly twenty years automatic samplers have been available which can pump a

small sample into a series of bottles, either at predetermined times and intervals, or

as triggered by predetermined flow conditions, usually depth (USDA-ARS 1976).

In the early years these devices were usually rather large and cumbersome and



subject to malfunctions of the many electrical or mechanical components.

However, solid-state electronics have led to a new generation of automatic

samplers which are smaller, more reliable and less expensive. Two examples are

illustrated in Plates 32 and 33. Modern programmers and timers linked to a float

switch or a pressure transducer in the stream allow an almost infinite variety of

sampling programmes. Suction lifts of up to six metres are possible, so the sampler

can be sited above flood level. Plate 34 shows the Wallingford sampler with an HL

flume in the Philippines.

Continuous sampling

The pattern of rising and falling rates of flow, and the variations of sediment

concentration at different flow rates, can to some extent be anticipated from

observations, but even sophisticated automatic samplers cannot predict what is

going to happen next. An automatic pumping sampler may perform exactly as

programmed and take a series of samples as required on a rising and falling flood,

but then there is another extreme rainstorm in the catchment which produces an

even bigger flood which cannot be sampled because the bottles are all full. The

only way this possibility can be avoided is to have a system of continuous

measurement of sediment concentration, and two methods are possible.

An optical turbidimeter passes a beam of light through sediment-laden water from

a source on one side of a channel to a sensor at the other side. The sensor may

either measure the extent to which light is absorbed by the sediment particles, and

this is called the attenuation principle, or measure the extent to which the light is

scattered by the suspended particles, called the scatter principle. Like pumping

samplers, they can be programmed to react to combinations of depth of flow and

time, but since the data are recorded in a Read-Only-Memory (ROM) device, any



amount of data can be stored. Successful examples of turbidimeters have been

developed in South Africa (Grobler and Weaver 1981) and in Indonesia (Brabben

1981).













A similar principle is used in nuclear gauges which measure either the absorption

or the scattering of gamma radiation instead of light. The successful use of such

instruments in many countries is reported by Walling (1988) who suggests,

"However, the instruments are more sophisticated than optical turbidity meters and

have been restricted mostly to specialised experimental measurements rather than

routine monitoring".

ESTIMATING BEDLOAD

Direct measurements

The simplest way to estimate bedload is to dig a hole in the streambed as in Figure

45 and remove and weigh the material that drops into it. The basin upstream of a

weir or flume can similarly act as a sediment trap, but it may not be known

whether all the bedload has been trapped. Where heavy loads occur this process

can be very time consuming and laborious.

Samplers

Estimates of bedload may be obtained from samples caught in a device which is

lowered to the streambed for a measured time then brought up for weighing the

catch. Many such devices have been used, and the variety demonstrates the

difficulty of taking an accurate and representative sample. The problems with

bedload samplers are:

·  The sampler disturbs the flow and changes the hydraulic conditions at the entry

into the sampler.

·  The sampler has to be resting on the streambed and tends to dig in as scour occurs

round it.



·  To remain stable on the bed it has to be heavy, and this restricts the use to

lowering from bridges or purpose-built gantries.

·  A sampler needs to rest on a reasonably smooth bed and not perch on large stones

or boulders.

The simplest form is a wire basket with a stabilizing tail fin as illustrated in Figure

46. The catch of such devices is low because they interfere with the flow and some

material is deflected round the sampler, increasingly as the basket fills up. This is

described by saying that back pressure reduces the flow into the sampler, and this

description conveys the right image without going into the mechanics of fluid flow.

Some samplers have a diverging section behind the orifice, which allows entry to

the sampler at the surrounding stream velocity. These are called pressure-

difference samplers and an example is illustrated in Figure 47).

TABLE 10

Maddock's classification for estimation of the bedload (Maddock 1975)

Suspended

sediment

concentration

parts per million

River bed

material

Suspended

elements

texture

Bedload discharge

expressed as % of

suspended sediment

discharge

less than 1000 sand similar to the

river bed

25-150

less than 1000 gravel,

rocks, hard

low sand

content

5-12



clay

1000 - 7500 sand similar to the

river bed

10-35

1000 - 7500 gravel,

rocks, hard

clay

25% sand or

less

5-12

more than 7500 sand similar to the

river bed

5-15

more than 7500 gravel,

rocks, hard

clay

25% sand or

less

2-8

Radio-active tracers

A number of studies report the use of radio-active tracers to monitor the bedload

movement. The technique is to insert into the stream a radio-active tracer in a form

similar to the bedload, that is it should have the same shape, size and weight as the

natural sediment. The movement downstream can then be monitored using portable

detectors. Alternatively, the tracer can be applied to the surface of naturally-

occurring sediment, or it can be incorporated into artificial materials which can be

made radio-active by irradiation (Tazioli 1981).

