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PREFACE

The approach to planning and implementation of ateVghed Development
Management project may differ considerably depemdinpon who the
implementing agency is. There are agencies who thetvonce the Soil and Water
are developed adequately, agricultural developmakés place automatically.
There are yet others, who believe that organiimeglteneficiary communities and
building their capacity to manage their naturabrgses with greater participation
are necessary steps to make sustainable NaturauRResManagement possible.
An appraisal of the successfully implemented Waitsns Development projects in
the country, bears the testimony that singularlithee of these approaches are
sufficient but a combination of the two appliedarproper mix can produce the
desired agricultural growth.

Attempt has, therefore been made in this book,résgnt inputs useful to field

practitioners engaged in both engineering and n&nagt aspects of Watershed
Management. Part | deals with technical and engimgeaspects useful in

developing natural resources like land, surfaceewagroundwater, crops and
forest. Part Il has been devoted to the aspeqtsopéct formulation, appraisal and
implementation through participation of the benafig communities. The book

therefore serves the purpose of a Handbook or a p€odium to those

practitioners involved in planning as well as impénting Watershed

Development projects.

The imperatives of managing the existing naturabueces to meet our present
needs without jeopardizing the needs of the futgemerations is gradually

dawning to our conscience. Management of natesdurces is the responsibility
not only of those who are directly involved in izdtion and subsequent
degradation of the same but also with those livisigaway from the resource
locations but causing indirect pressure throughscoption practices. The

challenges of natural resource management wouldireas long as human being
live on this Earth because everything we consunmecfsom three basic natural
resources namely plant life, animal life and mifsergortunately, being renewable
In nature, the first two resources are amenabjedicious management practices.
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1.0 Introduction

1.1 NATURAL RESOURCES

The sum total of all physical, chemical, biologichd social factors which
constitute our surroundings is our environment. EEaglement of these
surroundings on which we survive, is a natural wese. Thus, any part of our
natural environment such as land (soil), water, simshine, plants, livestock,
minerals etc. that we use are the basic ingredfentsustaining our lives. Natural
resources are further classifiedkagtic (living) andabiotic (non-living) resources.
All Flora andFaunaare the biotic resources and are part of enviroinkecology,
on the other hand, is the study of animals andtplantheir relationship within
themselves in the background of their given envirent. Thus, we come across
terms like marine ecology, forest ecology, desalagy, soil ecology etc.
Biodiversity is the number and variety of speciesnid within a geographical
region including variability within and between sps and within and between
ecosystems.

Everything we physically consume or use for ourfarel are derived from three
basic natural resources namely plant life, animfaldnd minerals. While minerals
are not a renewable resource, the other two are h@mde are amenable to
management practices. Soil (land) and water arévbegrimary resources which
support plant lives and in turn the animal kingddMhile some resources are
consumed directly by the primary consumers, theersthare processed using
technology to convert these in to various secondany tertiary products. Some
products are also used for market consumption @s@momic activity.

However, the distribution of resources is not egWdhile some people or region
may have higher share of natural resources, trerodurvive on very little. People
with more tend to over-consume causing faster tiepleAlso there would be an
accelerated depletion when too many people arendepée on too little resources.
A situation like this will not only cause abjectvasty and hunger affecting a the
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current population but will also jeopardize the ogpnities for future generations.
The concept of sustainable development and eqaitaoicess are therefore
important guiding principles followed in Natural $¢eirce Management practices.
The common concerns of resource degradation thaergde our immediate

attention are:

» Soil erosion and loss of soil fertility

» Shortage of water for crop production

» Shortage of drinking water

* Groundwater depletion

* Reduction in forest cover and biomass

» Depletion of livestock productivity

» Shortage of feed and fodder for livestock

» Crop failures due to natural calamities (drouglibd etc.)

1.2 SUSTAINABLE AGRICULTURE

Agriculture is the single largest sector which ifsmanaged can cause rapid
depletion of natural resources. Many agricultuarations cause large scale soil
erosion and depletion of soil fertility. Over udeagro chemicals causes pollution
of soil and water. Agriculture demands, inter abtgrage of large scale water,
pumping out groundwater and use of large expamdertle lands competing
against lands required for other uses.

The increasing pressure being exerted by farmarsnfare and more irrigation
water is causing stress to the very foundationgpicalture. It will therefore be
prudent to make agriculture such that the prodigtief land and water is
enhanced without depleting the health of thesewvitab resources.

The concept of sustainable agriculture is bettelewstood by breaking down the
entire agricultural system to its constituent sybtems. The inter inter-
relationtionship of these sub-systems are thenyaedlin the background of the
given environment (climate, infrastructure, socom@mic scenario etc.) along
with the consumption and value addition practicesvailing in the area, The
different sub-systems of agriculture are:
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» Natural resource sub-system (land, water, fore$t et

* Human resource sub-system (labour, planning , nenagt etc)
* Animal husbandry sub-system (cattle, goats, shespels etc.)
» Crop production and processing sub-system.

These sub-systems are inter-dependant on each dthes, while one sub-system
takes inputs causing stress to other, it also gesviat the same time, some outputs
which go back to the others as inputs. For examplgle the animal husbandry
sub-system derive its fodder requirements fromdimg sub-system, it provides
inputs like draught power, transportation and mantar the crop sub-system.
Similarly, when a crop is harvested to supportithman resource sub-system, it is
the human sub-system which nurtures the land tontadai its fertility. The
harmonious fine tuning of all these sub-systemsereily each one is balanced
against the other without causing any undue degoadaf any sub-systems and at
the same time producing the outputs (crops andnegpis viewed as sustainable
agriculture.

1.3 Climate Change Concerns

Global warming leading to Climate change is an ingaeg threat to humanity as a
whole. Prediction models suggest the possibilityaof average rise of Global
temperature by °€ sometime by the year 2050 or the turn of the wgnt
depending on how the emission of the Green Houssé&3aare controlled. Erratic
rainfall has the potential to change the frequeary intensity of droughts, floods,
shifts in major crop areas, emergence of new pastefRapid glacier melt is going
to change the flow regime in the snow fed riverseréfore, Climate change is
likely to affect our fresh water resources, agtiud, biodiversity and health
amongst others. Although, the predicted averagee#se in temperature byC3
by the turn of the century is still considered aseaaggeration but early signs are
being increasingly discernable.

Notwithstanding the Climate change, Indian farmbeve always been facing
climate related uncertainties in their productiativéties. One thing that did not
change for farmers over the past many decadeisfthancial distress. India is

an agrarian country where nearly 70% of the popmnalives in rural areas and
15



depends directly and indirectly on agriculture dogir livelihood. More than 80%
of agricultural holdings in India are of the sizsd than 2 hectare and more than
60% of farmers operate less than 1 hectare arda @amajority of Indian farmers
are engaged in subsistence farming with 0.27 hegiar capita land. More than
90% small and marginal farmers are dependent orfeaitheir crops.

Consequently, a large number of farmers have lhast investments raised mostly
through Bank loans due to crop failures - a commeason for falling into debt
trap. Inability to own a captive source of irrigat water also inculcates a great
sense of helplessness. Added to this are frequeptfailures, increasing cost of
inputs and insufficient market prices make agrimgitunviable for most small and
marginal farmers. Soil and water conservation tmas harvesting soil moisture
as far as possible have all the potential to saf@hfarmers from crop failures due
to shortage of rainfall.

1.4 WATERSHED MANAGEMENT

Starting from 1960s, concerned Government agemeigglia undertook soil and

water conservation activities in the catchment apganarily to reduce siltation in

the large reservoirs constructed for Irrigation dwlver. Similar activities were
undertaken in Drought Prone areas to support Aljui Over time, it was

realized that involvements of local communities egquired for maintenance of
the smaller soil and water conservation structuréss led to an incremental shift
in the implementation practices culminating to fhesent day concept of an
approach commonly known as Integrated Watershecalylement (IWSM).

Simultaneously, in another front, many Non Govemir@rganizations (NGOS)
were implementing agriculture, livelihood and othassociated development
projects in the country in selected poverty stnckareas under International
funding. Eventually, they also arrived at the saroaclusion that better results
can be produced if the natural resources are mdndye the beneficiary
communities themselves under a comprehensive amgrated manner. In a
nutshell, watershed management may be looked sbiband water conservation
practices integrated with a wide range of livelidosupporting activities
implemented with active participation of the beciafy communities. Emphasis
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Is also given on capacity building and formation ac@immunity institutions to
enable the communities to better manage their ressu

The terms watershed management and watershed pdmezid are often
considered synonymous and interchangeable. Managenwlves undertaking a
series of functions like planning, organizing, cohing, monitoring, evaluating
etc. All these functions are essential for natwesource management projects.
Natural resource development, on the other hanghdgrstood as taking physical
measures to harness the resources applying beteagement practices. The term
development is often used from the point of viewublization. However, unless
natural resources are developed adequately, tretiguef their management does
not arise. In reality, both development and manamrtake place simultaneously,
being linked in a cyclicauseandeffectrelationship with each other.

1.4.1 Definition

A watershed is defined as a topographically deteatgeographical area in which
the entire run off tends to converge through thisteyg drainage system to the
common outlet of the area for subsequent disp@daé watershed is separated
from another by a natural boundary known as themdivide or the ridge line. In
short a watershed is an independent drainage unit.

Originating from the science of hydrology, the tewatershed development has
over the years acquired much wider implicationa8lty speaking, a watershed
development project is an integrated approach wéldpment and utilization of
various nhatural resources existing within a wategshvith the aim to derive
equitable and sustainable benefits for the usemnuamties.

Based on the conceptual premises adopted and emmmgmasn on the aspects of
management and their desired outcome, several i@gehave offered their own
definitions. The widely accepted definitions are:

» Watershed management is the process of formulanty carrying out a
course of action involving the manipulation of ural, agricultural and
human resources in a watershed to provide goodssandces that are
desired by and suitable to the society, but undercondition that soil and
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water resources are not adversely affected. Wadrshanagement must
consider the social, economic and institutionattdes operating within and
outside the watersh¢&AO, 1987).

» Watershed management is the harmonious developmeninanagement of
land and water resources within the natural bouesl@f a watershed, so as
to promote or produce, on a sustainable basis, danoe of plants and
animals and their products and still deliver cleard controlled flow of
water to the downstream (AISLUS, 1988)

* Watershed management is the process, by which a@nlieg environment
for watershed based eco-system is establishedjghromplementation of
selected measures with an implied emphasis onaBdiWater conservation
activities (DANIDA, 1996)

Each Watershed, small or big has its own quota atkwreceived from rainfall.
Conceptually, there would not have any water pmoblié the people living in each
watershed could manage to live with this availahlantity (quota) of water. But,
since, in nature (by gravity) water flows from eppgeaches to lower reaches,
people living in the down stream areas receive mwaer than their share of
rainfall. People living in upper and middle reacladdsa Watershed can easily
enhance their share of water by adopting WSD prastto meet their domestic,
agriculture and livelihood needs.

1.4.2 Implications

A few assumptions are inherently associated with glanning of WSD projects
which are kept in the back of the mind and mayh®hecessarily stated overtly.

These are:

» Beginning essentially with integrated soil, watadarop management, the
process does not remain limited only to these @ietsv The development
process also encompasses other associated astreliaded to livestock, tree
plantation, renewable energy, drinking water, ggmmeessing, village
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amenities, credit societies, market linkages andrs@s per the need and
capacity of the area.

As resources are limited and needs are many, tldable common
resources are to be managed democratically by He communities
themselves with due consideration for equity andasgustice, as far as
possible. The issue of resource ownership becorags important in this
regard.

In order to enable the communities to manage thaiural resource base
more efficiently, development of skills within tcemmunities and creation
of effective village level institutions are congide essential.

Rural women depend heavily on natural resourcesmigeting their
household needs like fuel, fodder, food, drinkingtev etc. They have a
greater stake in the regeneration and conservaifothe environment.
Hence, women not only need to be integrated irctmemunity programmes
but also should have greater decision-making raie planning and
implementation.

Watershed development is instrumental for capduityding of the stake
holders enabling them to climate proof their agtime by adopting resilient
resource utilization practices.

Watershed development is required to generate ptiotuof goods to a
level which is sufficient to meet the needs of phesent generation, without
unduly degrading the natural resource base to jdg@the opportunities
for the future generation.

While dealing with the management of natural resesithe important questions
therefore to be answered are a) who owns thesersesob) who are the present
users and c) if these natural resources are todeaged then who will manage
them. Natural resources are finite but demandsirameeasing. Resources are
therefore to be used efficiently which means thsheuld be more benefits
(produces and functions) per unit application @ihof resources.
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1.4.3 Watershed as a Unit of Development

A Watershed is a Hydrological unit which is mosttedi for managing land and
water holistically. However, there is no harm irpgng this integrated approach
even to a single village which is only a part ¢amer watershed. Since a village is
an independent revenue unit and most revenue reenedmaintained village-wise,
most of the official rural development projects ati# undertaken on the basis of a
village. For the management of common natural uess, the use of a
hydrological unit, i.e the watershed offers a favategic advantages as discussed
below.

* The primary source of all water in an area is &InfA watershed being an
independent drainage unit, the water availablenm watershed differs from
that in another. Although, this total available &abccurring as surface
water, groundwater and soil moisture varies in ti(eeason) and space
(location), each watershed therefore has its oguota of water.
Management of water resources is therefore bettaeaed when the water
resource is evaluated and utilized on watershed.bas

 Most well-defined watersheds have three distincyspigraphic units,
namely the upper reaches, intermediate reachesloavel reaches. The
conservation measures undertaken in the upperesaut only have direct
effects in the upper reaches but also in most cages sufficient indirect
effects to the downstream areas. Preparation of omprehensive
development plan, taking into account all theseatf, becomes possible
when the resource development plan is consideredpihensively on
watershed basis.

* Demands for available water from various watersge different upstream
and downstream villages are not only on the risedra also a potential
source of inter-village and intra-community corflicOnce the available
guantity of water within a watershed is properlgessed, it is possible to
make provisions for water allocation to each grbaped on availability and
acceptable trade- offs. This provides an oppornuitbring about equity in
water use by suitably developing the watershed @naonoting efficient
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water conservation and utilization practices.

Whatever are the reasons, there is hardly any @ispuaccepting a watershed as
the unit of development specially for the managdnwnthe land, water and

vegetative resources. This shift from village totewshed as the unit of

development sometimes creates a few practicalcdiffes. A common problem

encountered is in reconciling village-level reverdaga with the corresponding

watershed-level data, particularly when a part lvé willage lies outside the

identified watershed boundary. Sometimes, suclasasre excluded from the

project area and therefore, are deprived of thgprdenefits. But when these
areas are part of the upper reaches of the adja@atshed area, inclusion of the
village under the WSD project is still desirable.

It is therefore of definite advantage if the entm®ject area is segregated into
micro-watersheds. Resource management plans canbiéheundertaken for the

entire village keeping in mind which part of thélage belongs to which micro-

watershed.

1.4.4 Watershed Atlas

A National Watershed Atlas has been prepared bydpartment of All India Soil

and Land Use Survey for identifying each sub-veted in the country with a
unique code number (AISLUS, 1990). The entire cquhas been divided into 8
water resource zones containing about 3248 subrstestes ranging from 2000 to
4000 ha in size on a drainage map of 1:1 millioalescin order to allocate each
sub-watershed with a unique identification code, foar-stage system of
classification has been followed. The entire ribasin has first been divided into
its major catchments labelling them arbitrarily,gimming from downstream

upwards as a, b, c,.... Each catchment has then dieieled into the constituting
watersheds allocating numbers 1, 2, 3 ....9. Théatersheds are further divided
into a number of sub-watersheds identifying themecsgain serially as a, b, c... .

Each sub-watershed can therefore, be identifiearbynique identification code
formed by combination of these numbers and arellyspeeceded by the first
letter of the name of the river basin. Thus forregke, a sub-watershed having a
code of Th2d would uniquely identify that partiautb-watershed "d" which is a
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part of the larger Watershed numbering "2" of i lstiger catchment area "b" of
Tilaya river basin (T). The state code may alsopbefixed so as to make the
nomenclature complete.

1.4.5 Demarcation of Watershed Boundary

While a simple or a first order watershed comrieé a single stream, a multi-
order watershed comprises several such single ondegersheds. The entire
drainage area of a major river system is referadroonly as a river basin which
in fact is comprised of a large number of watershed

Use of Maps

Demarcation of watershed boundary in a map (topetshr satellite imagery) is
done by visually inspecting the drainage lines loé tarea. Based on visual
inspections, a rough boundary is first drawn altimg drainage divides around a
set of drainage lines that converge to a commotletouthe rough boundaries of
the watersheds are then finalized confining thentht desired size. For detall
planning, the watershed maps so obtained are nigrerdhrged and superimposed
over a village revenue map known as the cadasial (1 cm = 40 m) to serve as
an effective working map for the project.

Field Demarcation of Watershed

The approximate boundary of a small watershed ¢sm lze demarcated in the
field by visual inspections involving two surveyo@ne of the surveyors walks
along the main stream in the upstream directiompd@sjpe to the flow direction)
until the highest point or the ridge line is reatth€he second surveyor stationed at
the outlet (lower reaches) of the stream, by loglat the sky line, guides the first
surveyor, to move a bit forward or backward to edkm stand exactly at the
highest point. A landmark pillar or boulder is ggd at this highest point. The
process is repeated for all the streams (tribigptie demarcate an approximate
boundary in the field. A further fine-tuning of theundary of the main watershed
and its constituent micro-watersheds is possiblemiaking enquiries with local
farmers about the general flow directions of swefam-off observed after a heavy
Rainfall.
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1.4.6 Categorization of Watersheds

Watersheds may be classed in a number of groupgndang upon the mode of
classification used for the purpose. Common modesiggorization are outlined
below.

Figure 1.1 Watershed boundary as delineated in@ m

Based on Size

A watershed is termed as large, mini or micro ddpen upon its size. This

criterion has been evolved keeping in mind the sibhech can be managed for
implementation by various project implementing amges within a reasonable

period. From the management point of view, a miwatershed is one which has a
single drainage (first order stream) with its sdlzsly branches extending to an
area not more than 500 ha. Mini-watersheds arestivéch comprise a number of
drainage systems spreading to an extent of more308@ ha but confined to 2000
ha. A large watershed is one which has an areabof than 2000 ha.

Based on Drainage
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The drainage characteristics of a watershed caadbyde related to its drainage
pattern, stream density and drainage density. Bgampattern is studied by visual
inspection of a drainage map. Stream density ofatemshed is the number of
streams per unit area (sg.km). High stream dernsitgn indication of highly
undulating terrain. Drainage density is the totdgth of all the stream channels
both perennial and intermittent per unit area {®).&f the basin. Drainage density
indicates the drainage efficiency of the basinhigher value indicates a well-
developed network and high run-off causing intefiged, while a lower value
indicates relatively moderate to low run-off angher permeability of the terrain.

Based on Shape

A watershed can also be described as either fapedhénear circular) or fern
shaped (elongated). Hydrology point of view, thaphof a watershed is important
because it controls the time taken for the runtef€oncentrate at the outlet. The
time taken for the run-off water to travel from thethest point of the watershed
to the outlet is known as time of concentratior). (& fan shaped or near circular
watershed provides greater flood intensity at thieb as all the tributaries are of
nearly the same length and their times of concieotrare nearly the same. But in
an elongated watershed the time of concentratioedoh tributary is different and
the discharge at the outlet is distributed oveyrér period. Computation dfme

of concentrationtc) at a given location of a stream is usefuldesigning water
retention structure at that site.

Based on Other Criteria

From administrative and management points of vieatersheds may also be
categorized into several other types. Thus for glamwatersheds may be termed
as hill- watershedor flat - watershegdhumid- watershedr arid- watershedred
soil watershedr black soil watersheetc. using topography, climate and soil type
as the main identifying criteria respectively. Framnagement point of view, it is
also useful to distinguish watersheds into theseethypes as per their land use
pattern. The hill watersheds are located at higievations of river catchments
consisting predominantly of forest where soil @mation and afforestation are
the main components of watershed treatment. Manageat these watershed are
left largely to the forest department. Watershedsasso identified from the degree
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of soil erosion point of view using an indicatorlled Soil Yield Index (SYI)
developed by AISLUS.

1.5 SCOPE OF INTEGRATION

Thus, the activities for soil conservation, moistgonservation, water harvesting,
groundwater recharge, conservation of water iigatron application etc. lead to
an enhanced availability of water. Expansion of iRabps and integrated pest
management are being increasingly common in welitéd watersheds. Use of
portable pipes and sprinklers are ideal for inarepgoth the transmission and
application efficiency. Use of drip irrigation inotticulture and row crops is

extremely effective in saving water. Improved agnmical practices (mulching,

zero tillage, use of farm yard manure etc.) areoirtgmt soil moisture conservation
measures.

Recent trials have shown that rice grown followthg SRI technique consumes
much less water while producing higher vyield thgrebpening up new
opportunities for growing rice in rain-fed areddany ancillary activities e.g rope
making, basket making, small scale fishery, foamtpssing through SHGs etc. can
be included. Likewise, beginning with the developinef additional fodder, a
project can keep promoting improved veterinary casablishment of a milk
marketing union and even artificial inseminatiomtces as per the need and
capacity of the local communities.

1.5.1 Physical components

An attempt has been made to list out the major iphAlysactivities that are
traditionally undertaken in most integrated wateds development projects.
Although, such activities have been grouped ungerapriate headings, many of
these activities are inter-related to each othed &ence quite often are
implemented together. The common physical compenénat are integrated
within a watershed are.

A. Soil and Water Conservation

Land levelling
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Field bunds, contour bunds and graded bunds
Field ditches and contour ditches

Gully plugs : earthen, stone, vegetative

Excess water disposal structures

Check dams (overflow weirs)

Earthen bunds with masonry spillway
Percolation tanks, field ponds

Underground bunds/dykes

Construction of wells and lifting arrangements
Improvement in irrigation application techniques

B. Plantation

Collection and storage of seeds

Nursery raising

Plantation of seedlings and their protection
Developments of grasslands and silvi-pasture
Agro-forestry and bund plantation

Farm forestry and industrial plantation
Horticulture and vegetable cultivation

Shelter bed plantations

Propagation of medicinal plants

C. Agronomical Practices

Improvement of tillage practices

Promotion of double crops

Practices of inter-cropping/mixed cropping

ith new/improved varieties

Organic farming/compost making/vermiculture
Decrease in the use of inorganic fertilizers aestipides
Management of soil moisture and irrigation water
Crop rotation on trial basis/ crop diversity

D. Livestock
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Production, storage and management of fodder

Improvement in livestock health and quality

Rearing of small animals (goat, duck, poultry) $absidiary income
Fishery

Developing market linkages for produces

E. Renewable Energy

Development of biogas

Energy-efficient and smokeless stoves

Energy plantation

Gasifier and charcoal making

Solar cooker, dryer, heater, water distillatioant) lighting etc.
Micro-hydel and other water-driven appliances

F. Institutional developments

The project implementing agency is required to utadke several activities related
to institutional development throughout the projpetiod considered useful not
only for mobilizing community participation but al¢o sustain the development
results created through this process. Althoughrémpirements may vary from
project to project, but the basic steps are enueeias below.

» Establishment of rapport through entry programine(s

» Creation of awareness about the project objectives.

* Preparation of village level implementation plandonsultation with the
relevant communities.

» Formation of user groups and project managemenihutiges.

* Development of capacities within the user groupsl ananagement
committees.

* Implementation of project components through userugs and project
management Committees, as far as possible.

* Mobilization of community contribution both in daand kind.

» Conflict resolution and follow up.
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Conservation of available resources will be pdesitmly when resource users
become aware of the limitations and adopt technetognd practices that allow
more efficient utilization. It is therefore obviotisat in addition to application of
technically sound physical measures, watershedaganent will also require
creation of various groups to enable them to menihgir natural resources
keeping in view the need of other communities. Eyedicious management of
privately held resources like land, water and ligek is not possible only through
individual efforts. Management of natural resounses task of the community, for
the community and by the community. The type ofugso usually formed in a
watershed development project are:

e User Groups

» Watershed Committee

» Self Help Groups

e Community Centre for meetings

» Augmentation of income through agro-processing/mimk groups

Although the physical activities to be implementedall watershed management
projects appear to be more or less the same, leutadthe varying nature of each
watershed, there will be sufficient variation i gorocess of actual implementation
rendering each project a unique experience.

1.6 LONG TERM BENEFITS

The direct benefits expected to accrue from subdessplementation of an
Integrated watershed development project are méhg. extent of benefits will,
however depend upon the size of the watershed;temess of the implemented
measures and efficiency in the utilization of ttreated benefits. Some of the
commonly benefits are:

» Degradation of the natural resource base is redardeutralized and
reversed. Reclamation measures adopted in degradeld, initiate the
process of improvement of the land giving risertoréased production of
biomass. This in turn improves soil fertility anttetcycle of improvement
continues.
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Improvement in land capability and soil fertilitrings about improved
agricultural practices giving rise to increasedpcyields and option for a
wider crop variety.

In addition to providing water for direct irrigatipwater storage structures
also contributes to enhancement of soil moistuggnre in the vicinity
useful for crops and vegetations. Under certairditmms, stored water also
contributes to groundwater recharge.

Degraded community lands successfully planted wagieful trees and
grasses, become useful sources for the much néeeledodder, food fibre,
fertilizer and employment for village communities.

Reduced biotic interference in forest lands hegftirest regenerate to their
normal health which in turn aids in moderating aoef run off leading to
water flow in the streams for a longer period.

Improvement in agricultural productivity triggersogvth in agro — based and
other income generating activities.

Availability of increased drinking water, foddeyel, timber etc. reduces
drudgery and brings about an improvement in qualitjfe specially for the
women from the poor communities.

It should be borne in mind that the most seriouallehge while of integrated
watershed management is to achieve higher produétion the existing natural
resource bases without over-exploitation. The gddrinciples of management
are based on conservation, development and effiaitihzation. Sustainable
management of natural resources would thereforenmeaease in productivity
without further degrading the natural resource base example, increase in milk
production does not mean procurement of more chtileimprovement in the
existing breed. Similarly increased groundwaterdneet mean deepening of the
existing wells but rather raising the water talleotigh artificial groundwater
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recharge. Similarly, increase in irrigation faglitwould mean improving
conveyance and application efficiencies of thelabée irrigation water.

1.7 NEED FOR MULTI-DISCIPLINARY KNOWLEDGE BASE

Natural resource management requires scientifierstanding on the occurrence
and distribution of these resources as well asr tresponses to conservation
measuresln order to plan and applffective watershed treatment measures, the
implementing agency is therefore required to haveess to wide variety of
subject matter experts. These are inter alia, emgjineers (for survey, design, cost
estimation, construction), hydrologist for surfaceater, ground water
development), agronomist (soil and moisture cored@m, agriculture), experts on
animal husbandry, horticulture, plantation and asthof other community
mobilization experts. Understanding is also reguio@ how the benefits accrued
are to be shared equitably by the user communatieshow they would manage
the created assets in the future.

However, since a single project implementing agecan not possibly have all
these specialists within its project team, suchnaal expertise could be accessed
from external sources. But, it would be of advaatafjthe members of the project
team possess some basic knowledge on variousdis@plinary subjects. It is
evident that each watershed management projectwmabasic premises. One is
the technical aspects related to the implemematigohysical components and the
other is the socio-managerial aspects dealing wttbilizing and sustaining
community participation.

Keeping these requirements of project planningianmlementing practitioners in
mind, this book has been presented in two parts.fifét part deals with the
physical and engineering aspects of watershed neamagf including a chapter
each on hydrology, geohydrology, soil and land bdjg, soil conservation and
water harvesting, water requirement of crops, efftation and climate variability.
The part two has devoted exclusively on variougetspof project formulation,
appraisal and implementation including monitorimg @valuation.
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2.0 Watershed Hydrology

2.1 HYDROLOGIC CYCLE

Hydrology is the science which deals with the ooemice, distribution and
movement of water within the earth and its atmospheHydrologic cycle is the
dynamic water transfer system of nature whereinxt@eer is continuously moving
and changing from one form to another, while itendotal remaining the same.
Although by definition, hydrology encompasses gohwater studies as well but in
its application, GW is studied by a different séte@perts commonly known as
geohydrologst.hydrogeologist

After reaching the earth surface, rainfall (or shogontinues to move and change
its form. The part that enters the soil is infiltoa, the part which flows along the
surface is run-off, the part which goes back todhmosphere as water vapour is
evaporation and the part that is transpired bypthats back to the atmosphere is
transpiration. Furthermore, the part which is icépted by leaves and stems of the
existing vegetative cover is interception, the pdnich is collected on the surface
Is surface storage, the part which is retainedhénsbil is soil moisture and the part
which is percolated below the soil zone to join sa¢urated zone is groundwater.
Thus, the static water balance equation in its Erfgem may be written as:

Precipitation = Run off + Evapo-transpiration + @ba in Storage

2.2 PRECIPITATION

Deposition of atmospheric water to the surfacehef ¢arth in the form of rain,
snow, hail, fog, mist, dew etc. is precipitationadimum precipitation, however, is
received as rain and in some areas as Snow.

2.2.1 Rainfall in India

Other than temperature, rainfall is the single tmogortant factor which decides
our life style and agriculture of a region. Ralhfa India is seasonal. Annual
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rainfall varies widely which ranges from less tH€l0 mm in some western parts
of Rajasthan to more than 4000 mm in some northegagparts. The average

annual rainfall in India is to the order of 1175 mirhich takes place on an average
of 120 rainy days.

Excepting Kashmir and Southern peninsula, aboubd 0% of the annual rainfall
takes place in the country during the South-Weshsoon between June to
September. The North-East or the return monsoa@ntigical feature in parts of
north east and south India which gives moderatefathiduring the months of
October to December. The remaining of the raintaturs as winter rains,
thunderstorms and other atmospheric disturbandes.liies joining the locations
of equal annual rainfall in a map is known as isiby.

Based on average annual rainfall, the country tee l@ivided into three major
regions namely:

Arid Region: Rainfall less than 500 mm
Semi-arid Region: Rainfall between 500 — 1000 mm
Humid region: Rainfall more than 1000 mm

2.2.2 Variations in Rainfall

Rainfall data in India is collected for each revenBlock and are processed
centrally at the Indian Meteorological DepartmdMD@), Pune. Average rainfall,
humidity, temperature, wind speed, sunshine howsoofie selected observatories
are available in a published volume namely Clin@aamlal Tables of Observatories
in India. Recent rainfall data are readily avadalitom the respective block
offices. Although rainfall in India follows a seawd pattern but it still has wide
deviation to make it unpredictable within a seasdfariation in rainfall is
relatively high in the arid regions compared tatthf humid regions.

One method of measuring the variation in annuahfadli statistically, is to
compute the standard deviatios) (@nd coefficient of variation of rainfall (Cv)
which are given by:

s =vI(Xi-X")?/N
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Cv = ©/X")*100

Where,
Xi = Annual rainfall for each year
N = Number of years
X = Mean Z(Xi/N)

Annual rainfall data for minimum 10 years or more aollected to compute the
Cv. Higher the value of Cv, greater is the tendanayeparture of rainfall from the
normal and vice versa. Values of Cv in India vamgynf 15% to 70%, the mean
being 30%. While western Rajasthan and Tamilnade hégh variation in rainfall
with Cv to the order of 50% and more, the sameefastern India and western
Ghats are to the order of 20%.

2.3 DROUGHT

Drought denotes scarcity of water in a region fehart period of time. In normal
sense drought is caused due to shortage of raifeite drought is basically a
non-event, it does not have a distinct time ofebn&ffects of drought are
normally felt only after a few months. In Indiapdght is said to have taken place
when annual rainfall is less than 75% of the nornhk situation is described as
severe drought when annual rainfall is less tha&b 60the normal. The severity of
drought is assesses by the degree of moisturaetefic(Intensity), duration of dry
spell and the extent of affected area.

However, in a highly degraded area with excesswweaff or in an area with
sudden increase in water demands, a drought likatgn can take place even
during a normal rainfall year. Conversely, effeatsirought may not be as severe
In an area, even in a low rainfall year, if it ha®ated facilities for sufficient
storage of water. Such paradoxes have necessithtedheed to distinguish
droughts of different nature and origin such as:

2.3.1 Meteorological Drought

This is a condition when the annual rainfall issl&san the normal over an area for
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a prolonged period. It is based on rainfall andssociated with a month, season or
a year.

2.3.2 Hydrological Drought

This occurs when a prolonged meteorological drouglults in drying of the
available water sources e.g streams, tanks, rasgrwells etc. It is related to the
shortage of available water in the storage faedlit

2.3.3 Agricultural Drought

This is a condition resulting in the shortage qiy of water to meet the demands
for crop maturity. It is the result of moistureests in soil during crop growth i.e
imbalance between available soil moisture and exagpspiration.

2.4 RAINFALL PARAMETERS

Rainfall of an area is the total volume of wateattprecipitates within that area. It
Is not practically feasible to measure the entolime of rain water that falls in an
area. Rainfall is, therefore, measured at a givacation using a rainguage
expressed in depth of water. Thus, a rainfall ofn@®& recorded by a particular
rain-gauge would mean that if the entire rainfadlsvallowed to stand evenly over
the entire area at which the rain occurred, theéldepthe standing water would
have been 36 mm. In the absence of a number ofaages, data from one
raingauge is considered valid for the entire afeaaiofall.

Rainfall is a random hydrologic phenomenon. To usidad its dynamics, the
important variables studied are its distributiomradion and intensity.

2.4.1 Distribution

Distribution of a rainfall simply means the extasftthe area within which the
rainfall occurred. For example, a particular rdinfaay take place either over the
entire river basin or only in a part of the samehil/the former will be described
as evenly distributed rainfall over the river basihe latter will be referred to as
unevenly distributed or localised rainfall.
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2.4.2 Duration

Duration of rainfall is the time period over whidhe rainfall has occurred.
Duration is measured in minute or in hour.

2.4.3 Intensity

Intensity is the rate at which the rainfall takéacp i.e. the depth of rainfall per
unit time. It is normally expressed in mm/hr. Fomample, if the rainfall in a

station is measured as 36 mm, this rainfall co@dehoccurred in any particular
time period of say 1 hr, 10 hr, 24 hr. Althougle trepth of rainfall is 36 mm, but
the intensity, considering the above three timeioper (durations)becomes
different which are 36/1 = 36 mm/hr, 36/10 =3.6 tmmdr 36/24 = 1.5 mm/hr

respectively. Rainfall intensity upto 2.5 mm/hkrsown as light rain, between 2.5-
7.5 mm/hr as moderate rain and above 7.5 mm/heasgylrain. An Intensity of 25

mm/hr in an arid region is considered exceptignhlgh which may take place
say once inl10 years.

2.5 MEASUREMENT OF RAINFALL

Rainfall is measured by raingauge which are of types; the recording type and
the non-recording type.

2.5.1 Non-Recording Raingauge

Non-recording type of raingauge used extensivelndia is the Symon's gauge. A
standard Symon's raingauge (Fig.2.1) consists @fcalar funnel of 12.7 cm (5
inches) diameter placed over a glass bottle, botlased in a cylindrical metallic
casing. Rain water falling into the funnel is cotled in the glass bottle. Later this
water is poured into a special cylindrical measmirglass graduated in mm to
obtain the depth of rainfall. When full, the measgrglass can measure 20 mm of
rainfall. In 1969, fibre glass reinforced polyestERP) raingauge was introduced
in India. These have inlet diameters of 11.3 cni®rcm i.e 100 sg.cm or 200
sg.cm inlet areas respectively.

A raingauge is placed in an open space away fremdtcwith adequate protection
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against physical damages. As per standard practibes raingauge is fixed
perfectly vertical to a masonry foundation with tleeel of funnel rim 30.0 cm
above the ground surface.

Funnel

Ezl )

Measuring glass

Fig. 2.1 Symon type non-recording raingauge

The rainfall, for the sake of uniformity is measdirevery morning at 8:30 hours
which gives the total depth of rainfall in the I&st hours. During heavy rains,
measurement should be taken a few times a daythledtottle gets filled up and
overflows. The data collected are maintained iabaliar form. Non-recording type
of raingauge however gives only the total deptlaafumulated rainfall. It cannot
record the duration and hence can not give thasitieof rainfall.

2.5.2 Recording Type Raingauge

Tipping bucket raingauge (Fig.2.2) is the recordipe raingauge commonly used
in India. It consists of a funnel of 16 cm diameteth a pair of tipping buckets
(collectors) pivoted just below the funnel. Where arf the buckets receives certain
amount of rain water (0.1 mm or 0.2 mm), it tipada&mpties the water content
into the bottle below while the other collectoraakits position and the process is
repeated. The tipping of the collector bucket aetsizan electric pulse which
causes a pen to move up by one unit of verticasidin on the graph paper placed
over a drum which is rotated by a clock mechaniBhe water stored in the bottle
can also be measured manually by using properigratéd measuring glass.

2.5.3 Analysis of rainfall Chart
Charts from all automatic type of raingauges dre plots of the cumulative

rainfall against time. In a chart, rainfall is reded in the form of series of
36



ascending lines with varying slopes. The horizomtals denotes time and the
vertical axis denotes the amount (depth) of rainféhile the vertical scale
remains fixed as per the gauge type (normally 1Xmm), the horizontal scale is
determined by the speed at which the clock is set.

Funnel

M Tipping buckets
'="l

HHH | Chart paper
{mr ! M Clock mechanism

t 1

r==-'| Marker pen
+ o -

Battery
Collector
bottle

Fig. 2.2 A combination of both recording and
non-recording type of raingauge
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Fig. 2.3 A typical rainfall chart from a recording type (tipping bucket)
of raingauge
However, since the intensity of rainfall changessiderably throughout its
duration, total duration of a rainfall can be deadinto a number of smaller
durations during which the intensity remained mardéess the same. A close look
at any rainfall chart will therefore show that tleeorded lines can be broken into
smaller segments of equal slope. Each of these essigrapresents rainfall of a
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particular intensity and their corresponding timeervals are their durations.

For the sake of easy interpretation and analyisis, advisable to convert rainfall
chart into a tabular form. Table 2.1 has been pegpb&rom the rainfall chart as
shown in Fig.2.3. Here, the entire vertical sealequal to 10 mm of rainfall and
each horizontal division is 1 hr (i.e line speedmf/hr). The rainfall started at
02.00 hr. and ended at 11.30 hr.i.e the total duras 9 hours and 30 minutes.
During this period total depth of rainfall is 49 mm

It is found from the Table 2.1 that the total railhfs 49 mm which took place over
a period of 9 hr 30 min. (570 min.). There is adsemall period between 7.12 to
7.48 hr (36 min.) when no rainfall took place. Aage intensity of this rainfall is

given by 49/(570 - 36) = 0.092 mm/min or 5.5 mm/hhe highest intensity of

rainfall is however 31 mm/hr which took place betwet.06 to 4.12 hr. In fact the
actual depth of rainfall during this 6 minutes i& 3dm i.e 3.1/6 = 0.516 mm/min

which when multiplied by 60 gives the intensity3smm/hr.

Time Increment | Cumulative | Rainfall Cumulative| Intensity
of time, min| time, min | mm Rainfall, Mm/hr
mm
2.00 - - - - -
2.54 54 54 1.2 1.2 1.33
3.0 6 60 1.3 2.5 13.0
3.24 24 84 1.0 3.5 2.5
3.48 24 108 1.5 5.0 3.75
4.06 18 126 2.2 7.2 7.33
4.12 6 132 3.1 10.3 31.0
4.24 12 144 2.7 13 13.5
4.42 18 162 2.0 15 6.6
5.12 30 192 10.0 25 20.0
5.54 42 234 4.0 29 5.71
6.06 12 246 5.6 34.6 28.0
6.30 24 270 0.4 35.0 1.0
7.12 42 312 1.5 36.5 2.14
7.48 36 348 - 36.5 -
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8.42 54 402 5.5 42.0 6.11
9.42 60 462 1.7 43.7 1.7
10.0 18 480 1.3 45.0 4.33
10.18 18 498 2.0 47.0 6.66
10.54 36 534 1.5 48.5 2.5
11.30 36 570 0.5 49.0 0.83

Table 2.1 Analysis of rainfall chart for obtaining intensity of rainfall from different
durations.

2.6 RUN-OFF

Surface water flow that originates due to rainfall run-off. After the rainfall
satisfies the immediate needs of the evaporatiofiltration, interception by
foliage and storage due to natural surface demmessihe excess water starts
flowing as run off.. Since run-off is the voluméwater moving per unit time at
any location of the stream, it is normally measuwasdlischarge in cubic metre per
sec (n/sec). Overland flow which is difficult to measuran be measured only at

a suitable outfall by filling in a container of &wn volume and noting the time
taken to fill the same.

2.6.1 Factors Affecting Run-Off

Generation of run-off from a watershed is contwll®y factors associated with
Precipitation Characteristics, Watershed Charastiesi Geological Characteristics
and Meteorological characteristics.

A. Precipitation characteristics

Precipitation characteristics are :

* Intensity of rainfall
e Duration of rainfall
« Distribution of rainfall

For any particular watershed, larger the duratiotensity and distribution of
rainfall, greater is the volume of run off. A raafifof smaller duration will not
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produce much run-off since the initial infiltraticate is relatively high. As the
duration of the rainfall increases, volume of rdhdocreases. Similarly, for a
rainfall of given duration and distribution, hightire intensity of rainfall, greater
will be the rate of run off. For example, 30 mmnfall occurring throughout the
watershed within an hour will generate relativelgher run-off than if this 30 mm
rainfall had taken place over a period of say 5rsioRate of infiltration is much
less during an intense rainfall and hence genenates run-off.

It is obvious that for a particular rainfall, maxam volume of run-off will be
generated when the rainfall is evenly distributegrathe entire watershed area.
However, at times a very intense rainfall occuriimg smaller part of a relatively
large watershed may result in greater run off tadaw intensity rainfall spread
over the entire watershed.

B. Watershed characteristics

Watershed characteristics are :

e Size and shape
» Topography (slope groups)
* Land use

Size and shape

It is obvious that larger the size of a waterslmegher will be the yield of run- off.
However if the rainfall occurs only in a small paftthe watershed, the size of the
watershed would effectively become only that pdrtthee watershed in which
rainfall took place.

Shape of a watershed does not have any effecteotothl volume of the run-off
but the shape would influence the time of concéiommaand hence the peak

discharge. A circular watershed will generate higpeak discharge than an
elongated watershed of the same size.

Topography
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Slope of the land surface is a major factor in aimg the velocity of run-off.
Higher the slope, higher will be the velocity ofethun-off. Experiments have
shown that velocity of water is proportional to sguare root of the drop (head).
In other words, if slope of a land is doubled, ¥ieéocity of run-off will increase by
four times. Run- off with higher velocity will aitaa higher peak discharge. In
lands with high slope, the retention period bdegg, the infiltration is reduced
and the run-off is increased to the extent thétiafion is reduced.

In a rolling topography, marked by alternate mouadd depressions, run-off will
be reduced because water will tend to accumulatdaendepressions. Moreover
water has to flow a long torturous path in ordeskat the mounds. This would
increase the retention period giving rise to sight evaporation and infiltration
thus reducing run-off. However, if the watersheduk of ravines, the run-off

yield will be higher than a normal watershed.

Land use

All the existing features on the ground surface likegetative covers including
crops, forest and other structures created asdilcilike embankments, check
dams, terraces, bunds, roads, buildings, pondghentlke constitute the land use
pattern. Presence or absence of these types ofwsta can reduce or increase the
run-off respectively. A large amount of rainfalliercepted by the branches and
leaves of the plants which in course of time ibaitevaporate back to atmosphere
or trickle down to sub-subsurface resulting irr@ased infiltration. Thick litters in
the forest floor also hold large quantity of raiater, facilitating both infiltration
and delayed run-off.

C. Geological characteristics
Geological characteristics are manifested by :

* Soil type and
* Physiographic controls

Geology influences the topography as well as thketgoe of a watershed. Soil
affects run-off directly due to its inherent itfdtion capacity. More porous and
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permeable the solil is, the more will be the irdilton resulting in less run-off. Soll
condition is also indirectly responsible for vede® growth which in turn reduces
run-off.

D. Meteorological characteristics
The Meteorological characteristics include:

* Temperature

*  Humidity

* Wind speed

e Sunshine hour

Meteorological factors like temperature, humiditydawind speed have indirect
and thus relatively minor effects on run-off spégiduring and immediately after
a rainfall. Strong wind blowing along the directiof the surface flow during a
high intensity storm however can considerably iase=the velocity of run-off
causing extensive soil erosion. Temperature andiditymaffect the rate of
evaporation. As the rate of evaporation is incréaske amount of run-off is
reduced. Wind speed also increases the evaporhtibibeyond a certain level
increase in wind velocity does not increase evdmrgroportionately. However,
it is the long term or the seasonal effects of mmiegical parameters on surface
water flow and storage deserve special attention.

2.7 ESTIMATION OF RUN-OFF

While designing a storage structure, it is necgssarestimate how much water
will be available at site during both the lowestdahighest rainfall years
respectively. Knowledge of minimum flow is necegs@ar ensure that the structure
stores at least the minimum required quantity ofewaknowledge of maximum
discharge or the peak discharge is also esseotdddign the structure such a way
that it remains safe. The term Catchment areaad irsthe context of construction
of a structure at a site to indicate the area fedmch it will receive its water. At
the outlet of a watershed both the catchment andattze watershed area are the
same. However, at some other location within théerghed, catchment area will
be smaller in size than the watershed area.
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Several methods have been developed to estimakedsdnarge at the outlet of a
watershed which is useful for designing water redenstructures (see Chapter 6).
A simple empirical method is discussed below fotinesting run-off as
percentage of Precipitation (rainfall) for a givaaichment.

2.7.1 Estimation of Run-off as percentage of Rdlin

It is applicable for a particular rainfall and isgn by:

R=K xK;xP=KP

Type Description of catchment Coeff; K
A Flat, cultivated, black cotton soil 0.10
B Flat, partly cultivated, various soils 0.15
C Average catchment 0.20
D Hills and plains with little cultivation 85
E Very hilly and steep without any 0.45
cultivation

Table 2.2a Barlow's coefficients (K1) for the typef catchment for average rainfall

Nature of rainfall Type oftclaments

A B C D E
Light rain 0.7 0.8 0.8 0.8 0.8
Average rain 1.0 1.0, 1.0 1.0 1.0
Continuous downpour 1.5 1% 1.6 1.7 1{8

Table 2.2b Barlow's coefficient (k) for the type of rainfall

where,

R = Run-off, cm

P = Precipitation, cm

K1 = Run off coefficient for the type of catchment
K, = Run off coefficient for the type of rainfall
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Values of K and K are obtained from the following tables.
Some typical examples for computing Barlow's dogfht (K) are presented
below:

Average catchment and average rainfall: K& K= 0.2x1.0 = 0.20
Hilly catchment and continuous downpour:K KK = 0.45x1.8= 0.81
Flat catchment and continuous downpour: K &K= 0.1x1.5=0.15

Problem 2.1

Estimate run-off yield due to 20.0 cm rainfall thabk place in 2 hours over a
partly hilly and partly plain catchment of 2000 draa.

Solution 2.1

10 cm Precipitation (P) may be considered as cootia downpour. Thus, from
Barlow's table
6.1a and 6.1b, we have

For partly hilly and partly plain catchment (D): K10.35
For continuous downpour and type D catchment: KI27=
Rainfall = 10 cm/2 hr =5 cm/hr

Total Volume of Run-off = Klx K2 x P x A= 0.361.7 x 10 cmx 2000 ha=
11900 ha-cm

=119%ha-m

Total volume of rainfall that took place over thegahment area = 0.1 m x 2000 =
200 ha- m

Percentage of run off over rainfall = (119/200)00% 59.5 %

Réate of Run-off = 119/2 hr= 59.5 ha-cm/hr = (59.50000) / 100 rithr = 5950
m°/hr

2.7.2 Estimation of High Flood discharge

44



The maximum rate at which water flows down alzatent is known as Maximum
rate of run off or High flood discharge or Integsaif maximum flood or Peak rate
of run-off. Sufficient estimation of High flood disarge is essential for safe design
of water retention structure (Bunds, Weirs). Forabntatchments for which
systematic data collection is not practicable, mpepular approach is the
application of the Rational formula which is giviey

Q = (CIA) / 360
Where,

Q = High flood discharge, Hsec

C = Run-off Coefficient

A = Size of catchment area, ha

| = Intensity of rainfall in mm/hr for a periodjeal to the time of concentration (tc)
of the catchment area for a design frequency iatgrecurrence interval) T.

The following values of C are assumed for diffeergyped of soils.

Sandy Soill : 0.29
Sandy Loam: 0.40
Clayey Soil :  0.50

Time of Concentration (tc) is the period taken ttoe run-off to travel from the
furthest point of the catchment to the point of swrament and is given by

tc = (0.87 x L/HJ®®°
Where,

L = Distance from furthest point to proposed site
H = Fall of Travel (Vertical distance) from furthgsoint to the proposed site.

Recurrence interval T is the number of years inclwhan exceptional high flood
discharge is likely to occur once in T years. Thaisconsidered in order to
safeguard the structure against an incidence oépgiamal high flood discharge
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some times in the future. It is recommended thatlhtensity of rainfall (mm/hr)
be taken from 25 years rainfall data.

Problem 2.2

Compute the Time of concentration (tc) of a weinstouction site whose distance
from the ridge line is 500 m and fall in level i:98 What would be the Peak rate
of run-off at the site if highest rainfall of theea as obtained from 25 years rainfall
frequency chart is 80 mm/hr, run-off coefficienti<Cassumed as ).35and the size
of the catchment is 50 ha.

Solution 2.2
Time of Concentration(tc) is obtained as
tc = (0.87 x 0.5/8.03*° = 0.20 hr = 12 min.

Highest rainfall from 25 years frequency chartaarfd to be 80 mm/hr. Using the
Rainfall — Intensity — Duration curve developed flois purpose, rainfall intensity
for 12 min. is found to be 200 mm/hr.