Empiricalestimations

The difficulty of obtaining reliable measurements of bedload has led to some

attempts to calculate it from more easily measured parameters but these are not



widely used. A very simple method based on knowing the suspended sediment

concentration and the texture of both suspended material and bed material is given

in Table 10. A sophisticated approach was developed by Einstein (1950) and has

been later modified and improved. There are many other theoretical formulas, and

much debate on their accuracy and reliability.

ESTIMATING TOTAL LOAD

A method of avoiding separate estimates of suspended load and bedload is to mix

up all the moving sediment and then take a single sample of the mixture. A

turbulence flume is a purpose-built structure with obstructions in the streambed to

create as much turbulence as possible before the flow passes over a weir where

samples can be taken. The same effect may be found at a rock bar or perhaps

where the stream flows through a restricted opening such as a bridge or culvert.

Large bedload material will settle to the bottom again so the sample has to be taken

quickly by scooping a bucket full of the mixture.
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Watershed Survey: Traditional Methods

We all know water is essential, but too many of us think it’s unlimited. In reality,
fresh water is a finite resource that is rapidly becoming scarce. In India, a warming
climate is drying up lakes and rivers, while rapid urbanisation and water pollution are
putting enormous pressure on the quantity and quality of surface and ground water.
The country’s fragile agricultural system still depends primarily on rainfall and a bad
monsoon season can wreck havoc on the national economy.

Water conservation is a key element of any strategy that aims to alleviate the water
scarcity crisis in India. With rainfall patterns changing almost every year, the Indian
government has started looking at means to revive the traditional systems of water



harvesting in the country. Given that these methods are simple and eco-friendly for
the most part, they are not just highly effective for the people who rely on them but
they are also good for the environment.

History tells us that both floods and droughts were regular occurrence in ancient India.
Perhaps this is why every region in the country has its own traditional water
harvesting techniques that reflect the geographical peculiarities and cultural
uniqueness of the regions. The basic concept underlying all these techniques is that
rain should be harvested whenever and wherever it falls.

Archaeological evidence shows that the practice of water conservation is deep rooted
in the science of ancient India. Excavations show that the cities of the Indus Valley
Civilisation had excellent systems of water harvesting and drainage. The settlement of
Dholavira, laid out on a slope between two storm water channels, is a great example
of water engineering. Chanakya’s Arthashastra mentions irrigation using water
harvesting systems. Sringaverapura, near Allahabad, had a sophisticated water



harvesting system that used the natural slope of the land to store the floodwaters of the
river Ganga. Chola King Karikala built the Grand Anicut or Kallanai across the river
Cauvery to divert water for irrigation (it is still functional) while King Bhoja of
Bhopal built the largest artificial lake in India.

Drawing upon centuries of experience, Indians continued to build structures to catch,
hold and store monsoon rainwater for the dry seasons to come. These traditional
techniques, though less popular today, are still in use and efficient. Here is a brief
account of the unique water conservation systems prevalent in India and the
communities who have practised them for decades before the debate on climate
change even existed.

1. Jhalara-

Jhalaras are typically rectangular-shaped stepwells that have tiered steps on
three or four sides. These stepwells collect the subterranean seepage of an upstream
reservoir or a lake. Jhalaras were built to ensure easy and regular supply of water for



religious rites, royal ceremonies and community use. The city of Jodhpur has eight
jhalaras, the oldest being the Mahamandir Jhalara that dates back to 1660 AD.

2. Talab/Bandhi-

Talabs are reservoirs that store water for household consumption and drinking
purposes. They may be natural, such as the pokhariya ponds at Tikamgarh in the
Bundelkhand region or man made, such as the lakes of Udaipur. A reservoir with an
area less than five bighas is called a talai a medium sized lake is called a bandhai and
bigger lakes are called sagar or samand .



3. Bawari-

Bawaris are unique stepwells that were once a part of the ancient networks of
water storage in the cities of Rajasthan. The little rain that the region received would
be diverted to man-made tanks through canals built on the hilly outskirts of cities. The
water would then percolate into the ground, raising the water table and recharging a
deep and intricate network of aquifers. To minimise water loss through evaporation, a



series of layered steps were built around the reservoirs to narrow and deepen the
wells.