The Peak Rate of Run-off Q = CIA/360 = (0.3800 x 50) / 360 = 9.72sec

The structure to be constructed at this site shbelddesigned to withstand the
force of maximum discharge of say 16/sec.

2.8 MEASUREMENT OF STREAM DISCHARGE

In field, the total amount of run-off that leaveswatershed, is measured at its
outlet. Mean discharge multiplied by the duratanflow gives the volume of
total run-off from the watershed. Since, the dage at the outlet of a watershed
varies with time, it is necessary to collect disgeadata at close intervals
throughout the period of the flow. Discharge datant any flowing stream of
smaller size is obtained by the Area-Velocity roethAlternately, for large
streams, the continuous measurement of dischangade by using a continuous
water level recorder installed in a stilling wetinstructed at the bank of the stream
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known as stream gauging station. Discharge is cotedpsimply from the water
level variations as the cross-sectional area ofdsiineam at the site is already
known from survey carried out earlier. .

2.8.1 Area-Velocity method

This is by far the most popular method of measumingcharge at any given

location and any time from a small stream/rivertiis method, both the cross-
sectional area and the velocity of the stream aasored at site. Discharge (Q) is
then obtained from the following formula.

Q= VmXA
Where,

Q = Discharge, fiflsec
V= Mean velocity of flow, m/sec
A = Cross-sectional area?m

A. Use of Float

Velocity of flow is measured simply by using anyngenient type of floating
material. A light object (float) is allowed to floalong a straight portion of the
stream for a certain distance. Time taken by thatfto traverse this distance is
noted by a watch. Velocity of flow is obtained byiding the total distance
travelled by the float with time taken to coversthiistance (Fig.2.4). Since, the
float is required to travel along a straight ling far as possible, the traverse
distance of the float is kept restricted within-ZDm.

Average velocity of the stream is obtained by mgra number of floats along
different longitudinal section of the stream andirig their average. Since, the
velocity of a stream also varies along its deptleamvelocity (Vm)of flow is
obtained by multiplying the average velocity witfaator of 0.85.
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Fig. 2.4 Field layout for measuring velocity of a stream using floats

B. Use of Current meter

Velocity of flow can also be measured by usinguerant meter or a flow meter.
A typical current meter iscomprised of a rotatingpeller mounted on the nose of
a streamlined main body containing electrical sertsocount the number of
revolutions made by the impeller. The impeller tesafreely when submerged in
flowing water for measurement of velocity (Fig.2.%) current meter can be
lowered at different depths by screwing it to atieet dip rod.

Connecting cable Connecting cable
Holding Hecorder I [TTTT]
rod Holding rod
i Propeller
EI—:EE:‘_D ] Recorder
Fin = Propeller
- | —
Baze plate Main body

Fig. 2.5 Typical current meters for measurement of stream velocity

It should be noted that the velocity of flow intaeam is not uniform throughout
its cross sectional area. It varies both alongatitith as well as the depth. Velocity
of flow along the mid-course of the stream is gee#ltan those closer to the banks.
Similarly velocity reduces along depth. The highedbcity however is not at the
surface but a little below the surface. Such distron in velocity of flow develops
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primarily due to the viscous drags along the baakd the bottom of the stream.
For this reason, it is recommended that velocitasneements be carried out along
a number of longitudinal lines in the stream argirtverage be taken to get the
average velocity.

As the blades are placed against the flow directitiey rotate at a speed

proportional to the velocity of flow. The electcounter records the total number
of revolutions made over a time period (normallg-pet at 40 sec.) and transmits
the data to a hand held recorder through a comgectble. The total number of

revolutions made for the particular time interval then converted to velocity

(m/sec) by using a calibration table or chart pied by the manufacturer for that
particular current meter. For greater accuracyparges may also be recorded at
two depths i.e. 0.2 and 0.8 times the total depth.

C. Measurement of cross sectional area

Simple method of obtaining cross sectional areada stream is to use a dip
stick to measure the depths of the stream at fixedrvals along its cross-section.
A rope or a cable with markings may be placed sctbe stream tied at the at
both ends of the banks using stakes so as tatd&eitaking measurements along a
straight line of the cross-section. Use of dipkstic levelling staff is possible
when the depth and flow in the stream are suchthetdepth can be gauged by
wading through the water. Longer dip stick can alsd used from a boat.
Sophisticated method like echo sounding may haweeteesorted to for very large
rivers or lake having great spread and depth.

Sufficient number of points are to be selectedhm stream to establish proper
shape of the bed. In general, the intervals ne¢dasmaller than 1/25th of the
stream width in the case of regular bed profile &#0th in case of irregular bed
profile.

Depths of water in the stream recorded at eacht poe then plotted in a graph
sheet along the vertical lines after suitablyrigkia horizontal and vertical scales
(Fig.2.6). The line joining the plotted points githe bed profile of the stream. The
area of the cross section of flow is then comp@tigaer by using a planimeter or
simply by counting the number of full squares & draph sheet falling within the
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cross sectional area.

Width
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P

+—Depth —

g w

Fig. 2.6 Graphical method for computing cross-sectional
area of a stream

The number of full squares multiplied by the aréaach square, as obtained from
the scales used in plotting, gives the cross sedltiarea of the stream. For the
purpose of counting the number of full squaresthalincomplete squares are to be
rounded up together to make as many near full sguas possible.

2.8.2 Hydrograph

Run-off measurements conducted at the outlet oagenshed during a particular

rainfall (storm) is best represented in the formadfydrograph. A hydrograph is
the plot of discharge (stream flow) versus timey(R2.7).

Peak

—

Rising

1 Receding
limb

Water level

Time ——
Fig. 2.7 A typical single peaked hydrograph
At the beginning, the stream may have just a [lflase or no flow at all. As

rainfall takes place, discharge (measured as Watel) rises sharply. It reaches its
peak value after a time called lag-time or timeancentration (tc). Thereafter, it
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declines gradually as rainfall reduces. The dedliegins at a slower pace as the
intensity of rainfall reduces and becomes fastes@m as the rain stops. The
decline again stabilizes at the initial level afvil.

As the second rain takes place, the hydrographs resgain. A hydrograph,
therefore, may be single peaked or multiple pealagmknding upon the complexity
of the storm. The area under the hydrograph gilresvblume of run-off. A high
peaked hydrograph will indicate a watershed wheneaff is rapid causing a great
deal of soil erosion and vice versa.

2.9 EVAPORATION

Evaporation is a natural process by which watetiooas to change into vapour
state from its free surface. Major factors coninglirate of evaporation of water
are the temperature, atmospheric pressure, winddspelative humidity, heat
storage in water body and salinity of water. Th&t o factors, however, have
relatively minor effects on evaporation and areetaknto account only when a
large surface water body is considered.

Potential evaporation is the total evaporation Wnatild have taken place had there
been sufficient water available for the evaporatidwerage annual potential
evaporation from large surface water bodies ined#ht agro-climatological
regions in India ranges from 1000 to 3500 mm par.ye

2.9.1 Measurement of Evaporation

Evaporation is expressed as the volume of wateparased from an unit area in
unit time and is measured as depth (mm) of watst pe@r day. Evaporation is
measured directly by using US class A land Pan @avwagter. This is a circular
container made of unpainted Gl sheet having 122d@meter and 25.5 cm in
height (Fig. 2.8). A separate chamber with a gasg&ovided within the Pan to
enable observation of undisturbed water level. Pag is filled up with water to a
depth of about 18 to 20 cm.

The Pan is placed over a wooden grill (platform) drff above ground for
circulation of air below the Pan. The amount ofevdbst by evaporation from the
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Pan during a given time interval (twice daily) iseasured by adding known
guantities of water to the Pan from a graduateohdsical container till the initial
level is restored. The depth of water required ¢oddoded from the graduated
container to top up the Pan is the measure of eatipn. Evaporation divided by
the time interval gives the rate of evaporation.a&srmal practice, measurements
of evaporation are carried out twice daily at 8&8@nd 17:30 hr.

The modified class A pan used in India is knowrstsdard (I1SI) or IMD (Indian
Meteorological Department) Pan. The Pan is madeopper sheet of 0.9 mm
thickness, tinned inside and painted white outsldeorder to prevent birds to
interfere with the water, a hexagonal wire netifagreen) of Gl wire is placed on
the top of the pan. The presence of the screeneVvenvreduces the evaporation
rate to some extent. Experiments have shown thaepaporation without screen
Is 1.44 times more than those with screens. Exteavaporation from large water
bodies like lakes, reservoirs etc. differ than erapon from a Pan placed
overland. Evaporation obtained from a land Pan wdifired to obtain lake
evaporation by using the following relationship.

Stilling chamber
f'/_ q

122 cm
/

Wire mesh

1~ Point gauge

Wooden platiorm Water jar

Fig. 2.8 A modified class A land pan evaporimeter

Lake evaporation ={x Pan evaporation
Average value of Cp is taken as 0.7 for class Al jaan and 0.8 for modified class
A pan.

2.10 EVAPO-TRANSPIRATION
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Transformation of surface water into atmospherigous also takes place through
the process of transpiration by plants. The contbiaffect of evaporation and
transpiration is known as evapo-transpiration (Hhe quantum of water actually
consumed by plants for their metabolic activitesery negligible which is known
as consumptive use (Cu). Evapo-transpiration ireclhitiwater consumed by plants
(Cu) plus the water evaporated from the bare sull\®ater surface from the area
under crop, if any. In fact, direct evaporationnfrcropped area is also necessary
for cooling plant bodies. In fact, if evaporatiareduced due to absence of near
surface moisture in the cropped area, transpiraioncreased correspondingly as
is found in the case with drip irrigation. Whenape-transpiration data are not
readily available, it is convenient to compute econptive use (Cu) by using
Blanny-Cridle formula (Michael, 1978) and is talexjual to ET.

2.11 INFILTRATION

Water entering the soil from the ground surfacecasnmonly referred to as

infiltration. The maximum rate at which water estahe soil zone is the

infiltration capacity. Factors affecting infiltrat rate are intensity and duration of
rainfall, texture, structure, thickness of soilmfgerature, vegetative cover, land
slope, land use, antecedent soil moisture contedtdepth to water table. As
rainfall continues, infiltration replenishes theil smoisture first and the excess
water start moving downwards by the force of gsavo recharge the ground
water. Initial rate of infiltration is thereforépund to be relatively high which

decreases gradually and finally stabilize at dyfaiteady state even, if the rainfall
continues.

Infiltration takes place at its capacity rate whiea intensity of rainfall is equal or

greater than the infiltration capacity. If, rainfad less than the capacity rate, the
infiltration approximately equals to the rainfadite. Infiltration is measured in the

field by using infiltrometer.

2.11.1 Tube Infiltrometer

A tube infiltrometer is a metal tube, about 22.5 iendiameter and 60 cm long.
The tube is driven to the ground, as verticallpassible, to the depth up to which
the infiltration is to be measured, leaving a smpalition above ground. Water is
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poured into the tube to a fixed depth and is allbweeinfiltrate. Water requiredto
be added from a graduated container into the tubegalar time intervals so as to
maintain the initial level, is the amount of infdtion. Infiltration divided by time
is the infiltration rate which is normally expredsa cm/hr.

Infiltration measurement test should be conductptb & minimum period of 6

hours. The depth of water (cm) infiltrated duringcle time interval is then

converted for a convenient time interval i.e peurhd he infiltration rate (cm/hr) is

then plotted against the corresponding time interimgive graphical presentation
of infiltration rate.

In a double ring infiltrometer, two concentric r;182.5 and 90 cm in diameter are
driven, as vertically as possible, into the grounmto a depth of 15 cm with
minimum disturbance of the soil surface. Waterhisnt poured between the two
rings to a particular depth. As infiltration canies, water at regular time intervals
Is added from a graduated container to maintainitii@l level. The depth of
water required to be added at the end of each ineeval is the infiltration rate.
The purpose of using the outer water tube is tdlitte water to infiltrate
vertically downwards without much side wise spread.

Rate of infiltration varies exponentially with timehich means that while the
initial rate of infiltration is relatively highhe rate slows down in course of time.
Infiltration rate is categorised as :

2.5t0 12.5 mm/hr : Low
12.5 to 25.0 mm/hr : Medium
> 25.0 mm/hr ; High

2.12 EFFECTIVE RAINFALL

When rainfall is very little say to the order ofMfeanm, it barely moistens the soil
and subsequently gets evaporated . Such rainfalnbause to crops. Also in case
of concentrated heavy rainfall, major part of thaetev goes away as surface run-
off and not available to plants. The useful pathe rainfall that is available for in
situ crop production is the effective rainfall.dbes not include water lost due to
surface run off, deep percolation below root zond the moisture remaining in
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the soil after crop harvesting. Estimation of efifex rainfall can be made by using
standards tables when the mean monthly rainfall amean monthly Pan
evaporimeter data are available (Michael, 1978).il&Hdetermining irrigation

requirement of crops, the effective rainfall is lte subtracted from the total
irrigation requirements of the crops.

2.13 WATER BALANCE
2.13.1 Climatic Water Balance

Climatic water balance of an area refers to tharxs between incoming water
through precipitation in one hand and the outgoingter through evapo-

transpiration on the other. The quantum of evaposgpiration is related to the
extent of area under vegetative cover. Potentiapeatranspiration is the amount
of water that would have evapo-transpired from 8 wegetated area, had the soll
moisture been always available in sufficient gugntfor this purpose. Soil

moisture continues to contribute towards evapospaation till it depletes beyond

a level known as the wilting point.

2400 | I

| Evapotranspiration Curve
[ Period of water deficit

Period of water surplus

2000

1800

1400

1000 |-
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I F M amMm ) J A& 5 0 H D
Fig.2.9 Rainfall - Evapotranspiration plot {climatic water balance)

A graphical plot of monthly precipitation versusotg@ntial evapo-transpiration
(PET) of an area shows clearly the period whemwipitation exceeds PET and
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when the available water from precipitation is ldes meeting the evapo-
transpiration needs (Fig. 2.9). While the forngethe period of excess water for
crop growth as well as for soil moisture rechatbe, later indicates period when
soil moisture stress begins and exceeds the aitrioil moisture availability
(wilting point).

Study of the climatic water balance in a regionssful in understanding the scope
of raising rainfed crops and in ascertaining thmimum irrigation facility
required for providing supplementary irrigation luing events of a departure
from normal rainfall. Normally, quantum of rainfallring a rainy season remains
higher than that of total PET. But, it is possibhat due to erratic rainfall, PET
even during the rainy season, may temporarily ekcpescipitation, causing
sufficient stress in soil moisture. For growing wassl Kharif crop, keeping
provision of one supplementary irrigations therefisrnecessary.

2.13.2 Static Water Balance

Static water balance deals with estimation of akter entering into and leaving
from a watershed preferably on an annual basiseiN&lance of a watershed in
its simplest form is given by:

Precipitation = Run off + Evapo-transpiration + @ge in Storage

All water from precipitation that remain withirveatershed after run off has taken
place, is storage. In a watershed, water remainstonage as surface water,
groundwater and soil moisture which are dynamitheir occurrence and also
interact amongst themselves. Change in storagedwamithe difference in volume
of water estimated at any given time of the currgaar with that of the
corresponding time of the previous year. This gi@esndication of whether the
water resources in a watershed is over-exploitedinater-exploited. Storage is
estimated using the above equation in which Pretipn is obtained by actual
measurements and Run-off and Evapo-transpirat®ec@nputed analytically.

Similarly, we can have a static water balance faeillage. This would basically
mean estimating the water Inputs of the villag@uls are the amount of rainfall
consumed directly by plants, water stored in thkage harvesting structures, soil
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moisture gain and imported water, if any. If theuts are more than the village
requirements then the village is positive in wédttglance and vice versa. Similarly,
we can easily work out the drinking water balantcelys for a village or domestic
water balance study for a household.

Problem 2.3

A watershed extending to 2500 ha, receives 800 mimean annual rainfall. The Kharif
(groundnut) cultivation is 1500 ha and Rabi (whextends to 1200 ha. The watershed also has
50 ha of dense forest and 5 ha under a perenmnial Tdoe run-off coefficient has been estimated
as 0.3. The crop coefficients for groundnut and avimeasured at a nearby research station are
0.7 and 0.6 respectively. Total annual potenti@pevation in the watershed is 2000 mm and
those for Kharif and Rabi seasons are 500 mm af@d respectively. Prepare an approximate
static annual water balance of the watershed.

Solution 2.3
|. Estimation of Run-off

Volume of rainfall = Area x mean rainfall = 250@xX8 = 2000 ham = 20 Mcm
Volume of run off = Volume of rainfall x Run ofbefficient = 20 x 0.3 = 6.0 Mcm

II. Estimation of Evapo-transpiration

Source Area | Season Pot.Evp| Crop Total Cu

ha m factor Ham
Groundnut 1500 Kharif 0.5 0.7 525
Wheat 1200 Rabi 0.7 0.6 504
Forest 50 Perennial 2.0 1 100
Tank 5 Perennial 2.0 1 10
Monsoon evp. from | 945 Kharif 0.5 0.2 94.5
rest of areas

1233.5=12.33

Total Mcm

Precipitation = Run off + Evapo-transpiration + 1&ge
20.0 =6.0 + 12.3 + Storage
Storage = 20.0 - 18.3 = 1.7 Mcm
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3.0 Groundwater and Wells

3.1 DISTRIBUTION OF SUB-SURFACE WATER

Water occurring in the subsurface formations camathly be divided into two
horizontal segments. The upper horizon is tlb@e of aeratiorand the lower
segment is theone of saturatiorfFig.3.1). The zone of aeration remains filled
partly with air and partly with water. The watercacring in this zone is known as
soil water. In the zone of saturation, all the goremain saturated with water.
Water occurring in this zone of saturation is knoamgroundwater (GW). The
upper surface of the zone of saturation is the matsde.

A third zone called unsaturated zone often occatw/éen the zone of aeration and
the zone of saturation particularly when the waablte is deep. This intermediate
unsaturated zone however gets saturated tempoiduiiyng rainy season when
GW receives its recharge from rainfall. The zoneatlration containing GW on
the other hand extends downwards till the bed fackard rock areas or till an
impervious clayey layer is encountered in alluasda. More such saturated zones
may occur underneath the first one in case of ragjtifer system common to
thick alluvial deposits.

Soil moisture i.e the water in aeration zone canubp@s gravitational water,
capillary water and hygroscopic water.

3.1.1 Gravitational Water

When surface water infiltrates into soil, it stadcupying all the pore space and
saturates the soil. After the soil is completelyussted, the excess water called
gravitational water starts moving downwards duendomal force of gravity to
finally join the saturated zone. Movement of gtational water down the soill
profile depends upon the permeability of the subtgin and depth to the water
table. Gravitational water though useful to plamermally does not remain in

58



place for long. However if it remains in the saibtlong, serious damage may take
place to most crops due to lack of air (oxygerthmsoil.

Ground surface Ground surface

Intermediate
zone (dry)

Monsoon season Summer season

Fig. 3.1 Schematic diagram of subsurface distribution of water

3.1.2 Capillary Water

After draining of the gravitational water, cert@mount of water will remain held

within the soil pores due to capillary forces. Thigter retained in the soil pores by
the force of molecular attraction is the capillavater. This water is held in the
pore space as continuous film and can be removegpplying force greater than

that of the capillary force. A major part of thisiter is utilized by plants.

3.1.3 Hygroscopic Water

Hygroscopic water is that part of the water whiathra soil will absorb in order to
reach to the static state with the atmospheriem@apour). It is held by the force
of molecular attraction and can be removed onlynégting. Hygroscopic water is
not available to plants.

3.2 AQUIFER

Water occurring in the pores and interstices ofsuiface formations to its level
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of saturation is groundwater. Groundwater occur&€hmbelow the zone of soil
moisture. A porous and permeable formation capableolding and transmitting
sufficient quantity of water under gravity (nornfald condition) is anaquifer.
Thick sand formation, weathered hard rock of granabnsistency, fractured hard
rock, shear and contact zones between two hard retck form good aquifers. A
formation that can hold water but does not transwaiter is araquicludee.g clay.
A formation that neither holds nor transmit any @vas anaquifugee.g compact
Granite, compact Basalt etc.

3.2.1 Unconfined Aquifer

An aquifer whose upper surface is hydraulically roge atmospheric pressure
(porous) but the bottom surface is confined byrapearvious formation like a clay
horizon or the massive bed rock, is known as aronfimted orphreatic or water
table aquifer. As water in unconfined aquifer ipeon to atmospheric pressure, it
moves naturally under the normal force of gravity.

Consolidated formations (hard rocks) normally do¢ Imave much pore spaces at
the time of their formation. Over long years, suonmations starts getting

weathered beginning from the exposed surface dowdsv&Veathered hard rock
eventually gets reduced to granular consistencgldping sufficient pore spaces
(secondary porosity) within the weathered portiSoch weathered hard rock in
many parts of the country is known amirrum Hard rocks also develop some
joints and fractures due rapid cooling, intrusiike Irising dykes and subsequent
weathering. Groundwater in hard rock areas, thegefoccurs mostly under water
table condition in the upper weathered mantle amdesimes under semi confined
condition in the deeper fractured zones. Extenaeture zones in the vicinity of

large water bodies sometimes give rise to the excst of highly yielding fractured

zone aquifer.

3.2.2 Confined Aquifer

Confined aquifers occur within thick alluvial degesof large river valleys. A

confined aquifer is one which is bounded by impausi layers at both its upper
and lower surfaces. A sand formation which is saitdhed between two clay
formations is a confined aquifer. Confined aquifeeseive recharge regionally
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from a far away location where the formation is @sgx to some surface water
body. Groundwater in a confined aquifer occurs unbgdrostatic pressure

originated due to the head created by the differeinc elevation between the
recharge area and the aquifer being tapped. Whenupper confining layer is

pierced by a bore hole, water rises in the borevalloe aquifer to a level equal to
the existing hydrostatic head. The final water lewmethe bore hole is called

piezometric surfacer artesian levelWhen thepiezometric surfacases above the

ground level then the well is known as artesiaa fiowing well.

In areas underlain by thick alluvial deposits aéalating sand and clay formations
e.g Indo-Gangetic plain, water occurs both undenfioed and unconfined
conditions. Amongst various alluvial deposits, searthe grain size, more yielding
the formation (aquifer) is. Thus gravel and coaaed formations form the most
prolific aquifers. Confined aquifers are generadlye in hard rock areas but typical
geological distribution sometimes gives rise tofthrenation of confined aquifer in
areas with multiple consolidated formations e.galiasverlying sandstone or
limestone or in contact zones of Basalt layers lhsgaparated by a red soil like
material calledred bowl. An aquifer confined or unconfined will yield sufient
GW consistently only when they receive sufficiestharge water.

3.3 WATER TABLE

In large alluvial tracts, like in Indo-Gangetic wdlal plain, water occurs under
both unconfined condition in the uppermost clayesaggregate and also under
confined condition in deeper confined aquifers.mMany confining clay horizons
occur in series of discontinuous bands, the unohgrlysand aquifer in such
situation behaves partly as confined and partlyuasonfined aquifer and is
referred commonly as semi-confined aquifer. Sometinpresence of a clayey
layer near the ground surface can create a lodaliseconfined aquifer giving rise
to a water table which occurs above the regiorsemable. Such localised water
table is known as perched water level. Perchedfergudo not sustain regular

pumping.

It is usually the deep confined aquifers which #re major source of GW.
Unconfined aquifers in near surface sand formategsold river beds also yield
sufficient quantity of GW through open dug wells. hard rock areas, it is the
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unconfined aquifer (weathered zone) receiving esigfit recharge, yield most
water when tapped through dug wells.

3.3.1 Static Water Level

Water table is the upper most surface of the sdraone of an unconfined
aquifer. Thus, when an open well is dug into anoafioed aquifer, the water from
the aquifer starts entering the well and a wateellstarts building up within the
well. The water level will stop rising further (iveater will stop entering the well),
as soon as the water level in the well coincideth wop of the saturated zone
outside the well. The water level now observedhedug well is the water table.

Any water level observed in a well is not alwalys twvater table. For example, if a
well has been pumped for a while and the wateellav the well is still in the
process of recovery, the level observed would eothie water table till it reaches
the zero pressure surface i.e equal to the uppst suwface of the saturated zone
out side the well. Therefore, the terms static whdeel and dynamic water level
are used to distinguish water table from any otliater level. Thepiezometric
surfaceof a confined aquifer is the water level that [sserved in a tube well
tapping a confined aquifer. This level which risgghin the bore as per the
hydrostatic pressure within the aquifer tapped, aldo be the static water level for
the well (aquifer) provided there had been no lewgedue to pumping.

3.3.2  Fluctuation in Water Table

Water table experiences a seasonal fluctuationmé@asured below ground level
(bgl), it is shallowest after rainy season (posnsamn period) and deepest during
the summer months (pre monsoon period). Fluctuaa&rs place mostly due to
recharge to and withdrawal from aquifers. Immedratsharge takes place directly
from rainfall, and subsequent recharge is receifrech nearby surface water
bodies (tanks, streams etc.).Sometimes groundwatsr also flow conversely
from an aquifer to a nearby stream or river. Sudfil@v of GW in streams are the
origin of base flow seen in many seasonal streawen @luring the summer
months.

In hard rock areas, many dug wells go dry during-pponsoon (summer) period
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which rejuvenate again during monsoon due to rgehexceived from the rainfall.
The water table in hard rock areas thus fluctuatdsrally in a seasonal cycle.
However, in thick unconfined and deep confined tgsiwhen the withdrawal rate
is higher than the recharge received by the aquifer water level in the area
shows a declining trend. The GW in such situascknown to be over-exploited.

3.3.3 Factors Affecting Depth of Water Table

As aquifers occur regionally, the water table at&aurs regionally with some
exceptions. For this reason, some water is alwaysd in most wells particularly
during rainy season, even if constructed at anwanifiaable site. Depth to water
table depends upon the following factors.

A. Topography

Topography plays an important role in the occureeat GW particularly in the
hard rock areas. It is obvious that water table ldidne at a shallower depth in a
valley or depressed area (topographic low) thamrnnarea with higher ground
elevation. The shape of the regional water tablevbéhe ground level, however,
Is not horizontal. The shape of the water tableah@ndency to follow the shape of
the ground topography. Thus two adjacent wells temtaat ground elevation
difference of say 10 m will not have their wateblés with level difference of
exactly 10 m but little less say 7 or 8 m.

B.  Thickness of aquifer

Thickness of an unconfined aquifer in a hard roadasa will be governed by the
thickness of the weathered zone. If, the thickredghe weathered zone is small,
the aquifer will get filled up sooner due to redeiand the water table will rise
faster giving rise to a shallow water table. Wadésel rise in a thicker and more
permeable aquifer is relatively slower. Shalloweavdével observed in a dug well ,
therefore, does not necessarily mean that thehaslimore yield than another one
with lower water table but thicker aquifer.

C. Permeability of aquifer
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Permeability of a formation is the ease with whiddter flows through it. Higher
the permeability of a formation, more water it weblbde able to store and transmit.
As water transmits rapidly through a formation whtigh permeability, the water
level fluctuation in a well located in a more peabke aquifer will be lesser than
that in an aquifer with low permeability. Rise lretmonsoon water level in a well,
tapping a less permeable aquifer will be higheulteg) a shallow water table than
one tapping a more permeable aquifer. The watet lava less permeable aquifer,
however, will recede much faster with the adverdrgfseason.

D. Quantum of recharge

It is obvious that an aquifer will take more intaewater, when the supply of
recharge water is more provided that additionalagfe space is available within
the aquifer. The supply of larger quantity of ragjgawater like what happens in a
high rainfall year gives rise to a larger rise iater table.

E. Seasonality

As mentioned earlier, water table experiences éiccflactuation with respect to
the season. Water table reaches to its deepes$tdieneg the summer months and
to its highest level (shallowest) during monsoomild/the rise in water table takes
place due to recharge during monsoon period, thesstoon takes place due to
extraction of groundwater and sub-surface flow thi streams and rivers.

F. Quantum of extraction

Groundwater extraction can influence the deptlwatertable more than any of the
above mentioned factors. As the annual extractioaviery passing yearsexceeds
the corresponding annual recharge, the water tabbtession takes place.
Groundwater in such area is known to be over-etgdoor GW mining is said to
be taking place in the area.

3.4 GROUNDWATER MOVEMENTS

3.4.1 Porosity
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Unconsolidated formations and weathered productcarfsolidated formations
contain sufficient pore space within them to fuostas an aquifer. Porosity is the
measure of pore space in a formation and is exgueby the ratio of the total
volume of pore space (v) per unit volume of thekrfmemation (V) i.e

Porosity (%) = (v/V) x 100

All water occupying the pore space however do n@tindout under normal
gravitational force (free flow). While the wateratiflows out as free flow (as in a
dug well) is known as specific yield, the watertttemains held in the pore space
under capillary force is known as specific retemtidhus

Porosity = Specific Yield + Specific Retention

Porosity of a granular formation depends upon rangsize, their orientation,
compaction and presence of cementing material. BElbymcoarser the grain size
of a formation, higher is the yield potential oetformation (aquifer). Porosity
(secondary porosity) of a weathered hard rock daparpon the degree of its
weathering and upon the extent of joints and frastu

3.4.2 Permeability

Flow of ground water through a porous media is bleid by Darcy's law which
states that the rate of flow of water through aopermedia is directly proportional
to the cross sectional area of the flow and theduylct gradient under which the
flow moves. Thus referring to Figure 3.2, we have

Q = KAsh/sl

Where,

Q = Rate of flow through porous media, cuau/s

K = A constant known as coefficienpeirmeability, m/sec
A = Area through which the flow tak@ace, sq. m

h = Head (height) of the flow, m

| =

Length of the flow, m
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ohil =  Hydraulic gradient

If we consider an unit cross sectional area i.e Aand an unit hydraulic gradient
l.e h/l = 1 then the above equation becomes Q = KHow = Permeability (for an
unit area under unit head)

Since flow of water through porous media is quitews the permeability
coefficient K is normally expressed in m/day. Peafility of surface layer varies
in the range of 0.8 - 1.2 m/day which may extemd/’t- 8 cm/day for sandy
formations. Flow through fractured rocks, howevdoes not follow Darcy's
equation and is similar to the gravity flow througien conduit.

Gl = Flow through porous media
K = Permeability
L/H = Hydraulic gradient

Figure 3.2 Flow of groundwater through porous media

Both the interventions like artificial recharge téke) and large scale pumping
(extraction) tend to modify the shape of the reglomater table forming a mound
or a depression respectively. On cessation of tirgseventions the water table
gradually start dispersing, the rate of disperssoproportional to the permeability
of the formation.

3.4.3 Aquifer Characteristics

The yield potential of an aquifer is judged by timgportant characteristics of the
aquifer namely itsStorage Coefficient(S) and Transmissibility (T). Storage
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coefficient is the volume of water, a aquifer woukdease (or take into storage)
under a change of unit head. Storage Coefficientuftconfined aquifer is its
specific yield and depends on porosityransmissibility is the product of
permeability and thickness of an aquif@ransmissibilityis considered as an
important aquifer parameter as both the thicknesspermeability of the aquifer
are taken into consideration.

3.4.4 Inter Flow

The term inter flow is used at times to descrile dignamics of exchange of flow
between surface water and groundwater. As watee tddnd to follow the
topography and flows slowly along the hydraulic dieat, a perceptible lateral
movement in groundwater does take place which mneonly referred as sub-
surface flow. When the slope of the ground surfacguch that it intercepts the
water table, groundwater flows out to the surfaieng rise to the formation of a
natural spring. Such springs are quite commonlirateas.

A stream can receive water from groundwater aquifieen the depth of water

table occurs at a level higher than that of theastr bed. The base flow seen in
some seasonal streams even during the summer mooiis from groundwater

contribution. Conversely, if the depth of watdsl&alies below the water level in a
stream or a river, groundwater receives rechaga these water bodies.

3.5 GROUNDWATER DEVELOPMENT
3.5.1 Selection of Well Site

A careful selection of well site is required to eresthat the desired quantity of

water is available within a reasonable depth. Rrepkection of well site becomes

all the more important where the cost of constarctf a well and the chances of
failure are high. Well site selection also becomesessary in areas where poor
guality groundwater occurs in pockets.

In areas underlain by thick alluvial deposit like the Indo-Gangetic plain,
hydrogeological considerations of a well site ismally ignored as a productive
sand aquifer is eventually encountered at one depthe other thus eliminating
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the chances of a complete failure. Moreover, asldeper aquifers are regionally
extensive, the knowledge of strata encounterednia lmorehole is extended to
another to be drilled in the vicinity expecting imnigar distribution of formations
(strata).

It is, however, the hard rock and other geologycathmplex areas where careful
selection of well site allows one to extract moratev than others. Large number
of drinking water bore wells fitted with hand pumape installed in our country
generally without paying much attention to Geohyalyal considerations. This
has been possible because water requirements d¢ar dsinking water wells are
very low and most bores drilled up to a certaintdgp35 m) normally yield some
guantity of water capable of meeting the minimurscbarge requirement of 200
litres per hour (Iph), acceptable for installat@frhand pumps.

The commonly applied scientific method of invedtiigg the yield potential of a
proposed well site is the use of resistivity survelye method of investigation is
known as Vertical Electrical Sounding (VES). Itaslow cost field technique
which can be conducted by a team of four surveyotSsin a few hours. Other
sophisticated techniques e.g seismic refractiovesirelectromagnetic survey,
Remote sensing mapping etc. are applicable fonsfieeregional studies.

Well site selection for farmers in the villages ardin by hard rock areas and
areas with deeper water table, are done mostlyobsl lexperts either through
dowsing or simply by applying basic geohydrological crideras assimilated

through observations and common sense. Observatitopography, nearness to
the drainage lines and water bodies, thicknessobfpsofile (weathered zone),

yield of adjacent wells, vegetative growths etce arsed in a judicious

combination. Wells dug at topographic lows (deposy having greater degree
and thickness of weathering will normally yield raowater than wells in the
higher reaches in the area. Water available in s@etks located in the hill tops are
due to the recharging by rainfall of the near stefractured rock aquifers which,
however, sustain only the drinking water needs.

It is the nature of the aquifer tapped and nottyipe of well which is responsible
for yield. A well is merely an extraction structutéhoice of the type of a well will
depend on factors like depth of the aquifer, abditg of technology for its
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construction, cost and convenience. Dug wells deali groundwater extraction
structure for shallow unconfined aquifers. Theseicstires are preferred by
farmers not only because these have consideralriggst capacity but also can be
constructed and deepened in phases using localtesepe

3.5.2 Dug Well

Dug wells are most commonly used water extractimactires. These are used
normally to tap shallow unconfined aquifers. Incaock areas, the weathered
zone acts as a water table aquifer and yields dowpto its degree of weathering
and extent of recharge it receives. In order torgakimum water, a dug well
should be located in a topographic low and be dempugh to tap the entire
thickness of the saturated zone.

A dug well may dry up during summer when either wsder table recedes below
the bottom of the well or when the entire saturatede dries up. Deepening of a
well below the depth of the saturated zone will motease its yield but the extra
space will function merely as a space for extraagf®. The dry well may again
rejuvenate back to life during monsoon period dueiging of the water table if

sufficient recharge is received from rainfall.

3.5.3 Tube Well

Tube wells are constructed normally to tap deegiced aquifers. Tube wells are
constructed by adopting suitable drilling technsjas applicable to the rock type
under consideration. Thus mud rotary drilling i®disn unconsolidated (alluvial)
formations where the cutter is rotated manuallysing a diesel engine. The drill
cuttings are flushed out by mud circulation usingnad pump. Casing pipe is
inserted throughout the depth of the bore hole. @dsing pipe resting against the
aquifer is provided with slots to act as a filtscreen) so that sand free water
enters into the tube well. Diameter of the uppart f the casing pipe is kept
larger than the slotted pipes to facilitate lowgrof the pump in to the tube well.
High yielding tube wells are also provided with eawgl envelop between the
aquifers and the screen and a cement sealing aiphe prevent pollution.

In hard rock areas, bore wells are drilled wité intention of tapping deep seated
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aquifer formed due the presence of fractured zehear zone, contact zone etc.
Groundwater in such zones normally occur under-semiined conditions. As the
existence of these zones are limited, all boreshdiéled in a hard rock area will
not be successful. Bore wells in hard rock areasildh therefore, be drilled only
after careful investigation of the site. Bore wellse also drilled in semi-
consolidated formation where groundwater may occwter unconfined condition
but with a very deep water table.

Drilling in hard rock is done by hammering andtitug (compressor driven down
the hole hammer) with tungsten carbide bits or §rog cutting (cable tool, calyx,
diamond drilling etc) holes into the ground. Thél duttings are flushed out either
by using compressed air or by scooping by tapeimesbailers). Casing pipes are
inserted only upto the top weathered zone (ovedn)rdo prevent collapsing.
Casing pipes are not required for the rest of thee lhole as hard rocks do not
normally collapse.

3.5.4 Cavity Well

Cavity wells are shallow, low cost, moderately higélding tube wells found in
large numbers in Indo-Gangetic plain of Bihar, Uttaadesh, and Punjab. The
special feature of a cavity well is that the caspige do not use any filter or
screen. Construction of cavity wells require thespnce of a hard clay formation
at the top not thicker than 20 m followed by a storchation (aquifer) underneath.
Blank casing pipe is lowered till the bottom of thard clay formation by hand
boring. Thepiezometric surfac®f the underlying sand aquifer rises in the bore
hole reaching to a level which is within the pessitble suction lift of a centrifugal
pump. A centrifugal pump directly coupled to thesing through a non-return
valve is then run to develop the well for many o@ufficient quantity of sand is
brought out of the aquifer together with the flogiwater thus forming a cavity in
the aquifer just below the pipe. The cavity normalbes not collapse because the
overlying formation is hard clay. Development bétwell is complete when the
pump starts giving uninterrupted supply of sane irater.

3.5.5 Dug cum Bore Well

In an area where both shallow unconfined and maeelgrdeep confined aquifers
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are present, GW is tapped most profitably by coietitng a dug cum bore well in
which vertical bores are drilled from the bottomaoflug well. While the dugwell
taps water from the shallow unconfined aquifer,libee well taps deeper confined
aquifer, thepiezometric surfacgwater level) of the deeper aquifer rises high
enough to reach the dug well. Water received frath bhe aquifers as stored in
the dug well is pumped out by using an ordinarytraeigal pump.

In an area underlain by a monolithic hard rockrfation (granite, basalt), vertical
bores taken at the bottom of a dug well usuallyndb add to any extra yield.
Horizontal bores in a dug well in hard rock areasjld be useful provided they are
drilled at a depth below the static water table #vad they have along their path,
tapped some additional fractures which had poanahydraulic continuity with
the well. Horizontal bores are useful in drainihg taquifer surrounding the well
much faster than it would have flowed naturally.

3.6 WELL HYDRAULICS

When a tube well fully penetrating an unconfineditey is pumped, the static
water level starts declining. The difference afelebetween the static water level
and the pumping water level within the well is kmoas drawdown. As pumping
continues and drawdown increases, water startgimgtento the well from the
aquifer and an expandiregne of depressiois formed around the well (Fig.3.3).

The initial rate of drawdown is faster as pumpiagess our primarily the stored
water from the well. As pumping continues, the &fustarts releasing water into
the well and the drawdown decreases exponentlay.any point of pumping, the

rate of water extraction from the well becomes étmahe rate of water entering
into the well from the aquifer, then the drawdoweops. The well is then said to be
at a steady state condition. As water drains ineowell from the aquifer, a cone
of depression of the water table takes place duatdeing of the aquifer.

The amount of draw down (s) in a well under stestdye condition is given by:
s= 2.3Qlog (R /2nT

Where,
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= Steady state discharge, cu.m/hr

= Transmissibility of the aquifer, sq.m/hr
= Drawdown in the well, m

= Radius of influence, m

v = Radius of the well, m

— Pump discharge

Bore well

Cone of depression

Water level

ewatering of an aquifer urlng pumpingof a tube well

igure 3.

However, in a well fully penetrating a confined dgu the flow is said to be in an
unsteady state and the equation controlling thevdioavn is different.

3.6.1 Effect of diameter in well yield

While the quantity of stored water in a well depemh the size of the well, its
yield is related to th@ransmissibility(Permeability x thickness) of the aquifer it
taps. Referring the above equation for steady $iatein a well penetrating fully
an unconfined aquifer, we find that the yield of dag well (Q) varies
logarithmically with the radius of the well (log ). Hence, yield of a well does
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not become double when the diameter of the wetlogbled but increases only
marginally (logarithmically). Similarly, deepeniraj a dug well may or may not

increase its yield depending upon weather the foomalug out is a part of the

aquifer or not. Deepening however, will resultaim increase in storage capacity
(dead storage),when it does not tap any additiagaifer zone.

3.6.2 Specific Capacity

An idea about the yield of a well is obtained by 8pecific Capacity value.
Specific Capacity of a well is the ratio of thesaharge (Q) of the pump and the
corresponding drawdown (s) observed in the wellQ/s. Higher the value of
specific capacity of a well, better is the yieldetial of the well andiice versa
However, it should be noted that Specific Capamtya function of time and its
initial values get influenced by the quantum o&tev storage in the well. Effects
of storage and time on Specific Capacity, howeary ,usually negligible.

Specific Capacity values of dug wells obtained raftee lapse of certain time

period say at the end of 1 hour pumping would beentependable to compare
yield potential of different dug wells.

Point at which pumping stopped

Drawdown curve Recovery curve

Water level —=

Time gince pumping started —>= Time since pumping stopped —>

Fig. 3.4 Curves showing the rates of drawdown and recovery in
a pumped well

3.6.3 Recovery Method
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Yield of a well can, conversely be measured byréte of recovery. Water level in
a well begins to recover as soon as pumping igstbpRate of recovery in water
level is not linear but varies with time (exponahtiwhich means that higher the
draw down, faster will be initial rate of recovelgate of recovery slows down
with time as the recovery continues. In fact thet [80% recovery takes much
longer time than the earlier 90 % of recovery.ts recovery brings the water
level to the static water level, the flow into thell will stop.

The modified Specific Capacity based on recoveta @ proposed by Slichter is
given by

t=2.3 As/Q log s/s'

Where,

t Time of recuperation, min.

A = Surface area of the aquifer exposed intak, sq.m
Q = Discharge rate of the pump, cu.m

Residual draw down, m

= Draw down in the well, m
= Diameter of the well

S
S
r

When 90% recovery in a well has taken place, assumed that for all practical
purposes, near complete recuperation has taker.plée ratio of the drawdown
(s) and the residual draw down (s') then become3H® above equation under this

condition reduces to
t=2.3nr’s/Qlog 10
Qls = 2.3t it

The above equation gives the Specific Capacity)({#sthe yield potential of a
dug well based on its recovery data.

3.6.4 Constant Discharge Test
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Pumping tests are carried out for ascertainingyib&l potential of a bore well
(tube well) or to evaluate the aquifer parameteesTransmissibility (T) and
Storage CoefficientS) of the aquifer. The drawdown in the pumpindlwed also
in another nearby well(s) (observation well) areorded at suitable time intervals.
A plot of drawdown against the corresponding timeeivals is known as time-
drawdown curve. Since the time-drawdown plot igvidinear, it is customary to
plot the time-drawdown curve of a pumping welbisemi-log paper with time in
abscissa and drawdown in ordinate. The slope ofdhelting straight line gives
the value of aquifer Transmissibility. More acderavalues of the aquifer
parameters namely th&ransmissibility (T) and Storage Coefficient(S) are
obtained from the time-drawdown plots of the obagon wells by using curve
matching techniques.

3.6.5 Step Drawdown Test

Optimum yield of a well is the concept which take$o account also the pumping
cost. We are aware that as the head increasedistttearge of a pump reduces. But
in order to maintain the requisite discharge am os®y be encouraged to deploy a
pump of higher Horse Power. Using more power thequired which no doubt is
wastage.

Optimum yield of a well is arrived at by conductiagstep draw down test” in the

well. In this test, a bore well is first pumpedaatery low and constant discharge
rate for a fixed period of time say 1 hour in sw@&lmanner that the water level
stabilizes at a shallow depth. The pump disch&dken increased to a medium
rate of pumping so that water level falls furthemah but eventually stabilized at

an intermediate depth. The next step is to increbsepump discharge further

higher so that the water level again stabilizes dower level further down. More

such steps can be conducted if possible. Eachsstapried out for a fixed period

of time and discharge during each step is kepttaohswhen the discharge versus
steady state drawdown of the different steps avdqul, we get a parabolic curve
as shown in Figure 3.5.

The curve indicates that the rate of fall of wdésel increases exponentially with
increase in discharge. The point of tangent incthee is the optimum yield of the
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well. The optimum yield of the well would therefolee such that the pump
discharges about 20°%whr of water so that the water level remains ized at
about 10 meters of drawdown.
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Figure 3.5 Optimum discharge of a tube well as obtaed from
step drawdown test

To obtain optimum vyield from a bore well, the demhd discharge of the
submersible pump within the bore are so chosentkigatvater level stabilizes at
the optimum draw down level at which the pump ipatde of running for 24
hours a day with highest efficiency and at the lewwaperating cost. It is therefore
recommended that in order to obtain the optimurtdyaich is different from the
maximum yield, a pump need not be lowered to theimam possible depth.

3.6.6 Interference Between Wells

As pumping continues in a well, the radius of iefige i.e the cone of depression
continues to expand. Therefore, when one of the tlesely spaced well is
pumped, the pumping also causes a minor lowerirtpeofvater level in the non-
pumping well depending upon the extent of the cofingepression. Such lowering
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of water level in one well due to pumping of anetiseknown as well interference.
When both the wells are pumped together, each aneses an additional
drawdown in the other well. This is known as mutinérference of well. Total
drawdown in a pumping well is the algebraic sumitefown drawdown plus
drawdown caused by interference.

From the mutual interference point of view, théesalistance between two wells
should be decided based on the expected dischdrgeach well and the

permeability of the aquifer separating them. Higihner permeability, lesser will be
the radius of influences and hence closer will lrtsafe or the non-interfering
distance andice versa

3.7 WELL INVENTORY

Existing wells are the source of a great deal oformation about the
Geohydrological set up of an area. Well inventogfers to the collection of
relevant information from the existing wells. The@armation looked for, are the
depth and diameter of the well, the geological fations encountered, the depth of
water table, its present use, pumping pattern,afitecovery, quality of the water
etc. Inventories of a number of representative svelle the basic and most
important step in understanding the GW conditiorthef area. Measurement of
pre-monsoon and post- monsoon water levels fromumber of selected
observation wells aid in the preparation of seasavaer table contour maps
useful for estimating average seasonal water tlbttuation. Such maps are
useful not only in ascertaining the flow gradiand groundwater movement but
also in estimating annual groundwater recharge.

3.7.1 Well Monitoring

In the context of Geohydrological studies, well morng refers to the periodical
measurement of the water level and water qualiynfra number of identified
wells to study the changes in these parameterssiMements are normally carried
out twice a year, once when the water level is dsefpre-monsoon) and another
when water level is shallowest (post-monsoon). Walbnitoring helps in
computing annual groundwater recharge, withdraveahfthe wells and changes in
water quality. Continuous monitoring of water levsl achieved by installing
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automatic water level recorder opeeozometem a bore well. The resulting chart
obtained from a water level recorder is known as well hydrograph. A well
hydrograph in conjunction with corresponding ralinfarovide information about
the extent of recharge received by the area fronfiala

3.7.2 Water Level Measurement

Measurement of the static water table from wellghis single most important
activity in well monitoring. Many important decisie are taken based on depth of
water table and its fluctuation. It is importanaittdepth of static water table is
measured properly. Most common error that takesceplan water table
measurement is the failure to distinguish betwedaticswater level (water table)
and the dynamic water level. When a well is pumpdficient time should be
allowed for water level to attain near full recovéefore taking the measurement.
Water level should preferably be measured earlyningrbefore the pumping is
started and the well has undergone over-night ergov

3.8 SAFE YIELD

While the terms optimum yield and maximum yield applicable to water wells,
the term safe yield applies to an aquifer systeptindum yield of a well is that
yield where the drawdown stabilizes at that deptmens cost of pumping is
minimum. Optimum yield is represented by the pamnthe discharge-drawdown
curve at which a line intersecting the curve fothestangent (figure 3.5).

Maximum yield however involves pumping a well asdoand as frequently as
possible to extract maximum quantity of water. Egample, many dug wells are
pumped by most users to obtain the maximum yieldxiMum yield from a dug
well is obtained first by pumping the well dry atien allow the well to recover its
water level. As soon as a reasonable quantity eéma accumulated, the process
Is repeated.

Safe yield of an aquifer was defined initially &g timit to the quantity of water
which can be withdrawn regularly and permanentlthaut depleting the storage
reserve. Safe yield was defined later as the tatehech water can be withdrawn
from an aquifer for human use without depleting shpply to such an extent that
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withdrawal at this rate is no longer economica#adible. While no well-defined
cut-off level is mentioned in the first definitiotihe second one mentions about the
suitability of water quality in terms of human uaed emphasises economic
criteria as the limit. Since groundwater rechargemf rainfall is a seasonal
phenomenon, the latter definition was expandedhéurby specifying the period of
withdrawal as 1 year. Safe yield of an aquifereysshould, therefore, not

» exceed average annual recharge;

» lower the water table so that the permissible obpumping is exceeded;

* lower the water table so as to permit intrusionwaiter of undesirable
quality;

» disturb the existing water use rights.

When annual extraction of groundwater from an é&geaundwater basin) exceeds
the extractable annual recharge, GWin the areaidsts be over-exploited. When
the GW in an area is found to be over-exploiteche or more of the following
corrective measures should be undertaken with imatesdffect.

» Conservation of water by preventing waste in use.

» Proportionate reduction of extraction from the gxgs production wells.
» Prohibition for further construction of additionaeélls.

* Promote large scale artificial groundwater rechangasures.