4. Taanka

Taanka is a traditional rainwater harvesting technique indigenous to the Thar desert
region of Rajasthan. A Taanka is a cylindrical paved underground pit into which
rainwater from rooftops, courtyards or artificially prepared catchments flows. Once
completely filled, the water stored in a taanka can last throughout the dry season and
is sufficient for a family of 5-6 members. An important element of water security in



these arid regions, taankas can save families from the everyday drudgery of fetching
water from distant sources.

5. Ahar Pynes

Ahar Pynes are traditional floodwater harvesting systems indigenous to South
Bihar. Ahars are reservoirs with embankments on three sides that are built at
the end of diversion channels like pynes. Pynes are artificial rivulets led off
from rivers to collect water in the ahars for irrigation in the dry months. Paddy
cultivation in this relatively low rainfall area depends mostly on ahar pynes.



6. Johads-

Johads, one of the oldest systems used to conserve and recharge ground
water, are small earthen check dams that capture and store rainwater. Constructed in
an area with naturally high elevation on three sides, a storage pit is made by
excavating the area, and excavated soil is used to create a wall on the fourth
side. Sometimes, several johads are interconnected through deep channels, with a
single outlet opening into a river or stream nearby. This prevents structural damage to
the water pits that are also called madakas in Karnataka and pemghara in Odisha.



7. Panam Keni

The Kuruma tribe (a native tribe of Wayanad) uses a special type of well,
called the panam keni, to store water. Wooden cylinders are made by soaking
the stems of toddy palms in water for a long time so that the core rots away
until only the hard outer layer remains. These cylinders, four feet in diameter as
well as depth, are then immersed in groundwater springs located in fields and



forests. This is the secret behind how these wells have abundant water even in
the hottest summer months.

8. Khadin

Khadins are ingenious constructions designed to harvest surface runoff water
for agriculture. The main feature of a khadin, also called dhora, is a long
earthen embankment that is built across the hill slopes of gravelly uplands.
Sluices and spillways allow the excess water to drain off and the water-
saturated land is then used for crop production. First designed by the Paliwal



Brahmins of Jaisalmer in the 15th century, this system is very similar to the
irrigation methods of the people of ancient Ur (present Iraq).

9. Kund-

A kund is a saucer-shaped catchment area that gently slope towards the central
circular underground well. Its main purpose is to harvest rainwater for drinking.
Kunds dot the sandier tracts of western Rajasthan and Gujarat. Traditionally,



these well-pits were covered in disinfectant lime and ash, though many modern
kunds have been constructed simply with cement. Raja Sur Singh is said to
have built the earliest known kunds in the village of Vadi Ka Melan in the year
1607 AD.

10. Baoli-

Built by the nobility for civic, strategic or philanthropic reasons, baolis were
secular structures from which everyone could draw water. These beautiful stepwells



typically have beautiful arches, carved motifs and sometimes, rooms on their sides.
The locations of baolis often suggest the way in which they were used. Baolis within
villages were mainly used for utilitarian purposes and social gatherings. Baolis on
trade routes were often frequented as resting places. Stepwells used exclusively for
agriculture had drainage systems that channelled water into the fields.

11. Nadi

Found near Jodhpur in Rajasthan, nadis are village ponds that store rainwater
collected from adjoining natural catchment areas. The location of a nadi has a
strong bearing on its storage capacity and hence the site of a nadi is chosen
after careful deliberation of its catchment and runoff characteristics. Since
nadis received their water supply from erratic, torrential rainfall, large amounts
of sandy sediments were regularly deposited in them, resulting in quick



siltation. A local voluntary organisation, the Mewar Krishak Vikas Samiti
(MKVS) has been adding systems like spillways and silt traps to old nadis and
promoting afforestation of their drainage basin to prevent siltation.

12. Bhandara Phad-

Phad, a community-managed irrigation system, probably came into existence a
few centuries ago. The system starts with a Bhandara (check dam) built across
a river, from which kalwas (canals) branch out to carry water into the fields in
the phad (agricultural block).sandams (escapes outlets) ensure that the excess
water is removed from the canals by charis (distributaries) and sarangs (field
channels). The Phad system is operated on three rivers in the Tapi basin –
Panjhra, Mosam and Aram – in the Dhule and Nasik districts of Maharashtra.



13. Zing-

Zings, found in Ladakh, are small tanks that collect melting
glacier water. A network of guiding channels brings water from
the glacier to the tank. A trickle in the morning, the melting waters
of the glacier turn into a flowing stream by the afternoon. The



water, collected by evening, is used in the fields on the following
day. A water official called a Chirpun is responsible for the
equitable distribution of water in this dry region that relies on
melting glacial water to meet its farming needs.