3.9 GROUNDWATER RECHARGE
3.9.1 Natural Recharge

Groundwater receives its recharge primarily froomfedl. The percentage of
groundwater recharge from rainfall varies, depegdin the site conditions, from 2
to 20%, the average for the country being 10%.faeSarwater bodies like streams,
canals, storage reservoirs and excess water apfaieagricultural fields also
contribute to GW recharge. Recharge from rainfal aurface water bodies take
place when GW occurs under water table conditoarnconfined aquifer. Such
recharge isn situin nature. Recharge to the confined aquifers cdrtake placen
situ due to the presence of the overlying confiningtayuch recharge is actually
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received from a far away location where the foromatis exposed to the ground
surface. Sometimes, over pumping of a confined fagunay induce some
recharge from the water table aquifer through lgakadepending upon the
Transmissibility of the overlying confining layer.

3.9.2 Atrtificial Groundwater Recharge

The practice of enhancing groundwater recharge @rgl above the natural
recharge is commonly referred to as artificial sege Common methods of

artificial recharge are water spreading methoduoed recharge and injection
method. Suitability of a particular method is basadthe nature and geometry of
the aquifer system, its Geohydrological parametguslity of source water and
proposed use of the groundwater.

Important considerations for source water to beduse artificial groundwater
recharge are:

» Excess water should be available at site for reghar

» Water should be made free from all suspended rsditdpre use.

» Quality of the source water should be compatiblthhat of the existing
water in the aquifer to be recharged.

A. Water spreading method

Excess water is diverted and made to spread toge larea for a long period
thereby allowing more infiltration through natugaiocess. It is usually achieved
by spreading water in channels, recharge basimslgpand pits.

B. Induction method

In this method, the natural conditions like the faydic gradient of the water table
IS manipulated to create extra storage space wathiaquifer so as to induce rapid
movement of infiltrating water. Bore wells or dugehg may be used in this
method where water is filled into the wells to makevertical water column to
stand over the water table. The hydrostatic heatieofvater column allows water
to enter the aquifer. Sometimes, excess storagee Spaan aquifer is created by
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controlled pumping in a well to induce movementsanfet water from the vicinity
to move into the target well. Induction method e€harging is used not only in
taking advantage of the presence of a source barge nearby but also have been
applied experimentally in drainage and saline wagglacement projects.

C. Injection method

In this method water is injected into the aquifsing some extra pressure. The
extra pressure is commonly achieved by buildistgading water column into the
bore well from which the source water graduallyeemithe aquifer. As water is
directly fed into the aquifer, injection methodsistable for recharging deep seated
unconfined aquifers.

To bring the water table back to the weathered zopgfer in hard rock areas, we
need to build many site specific Artificial Grounater Recharge Structures and
monitor their effectiveness. In other older allumiuregions (Punjab, Haryana,
Delhi etc.), Artificial Groundwater Recharge Sturets which must have a pipe
inserted down to the water table to directly delitree source water into the water
table. For effective Groundwater Recharge, the@owater should necessarily
be made silt free and its quality be compatiblénliat of the Groundwater. Else,
we would increase Groundwater quality deterioration

3.10 ESTIMATION OF RECHARGE

It is customary to differentiate the phenomenonretharge as thenonsoon
recharge and the non-monsoon rechargeWhile, the monsoon recharge is
contributed mostly by the rainfall, the non-monsaeaharge is received from the
existing surface water bodies like rivers, canasks, excess water in agricultural
fields etc. and from non-monsoon rainfall, if any.

3.10.1 Monsoon Recharge
Monsoon recharge is computed by multiplying theseral fluctuation (F) in

groundwater table with the corresponding surfaea éA) and specific yield (S) of
the aquifer. The amount of recharge is, therefgixeen by:
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Q = FAS

As withdrawal continues even during the period etharge, the amount of
monsoon withdrawal is to be added and recharge fragn other surface water
bodies are to be subtracted for obtaining the tgptantity of monsoon recharge.
Thus,

Monsoon Recharge = FAS + Wm - (Rc + Rt + Ri)

Where,

F = Average pre-monsoon to post monsoon riseaier table, m

A = Surface area under consideration (waterskegdent), sg.km

S = Specific yield of aquifer (ranges normditween 0.02 - 0.2)

Wm = Monsoon groundwater withdrawal, Mcm

Rc = Recharge from canal seepage, Mcm

Rt = Recharge from tank seepage, Mcm

Ri = Recharge from excess irrigation water afjpinecropped areas, Mcm

In hard rock areas where groundwater storage patest limited, the aquifer

usually gets saturated during the early monsoomogbeitself. Moreover, the

reservoirs are in the process of filling up and ¢teals flows are yet to begin.
Seepage from surface water bodies ,therefore, nsmasignificant during the

monsoon period. Large scale seepage from surfater Wwadies usually take place
during the non-monsoon period. By neglecting, thatcbution from surface water
bodies to monsoon recharge, the above formulacestio;

Monsoon Recharge = FAS + Wm
3.10.2 Non-monsoon Recharge

Non-monsoon recharge is computed by using theviahig equation
Non monsoon Recharge = Rc + Rt + Ri + Wnm

Where,
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Wnm = Non monsoon groundwater withdrawal, Mcm
3.10.3 Contribution from Other Sources

Guidelines for estimation of contribution of diffent surface water bodies to
groundwater recharge was initially prepared byNmastry of Agriculture in 1972
as mentioned below.

* Recharge due to seepage from unlined canal (Rdpken as 15-20
ham/day/sg.km of wetted area of canal for the remob days of its flow.

» Average seepage from perennial surface water b¢Rgss taken as 44-60
cm per year over the total water-spread areaeféiter body. In western
region of the country, recharge rate from largefaier water bodies are
taken as 0.6 cu.m/hr per 100 ha of water-spread are

* Return seepage from irrigated fields (Ri) is take0% of water delivered
from the canal outlet of the field for paddy iatgpn only.

3.11 ESTIMATION OF GROUNDWATER EXTRACTION

Annual (or seasonal) groundwater withdrawal fromaaga is estimated from the
extent of the cropped area under groundwater tragaAlternately, this can also
be estimated from the pumping details of the agsivells in the area.

A. Based on cropped area

Groundwater withdrawal from an area can be estidhttiely well, if the extent of

total cropped area under irrigation from groundwetiee type of crops grown in
these area, water requirement (delta) of thesescamgl effective rainfall of the
area are known. The estimation is based on therlymie assumption that if a
certain type of crops have been grown in a cerda@a from groundwater, the
water requirement to mature these crops is equ#igayroundwater withdrawal
minus the effective rainfall. Thus,

Withdrawal (ha-m) = Cropped area (ha) x Crop d@tia- Effective rainfall (m)
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B. Based on pumping detail

Groundwater withdrawal from an area can be estidh#tehe total number of
pumps operating in the area, their average disehatgs and total pumping hours
are known. Thus,

Withdrawal = Number of pumps x Average discharde xaTl otal pumping hours
3.11.1 Categorization of Blocks

Groundwater management in India follows estimatiand categorizing of

groundwater potential of each revenue Block or thaluka. The State

Groundwater Departments carry out survey to eséinmgt annual groundwater
recharge and net annual groundwater withdrawalefwh revenue Block. The
Block is then categorised as Dark, Grey and Whégedding upon the difference
between the net annual withdrawal and the net eyaiNe recharge as per the
following scheme

Dark: When annual withdrawal is greater than 85%4he net recoverable

recharge.

Grey: When annual withdrawal is between 65-85%hef net recoverable
recharge.

White:  When annual withdrawal is less than 65%tle# net recoverable
recharge

There is no restriction in groundwater developmesstivities in a revenue Block
under White category. Activities related to groumadlsv development in Grey
blocks are to be undertaken with sufficient cautiowd groundwater development
through construction of new wells is to be altogethrevented in blocks under
Dark category.

3.12 GRONDWATER RECHARGE STRUCTURES

In situ GW recharge structures usually are constructechrd rock areas with an
unconfined aquifer. Most water harvesting strugud®ouble as GW recharge
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structure if sufficient infiltration takes placeofn their bottom. It will therefore be
useful to decide before hand whether the purpogskeottructure is for storage of
water or for recharging of GW. The design in swskents are to be slightly
different from each other.

3.12.1 Water harvesting structures for Groundwate Recharge

The following criteria for construction of an artil groundwater recharge
structure are important.

* The structure should be reasonably close to theceomater to be used for
recharge.

» The quantity and quality of the source water shda@laf an acceptable level.

* The structure should be constructed such a wayittdlows percolation of
silt free water directly in to the aquifer.

* The rate of percolation through the structure sthdnel adequate to justify its
construction.

* The structure should preferably be constructed@asawhere existing bore
wells show a trend of falling water level.

* The beneficiary community are willing to take chargf the structure for
regular maintenance.

Rainwater harvested and stored in tanks, pits] fieinds, contour trenches etc. in
watersheds are known to contribute substantialgnimancing soil moisture regime
in the vicinity in addition to contributing to grodwater recharge. It should
however be remembered that when a surface watey modreshly dug, its
contribution groundwater recharge is relatively higpmmensurate to its site
conditions. Over the years, as the water bodysstpositing silt at its bottom
sealing most of the immediate pore spaces, quarititgcharge reduces drastically.
It is therefore a good practice to de-silt the acefwater bodies from time to time
for restoring its storage capacity as well asatharge potential

3.12.2 Percolation Tank

These are small water storage structures construmyeraising earthen bunds
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across large natural depressions or small vall8yg selected for these tanks
should be such that, a large part of the storeémadrcolates down to join to the
groundwater reservoir.

In order to facilitate percolation, sufficient exedéion of the tank bed at the time of
its construction as well as removal of silt from ltottom in the subsequent years
as a part of its maintenance are necessary. Olgecfia percolation tank is to
facilitate infiltration of as much stored water psssible into the groundwater
reservoir. While large percolation tanks constrdaie favourable sites are known
to recharge wells as far as 2-3 km downstream,lsmahks (< 0.5 ha-m) may not
as such contribute much to groundwater rechargecpkarly when the water table
is rather deep. Although, the recharge from petimolatanks is basically a
localised phenomenon, but these have been fourid gfiective in recharging a
small cluster of wells in the downstream and inastding the soil moisture regime
in the vicinity benefiting crop growth.

3.12.3 Check Dam

Check dams are masonry over flow weirs construatg#dss seasonal streams. A
check dam as such has a relatively limited stocagecity. But sufficient water is
still stored in its upstream side to allow pumpafgvater for irrigation. Water can
also be diverted to nearby fields through smaltifehannels. The other purpose of
check dam is to recharge the groundwater storageing dug wells in the down-
stream side. To what extent a check dam will cbata to groundwater recharge
will depend upon the natural recharge potentiahef stream in which the check
dam has been constructed. Check dams are mosbleuftar construction on
seasonal streams or streams having a small basefdlomost part of the year.
These can also be constructed in large flowingastezas well excepts that its
construction becomes as much difficult. Constructmf check dams require
certain degree of technical expertise (Chapter 6).

3.12.4 Sub-Surface Barriers

These are sub-surface dykes across seasonal streanather depressions
constructed underground, usually extending dowthéobed rock. The bed is first
excavated to the desired depth. The dyke is cartsttuwith puddled clay or with
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stone masonry wall. Polythene sheets are alsodpréhe upstream side to render
the dyke completely impervious. Site for sub-swfdarrier should be such that
sufficient lateral percolation also takes placeb-Surface barriers are more useful
in generating a base flow in a seasonal strearts topistream side by tapping the
sub-surface flow. Wells in the stream bed or clus¢he banks get augmented
yield. A check dam, which is constructed right fréme bed rock to a few metre
height above the bed level is in fact a combinatbmoth a surface and a sub-
surface barrier.

3.12.5 Recharge Wells

Recharge wells are opposite to pumping wells. Aolddtl water is diverted into a
recharge well from naturally available source a@itev. The well is filled up with
clean, filtered water and a water column is allowedbuild up. Water percolates
into the aquifer due to the hydrostatic head ef standing water column in the
well. A recharge well could be designed like a dugll to recharge shallow
unconfined aquifer or like a dug cum bore well ézharge a deep unconfined
aquifer (Fig. 3.7).

While pumping wells tend to kelf cleaningrecharge wells tend to Ilself sealing
due to clogging by silt, air binding, bacterialians and chemical reactions. For
effective functioning, the water used for Rechanggéer must be free from silt and
other suspended materials. A dug well, once usealr@charge well, is not likely
to remain useful for reverting it back to a prodoctwell in the future unless
deepened and cleaned thoroughly. Existing dug wedlging reasonable quantity
of water should preferably not be used as a rgehaell.

Recharge tube wells are more effective where waetasl is very deep. A typical
recharge tube well designed by VRTI (Raju, 1999resented in Figure 3.6. A 30
cm bore is first drilled through the formation tieto be recharged. A tube well is
completed by lowering 20 cm casing pipes with spéged against the formation
to be recharged. The tube well is developed prgpedter placing gravel in the
annular space between the casing and the borenAx® m x 6 m pit is then dug
out at the surface around the tube well. The uppér(6 m) of the exposed casing
pipe is then cut off and replaced with a slottgeemf same diameter. Coir rope is
wound around the slotted pipe to convert the sarteea packed filter to prevent
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entry of silts into the well. The pit is then &l up with graded filter materials like
cobbles, pebbles, gravels etc. Such recharge tudks are constructed either
directly into a seasonal stream bed or connecté¢hdl avifeeder channel to supply
sufficient water for recharge. The same designatss been found to be the most
effective for groundwater recharging using waternfr roof tops (Roof Water
Harvesting) in urban area.

Pit with filter material

‘Unsaturated zone

3.6 A thematic arrangement of Groundwater Rechargé&tructure

A series of recharge wells along coastal areas haem found to be effective
barrier against sea water ingress. In fact, unlimegation canals in many areas
serve as very effective GW recharge structure.

3.13 LIMITATIONS IN ARTIFICIAL RECHARGE

The other factors that affect GW recharge are:

3.13.1 Depth of water table
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As summer season approaches, the depth of walergeddually recedes below.
This results in the development of a dry zone kmoag intermediate zone
between the soil water groundwater. In areas wély deep water table, the
thickness of this intermediate zone may becorodame. In order to commence
GW recharge in such areas, the rain water hasir$d daturate the entire
intermediate zone before the gravitational watant $kowing down

Summer Season Rainfall Winter Season

oy

| Soil Moisture

Soil Moisture § Dry Zone

Water Table

Dry Zone Groundwater

Water Table

Groundwater

Pre-monsoon onsoon
Period (A) Period(B) Period {C)

3.7 Schematic representation of Groundwater rechamg process

And begin to contribute in building up the watebl& It is, therefore, possible
that a large part of infiltration from rainfall geularly in a low rainfall year, may
get dispersed within the intermediate zone thustribarting very little to
groundwater recharge.

The situation described above may be true for aa arike Rajasthan (and
adjoining Haryana) where a larger part of the asaanderlain by unconsolidated
formation, the water level is fairly deep and ralhis low. The effect may be cited
better by considering an earth block of 1 ha serfaea, in which the depth of
water table is say, 21 m and thickness of thevgaier zone is 1 m (Fig.3.7). Let
the rainfall of the area is 750 mm and the porasitthe formation is 20%.

The volume of the block comprising of only theemmediate zone is 100 m x 100
m x 20 m = 200000 cubic metre. The volume of thee@pace within this block is
200000 x 0.2 = 40000 cubic metre. The total volwheainfall over this block is
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100 m x 100 m x 0.75 = 7500 cubic metre.

It is obvious that even if the entire rain watergméates down, the total volume of
rain water (7500 cubic metre) is far less thanvblame of pore space available in
the formation (40000 cubic metre) that needs tosawirated before recharge
begins. Hence, areas with deep water table andréomfall receive much less
recharge than believed. In fact in such areasgtbendwater recharge is likely to
become very negligible and may altogether stopgedhe water table is lowered
below a critical depth. Such situation, howeverggsimot arise, in hard rock
formations, where water table fluctuates in sedsoyde and some water always
join the groundwater reservoir directly through freetures.

From water use point of view, an irrigation tankdaa percolation tank has the
conflicting priorities. It is therefore, importatd decide before hand weather the
tank to be constructed is to function as a stotagk or as a percolation tank. The
site then should be selected accordingly. Whileiregation tank should have
sufficient cultivable lands in the vicinity for d@ict use of the stored water, a
percolation tank should not only ensure sufficiefittration but also should have
existing wells in the vicinity to take advantagetlé recharge. The nature of the
geological formation plays the most important rioleleciding the effectiveness of
a percolation tank. Recharge from a percolatiok taay be insignificant at a site
where the formation has low permeability, down-atneside has high slope and
the water table is deep (Fig. 3.6).

3.13.2 Extent of Seepage

Most surface water storage structures, weathemndiei® or not, induce some
infiltration in a localised scale. The degree diltiration will depend upon the
permeability of the bed sediments, permeabilityhef underlying formations and
the spread, duration and depth of stored waterthén initial years of their
construction, most storage tanks behave as a cammpgask allowing sufficient
infiltration. Over the years, the infiltration recks and become quite insignificant
due to the deposition of bed sediments (siltation).
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Fig. 3.6 Effects of location on percolation tanks in recharging groundwater

In order to maintain their effectiveness, percolatitanks, therefore, require
periodical removal of its bed sediments. Infilivatloss from a storage reservoir is
considered a loss of water. The infiltrated wakenvever, have more sustainable
use in crop production, as groundwater and soilstace, than direct use of the
stored water.

* The design of the recharge structure should beoppjpte as per the site
conditions.

* Functioning of the recharge structure is to be anet through regular
maintenance.

3.13.3 Use of old dug wells for recharge

All abandoned dug wells are not necessarily swetdior use as a recharge
structure. Millions of dug wells in the country whiat one time were yielding has
gone completely dry. This because even the possamnwater table in the area
does not rise enough to reach the wells. An abasatidny dug well is just as good
as a deep pit. When water from an external sogrstored in a dry dug well, water
starts percolating in to the formation and can igbates to recharge depending
upon the permeability of the formation and depthtite water table. However,
certain precautions are necessary while using andamed dug well as a recharge
structure. First of all, the abandoned dug wellusthde clean enough i.e free from
any dumping of undesirable materials like pladtee leaves, soil, bricks and silt.

Secondly, the water allowed to be stored in thewaell from an external source
for recharge should be as silt-free as far as plassif considerable amount of silt
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enters the well, the pore space of the formatiotheimmediate vicinity of the
bottom and side of the well would eventually getggjed up preventing any
meaningful seepage. It is quite common to find tvbere dug wells are being
used for GW recharge, surface water run off ladeh full silt load is allowed to
flow directly in to the dug wells through some mslidt drain or channel,
sometimes with a perfunctory provision for a setgat pit. Needless to mention,
the ability of these abandoned dug wells to reahavguld be reduced to naught
rather soon due to siltation unless cleaned thdnguag least once a year.

GR recharge through abandoned dug wells is mearlimgareas where there are
other wells to tap the benefit of the addition@h@rge i.e sacrifice the shallow dug
wells to feed the other deeper wells. Finallghbuld be remembered that if the
dug well (dry pit) is of shallow depth and the arafable is at considerable depth,
there would be no recharge. The percolated walkewentually get lost within

the unsaturated zone without reaching groundwasguated zone).

It may also be remembered that only a dry and afree@idug wells should be
used for GW recharging. If a perfectly or seasgralhctioning dug well is used,
then deposit of silt will prevent both the entrytanor percolation from the welis
a visthe formation.
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4.0 Soil and Land Capabillity Class

4.1

IMPORTANCE OF SOIL

Like human beings, plants too need the right kind amount of food for their
growth and development. In addition to light, digat and water, plants require
nutrients to synthesize their food. Soil is theredouse for plant nutrients which
not only support plant life but also are the singh®st important factor in
controlling productivity of crops. Soil in conjumah with water is the foundation
of all life system, on earth. Agricultural landsséotheir productivity very rapidly
when they are subject to loss of top soil due ¢tsien. Qualitative deterioration of
lands takes place due to poor management of iksP@per management of land
(soil) therefore, assumes great importance, ealhea a country like India where
agriculture is the main occupation.

The various ways by which soil erosion can affeopagyrowth include:

Reduction in soil nutrients.

Reduction in soil moisture-holding capacity dueldss of soil depth, soil
organic matter and clay contents.

Reduction in available soil water due to increaseuin-off, surface crusting,
greater bulk density of soil.

Reduction in rooting depth due to decreased tolpdspith.

Reduction in soil microbes involved in nutrientyeling and soil aeration.
Reduction in seed germination.

Increase in the washing away of seeds and fertifipen soil surface.
Increase in the time spent on farming operations.

Variability in soil fertility can cause within-fidl variation in crop maturity
resulting in harvest loss.

The above effects on crop growth are iterative @amdulative in nature. The extent
to which erosion actually reduces yield is alscedatned by a number of other
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factors. Shallow-rooting crops tend to be more itgad0 the effects of erosion on
yield. Crop management systems can, however, cosaperfor the effects of
erosion on Yyields through increased fertilizer ayghlon, adoption of different
cultivation practices and use of irrigation water.

4.2 FORMATION OF SOIL
4.2.1 In Situ Formation

Soil occurs as the uppermost layer of the earthifase. Factors that affect
formation of soil are climate, vegetation, topodnaand composition of the parent
rock from which they are derived. Formation of silits place of origini situ)
takes place by gradual breaking down of the pareck into smaller particles
through the process of weathering. The weatherellsrin course of time get
enriched through the inclusion of organic mattefoton common soil. The process
of soil formation is hence extremely slow.

4.2.2 Deposited Soil

Deposition or redistribution of soil particles froome place to another also gives
rise to the formation of soil of secondary origlius, alluvial soil is formed when
the sediments carried away by the rivers are deggbssimilarly, fine soil particles
blown away by wind, deposited later at places whieeewind is obstructed, give
rise to the formation of a typically fine graineailknown asloess A typical soil
deposited at the foot hill areas due to combinetvaind water actions is known as
Piedmont deposit

4.2.3 Chemical Decomposition

Soil is also formed rapidly at locations where cleindecomposition plays a
major role. Silica (Sig) which forms stable compound with most rocks gets
unstable (free) due to chemical reactions. Wheargel quantity of this free silica
Is washed away by combined chemical and water raci@dledleaching the top
part of the country rock becomes soft and is rgpadinverted into soil. Laterite
soil, which is red in colour, is formed under thi®cess.
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4.3 COMPOSITION OF SOIL

Soil is a composite mixture of mineral matter, migamatter, water and air. The
mineral matter of the soil consists of particlevaifying size, namely sand, silt and
clay. The chemical composition of the soil parsctiepend upon the parent rock
from which they have been derived. Since minerdte ljuartz, feldspar,
hornblendand mica are the common constituents of many rocks, elesnkd
silica, aluminium, potassium, sodium and calciunhjolv are derived from these
minerals are available in large quantities in neosis.

Solil gets its supply of organic matter from theataposed residues of dead plants
and animals. The numerous micro-organisms presdheisoil help in the process
of decomposition of organic matter. An importanbguct of the thoroughly
decayed organic matter lmimus This grey-coloured semi-liquid sticky material,
which is relatively more resistant to microbial degosition, adheres around the
clay particles. Humus, in conjunction with clayrrfe minute particles, round in
shape (spheroids), which increase the porosityodf $he pore space of soil
normally remains filled with water and air in vargiproportions. The composition
of a mature soil that provides a favourable coaditior plant growth is mineral
matter (45%), organic matter (5%), soil air (25%4l &oil water (25%).

4.4  PHYSICAL PROPERTIES OF SOIL

From the crop production point of view, the impaottghysical properties of soil
are its texture, structure, porosity, permeabildgnsity, colour and tendency of
colloid formation. These, in fact have relativelsegter relevance to soil erosion
and crop production than its chemical properties.

4.4.1 Soil Texture

Solil particles, based on their size, are classifitd three major groups, namely
sand, silt and clay. Theexture of a soil is determined by the proportion
(percentage distribution) of different grain sizes, sand, silt and clay, present in
the soil.

Thus, if a soil is comprised predominantly of sati@, texture of the soil isandy
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(light soil). Conversely, if the percentage of claya soil is considerably high, the
texture of the soil iglayey (heavy soil). The ternoam is used when a soil is
represented by a fair proportion of soil partidiesn all these three distinct size
groups. In field condition, the particles, spegiathe smaller ones, do not
necessarily exist separately but are bound togéthfierm aggregates.

The size range of these soil-separates, are pessbatow:

Soil separates Texture Size range, mm
Sand Coarse Above 0.02
Silt Medium 0.02 - 0.002
Clay Fine Below 0.002

Table 4.1 Differentiation of soil particles in majo groups

Soil texture is determined in the laboratory by hadcal analysis of soil samples.
A fixed quantity (100 gr) of dry soil sample iged through a series of pans
having wire mesh of decreasing sizes. The partioktained in each pan are
collected and their weights are taken. The pergenteeight retained in each pan
are presented in a graphical form to describe tileTexture (Figure 4.1). It is,
however, possible to make a rough estimation df teature in the field itself.
Experienced soil scientists are capable of asoamntpisoil texture class by
studying the patrticle sizes with a hand lens arsd bBY general feel of the soil.