14. Kulhs-

Kuhls are surface water channels found in the mountainous regions of
Himachal Pradesh. The channels carry glacial waters from rivers and streams
into the fields. The Kangra Valley system has an estimated 715 major kuhls and
2,500 minor kuhls that irrigate more than 30,000 hectares in the valley. An
important cultural tradition, the kuhls were built either through public



donations or by royal rulers. A kohli would be designated as the master of the
kuhl and he would be responsible for the maintenance of the kuhl.

15. Zaro-

The Zabo (meaning ‘impounding run-off’) system combines water conservation
with forestry, agriculture and animal care. Practised in Nagaland, Zabo is also
known as the Ruza system. Rainwater that falls on forested hilltops is collected



by channels that deposit the run-off water in pond-like structures created on the
terraced hillsides. The channels also pass through cattle yards, collecting the
dung and urine of animals, before ultimately meandering into paddy fields at
the foot of the hill. Ponds created in the paddy field are then used to rear fish
and foster the growth of medicinal plants.
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Introduction:-
The utilisation of natural resources, such as water and land, is
today closely interlinked with the goals of sustainability and
environmental appropriateness. The concept of watershed
management has internationally gained significance following the
United Nations Conference on Environment and Development in
1992 in Rio de Janeiro (also known as the Earth Summit).

Watershed management as a measure of development implies
that the resources within a defined watershed should be utilised
for the benefit of the local population and in harmony with the
environment. In this context, an integrated approach is applied:
the watershed is understood as an ecological system which can
only sustain as a unit. People are an integral part of the system,
thus
perceptions of resource utilisation have to be understood in the
context of impacts on the environment.

Planning and development are not carried out with the one-sided
goal of satisfying any human need. Rather, the societal
development goals are defined by the given environmental
framework. Resources are only to be utilised as far as they are
renewable, in order to preserve the basis of survival for future
generations.



Definitions of Watershed Management:-

SCSA Soil Conservation Society Of India:-

Watershed management is integrated utilisation, regulation and care
of the water and land resources in a watershed with the aim of
meeting predefined development goals.

FAO(1983):-
Watershed management is a the process of developing and
implementing a series of actions for the management of natural,
agricultural, and human resources within a watershed to provide
required and appropriate goods and services to society under the
precondition that land and water resources are not negatively
affected. Watershed management needs to consider the
prevailing socio-economic and institutional factors, within and
beyond the watershed.
All India Soil And Land use survey(AISLUS, India 1988):-
Watershed Management is the coherent development and
utilisation of the land and water resources within the natural
boundaries of a watershed to deliver and produce in a sustainable
manner from plant, animals and their products, while ensuring a
controlled and clean inflow of water into downstream
communities.



AFPRO Action For Food Production(India 1988):-
Watershed management is the attempt to utilise the available
natural resources in a watershed through a process of
technological and human development within one integrated
programme in an optimal manner, in order to improve the living
standards of the local communities.
Common definition:-
Watershed management is an integrated management of natural
resources that aims at securing the living conditions of communities
2. Components of Watershed Management:-Human resource development (qualification of resource managersand users, design and

 Human resource development.
 Water management and utilization of water resource,

rainwater harvesting.
 Soil and land management (land use planning and soil

conservation).
 Crop yield management (post-harvest management, storage,

marketing)
 Pasture production and fodder production.
 Livestock management (grazing management, marketing,

dairy production.
 Rural energy management.
 Farm and off-farm activities to create enhance value.

These components are interdependent and interrelated,
therefore, any technical or organisational measure taken should
be evaluated in terms of impacts on other components.

A watershed can range in size from a few hundred square meters
to several million square kilometres.
Additionally, a watershed itself can be part of a larger watershed
(sub-watershed).
Farrington et al. (1999, 5) subdivided watersheds in India into the
following categories:

 Micro-watershed:- (500-1000 ha)



 Mini-watershed:-(5000 ha, include sub watershed)
 Macro-watershed:-(a river basin that can extend beyond

several  1000ha)

These components are interdependent and interrelated,
therefore, any technical or organisational measure taken should
be evaluated in terms of impacts on other components.

Desertification

It is a type of land degradation in which a relatively dry area of
land becomes increasingly arid, typically losing its bodies of water
as well as vegetation and wildlife.
It is caused by a variety of factors, such as through climate
change (particularly the current global warming and through
the overexploitation of soil through human activities.
When deserts appear automatically over the natural course of a
planet's life cycle, then it can be called a natural phenomenon;
however, when deserts emerge due to the rampant and
unchecked depletion of nutrients in soil that are essential for it to
remain arable, then a virtual "soil death" can be spoken of,which
traces its cause back to human overexploitation.

Desertification is a significant global ecological and environmental
problem with far reaching consequences on socio-economic and
political conditions.



Desertification can also be defined as "the process of fertile land
transforming into desert typically as a result of deforestation,
drought or improper/inappropriate agriculture".

Areas affected:-
Drylands occupy approximately 40–41% of Earth’s land area and
are home to more than 2 billion people. It has been estimated
that some 10–20% of drylands are already degraded, the total
area affected by desertification being between 6 and 12 million
square kilometres that about 1–6% of the inhabitants of drylands
live in desertified areas, and that a billion people are under threat
from further desertification.

Causes:-
The immediate cause is the loss of most vegetation. This is driven
by a number of factors, alone or in combination, such as drought,
climatic shifts, tillage for agriculture, overgrazing and
deforestation for fuel or construction materials.
Vegetation plays a major role in determining the biological
composition of the soil. Studies have shown that, in many
environments, the rate of erosion and runoff decreases
exponentially with increased vegetation cover. Unprotected, dry



soil surfaces blow away with the wind or are washed away by
flash floods, leaving infertile lower soil layers that bake in the sun
and become an unproductive hardpan.
Many scientists think that one of the most common causes is
overgrazing too much consumption of vegetation by cattle.
Controversially, it has claimed that the controlled movement of
herds of livestock, mimicking herds of grazing wildlife, can reverse
desertification.
One of the causes of desertification in the 20th-21st centuries is
probably climate change.





According to this report, nearly 30 per cent of India is degraded or
facing desertification. Of India's total geographical area of 328.72
million hectares (MHA), 96.4 MHA is under desertification. .

Countermeasures and prevention:-

Effective prevention of desertification requires both local
management and macro policy approaches that
promote sustainability of ecosystem service. It is advisable to
focus on prevention, because attempts to rehabilitate
decertified areas are costly and tend to deliver limited
results.

Prevention:-
The creation of a “culture of prevention” can go a long way
toward protecting drylands from the onset of desertification or its
continuation.

1.Integrated land and water management are key methods
of desertification prevention. All measures that protect soils
from erosion salinization and other forms of
soil degradation effectively prevent
desertification. Sustainable Land use can address human



activities such as overgrazing, overexploitation of plants,
trampling of soils, and unstable irrigation practices that
exacerbate drylands vulnerability.

2.Protection of vegetative cover can be a major instrument for
prevention of desertification. Maintaining vegetative cover to
protect soil from wind and water erosion is a key preventive
measure against desertification. Properly maintained vegetative
cover also prevents loss of ecosystem services during drought
episodes. Reduced rainfall may be induced if vegetation cover is
lost due to over cultivation, overgrazing, overharvesting of
medicinal plants, woodcutting, or mining activities.

3. In the dry humid and semi-arid zones, conditions equally
favour pastoraland cropping land use.Rather than competitively
excluding each other, a tighter cultural and economic integration
between the two livelihoods can prevent desertification. Mixed
farming practices in these zones, whereby a single farm
household combines livestock rearing and cropping, allows a
more efficient recycling of nutrients within the agricultural
system.

4. Use of locally suitable technology is a key way for inhabitants
of drylands at risk of desertification to work with ecosystem
processes rather than against them.Applying a combination of
traditional technology with selective transfer of locally acceptable
technology is a major way to prevent desertification. Conversely,
there are numerous examples of practices—such
as unsustainable irrigation techniques and technologies and
rangeland management, as well as growing crops unsuited to the
agro climatic zone—that tend to accelerate, if not initiate,
desertification processes.

5. Local communities can prevent desertification and provide
effective dryland resource management but are often limited by
their capacity to act.



6.Desertification can be avoided by turning to alternative
livelihoods that do not depend on traditional land uses, are less
demanding on local land and natural resource use, yet
provide sustainable income. Such livelihoods include dryland
aquaculture production of fish, crustaceans and industrial
compounds produced by microalgae, greenhouse agriculture, and
tourism-related activities.

5. Desertification can also be avoided by creating economic
opportunities in drylands urban centres and areas outside
drylands.

Submitted by:- Abhishank Nigam
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ARABLE LAND 

Arable land refers to land where crops can be cultivated. This usually refers to the totality of land 

that is not only already cultivated, but also land that has the potential to be cultivated, such as 

land where the soil and climate are suitable for agriculture, where there is not existing large-scale 

human settlement.  Food and Agriculture Organisation (FAO) defined arable land as land under 

temporary crops, temporary field for pasture, land under market or gardens and land that is 

temporarily fallow. 