Since the moisture-holding capacity of a soil isajly influenced by its texture,
knowledge of soil texture has great importance rifgation practices. Coarse
sandy soil has large pore space permitting freeemewnt of air, water and roots
but has a low water-holding capacity. Water teradsnbve below the root zone
much faster in such soils. Clayey soil has narrovespace and has higher water-
holding capacity. Water is held in clay soil fomauch longer period. Soil texture
also influences the selection of crops. For exanmgésy soil (natiar) is considered
good for paddy, clay loand¢ma) for wheat, silt loam(parwa) for maize and
loam or sandy loanbfur) is considered suitable for potato and other coops.

Another well accepted method is to take a tablesfo of soil and moisten it till
it starts sticking to the fingers. Assessment gfuee is made by the way the soil
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can be rolled into different shapes, as set oliainle 4.2.

Feel Ball formation Ribbon formation Assessment

Very Hard ball when dry| Can be rolled into morg Fine, Clayey

smooth than 2.5 cm long ribbon

Smooth | Moderately hard | 2.5 cm long Moderate fine,
ball ribbon Clay Loam

Floury Firm ball with No ribbon formation Medium,
cracks Loam

Gritty Will shape but not | No ribbon formation Coarse, Sandy
in round hard ball Loam

Very No ball formation | No ribbon formation Coarse, Sandy

gritty

Table 4.2 Assessment of soil moisture content byslemethod
4.4.2 Soil Structure

Soil particles normally remain arranged in a définmanner (structure). Soll

structure is, therefore, identified by an exammaf the natural arrangements of
the soil particles in which they occur. Accordingspil structure is classified as

granular, columnar, platy, prismatic, bloclgtc. The structural arrangements of
the particles also give rise to the general sh&enaturally occurring undisturbed

soil.

The amount of pore space available in a soil oivargtexture depends upon its
structure. Round soil particles arranged in a colamstructure give the largest
pore space within a soil. Soil structure is aldtuanced by the presence of organic
matter and various cations (Ca, Mg, Na etc.). Tineunt of air and moisture that

could be held by a soil is decided by its structi8eil structure, therefore, has
adequate bearing on crop production. However, véheail is puddled, its natural

structure gets disturbed. Puddle soil has mininpare space and often offers
unfavourable conditions for most crops, except gadd
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4.4.3 Soil Porosity

Porosity is the measure of pore space within a soil. Thegty of a given
amount (volume) of soil is given by the ratio oéthore volume (v) to the soil
volume (V). This ratio, which is a fraction, is nmally expressed in percentage
after multiplying it by 100. Thus,

Porosity (%) = (v/V) x 100

If a soil is said to have 20% porosity, it meanattif 100 cc of the soil is
considered, the volume of pore space within it isdl20 cc. When water comes in
contact with soil, the pores start getting fillgaltill the solil is saturated. However,
when a fully saturated soil is allowed to drain endormal gravitational force, a
certain amount of water, known sggecific yield drains out of the soil, the balance
remains held up within the pore space due to @apilforce. This water which
does not drain out from the soil by force of graviis known as thespecific
retention of the soil. This is the water which is available plants for
consumptions.

The porosity of a soil depends directly upon thapsh size and arrangement
(sorting) of the soil particles. Soils with roundaped, well sorted particles will
have highest porosity. Presence of other cementnagerial in the soil will
indirectly influence (reduce) the porosity. Valudssoil porosity may range from
5-10% for a compact puddle soil to as high as 3@-40r a well sorted clay. It
should be noted that porosity need not necessachgase as the size of the soill
particles increases. In fact, well sorted clay higder porosity than most sands.
Clay, however, has much less permeability than.sand

4.4.4 Soil Permeability

Permeabilityis the measure of the ease with which water maesugh a porous
medium. Following Darcy's law, the permeability sbil is measured by its
coefficient of permeabilityk, and is expressed in cm/hr or m/day. Knowledfye
soil permeability and also that of the underlyingrnfiation is useful for
ascertaining movements of water through soil. Pahigy of soil samples is
measured in the laboratory by usingeameameter
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Because of change in compactness, the permeatiilaysoil sample measured in
the laboratory may differ from that of the samel smicurring under its natural
condition. In order to reduce this difference, latory permeability tests should
be conducted on specially collected undisturbed ssomples. Indication of field
permeability is obtained by conducting in situ linfition tests using an
infiltrometer. Soil permeability up to a rate of 1.3- 20.0 mmifrconsidered as
slow, 20-50 mm/hr asnoderate 50-250 mm/hr asapid and greater than 250
mm/hr asvery rapid

4.4.5 Soil Density

Soil density is the weight of a unit volume of said is expressed in gr/cc. Since,
soil is comprised of soil particles and soil ail slensity is measured either as its
bulk densityor as itsparticle density Soil density measured together with the
existing air and water is its bulk density and tim&asured without the pore space,
l.e of the grains alone, is particle density. Th#erence between these two
densities is useful in estimating the volume ofepspace and hence the porosity.
For example, say, 1 cc of soil with air in its pemaces is found to weigh 1.5 g
(bulk density) while the actual density of the dinent mineral say quartz
(particle density) is 2.0. The extent of pore spadlen given by:

Pore space =1 - (1.5/2.0) =0.25 cc
Porosity = (0.25/1) x 100 = 25%

4.4.6 Soil Temperature

Soil temperature has great relevance for germinaticceed and plant growth. Too
high (above 50 C) or too low (below IC) temperatures are detrimental to crop
growth. Solil generally gets its heat from the Shime capacity of a soil to absorb
heat from sun depends upon its colour, textureiciire, composition (specific
heat property) and the direction of slope.

Dark or black coloured soil will absorb more hdwtrt light coloured soil. A coarse
soil can absorb more heat than fine textured goiyranular soil has more heat
absorbing capacity than a compact soil. Again, ath&sly sloping land in the
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northern hemisphere would face the sun for longerdiand hence absorb more
heat than a northerly sloping land.

Soil heat may also be generated by chemical reectsothin the soil and in some
special situations from the interior of the eaNficrobial activities in the soil also

generate some heat. Though the temperature obsatls surface may fluctuate
quite widely, the temperature a few cm below thdas@ remains more or less
uniform, thus protecting plants from the hazards dluctuation in ambient

temperature.

4.4.7 Soil Colour

The colour of a soil gives an indication of its gmi, its dominant chemical
composition and the extent of organic matter presert. Black colour of a soil
may originate from the colour of the parent roathrin basic minerals, e.g black
cotton soil derived from basalt. Soils rich in argamatter will also tend to have a
dark colour. Presence of large quantities of irgil® imparts a reddish colour, e.g
laterite soil. Soil rich in sodium or other salendls to gather deposits of white
powder on its surface.

4.4.8 Colloid Formation

When a small amount of dry solil is poured into asglof water, it is found that a
small fraction of the soil gets dissolved into thater and the heavier particles
gradually settle at the bottom. A certain amounsaf particles, however, neither
get dissolved nor settle but remains suspended)ggihe water a muddy colour.
These suspended particles which remain in waterolloidal form are held in
place by molecular attraction and do not settleearmibrmal conditions. Soils with
large amounts of fine particles are prone to lacgde colloid formation. Colloid
formation by a soil has great practical significarsince it is one of the important
factors which influence its susceptibility to watasrne erosion and soil salinity.
Prevention of soil loss in colloidal form, even rfroa well protected field, is a
difficult task.

45 SOIL REACTIONS
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Amongst the chemical properties of soil, soil rematt deserve special attention
from crop production point of view. Evaluation adilsreactions gives a useful
insight into the presence of reactable salts in gbik Common soil reactions
studied for the purpose of crop production are pHitatal dissolved solids (TDS).

45.1 Total Dissolved Solids

Total dissolved solids (TDS) also referred as T8@luble salts (TSS) present in
a soil in fact control the chemical reactions ofs@l. TDS is estimated by

measuring the electrical conductivity (EC) of tlodl saturates. A certain quantity
of soil sample is first mixed with a proportionalamtity of water (1:2) for a given

period so that the salts present in the soil aseatired into the water. The water
(soil extract) is then filtered and used for theasweements of EC and pH.

Electrical conductivity (EC) is measurednmicro or milli mho per cnat 25°C by
using conductivity meter. Thenilli mho/cmis also referred to agesisiemens/cm
(ds/cm). EC value obtained at room temperatur@imally converted at 25C by
using a calibration chart. TDS value is then oladiby multiplying EC value with
a factor of proportionality which is equal to 0.648

4.5.2 Solil pH

The degree of ionization (hydrogen ion concentrgtimeasured on logarithmic
scale is pH. The value of soil pH gives an indmatof the degree of its acidity or
alkalinity. Soil pH is measured in a scale randiram 0-14. A neutral soil has a
pH value equal to 7. Soils having pH value less thare acidic and those with a
pH value above 7 are alkaline.

Presence of negative ions like hydrogen, sulplcitierides etc. and also cations
like iron (Fe) reduce the pH of a soil. Presenctoofmuch of sodium, particularly
as carbonate, compared to calcium and magnesiug) selrease soil pH, making
the soil alkaline. Soil extract is collected fiestd pH is then measured by using
litmus paper, colour comparator, titration, pH medte. Most field soil testing kits
are equipped to provide a rough estimate of soil gl TDS and soil nutrient
status. Soil reaction classes and their effectropscare presented in Table 4.3.
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pH value Remarks EC value, ds/cm Remarks

Below 6.0 Acidic Below 1.0 Normal

6.0-8.5 Normal 1.0-2.0 Critical for
germination

8.5-9.0 Slightly 20-4.0 Critical for growth

alkaline

Above 9.0 Alkaline Above 4.0 Injurious to most

crops

Table 4.3 Soil status based on chemical reactions

46 SOIL SALINITY
4.6.1 Acid Soils

A neutral soil can gradually turn to acid soil ifet alkali portion is gradually
washed away thus enriching the soil with acidictssaPresence of excess
hydrogen, iron and aluminium ions make a soil @cidlertain rocks, e.g granite,
are naturally acidic and soils derived from theseks would be acidic. Soil may
also acquire acidity in an area rich with coniferdrees whose foliage generally
contain less alkaline matter. Excess use of wat@riergence) accompanied by
continuous use of acid- forming fertilizers (ammani sulphate, ammonium
chloride) may lead to a reduction of soil pH anddean increase in acidity.

Acid soil not only has a toxic effect on plants higo starves the plants by making
some fertilizers like phosphate insoluble in wated also by reducing the supply
of calcium from the soil. Reclamation of acid sagsdlone by applying powdered
limestone (CaCg) into the soil. The soil should be sufficiently istoat the time of
application of lime which should be spread unifgrmhd mixed well with the soll.
The amount of lime to be applied will depend upoa degree of acidity (soil pH)
and also the texture of the soil.

4.6.2 Alkaline Soils

Alkaline soil is formed when an appreciable projortof the exchangeable
calcium ion is replaced particularly by sodium imody drained soil over a long
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period of time through a process knownbase exchangeésome of the sodium

lons react with carbonate and bicarbonate aniodssafficient sodium carbonate
is formed in the soil solution, particularly undeaterlogged conditions. The pH
of alkaline soil is generally greater than 8.5 that electrical conductivity (EC) is

less than 4 ds/cm. As a result of base exchangeeable soil becomes sticky,
which on, drying turns hard (kankar pan) rendepta@ighing and drainage of soill

difficult. The amount of organic matter and micn@@nisms also is reduced to an
unfavourable level. Sodium becomes toxic to thentsladue to its excessive
solubility.

Alkali soils, particularly the sodium dominatedarsoils are generally reclaimed
by applying gypsum which is rich in exchangeabldciaan, followed by
application of organic matter. Such reclamatiorcpes may require 3 to 5 years
of sustained efforts to show results, dependinghtpe pH of the soil and method
of reclamation being applied.

4.6.3 Other Toxicity

lons like boron in excess quantity have an adveffeet on crops. For some crops
excess chloride, sodium bicarbonate and sulphatlel @so be harmful. Sulphide
as such is not damaging to crops but it has a swegoeffect on the cement
concrete pipes used for irrigation. Toxicity of thal is also developed due to the
application of irrigation water containing excegssalts or other toxic ions. The
Indian Saline Soil Research Institute (ISSRI), Kéyimas developed various field
techniques for reclamation of problem soils.

4.7 PLANT NUTRIENTS

Analyses of plant tissues have revealed that ned#dlyelements are normally
present in a plant body. Out of these, howevery @il have been identified as
essential nutrients. Amongst these, hydrogen angdyex are taken by plants
entirely from water and carbon from air. The absdribbxygen helps in producing
CGO; in the root zone, which should be allowed to escdpther nutrients are
derived by plants from soil. Plants require nitnogpeotassium and phosphorous in
large quantities. Calcium, magnesium, iron and lsulpare needed in moderate
guantities. The rest of the nutrients are requely in a very minute quantity or
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In traces. Presence of these trace nutrients @rge Iquantity in the soil may
create a toxic effect on the plants, e.g boroniusndcobalt etc.

A large part of air is nitrogen but plants cannlos@b it from air and hence it is
taken from the soil. The residues of dead planentally contain most plant
nutrients which had been consumed earlier from dbi¢ itself. When these
residues come in contact with the soil, the sodté@a slowly decompose them
into finer particles and make a part of the couastit nutrients water soluble.
Hence all the required food items can be suppleeddil through application of
plant residues and other biomass.

Some bacteria also help in supplying nitrogen &m{d particularly when the soil is
poor in nitrogenAzotobacterand Radicicolaare the two representatives of these
types of bacteria. These bacteria multiply wittiia hodules formed in the roots of
most leguminous plants (plants bearing podspbeadj. chana, subabul)and absorb
nitrogen from the air. When these bacteria die, riliogen thus accumulated
becomes soluble in water and remains in the soil$e by plants.

Another important compound useful for plant growshsoil humuswhich is
present in soil in varying degree. It is derivednfrthe decomposition of organic
matter and performs numerous functions. Physicdllynodifies soil colour,
texture, structure and water-holding capacitympioves aeration and drainage by
making the soil more porous. Chemically it serve@a &o0d nutrient, maintains soll
pH and influences solubility of certain soil minlstaThe basic components of
humus are carbohydrates, amino acids, fat, waxddignin. Humus content in
soil depends primarily on the amount and naturergénic matter returned to the
soil and to its subsequent decomposition. Theahtlecomposition depends upon
climate, presence of soil bacteria and the C:Noraf the biomass. Under
prolonged stable environment, humus content inesaoils remains at quite a
constant level.

4.7  SOIL FERTILITY

A normal soil loses its fertility due to consumptiof nutrients by crops, leaching
of elements due to excessive irrigation, lossutfients in gaseous forms and soill
erosion. Basic steps for preventing loss of saililfiy are maintaining the soil
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thickness by preventing erosion, providing propairthge for aeration, preventing
salt accumulation and supplying organic manurergaoic fertilizer and micro
nutrients.

4.7.1 Organic Manure

Organic manure includes both fresh and decomposedugts of all plants,
animals and microbes. Organic manure helps in dpugj the granular structure
of the soil which provides enough room for both amd water. Soil with organic
matter develops resistance to erosion. It give$ aotapacity to maintain its
temperature. Organic manure, especially green meaman correct acidity or
alkalinity of soil and counteract the effect of iagametal. It also provides food to
micro-organisms which in turn prepare food for ghants. The common organic
manures are described below:

A. Farm yard manure (FYM)

This is the decomposed product of dung and urineednwith varying amounts of
straw and other litters of farm animals. A well-degposed farmyard manure
normally contains 0.5% nitrogen, 0.2% phosphorond a0.5% potassium by
weight. Cattle urine is a rich source of plant rautts.

B. Compost

In order to destroy the pathogens and suppresgrdisable odour, organic wastes
are decomposed prior to their application to tle&lfiThe process of pre-treatment
of all organic matter is known asmpostingThe organic matters is dumped into a
pit and, in order to hasten the process of decoitifpossome animal urine, animal
dung or fertilizers are added. Livestock and humvaste, crop residues, urban and
rural wastes (sewage sludge, market wastes etpQ;iadustrial byproducts and
wastes, slaughter-house waste, aquatic plantsstfoteers, tank silt, fish wastes,
marine algae, sea-weeds etc. are the commonlyaalaibrganic matters useful for
composting.

A. Nitrogen
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Nitrogen is taken up by plants from the fertilizerthe form of nitrate (Ng and
ammonia (NH). The types of nitrogenous fertilizers commonledigre :

» Nitrate fertilizer (Sodium Nitrate, Calcium Nitrateotassium Nitrate)
* Ammoniacal fertilizer (Ammonium Sulphate, Ammoni@hloride)

* Ammoniacal Nitrate fertilizer (Ammonium Nitrate)

* Amide fertilizer (Urea, Calcium Cyanamide)

Nitrogen compounds constitute 1-4% of the dry maifea plant. Nitrogen is also

required for the formation of proteins and chlorglpiHigh doses of nitrogen may
facilitate more vegetative growth at the cost ofigrformation. Excessive

nitrogenous fertilizer applied to the soil can eweorch a crop. Usually 50-60 %
nitrogen available in soil is taken up by crops ande (5%) is lost by leaching
per year. Since new crops exploit only a fractibmop soil, nitrogen occurring in

the deeper part of the soil will not be availalddliem. A considerable amount of
nitrogen is also lost by evaporation and leachimgrder to minimize these losses,
nitrogenous fertilizer should be applied judicigusl

B. Phosphorous

Some 0.1 - 0.4 of dry matter in a plant is phosphsr It is an important

constituent of the living cells and is useful ire ttormation of roots, litters, seeds
and fruits. Phosphorous is essential to photosgmlas it transfers energy within a
plant. It also helps in proper absorption of nigngnd facilitates early maturing of
crops. Plants normally do not absorb more than %-2f the phosphorous

fertilizer added to the soil. Phosphorous occursnorganic form as absorbed
anions on soil colloids and partly in humus. Phasphs from both these sources
Is released slowly to maintain a very low equiliioni

C. Potassium

Potassium forms some 1-4% of the dry matter ofatplt plays an important role
in the synthesis of carbohydrates and proteinkerptant and the transfer of these
from one part of the plant to another. It regulateger flow within the plant and
imparts vigour and resistance to plants againsicledt of pests. It occurs in
exchangeable form in soil solution.
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4.7.3 Composite Fertilizer
A. NPK complex

However, due to the inconvenience involved and laCknterest in getting soll
nutrient status properly assessed farmers, tooudrsty, prefer to use NPK
complex fertilizer in which all the three nutrieraige present in certain proportions.
NPK fertilizers are marketed in different gradesgrade of 17-32-16 means the
fertilizer contains 17% nitrogen (NJ) 32% phosphate {Ps) and 16% potassium
(K,0). The remaining 35% is made up of filler matexibke gypsum, limestone
etc. It is, however, advisable to get soil sampézgpilarly tested in the laboratory
for ascertaining the NPK status and other nutremtents of the soil. Agriculture
department, in every state have district level wsting laboratories for analysing
soil samples for farmers. Table 4.4 is usefuldsessing the NPK requirement of
the soil.

Nutrients Low, Medium, High, kg/ha
kg/ha kg/ha

Available Nitrogen (N) < 280 280 - 560 > 560

Available Phosphorous (P) <10 10 - 25 > 25

Available Potassium (K) <110 110 - 280 > 280

Table 4.4 Nutrient status of soil

B. Micro nutrients

The secondary nutrients like sulphur, calcium, nesgmm, boron, copper, iron,
manganese, molybdenum, zinc, chlorine etc. argad@in the market as specific
products containing a wide range of primary andosdary nutrients. These
fertilizers are known as micro-nutrients.

4.8 CLASSIFICATION OF SOIL

Depending upon the criteria used, soil can be ifledsnto a number of groups.
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Thus classification of soil by age (recent soill sbil), occurrence (forest sail,
marsh soil), geological origin (mountain soil, &ikl soil), colour (red soil, black

soil), structure (granular, columnar), texture (Barsoil, clayey soil), chemical

reaction (acid soil, alkali soil), fertility (fet& soil, unfertile soil) etc. are common.
According to international classification (soil taromy) practice, soil is classified
in order, sub-order, great group, sub-group, fanaihd series in a hierarchal
fashion. This classification needs identifying eaehies or mapping units and is
used extensively in detailed soil mapping.

4.8.1 Major Soil Groups in India

For the purpose of crop production a simpler clesgion is always helpful to a
common farmer. Thus solil classification based augence serves the purpose.

Alluvial soils

Alluvial soils constitute by far, the largest andosh important soil group
supporting agriculture in India. The numerous tidies of the Yamuna, the
Ganga, the Bramhaputra and other river systems ¢t@veibuted to the formation
of major tracts of alluvial soil in India. Alluviadoils are also formed in the delta
and coastal regions. Alluvial soils in general pmer in phosphorous, nitrogen and
organic matter.

Black soils

The typical black coloured soil found in the Decaea belongs to this group.
Black soils are found in Maharashtra, western MadRyadesh and in parts of
Andhra Pradesh, Gujarat and Tamil Nadu. These @raed by weathering of
basic rock like basalt. They are fertile, argillags, fine-grained, containing a high
proportion of calcium and magnesium carbonatesy Hne poor in phosphorous,
nitrogen and organic matter.

Red soils
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These are found in Tamil Nadu, Karnataka, Goa, hseastern Maharashtra,
eastern Andhra Pradesh, Madhya Pradesh, OrissaChhdtanagpur. These are
derived from ancient crystalline and metamorphicksolike granite and granite
gneiss. Red soils are also found under foresttagga. The colour of the soil is
due to high diffusion of iron rather than its higfoportion. Red soils are poor in
nitrogen, phosphorous and humus and tend to beacid

Laterite soils

Laterite is formed through leaching of silica. Te®ils are found at the summits
of the hills of Karnataka, Kerala, Madhya Praddsistern Ghat region of Orissa,
Tamil Nadu, south-west of West Bengal and Assats.hilhe soil may be rich or

poor in nutrients depending on its location butgegerally acidic in reaction. The
clay fraction of laterite soil is rich in kaoline.

Dessert soils

Desert soils are formed in low-rainfall areas. Sami texture and consisting
mostly of quartz, feldspar and some hornblend. &hssils are formed by the
decomposition of country rocks like sandstone, witar shale and other
crystalline rocks. A large part of Rajasthan, GafjaHaryana, Punjab, and the area
between the Indus valley and Aravalli range contiais soil. These soils generally
have high pH and EC and are poor in organic mattgh, varying percentage of
calcium carbonate.

4.9 LAND CAPABILITY CLASS

As per the International Land Capability Classifica which has also been
adopted in India, lands have been categorizeddigfot capability classes ranging
from | to VIII. Lands belonging to classes | to &fe suitable for cultivation and
those from V to VIII are not suitable for cultivati. Factors like texture, soil
depth, permeability, slope, extent of erosion, degof wetness and climatic
conditions, particularly the rainfall are used tetetmine Land Capability
Classification (LCC) . As a matter of conventiorpaticular colour code has been
assigned to each of these classes of land solibgtdould be easily identified
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when plotted in a map. A brief description of laindm each capability class is
presented below.

A. Land suitable for cultivation
Class | (Light greei

In a map Class | lands are represented by liglergoelor. These lands have very
few or no limitations for growing common field cmpThey are nearly level and
the erosion hazard is low. The soil is deep, wedirted, well supplemented with
plant nutrients and responsive to application dilieer. Climate is favourable for
growing a number of field crops. Availability ofrigation also removes the
limitation posed by low rainfall in an arid region.

Class Il (Yellow)

These lands have some limitations which reducechwgce of crops and require
simple conservation practices. The limitations magult from gentle slope, slight
susceptibility to erosion, less than ideal soiltiepvetness which can be corrected
by drainage, slight to moderate salinity or sogititat can be corrected easily, a
slight climatic limitation etc. The limitations astight or very few and corrective
measures are easy to apply.

Class Il (Red)

These lands have more limitations than those isClhlands. The limitations of
Class lll lands may result from one or more of dastlike moderately sloping
land, moderate susceptibility to erosion, slownpeability, wetness or continuing
water- logging even after drainage, shallow soiptde low moisture-holding
capacity, moderate salinity/sodicity, moderatelypiting climatic conditions etc.
Conservation practices are more difficult to apply.

Class IV (Blue)

Class IV lands have severe limitations that restlwice of crops and require
careful management. The restrictions in use ofetl@sds are more than those for
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Class Ill lands. The choice of cultivated cropdinsited as result of permanent
features such as steep slope, severe suscepttbil@ggosion, severe effects of past
erosion, shallow soil depth, poor water-holding arafy, excessive wetness with
continuing hazards of water-logging even after rtage, severe salinity or
sodicity, moderately adverse climate etc. Very tdmnanagement is required if
crops are grown at all. Conservation practices moge difficult to apply and
maintain.

B. Land not suitable for cultivation
Class V (Dark green)

Although, class V lands are nearly level and aresagceptible to much erosion,
cultivation is not feasible for one or more limitats such as stoniness, wetness or
severe climate. Class V lands are not suitablegdmsing cultivated crops but are
suitable for perennial vegetation (grazing and so¥g. It is practicable to apply
pasture improvement practices such as seedingicapgh of lime or gypsum,
application of fertilizer, rain water harvestingppision of drainage etc.