Conservation Measures for Arable Lands 

Conservation of existing arable land requires policies which monitor the usage and conversion of 

agricultural land to ensure its efficiency and to hedge against its conversion to industrial or 

residential property. Conservation also includes measures to reduce the over-reliance on 

chemical pesticides and fertilisers which harm the carrying capacity of the land, as well as other 

measures which minimise the desertification, erosion and salinisation that is occurring in some 

areas due to over exploitation or misuse. 

There are different conservation measures for arable lands such as: 

1. Fencing 

The fencing is designed in such a way that it intercepts runoff and conserves rain water. 

Different types of fencing are as under: 

i. Ditch Cum Bund (DCB) 

This is most popular method of fencing. A ditch of particular cross section considering the type 

of the soil is dug around the arable land. The aim is to prevent animals from entering the 

protected area. The excavated soil is used for construction of a bund. It can be fortified with local 

species of vegetation. 

ii. Live Fencing 

In this type of fencing, thorny sticks are planted around the arable land before rainy season. This 

method is popular in areas where thorny plants or vegetation is locally available.  
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iii. Stone Wall Fencing 

Stone wall fencing is done in areas where stones are locally available especially in hilly areas. 

The stone wall is constructed to prevent the animals from entering the protected area. 

2. Vegetative Filter Strip 

Plantation is done at the junction of arable and non arable lands to protect the arable land against 

erosion caused by the runoff from the side of non arable lands. 

3. Contour Cultivation 

Cultivation is done along the contours. This forms the mini barriers across the flow path of the 

runoff, which conserves rain water in situ and checks soil erosion. Effectiveness of contour 

cultivation varies with slope, crop cover and soil. It is most effective on moderate slope ranging 

from 2 to 7%. 

4. Contour Bund / Field Bunds 

Contour bunds are small earthen bunds constructed along the contour on the agriculture lands to 

check soil erosion and conserve sufficient moisture to grow crops. These buds are purified with 

locally available vegetation raised on the bund. 

5. Stone Pitched Contour Bunds 

Stone Pitched contour bunds are constructed in contour at suitable intervals in slopes.  The 

adoption of this intervention has lead to reduction in soil erosion and increased water availability 

for crop plants. This type of construction is very suitable for laterite soil or wherever stone is 

available, up to 35% of slope areas can be protected by this way. 

6. Sand Dune Stabilisation 

Shifting sand dunes pose serious threat to the productive agriculture lands so these need to be 

stabilised. This is done through establishment of micro wind breaks on the windward side of the 

sand dune in parallel strips or in a chess board pattern. Plantation is done in between these 

checks. 
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7. Shelter Belts 

It consists of plantation of grasses, shrubs and trees across the wind direction on the field 

boundary to form a vegetative barrier to protect the lands from fast blowing wind. A typical 

shelter belt should have conical shape in cross section. 

8. Earthen Bunds 

Bunds are small embankment type structures made up of locally available earth materials. Land 

slope and soil characteristics are considered for selection of bund type and design. Bunds help to 

check the velocity of the run-off, to carry excessive rainfall safely downstream and to let off 

stream flow in natural channels. Bunding increases the time of concentration of rainwater where 

it fall thereby allowing rainwater to percolate into the soil. Where ever possible agronomic 

conservation measures like agrostology, planting of grass specials, etc are provided on the 

constructed bunds. 

9. Graded Bunds 

Graded bunds are adopted in areas having low infiltration (< 8 mm/hr) and more than 800 mm 

rainfall. Graded bunds are laid along pre-determined longitudinal grade instead of along the 

contours for safe disposal of excess runoff. Gradient given may vary from 0.4 t0 0.8%.(0.4 for 

light soils and 0.8 for heavy soils). 

10. Vegetative Hedges 

Runoff velocity can be reduced drastically by planting vegetative hedges, bunch grass, or shrubs 

on the contour at regular intervals .These hedges can increase the time for water to infiltrate into 

the soil and facilitate sedimentation and deposition of eroded material by reducing the carrying 

capacity of the overland flow. Vegetative hedges or narrow grass strips serve as porous filters. 

These hedges may not reduce runoff amount but can drastically decrease soil loss. 

11. Trenches 

Contour trenches are used both on hill slopes as well as on degraded and barren waste lands for 

soil and moisture conservation and afforestation purposes. The trenches break the slope and 

reduce the velocity of surface runoff. It can be used in all slopes irrespective of rainfall 

conditions (i.e., in both high and low rainfall conditions), varying soil types and depths. 
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a) Contour trench 

Trenches are constructed as continuous across slope with 45-50 cm depth and bottom width and 

trapezoidal in shape. 

b) Staggered trench 

The length of trenches is kept short up to 2-3 m and spacing is 5-7m. It is suited for medium 

rainfall areas with dissected topography. 

12. Strip Terrace 

It is used to control soil erosion in highly sloped areas. It basically involves construction of 

ridges and step like structures across land slope. Strip terrace are commonly adopted in area of 

rubber plantations in Kerala. 

13. Moisture Conservation Pits 

Any form of depression or micro pit is constructed over the land surface to arrest excess surface 

runoff and silting and thus leading to ground water recharge. Pits of suitable dimension are 

constructed in the field which would impound water and contribute to ground water recharge 

during rainy season. The silt accumulated in the pits could be dug out and used in the farmer’s 

field which would improve nutrient status of the soil. 

14. Agrostological Measures 

Suitable grass species preferably fodder grass is planted in rows across the slope. It can also be 

planted on the berm of bunds .The fibrous root system of grass will offer better protection of the 

top soil and filter the run off to trap the sediments. Well established grass species reduce erosion 

by moderating the impact of raindrops and also increases the infiltration opportunity time. The 

grass thus planted could be used as fodder for livestock, which could also be an alternate source 

of income to the farming community. 

15. Agroforestry 

Agroforestry measures proposed include planting of woody perennials (Trees, Bamboo, Shrubs, 

etc) wherever necessary to control soil erosion. These measures reduce erosive force of water 

through impeding effects of tree roots and through soil cover provided by the tree canopy and 
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litter. These are potential enough to conserve soil and moisture in the area through a combination 

of mulching and shading. 

16. Drainage Line Treatments 

Drainage channels/gullies are the carriers of runoff and sediment in watershed. Steep bed 

gradient (Slope) of a channel cause high runoff velocities with associated heavy sediment flow. 

Hence channel gradient needs to be reduced in order to bring the runoff velocities within 

permissible limits. The Drainage Line treatments aim at betterment of the drainage lines and 

facilitate better local production environment of the concerned areas by providing the required 

basic infrastructure. Moderation of Floods and related damage, control of saline intrusion etc are 

the major areas which facilitate increased productivity. 

17. Check Dams 

Check dams are constructed across the stream flow to reduce the velocity of runoff water and to 

entrap the sediments. Check dams are built in a range of sizes using a variety of materials, 

including clay, stone and cement. Earthen check dams or embankments can easily be constructed 

by the farmers themselves. There are logwood check dams, loose boulder check dams, dry rubble 

check dams and Concrete /masonry check dams.  Masonry and reinforced cement concrete 

(RCC) check dams are of more permanent in nature and serve the purpose of water conservation. 

The sluice, spillways and other regulatory structures constructed in the drains help to regulate the 

flow of excess water.  

Loose boulder check dam is constructed using locally available stones and other materials across 

the stream to reduce runoff velocity and to entrap the sediments. Masonry check dams are 

constructed across streams of heavy flow and high velocity. The construction cost is usually high 

and requires hydrologic and hydraulic designs. Gabion check dams are very much suitable for 

degraded locations like high rainfall areas with torrential streams/drainage lines to stabilize. 

18. Stream Bank Stabilisation 

Due to undulating topography and high intensity of rainfall, huge quantities of rainwater flow 

through the drains. The existing drains are silted and flow of water through the drains is 

restricted resulting in severe bank erosion, overflow and spreading of water through adjacent 
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agricultural land causing damage to crops. Stream bank stabilization is done by constructing 

retaining walls of different configurations and design. By stabilizing the stream banks, the flow 

can be regulated, scouring of banks avoided and drainage congestion can be averted. 

NON-ARABLE LAND 

Non arable land refers to land that cannot be cultivated for crops. It is land that is unsuitable for 

crop production because of some certain reasons which could be that it has no source of fresh 

water, too hot (desert), too cold (Arctic), too rocky, too salty, too polluted, too rainy, too dry, etc. 

Conservation Measures for Non-Arable Lands 

I. Contour Trenching 

Contour trenching implies excavating trenches along the contour or along a uniform level across 

the slope of the land. Bunds are constructed downstream along the trenches with materials 

excavated out of them. These contour trenches can be constructed on both on hill slopes as well 

as on degraded and sloping wastelands for soil and water conservation and afforestration. These 

trenches break the slope lengths, reduce the velocity of runoff and retard its scouring action. The 

rain water retained in the trenches percolates slowly through the soil and helps for sowing and 

planting. They also assist in protecting the bunds and terraces constructed in the lower reaches 

from runoff that flows down from upper portion the watershed. 