Class VI (Orange)

Class VI lands have very severe limitations thakenthem generally unsuitable
for cultivation. They have continuing limitationsweh cannot be corrected such as
a steep slope, very severe erosion hazard, verguseeffect of past erosion,
stoniness, shallow rooting-zone, excessive weth@ssnoisture-holding capacity,
salinity or sodicity and severe climate. Soils histclass are subject to moderate
limitations under grazing or forestry use.

Class VII (Brown)

Soils in class VIl lands have very severe limitaidhat make them completely
unsuitable for cultivation and restrict their uaegely to grazing and afforestation.
The physical condition of these lands are suchithafpracticable to adopt pasture
improvements and water-harvesting practices.

Class VIII (Purple)
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The soils of class VIII lands are such that thegcjude their use for commercial
plant production and restrict their use to recoemtiwild life food and cover,
watershed protection or aesthetic application. Timations which cannot be
corrected may result from one or more of factoke lsevere erosion, severe
climate, permanent wetness, stones, severe sabnityodicity. It is, however,
obvious that lands with higher LCC ratings (podeerds) can be improved and
converted to lower LCC (better lands) by adoptingable reclamation practices.
The guiding principles of land use practices arade the lands according to their
capabilities and treat the lands according to theads.

4.10 LAND CAPABILITY CODIFICATION (LCC)

Since in a small watershed area, factors like ¢lor@onditions, salinity, wetness,
permeability etc remains more or less the sameuahess they pose any special
problems, these factors are normally kept in thek@peound. The more frequently
changing factors like solil texture, soil depth,dafope and erosion phases are the
ones considered more important factors in arrianthe land Capability Class.

In order to describe soil texture, land slope amnmdsien phases, several
standardized codes are used for their easy reamgnithese codification have
been arrived at by dividing the entire range ofadipular soil characteristics into
smaller groups and providing a symbol after adezjyatefining the specifications
for the group. These symbols have wide applicaitiosoil survey and mapping
practices.

4.10.1 Soll Texture

Soil texture is ascertained in the field by studyhmand samples on the basis of
experience and also applying the “Ball and Ribormition method" described
earlier in this chapter. Detailed mechanical analgé representative samples may
also be carried out in a laboratory. The major smitures are Sand (s), Loamy
Sand (Is), Sandy Loam (sl), Loam (I), Clay Loamn),(8andy Clay Loam (scl), Silt
(si), Silty Loam (sil), Silty Clay (sic), Silty CyaLoam (sicl), Sandy Clay (sc) and
Clay (c). Texture in conjunction with structure gmeksence of organic matter in
the soil play, an important role in water-holdirepacity, susceptibility to erosion,
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aeration of the root zone etc. These in turn dethgesuitability of crops to be
grown. Texture, however, plays a minor role in detaing LCC as texture not
suitable for a particular crop may still be suitadr another crop e.g clay soil is
not suitable for groundnut but is very suitablegaddy.

4.10.2 Soil depth

Soil depth is ascertained in the field by examinimg the soil section exposed in
local ditches, gullies, streams, wells etc. Ifessary, exploratory pits may be dug
or a hand auger can be used. Sufficient soil disptlecessary for accommodating
the development of roots. Soil depth with adeqp&teneability is also necessary
for leaching of the salts from the root zone. Theification of soil depth into
different classes is presented in the Table 4.5.

Description Depth range, cm Symbol Depth class
Very shallow 0.0-75 di VIVII
Shallow 7.5-225 d2 v
Moderately deep 22.5-45.0 d3 11

Deep 45.0 - 90.0 d4 1

Very deep Above 90.0 d5 I

Table 4.5 Soil depth classes
4.10.3 Land slope

Ascertaining land slope in the field, could at taree difficult for an inexperienced
observer. Use of a dumpy level gives land slopg aecurately. However, during
normal field visits a survey team may not carry qum for measuring the land
slope.

Slope type Slope, % Symbol Slope Class
Nearly level 0-1 A I

Gently sloping 1-3 B |
Moderately sloping 3-5 C 1

Strongly sloping 5-10 D vV
Moderate steep 10-15 E \%
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Steep 15-25 F VI
Very steep 25 - 30 G VIIVII
Very very steep > 30 H VIl

Table 4.6 Land slope classes

Slope ranges of 1-3% can be easily ascertainedsinal inspection. Slope up to
10% can be ascertained by using two graduated aoage and a spirit level. The
use of a handy instrument known as Abney meter piswides land slope by
measuring the angles in degree between two paises.of Abney meter, however,
requires sound knowledge of trigonometry.

Land slope limits safe and productive use of Sdike slope gradient and the length
of slope affect the rate of run-off and soil remcaad decide indirectly the amount
of moisture absorbed by the soil. Land slope istnmportant factor in deciding
LCC. The symbols for different slope classes aes@mted in the Table 4.6.

4.11 SOIL EROSION

Soil erosion may be defined as the detachmentramdportation of soil particles
from one place to another. Soil erosion inflicte tireatest damage to a land. An
agricultural land loses its fertility when its tepil is lost. Severe erosion can turn a
productive land into an unproductive waste withiiewa years.

It has been estimated (Dhruvanarayan and Babu,) 1888 in India about 5333
million tonnes of soil are lost every year due tosen. The average rate of soll
erosion due to agricultural activities alone is7B6tonnes/ha per annum. While 20%
of this soil is lost to rivers and sea, 10% is d#enol in the surface reservoirs
created for irrigation. The remaining eroded setisgdeposited at various locations
in the lower reaches. By the end of the sixth gbamniod, 117 major and 869
medium irrigation projects had been completed ididn At the time of the
designing of these dams and reservoirs, the inbbwediments was estimated to
be in the range of 3.75-4.76 hectare metre perstpkm per year. The actual
sediment inflows in these reservoirs are now eséthéo be much higher and in
some cases 8 to 20 times these estimated figuregeneral, we lose nearly 2.8
lakhs hectare per year of irrigation potentialeatty created through these
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reservoirs (Reddy, Ramakrishna, 1995). Adoption lafye- scale watershed
management projects in the country is expectedmnsiderably improve the above
situation.

Improvement in the status of land, water and ptasburces through conservation
measures is the key to natural resource manageifrtemoutcome of effective soill
and water conservation measures in a watershed are:

* Reduction in soil erosion in general and top sodnf arable lands in
particular.

* Reduction in velocity of run-off, on site as wedl im downstream areas, and
utilization of the water for various purposes.

* Prevention of rapid reduction of storage capaciiethe existing reservoirs
due to soil erosion (siltation).

* Reduction of the severity of effects of floods atrdughts during high and
low rainfall years respectively.

* Augmentation of soil moisture status to supporthbaigriculture and
generation of other biomass.

* Augmentation of surface water storage and rechafjegroundwater
reservoirs.

Improvement in the status of land, water and ptasburces through conservation
measures is the key to natural resource manageftsmbutcome of effective soill
and water conservation measures in a watershed are:

* Reduction in soil erosion in general and top saidnf arable lands in
particular.

» Reduction in velocity of run-off, on site as wedl im downstream areas, and
utilization of the water for various purposes.

* Prevention of rapid reduction of storage capaciiethe existing reservoirs
due to soil erosion (siltation).

* Reduction of the severity of effects of floods atrdughts during high and
low rainfall years respectively.

e Augmentation of soil moisture status to supporthbaigriculture and
generation of other biomass.
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* Augmentation of surface water storage and rechafjegroundwater
reservoirs.

Erosion and deposition are integral parts of thelaggcal processes of nature.
Although, the extent of erosion and deposition edusy the processes of nature
can be retarded to some extent in selected ardhgvaat efforts but there are no
options to mankind but to accept such long termomagtural changes. However,
the interference of mankind with nature throughivacts like agriculture,
destruction of forest, mining, construction works. ealso cause large scale soll
erosion. It is this accelerated man-made soil erogihich is a matter of concern
and must be prevented in order to maintain theymtpdty of our lands.

Soil is eroded by two basic elements of nature, alarthe wind action and the
water action. The only sure way to protect a lanodhfthe hazards of erosion is to
adopt, as a matter of routine, such practices wipigvent soil erosion. Soil

erosion in any land should be viewed with concerd #@hat of agricultural lands

with utmost concern because this lead to the degjad of the land and

consequently the entire natural resource base.

4.11.1 Wind Erosion

Organic matter and humus present in soil not oely In storing plant nutrients

but also help in binding the soil particles tog&thvith each other. In an area
where the soil is devoid of surface cover, organatter and soil moisture, the
finer particles (Silt) become loose and easilyadeable. Strong wind, over a
period, blows away the finer particles leaving tbeil richer with coarser

aggregates (sands).

Thus, in arid regions where rainfall is low amadl $acks in organic matter, the

effect of wind erosion can be severe. The effecdtaing uninterrupted wind can

not only convert ordinary land into sandy desettdan further shift the loose sand
from one place to another causing host of otheblpros as experienced in desert
and coastal regions. In coastal regions the firetiges are washed away by the
combined actions of wind and tides.

Sign of wind erosion is easily recognizable frome firesence of dust in the air,
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particularly during the summer months. Land cowddsbved from wind erosion by
providing wind breaks (barriers) with plantation lmédges and trees across the
general wind direction and enriching the soil wittganic mattersin situ soll
moisture conservation in the agricultural land tlgio mulching, farm ponds,
bunds, contour cultivation etc. have been fountddcextremely beneficial. Most
importantly, soil should be protected with vegeattovers where ever possible.

4.11.2 Water Erosion

Soil erosion by water takes place due to the tramafon of soil particles by

flowing water. Rainfall as the agent of erosion cgerate in a number of ways.
The impact of rain drops falling on the ground dtigh momentum tend to break
the soil structure and loosen the finer particleking them prone to be carried
away. Also, when a part of the muddy water irdidss, the finer particles are
deposited within the pore space, blocking partiahg upper zone of the soil
profile. This results in the decrease in infiltoatiand thus increase in run off
causing more soil erosion. The effects of erosiprwhter on land surface can be
broadly divided as under.

A. Sheet erosion

In this type of erosion, a part of the top soitesnoved rather uniformly from the
land surface due to the common action of rainfatl aun off. Effects of sheet

erosion is comparatively more pronounced in slopamgls than in flat lands. Sheet
erosion also takes place in flat agricultural lamthout sufficient protection. As

sheet erosion takes place uniformly over the etdind, the extent of erosion most
often is not understood by many farmers. For reizigm the quantum of soil loss
due to sheet erosion, it should be noted thatciinlof top soil is eroded from one
hectare (10,000 sg. m) of land, the volume of lesil is 10000 x 0.01 = 100 cum.
Assuming an average patrticle density of soil a§,2li6e weight of this soil would

be 265 tones/ha.

Whether an agricultural land is subject to sheesien or not is understood by
noting the turbidity (colour) of the run off releaksfrom the land after a rainfall of
high intensity. If the run off is muddy, the larehuires further treatment. Run off
from a well treated and stabilised plot will bedrfrom turbidity.
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B. RIll erosion

It is an advanced form of sheet erosion. This typerosion is easily recognized
by a farmer by noticing the formation of small kn@nd depressions formed in the
land by the flowing water immediately after a heaminfall. Though the land
could easily be ploughed back to its original shagmeurrence of rill erosion in
agricultural lands should never be allowed to taleee. In unprotected non-arable
lands, consequence of rill erosion is generallycedtin the nature of vegetation.
In the long run either lower order (Xerophytic) sjgs gradually replace the
natural vegetation or the land becomes rocky (dewdisoil cover) and hence
unable to support any vegetation.

C. Gully erosion

It is an advanced form of rill erosion. Areas praoeill erosion if not attended to,
the rills extend in size in every passing yearsniog gullies. Gullies are formed
where the run off develops high "cutting power" daéhigh velocity of the flow.
The advanced stage of gully erosion leads to tmmdton of ravines. Lands
affected by extensive gully erosion i.e the ravar@ds are unfit for agriculture. It
Is, however, interesting to note that deep gulbes formed normally in lands
having relatively thick soil depth. Efforts to rach ravine lands by levelling the
same with mechanical means (tractors, bulldozery end following suitable
agricultural practices attempted in some parthiefdountry have been found to be
guite expensive.

Because of the climatic pattern, water erosionnitiid is more widespread than
wind erosion. The effect of wind erosion, howevsrquite severe in arid regions
like Rajasthan and Gujarat. This does not meandahdtregions are less prone to
water erosion. In fact, occasional high intenséiyfalls in arid regions are known
to cause more erosion damage than the same raiotdtl have caused in a humid
region.

Features of erosion are largely judged by the ¢mmdi existing in the field. Slight
erosion is usually associated with sheet erosi@hraaderate erosion with sheet
and rill erosion. Severe erosion is associated witlcessive surface erosion

118



exposing the sub-soil and is recognized easily teytendency to form small

gullies. Very severe erosion is associated witleresive loss of surface and sub-
surface soil. It generally includes a few shallowlligs and occasional deep
gullies. Erosion is a dominating factor in decidlagd capability class. The major
erosion classes are presented in the Table below.

Erosion phase Characteristics Symbol | Erosion
class
Slight erosion (sheet) 1-25% top soll is € /11
removed
Moderate (sheet and rill)]  25-75% top soil is & 1
removed
Severe (sheet, rill & 75-100% top soil and | e; A\
gullies) up to 25% subsoil are
removed
Very severe (shallow Gullied lands 2] VINVII
gullies)
Very very severe (big Very severely gullied | e Vil
gullies) lands

Table 4.7Soil erosion phases

The symbols used in Table 4.7 have extensive usmilnsurvey and mapping.
Thus a land can be symbolized as say I,- @& )/ (A - &) which would mean that
the land belongs to Class Il having a soil deptigirag between 45-90 cm 4d

which is sandy loam (sl). The land is nearly lef&) but erosion is quite visible

(€).
4.12 PREPARATION OF LCC MAPS

Soil and water conservation practice suggestsithan ideal situation, all lands

particularly in a large watershed should be treadedording to its use and

capability. A land capability map super-imposed amadastral map presents a
visual description of the potential and limitatiarfsall lands within the watershed.

This helps in planning the treatment measures @ppéed in a watershed.
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The standard practice for identifying Land Capé#pilClasses of an entire
watershed is to tabulate first, the major char&tterparameters, i.e soil texture,
soil depth, land slope and erosion phases of elattopa cluster of similar plots.
The capability class of each of the parametershame assigned alongside with the
help of the rating tables. Local limitations, ealirsty, water-logging, climate etc.
are also taken into account. The final Land Capglillass to be assigned to the
plot, will be the highest class number accordingeawerity of limitations of any
individual parameter as enumerated in Table 4.8.

Plot | Soil | Soil Sym | Depth | Slope % | Sym | Slope | Ero. Ero. | LCC
no. text. | depth | bol | class bol class | phase | class

cm
110 cl 150 ¢ I 1 A I e Il I
111 scl 60 g Il 1 A I € Il Il
112 sl 60 q Il 2 B Il e Il Il
113 scl 30 ) 11 3 B Il € Il 11
114 Is 30 d 11 3 B Il e I [l
115 Is 15 d Y 7 D \Y € Il Y
116 S 5 d VIl 20 F VIl €3 11 VIl
117 I 10 d \Y 4 C 11 €3 11 \Y
118 cl 30 d 11 3 B Il e, Il 11
119 sil 60 d Il 3 B Il e I Il
120 cl 120 ¢ I 2 B Il & V V
121 sicl | 60 d Il 2 B Il el I Il
122 sC 120 | 4 I 1 A I e I I
123 Is 60 q Il 5 C 11 € Il [l

Table 4.8 Steps showing determination of Land Capality Class

For example, a land defined by its codification cha grouped into its
corresponding capability class immediately, asiditelow.

sl-dJ/A-e; :This symbol represents sandy loam (sl) texturth wlieep soil (d4),
nearly flat (A) and slight erosion. As the highéstitation is soil depth (d4), the
land is Class II..

cl-ds/D-e; :This represents clay loam (cl) texture with vdeep soil (d5), strongly
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sloping (D) and severe erosion (e3). As the highestation is severe erosion
(e3), the land is Class VI.

I-ds/B-e,: This represents loam soil (I) texture with modelsa deep soil (d3),
gently sloping (B) and : moderate erosion (e.tlde limitations are moderate,
the land is Class Ill.1

It should be noted that the above example is frosdasoil area and hence
permeability of the soil, as a limitation, has been considered. Similarly, in an
area with alluvial soil where the land is nearbt fland slope is not considered for
capability classification, instead, factors liketess, permeability of top soil and
the sub-surface layers, salinity/sodicty of thé stw. are considered.
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5.0 Soil and Moisture Conservation

5.1 RUN OFF AND EROSION

Higher the velocity of run-off, higher is its sedint carrying capacity. For each
soil particle, depending upon its size and densitgre will be a corresponding
flow velocity known as the critical velocity, at wh the particle will start floating

and be ready to be carried away. Experiments hlawers that a velocity greater
than 2 m/sec is critical for most soil particlexxpErimental studies have also
indicated that eroding power of a stream is propoal to the sixth power of the
velocity of water. This means that if the velocdf a stream is increased by 2
times the carrying power increases by’ ()64 times i.e soil particles 64 times
larger in size than before would also be carriedyaw he converse is also true.
Thus, if the velocity of a stream is reduced byf italoriginal, the sediments that
would settle down are 64 times bigger than thosegbearried away earlier.

A great deal of soil erosion can be prevented mtrotling the velocity of run-off.
Velocity of run-off under different ground conditi® should necessarily be
contained within the non-erosive velocity. The natdbms through which the soil
conservation measures are made effective by reglutia velocity of run-off
include:

* Reduction in field size by constructing field buridsdecrease the rate of
overland flow.

» Reduction in slope of land by levelling or terragin

 Removal of excess surface run-off in a controllemhner by constructing
contour ditches, diversion channels.

* Improvement in soil structure through applicatioh asgganic matters to
increase infiltration of rain water.

* Reduction in the physical impact of precipitationm the soil surface with
cover crops/grass.

* Binding of the soil surface to reduce detachmentsaif particles using

conservation tillage..
122



* Reduction in the temperature of the soil surfagegusulching.
» Trapping of eroded sediments through contour hedgeésoutlets with silt
traps.

5.2 EROSION TRANSPORTATION

Run-off can carry away a large amount of soil aoilvs along. The manner in
which soil particles are carried away varies. Tinerfsoil particles which remain
suspended in water as they move along are knownsgended loadlhe heavier
particles which move and roll along the bed of ressnh are known alsed load
Some medium sized particles however are carriedy &mvauch a fashion that for
some distance they float and for another theyeséelthese are known asltation
load. Which type of load will constitute maximum amouwftsediment depends
upon the flow velocity as well as the particle dsition of the soil. In most
streams, out of the bulk of the sediment loadstin&® - 90 % is suspended load.
For this reason, the extent of top soil leavingadenshed is judged by studying the
suspended load at the outlet of the watershed.

5.2.1 Measurement of Suspended Load

Measurement of suspended load leaving any crog®isenf a stream involves
measurement of the cross sectional area (A), ugloai flow (V) and the
concentration of sediments in the flow (C).

The suspended load (L) passing through a cros®sestgiven by

L=AXVXC = QxC

Where,

Q = Discharge, Pfsec
C = Mean concentration of sediment, mg/litre

The discharge of a stream is measured by veloogg-anethod (Chapter 2). The

concentration of sediment (C) is obtained by cdtihecwater sample laden with

suspended load in a special bottle of 1 litre size sediments filtered out from
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the entire bottle by using a filter paper is wedtwhich gives the concentration
of suspended load in gram/litre.

5.3 APPROACH TO CONSERVATION MEASURES

The principle of soil conservation is based on @ldeption of methods that will
make the soil more cohesive at its place of ocagmethus making it less
detachable in one hand and reduction of the vgl@tithe erosion causing agents
that is the run-off and the wind on the othersitherefore clear that conservation
and management of rain water play the most impobriae in soil conservation.
For this reason, both soil and water conservatieasures are dealt with together
as a common activity.

While the vegetational measures include growingreds, shrubs, grasses, crops
etc., the mechanical measures include constructigarthen, stone and masonry
barriers and ditches for retarding velocity of ffi- The vegetational measures
take time to establish before they start effecyivedrving their purpose but the
mechanical measures give immediate result. Fromtaisable watershed
development point of view, the vegetational measuage considered more
permanent than mechanical measures, some of whih llhmited span of useful
life. In an ideal situation, mechanical measuresiatroduced simultaneously with
vegetative measures so as to facilitate the vegetateasures to take their roots
and replace the functions of most of the mechamedsures in course of time. In
arid regions, these measures serve the purposenebff harvesting while in
humid regions, these retard the run-off to pregeiiterosion.

5.4 VEGETATIONAL MEASURES

Vegetational measure involves planting of treesjlsh and grasses not only with
the objective of preventing soil erosion but alspderving the primary purpose of
these trees and plants. Agronomical (crop prodoftmractices adopted with a
view to minimize soil erosion are also included @nthis measure. Vegetational
measures can further be divided into two sub groogsely Agrostological
practices and\gronomicalpractices.

5.4.1 Agrostological Practices
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Under this practice, permanent trees are grownraggg or in combination with
grass or other field crops. A wide range of treéh grasses or field crops can be
grown which not only protect the soil but also gate the much needed food,
fuel, fodder, fruit, fibre and bio-fertilizer. Regeration of highly degraded grazing
lands (pastures) back to its health either by aat@generation or by plantation of
grasses and trees are helpful not only for soikseoration but also for livestock
management. The choices under agrostological pescthowever, are influenced
heavily by the agro-climatic conditions, land capbclass and preference of the
land owners.

Growing of large (non fruit bearing timber or ornamal) trees are referred as
Silvicultureand that of fruit trees as Horticultu®ilvipastureis the practice where
trees are grown in combination with grassgbzipastureis generally preferred in
Class lll and Class IV land#\gro-horticulture is the practice where crops are
grown in the spaces available in between the fregs during the initial years.
Production of such crops are however discontinugetha fruit trees on maturity
develop their own canopies engango Agroforestryon the other hand, implies
growing trees in the bunds or in the agricultuaald itself as block plantation, strip
plantation or as scattered plantation with sucltiggevhich grow in harmony with
the crops e.d&hejri, Babul, Seesam, Subaboearm forestrymeans plantation of
fast growing species with higher economical retuom relatively less productive
agricultural lands e.gucalyptus,Casurindgeak etc. Large area planted by a large
number of tree growers with a few selected spdoiean industrial use is referred
as Industrial plantation eBamboo, PoplarEnergy plantatiorrefers to plantation
of species, the seeds of which provide bio fueZamopha, Castor

While giving economical returns as per the land abdfy, Agrostological
measures are effective against both water and \emudion. It is, however,
important that the created measures are conserogenty over a long period to
derive the benefits of the measures at their optirtavel.

5.5 AGRONOMICAL PRACTICES

All operations carried out in the field beginningtiwthe land preparation to crop
harvesting with the aim to increase the crop yalel included under agronomical
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practices. Certain simple agronomical practicesehbeen found to be more
effective in retaining the soil fertility as wels @ive satisfactory crop yield. These
are:

A.  Tillage operation

Tillage (ploughing) is the practice of breaking amdrking the soil to the desired
depth prior to sowing. Tillage makes soil loose hrdce prone to erosion. Timing
and the depth of tillage are the two importantdestwvhich need special attention.
Tillage should be done immediately before the csepson to take advantage of
one or two early showers for land preparation. rid agions, lands tilled into
ridge and furrows across the wind direction hasideand to reduce the effects of
wind erosion. In humid regions, a land without &eYd bunds, if left as such after
the tillage, can cause a great deal of soil erasi@nsingle season.

Depth of tillage should also be kept optimum kegphe aspects of soil erosion in
view. Experiments have shown that minimum tillageesl not affect the yield of
many common crops particularly in dry land areasfalct in dry lands, shallow
ploughing helps in harvesting the previously ergt(antecedent) soil moisture
which would have otherwise been lost in case ofpdp®ughing. In humid

climates, however, deep ploughing helps in contrgllweed and in the
improvement of soil permeability.

Direction of ploughing also assumes great impogaimccase of sloping lands.
From soil and water conservation point of viewmagk along slopes should be
avoided, particularly in an area with high rainfail order to minimize soil loss,

tillage in these lands should be made along théocos i.e in the direction across
(perpendicular) the slope. The tillage should atesult in the formation of

alternate ridges and furrows. Ridge and furrowication is useful not only in

reducing soil loss but also for efficient managemeinwater for increased crop
yield. Tillage along the contour line is referred eontour farming. Contour
farming is effective for lands with slope up to #5All agricultural lands having

slope greater than 5% should be converted intades:

B. Organic manure
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Organic matter is an integral part of soil. Soittegia convert a part of the organic
matter into humus. Humus acts as a binding matefidhe soil particles. Since
organic matters can hold more water than clay,ilarish in organic matter will
hold more soil moisture. Organic matters may bdiegpo the soil either directly
or as a mulching material. Mulching is the practidecovering soil surface with
plant residues so as to reduce evaporation, er@sidrsoil temperature. Mulching
material offers physical protection to the soil iagadirect impact of raindrops.
Mulching also helps in retaining soil moisture tmager period which can be used
very profitably in raising certain crops. After @@sposition, the mulching material
adds to the reserve of organic matter of the soil.