It is not advisable to adopt contour trenching on slopes exceeding 20 percent. These trenches can 

be adopted in both high rainfall and low rainfall conditions as well as for varying soil types and 

depth situations.   

II. Gradonies  

Gradonies are steeply inward sloping narrow bench terraces constructed on contours. Usually 

they are suitable for afforestation in uniformly steep sloping lands. Based on the steepness of 

slope, vertical interval is kept from 1.0m to 1.5m. The width of gradonies also varies from 1.0m 

to 1.5m. The material dug from the inner side is heaped on the outer edge in order to make a 

berm of about 20cm to 30cm high with an inward slope of 7.5:1. The middle of the gradonies, 

pits of 50cm ×50cm × 50cm are made at a spacing of about 3m. On average 1000 trees are 

planted within the gradoni and interspaces in one hectare area.  
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III. Gully Control 

Gully control is a very expensive activity. In this activity it is most desirable to retain the runoff 

in the watershed itself. The excess runoff maybe diverted away from the gullied area. Graded 

terraces and field diversions can be used to convey the water into a vegetated waterway. As a last 

resort, the runoff maybe conveyed through gully and this can be done by constructing 

mechanical structures at suitable locations. One of the inexpensive techniques for control of 

gully is to establish vegetation on the gully. The vegetation may consist of grass cover and 

various types of plants. 

IV. Sediment Retention Structures 

Sediment retention structures are used to trap eroded soil before it can reach a water body. These 

structures should be employed only as backup system, if measures like vegetation and mulches 

fail or if other measures are not feasible. Generally, sediment retention structures are used as 

temporary solution until permanent measures are established. 

The working principle of sediment retention structure is based on slowing the runoff vvelocity 

and letting the suspended soil particles settle by gravity. These structures may include straw bale, 

dykes, filter fabric fences, sediment traps and sediment basins. 

The sediment retention structures have many limitations. The efficiency of the structure depends 

on clay and silt fractions which are difficult to settle. Watershed that has soil high in clay and silt 

need large basins to trap the eroded soil particles. Usually, a retention structure is designed for a 

trapping efficiency of 50 to 75 percent. If retention structure works as designed, about half of the 

eroded soil particles will pass through the basin and be deposited in the lake, bay or stream. 

These structures require regular cleaning and maintenance. If too much sediment is permitted to 

store in them they will cease to function properly. 

V. Retaining Walls  

Retaining walls are constructed in order to stabilize hill slopes. They are broadly classified into 

two categories which are retaining walls subjected to water pressure and retaining walls 

subjected to earth pressure. The retaining walls subjected to water are dams and weirs. If 

retaining walls used against earth pressure, the angle of repose of the soil should be considered in 
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the design. The value of the angle of repose depends on the type of soil and its wetness. The 

retaining walls should be designed to satisfy the conditions of stability. The stability of a gravity 

retaining wall is analysed on the basis of its weight.  

RAVINE LAND 

A ravine is similar to a canyon or a valley with steep sides, but smaller. A ravine is usually larger 

than a gully. A ravine may have an active stream year around or during the wet season. Some 

ravines remain dry due to a change of climate since it was formed. Ravines are formed by the 

action of a stream that erodes the land. They are found in mountain regions and lower elevations 

that have hills and changing land features. 

RECLAMATION OF RAVINE LANDS 

(a) Construction of marginal bunds or diversion channels taking into consideration the areas of 

the catchment intensity of rainfall, discharge of water from the catchment, after making due 

provision for drainage of surplus water through waste weirs and spillways 

(b) Contour terracing or trenching or contour bunding of the catchment feeding the ravines  

(c) Construction of check dams or gully plugs in the ravines at proper intervals 

(d) Toning down or easing the steep slopes of the gully banks to the angle of natural repose and 

sodding the slopes with vines and grasses having soil bunding tendencies  

(e) Planting of suitable fast growing trees and shrubs along the bank of the river and in the cut up 

areas which are unfit for other purposes. 

(f) Define gullies which are to be maintained as drainage lines for the catchment water and then 

level up such of the other gullies with mechanical means of manual labour into terraces of 

convenient size for being brought under agricultural crops.  

(g) Introduction of better farming practices and soil conservation measures in the table lands of 

the catchment if the lands are cultivable. If the lands consist of steep slopes, contour or bench 

terracing will be introduced. 

 

http://worldlandforms.com/landforms/gully/
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