Demonstrations have shown the usefulness of mugcparticularly in dry land
agriculture. But, it is not followed regularly bgirfners as most crop bi-products to
be used as mulching material are also good fodddued. Careful selection of
mulching material is, therefore, called for. Posrle sheets have been used as
mulching material successfully in many field trialfiese sheets, however, can not
be ploughed back to the soil as is the case witgaroc mulching materials.
Organic matters can be applied to the soil direbily better if done after the
necessary decompositions.

C. Crop rotation

When one particular crop is grown in the same p&dr after year, the land is
likely to develop certain deficiencies. If the crigperosion permittingn nature,
the land is likely to get degraded. Similarly, doethis practice of mono-culture,
the land may develop serious deficiency in cendd@mt nutrients. Sparsely spaced
crops likeJawar, Bajra, Maizeare erosion permitting crops. Densely grown crops
like grasses, legumes and other deep rooted cn@psrasion resistantcrops.
Erosion resistant crops should, therefore, be gratweast once in two years in the
plots where such crops are not being grown, if ldm shows visible signs of
degradation. Also, two different crops could bevgmoin alternate strips every
year.

The practice of mixed cropping or inter croppingigurther improvement to this
concept. In mixed cropping one main crop is growgether with another
subsidiary crop in the same field at the same tifleis growingJawar, Bajra,
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Maize etc. in combination with pulsesldl), gram ¢hang and other leguminous
crops are advantageous. The broad leafed legumioays not only intercept
rainfall and prevent soil erosion but also helphia fixation of nitrogen to the soil.

Combination of crops like Sorghum (Jawar) with pigeea or blackgram or
soybean, Maize with soybean or pigeonpea or blarkgiCotton with pigeonpea
or blackgram, Groundnut with pearl millet or castrpigeonpea, Wheat with
mustard, Castor with tuber crops etc. have beendida be compatible, economic
and profitable. The difference in the maturity pdricrop height and compatibility
are the important factors to be considered in moregping.

D. Strip cropping

In strip cropping two or more crops are grown lieraate strips preferably across
the slope. One strip of erosion permitting croputthdoe alternated with another
strip of relatively more erosion resisting crop. dtmip cropping, the entire land
remains in a kind of balance. Soil eroded from sinig¢ is retained by the next strip
and the overall fertility of the land is maintained

Another advantage of strip cropping is that it Belp reduction of pest attack on
the crops. Since pests are mostly crop specifie,garticular strip affected by one
particular pest remains confined within that sitgelf without spreading to the
next strip thus preventing the spread of the pstlato the entire field.

5.6 LAND LEVELLING AND FIELD BUNDS

Mechanical measures refer to all physical measapgdied in the field for the

purpose of run-off management. These measures aistote, retard and divert
excess run-off as per the need under a joint samilv@ater conservation strategy.
Following land treatments practices are very usébul both conservation and
management of soil and water.

5.6.1 Land Levelling

Farm lands should be levelled for efficient managethof water. Level lands
allow more infiltration thus increasing soil moistuand leaching. This in turn
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reduces run-off and hence the soil erosion. Lewglbf irregular land is done by
cut and fill method. Solil from the elevated portisiremoved and placed into the
depressed portion to finally obtain a level land.

In traditional method, soil in the elevated portisrfirst ploughed thoroughly and
the soll is then scraped to the depressed poriramsing bullock or tractor driven

scraper. Proper levelling is ascertained by visngpection. Fine tuning of the

levelling is done later by filling the land withastding water and studying the
depth of water at different parts of the fieldiHe land to be levelled is too large
and the land shape is too irregular, a speciallllegesurvey technique is to be
used to identify areas for cut and fill. If desiredmild slope may be provided to
the field particularly in humid regions for the pose of irrigation and drainage.

5.6.2 Field Bunds

Field bunds are small earthen bunds constructdtidrfield which are normally
less than one metre in height. Field bunds whiehcanstructed traditionally along
the periphery of a field are known as peripheramarginal bunds and serve two
important purposes. Firstly, these act as plot daties and secondly these are
most effective field measures for the conservatwnsoil and water. Bunds
intercept run-off allowing water longer time to iltreite which increases soil
moisture and at times recharge groundwater.

vertical |
Interral [+1])
1

_ —t— — —_- 4 — — — — — — — — — —

H Horizontal

Interval [HI)

Fig. 5.1 Typical crosssection of land with field bunds

Ideally, the height and interval of field bundsaimegion, should be decided based
on the
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* rainfall pattern
» slope of the land and
* soil permeability

It has been estimated that nearly 5% of useful iataist due to the construction of
field bunds. Benefits due to the field bunds, hosveYar outweigh this minor loss
of land. High field bunds in arid region also piteo some extent, the land from
the hazards of wind erosion.

A. Layout of field bunds
Spacing between two contour or field bunds shoelddcided on the basis of the

* nature of soll

» land slope

* rainfall pattern

e cropping pattern and

e conveniences in agricultural operations.

Higher the slope, closer should be the spacing dmtvwiwo successive bunds and
vice versa Spacing may also be kept closer when soil reguirere moisture. But
closer the spacing, higher will be the cost of tatsion and loss of effective land
area. When spacing between two contour (lateraipgexceeds 300 metres, it is
advisable to introduce a supplementary bund in éetw While constructing
contour bunds, if narrow depressions or small meuate encountered it is
advisable to shape this irregularity before thestmction of the bund rather than
twisting the bund to cope with these minor topobregl irregularities. The two
longitudinal bunds constructed at the extreme efdse contour bunds are known
as side bunds. Spacing to be provided between i&d fbunds is normally
expressed in terms of vertical Interval (VI) whisha function of the slope of the
land. Vertical interval (VI) is the vertical diffence of elevations between any two
points along the slope. In order to obtain the mpth spacing between two
contour bunds, the following formulae are used.
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The general formula is:
VI=0.3 (S/a+Db)
a and b are constants to be established for afspesjion on the basis of field

experience. In India these values are taken as awB3 b=2 which is more
appropriate for higher slope ranges. Thus,

VI =0.3(S/3 + 2) for sub humid/semi arid regions
VI =0.3(S/2 + 2) for humid regions

HI = VI/S x 100

Where,

VI = Vertical Interval
S = Slope of the land in percent
HI = Horizontal Interval

The above formula however does not take rainfall permeability of the soil into
consideration. An increase of about 25% of the ebspacing is permissible for
soils having poor infiltration rate and a decreaSabout 15% is preferable for
soils with high infiltration rate. The recommendsplacing for contour bunds in
lower slope ranges (0-6%) have , for ready refexebeen presented in Table 5.1.

Land High rainfall Medium rainfall | Low rainfall
slope % | VI HI VI HI VI HI
0.0-1.0 0.46 46 - 70 1.0 107
1.0-15 0.53 36 0.70 50 1.22 97
1.5-2.0 0.61 30 0.75 40 1.37 76
2.0-3.0 0.76 25 0.80 30 1.52 61
3.0-4.0 0.91 23 0.90 25 1.68 52
4.0-5.0 1.06 21 - - 1.82 40
5.0-6.0 1.22 20 - - 2.0 36

Table 5.1 Recommended spacing for bunds in loweragle ranges
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In the field, the measurements of the actual VI tnedH| are not easy. It is rather
the distance along the ground surface which gearaéiyr represents the
hypotenuse can be measured easily. Hence, aftenghaecided the VI of the

bunds, the actual distance on the ground is cordphbte using the following

formula.

Sin® = Perpendicular/Hypotenuse
Hypotenuse (distance) = VI/Sin
0= Slope of the land in degree

B. Cross Section of Field Bunds

Stable and economical cross section for any burkeigrapezoidal cross section.
At the time of construction, the height and sidegpsk of the bund are normally
decided first. The bottom width of the bund get®omatically adjusted according
to these two parameters. Volume of the earth workd done is found out by
multiplying area of cross section with the totatdéh of the bund. Area of cross
section of a trapezoidal bund is obtained fromfthlewing formula:

Cross sectional Area = [(Base width + Top WidtiHeight] / 2
Total area lost due to bunds/ha = (100 S/VI) x b
Where,

b = Base width, m
S = Slope, %

C. Height of field bunds

Height of field bunds are decided based on thdathiand infiltration capacity of
the soil. Most appropriate height is obtained fongtdeciding on how much water
Is to be impounded by each bund. Impoundment ofia®0 cm of water by each
bund for the maximum intensity for 10 years frequyeis considered adequate.
While constructing new bunds an allowance to theergxof 50% should be
provided for settlement.
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Type of soll Top Bottom | Height | side Area of
width width m slopes | section
m m sg. m
Very shallow soil 0.45 1.95 0.75 1:1 1.00
Shallow soil 0.45 2.55 0.825 1.25:1 1.37
Medium soll 0.525 3.0 0.825 1.50:1 1.6
Heavy soll 0.60 4.20 0.90 2:1 2.4

Table 5.2 Recommended dimensions of bunds

In high rainfall areas, it is also necessary tovjgl® an outlet in the bund usually at
one corner, with suitable silt trap, to preventaotgng of the bund and soil loss.
Standard trapezoidal cross section of bunds adoptddom most part of the
country are given in the Table 5.2.

D. Contour bunds

Contour lines are the lines joining the points qbi& elevation (height) across a
sloping land. Contour bunds are constructed traeipt run-off flowing down the
slope. Contour bunds help water to spread evenly #@nus help retaining
maximum amount of soil moisture. For an uniformliopgng land, bunds
constructed in straight line across the slope mitire or less follow the contour
lines. In case of a land having varying degreelabes, the layout of the contour
bund will follow a serpentine line as per the skpeé&ontour bunds are
recommended for slopes up to 6%. Agricultural andth slope greater than 6%
should be formed into terraces.

Trenches instead of bunds constructed along theogpriines are known as
contour trenches. These are useful in storing waltarg the trenches. While the
emphasis in contour bund is in the conservatiosodfwithin the agricultural land

the contour trenches are constructed in waste landsarily to conserve water
(moisture) to support plantation activities.

E. Graded bunds

133



Graded bunds are those peripheral bunds where tée gidope is provided along

the base of the bund towards one end of the ploy éxcess water that may
accumulate at the bund will thus flow towards ond ef the plot which is drained

out through an outlet. The flow may further be dated by constructing a drain

(furrow) along the inner boundary of the gradeddtor gradual disposal of water
towards the outlet. Grasses may be allowed to giowg the side and the bed of
the drain. Draining of excess water from one piothte other through the outlets
provided in the bunds require special attentioresioonsiderable amount of soll
may be lost through these outlets. Provisions Ishioet made to arrest the silt and
allow only clear water to flow away.

One of the low cost option in low rainfall areaasuse the locally available stones
(random rubble) for construction of outlets andwlthe water to seep through the
joints of the stone outlet. These joints in cowkéme, get filled up with silt and
prevents further movement of soil. A deep ditchyma&so be constructed at the
mouth of the outlet to act as a silt trap. The edtevhich the silt trap gets filled in,
iIs an indication about how prone the land isdi serosion. Once the ditch is
completely filled up with silt, these deposits slibbe removed and applied back
to the field. In areas with high rainfall where th@ume of water to be disposed
from one plot to next lower level plot is largeqnantity and the vertical interval
between the plots are reasonably high, a site fapecitlet design like pipe outlet
or drop structure are to be provided for safe diapof the excess water.

Problem 5.1

Calculate the minimum distance between two adja@amtour bunds to be
constructed in a semi-arid region having an avesémge of 6 percent.

Solution 5.1

Vertical interval is given by

VI = 03(S/I3+2) =0.3(6/3+2)=1.2m
Again,
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tan0 = slope
or, tand =0.06
or, 0=tan™ (0.06) = 3.43 degree
As,
Sin® = Perpendicular/hypotenuse

Hypotenuse = Perpendicular/$in
= VI/Sin6 = 1.2/Sin 3.43 =1.2/0.059 = 20 m

Bunds should be located at a minimum distance om2flom each other in the
field.

Problem 5.2

Design suitable height of the bunds in the abowargte if infiltration capacity of
soil is 30% and maximum 24 hr rainfall for 10 yearsurrence interval is 12 cm.

Solution 5.2
Here,

Available rainfall (Re) = Rainfall - infiltration
= 12 -30x12/100 =12 -3.6 =8.4cm

Recommended height of a field bund is given by
h= (Re x VI/50}°= (8.4 x 1.2/50)° = 0.449 m = 0.5 m (say)
Add 25% for free board and 10% for settlement

H=0.5+0.125+0.05=0.63 m
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5.7 TERRACES

Terraces are series of flat platforms constructgdss a sloping land which give
rise to the formation of a step or bench like featd erracing is one of the most
effective soil and water conservation measuresctdtivation in sloping lands.
Terracing of land is recommended for a slope randiatween 10 to 50 % and
even more. Land terracing makes agriculture irthelopes possible without any
significant loss of soil.

Terracing of sloping lands are done by cutting ssagy depth of soil from upper
part of the slope and filling the same at the dslape part so as to form a flat
bench. Prior to the cutting and filling, maximunepth of productive soil is
studied as deeper the cutting greater will be tlighwof individual terrace. Also,
higher the slope of the land, smaller should be wifdth of the benches awmite
versa Typical cross-section of a bench terrace is shiowsgure 5.2.

A. Design of terraces

As, the extent of Vertical Intervals (VI) betweetwo adjacent benches are
decided by the slope of the land to be terratiesl width of a bench is finally
decided by the slope of the land.

I. The standard practice to obtain a suitable vdlrethe VI, is to use the
following  formula.

VI = (S x W) / (100 — S)

It should be noted that the formula used for olgirV/I for contour bunds i.e 0.3
(S/a + b) should not be used while working out\Whéor terracing.

il. Width of terrace is determined by the follogiformula:
W = (200 d)/S

Where,

136



W = Width of the terrace
d = Maximum admissible cutting depth (For veltioat)
S = Slope of the land in percent

<————— Riser bund

+——— Vertical Interval —\I
|

Fig. 5.2 Crosssection of inward sloping hench terraces

iii. Depth of cutting is normally obtained by usitige following formula:
D=W/2xS

Where,

S = Slope in fraction i.e tah

Iv. Total percentage of land available per hectdter completion of terracing is
given by:

P=2%(LxW)x2100/10000

Where,

P = Percentage of land available per hectare

L = Length of each bench

W = Width of each bench

v. Cross section of a bench (both the cut and filangles) can be

obtainedaccurately by using the following formula:
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[W (VI + RH)]/ 8
Where,

C = Cross section of terrace
VI = Vertical Interval
= Reverse Height

Vi. Earth work/ha = (100/8)x W x S
B. Construction of Terraces

To begin with the construction of terraces, margegs are first placed on the
ground along two successive contour lines at ialeequal to the terrace width.
Another set of pegs are then placed at their midtpoSharp turn in the contour
line is avoided. Soil is cut from the top half afited in the lower half of the
intended bench. Cut and fill is done gradually atwdequal space. Soil should
neither be too wet or too dry. This ensures comgeatiing without the risk of over
cutting. Since, the riser bund (embankment) fohezdhe benches is made on the
filled up side, it should have a good anchorageugh small dug out ditch and be
battered well to make it well seated on the sldfg® cross section of the riser
bunds should be so designed that no slipping taleee. Height of the riser bunds
should have the provision of shrinkage for abou®10rhe riser bunds are
compacted and protected by grass plantation. Resight should not exceed 1 m
after settlement and side slopes should be arouftd:0 for loose soil and 0.5 : 1
for rocky soil.

Properly constructed terraces are either flatigh} sloping inward. Flat terraces
are preferred for crops like paddy which needsanmfimpounding of water.

Inward sloping terraces with drainage ditch aldmginner boundary are preferred
when the crops grown require proper drainage. Tesraare known as bench or
broad based terrace depending upon their widtimgibe of the terraces are
normally restricted by the land holding of the indual farmer but terraces
generally are constructed to a considerable lealgthg the hill side as community
project. Longer terrace will cause more run-off cakly if the soil is less
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permeable. A very long terrace should, therefore, iftersected by surface
drainage at about 100 to 150 m intervals.

Poor farmers may consider construction of terra@dher expensive. Terraces can
also be developed over a long period by adoptingsa expensive natural process.
This may be done by constructing, low contour dyleross the slope at suitable
intervals using earth or rock together with a dittlg along the upper side. The
contour dykes may be replaced or reinforced wittigee crops in a number of
rows to prevent loss of soil at the bund. As ndraggicultural operations continue
in the strip of lands between the two dykes, salves down from the upper part
of the strip to be deposited at the lower parstHarming natural terraces, over
the years. This method when followed as per amewended package of practices
Is referred commonly as Sloping Area Land Technpl®ALT). The method is
effective for gentler slopes but has been triechwibod results in high slopes as
well.

Problem 5.3
Calculate the vertical interval (VI) for terraces lbe constructed whose bench

width should become 3 m on land with 40% slopeoAlalculate the depth to be
cut for the construction.

Solution 5.3

Vertical interval for terrace is given by

VI= (SXW)/(100-S)= (40 x 3) /(100 — 460171 m
Dépth of cutting is given by

D=W/2xS (S = Slope in fraction)
D=3/2x04=0.6m

Width of terrace

W =200D/S = (200 x 0.6)/40 = 120/40 =3 m
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5.8 GULLY PLUGS

Bunds constructed across gullies are known as gillys. Formation of gullies in
an area is an indication that the area and itsrugaehes are in dire need of soil
and water conservation measures. An effective viaycontrol the formation of
gullies is to treat the upper reaches adequatelycanstruct gully plugs to prevent
further expansion of the gully. Excess run-offaify, which can not be easily
controlled, should be disposed off through prowisid proper diversion structures.
Proper plugging of a gully not only stops furthepansion of the gully but also
initiates the process of filling up the gulliesabgh deposition of soil. Usefulness
of gully plug lies in its role in reducing the velty of run-off to the downstream
area.

Small and medium sized gullies can be plugged wthporary structures. Large
gullies are to be plugged by constructing permamnagonry structure across the
gully and providing adequate bank protection incigddiversion for excess run-
off. A large number of gully plugs may be required properly treat a highly
degraded watershed. For this reason it is impottatitiocally available materials
and expertise be used to construct gully plugshabthe cost of these structures
remain minimal.

A variety of materials can be used as gully plugss, however, important to
ensure that the size and compaction of the buraeblbgquate to withstand the peak
run-off at the site for at least a frequency ofyHars. Gully plugs can also be
constructed by driving to the ground wooden poleseéries across the gully and
blocking the in between passages with wooden planksush woods. These type
of plugs though are cheap and easy to construclabge scale use of poles and
plants should be weighed against the existing f@amnario of the area.

Stones, if available locally are the most suitahbgerial for construction of loose
boulder checks. Stable stone walls as high as Jambe constructed easily by
using assorted boulders without using any cemewenEsand bags have been
found to be effective gully plugs in arid and sand regions. Cementing material
like lime mortar or cement mixture may be usedléoger sized permanent gully
plugs. Effective stone plugs can also be made mguson wire mesh (net) as the
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holding material. The entire gully plug may be casgd of a number of smaller
stone plugs (blocks) callegabions The gabions are formed by placing the
requisite number of stones in a stable pack, whreh then wrapped tightly with
iron wire mesh. Properly placed gabions are thed with each other with metal
wires to form the complete gully plug of desiredd#h. Gullies of almost all sizes
can be plugged by using thegabion bunds

59 OTHER MINOR STRUCTURES
A. Field pond

Ponds are normally small tanks, created essentmilgxcavation and does not
necessarily require an embankment. Large pondslumial area are excavated
deep, in a step like formation which taps the gdwater. Pumps are necessary to
extract water from ponds. Ponds also store rairemwat other surface water
diverted into the same. Field or farm ponds casd in the arid region have
been found to be effective in providing useful goiisture to the crops through
seepage. Stored water in farm ponds applied tpscouring the gap period
between two rains have been found to be extrenaigficial to the crops. Size of
the farm pond is to be established based on thenmax expected period of gap
that may occur between two subsequent rains, p&tlg during those critical
periods of moisture requirement for the crop growithough, some useful
cultivable area is lost because of the field porglsch loss is more often
compensated by an assured and increased yietdps.c

B. Diversion structure

Diversion or disposal structures are required wienland is unable to absorb or
retain the peak run off. The common diversion stmes are drop spillway, chute
spillway and open channels.

Drop spillway

Drop spillways are masonry structures which by glegire similar to a weir but
are much smaller in size. These are provided aititmts where the land (run off
channel) drops suddenly causing high degree ofesosion. The objective is to
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reduce the velocity of the flow to a sub-critical/él and dispose of the excess
water safely. These are commonly provided in thedsu(graded bund) of
agricultural lands where the height difference lesmone plot to the other is more
than 1 m. These are effective for controlling loeat drops normally up to 3 m
and discharge less than 1 cumec.

Open channels

Open channels have wide use in the conveyancetef wader gravitational head.
Flow (discharge) through an open channel is ctirgroportional to the area of
cross section of the channel (A) and the velooitythe flow (v) i.e Q = AV.
Velocity of flow in an open channel is a functiohtloe slope of the channel (head)
and other factors like hydraulic radius which i thatio of area and wetted
perimeter. Semi circular cross section is hydraillijcthe most economic cross
section for an open channel. For brick masonry by construction of
rectangular section is convenient.

Run-off Harvesting

In arid regions crops can be grown by harvesting aff from an adjacent
catchment area where crops are not being grownaltamwing the cropped area an
additional supply of water. The catchment arear¢pged area ratio (CCR) can be
computed approximately by using the following foten(Finkel,1985).

Crop Water Requirement - Design Rainfall
CCR =
Design Rainfall x Run off Coefficient x Effieve Rainfall

» Crop water requirement is estimated from evapamatiata or by using
Blanny - Criddle formula.

» Design rainfall should be taken slightly less tharg term average.

» Run off Coefficient (Refer Table 6.1).

» Effective Rainfall is that part of rainfall whick available to crops.
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6.0 Water Harvesting Structure

6.1

IN SITU WATER HARVESTING

It is increasingly evident that there is a needewew the present approach of
developing irrigation projects in the lower reaclasthe cost of water to be
drained out from the upper reaches. In situ cordeny of water in the upper
reaches in a large number of smaller water-hamvgstiructures is more beneficial
than the construction of one large reservoir inltdweer reaches. Micro-level (in
situ) management of water offers greater advantageneeting the water
requirements of crops over a larger area. The aggtim further elaborated below.

Under in situ water management practices, attemgsnade to store and
utilize as much water in the upper reaches as Iples€ionservation of water
in the upper reaches not only helps in the prodaoctf biomass but also
controls the flow of water in the streams and reghdo the groundwater.
Since, the excess water in any case will eventdiatyits way downstream,

controlling of water in the upper reaches providasbetter water

management option for the mid-reach and the valtegs.

The associated philosophy of in situ water mamesgg practice is that in
the upper reaches, one is entitled to only thaemwathich precipitates in
one's land and one has to learn to adopt techsiigueaise crops and plants
with this available water including groundwater.yAother cropping pattern
will be unsustainable in the long run.

A more equitable application of water in the entivatershed with higher
water use efficiency is likely to help in growingsarred crops in much larger
area, giving larger cumulative yield than intensiwse of water from

irrigation reservoirs in the valley areas alone.

The decentralized field-level management of watethle users themselves,
within a watershed, requires very little establisimincost compared to that
normally associated with most major and mediungation projects.
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» Unit cost for canal irrigation is essentially mugigher than that for in situ
water management practices.

The major and medium-scale irrigation projectsyéner, are normally designed

as multipurpose projects, mostly in high-rainfafid flood-prone areas which,

apart from providing irrigation, are also designid control floods, generate

electricity, and to help recharging groundwateotigh a network of canals. It is

being increasingly felt that the country has depetba sufficient number of major

and medium irrigation projects, the outcome of Wwhieeds critical evaluation.

The time has come to divert at least a fractiothete investments to watershed
management, particularly in the dryland areas.

Conservation of water in the upper reaches helgymton of not only crops and
other biomass, but also contributes in enhancimg il moisture regime and
under favourable conditions aid in recharging gowater. Since the excess
surface water will eventually finds it way dowresim , controlling water in the
upper reaches provides a much better water managempion.

The associated philosophy of in situ water congemapractice is that one is
entitled to only that much water as which precie$ain one’s land. Hence one
need to learn to adopt techniques to raise cropgkamts with this available water.
Any other cropping pattern will eventually be urtsirsable.

A more equitable application of water in both thmer and lower reaches with
improved water use efficiency is likely to help grassured crops in much larger
area giving larger cumulative yield than intensivee of water from irrigation
reservoirs through canal systems.

The decentralized field level management of wateugers themselves requires
very little establishment cost compared to thosth wimost major and medium
irrigation projects.

The terms rain water harvesting or water harvestngcturesimply storing of rain
water or surface run-off in suitable structuresally small in size foin situ use

of the tapped water e.g field bunds, gully plugentour trench. Rainwater
collected via roof top for drinking and domestie uaccordingly are known as roof
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water harvesting. Water retention or storage streston the other hand refers to
larger structures constructed for the purpose afirgl large quantity of surface
and stream run-off e.g reservoirs, tanks. Howewsrthe size of the structures
usually remain in the background, the terms raitewaarvesting refers to all
kinds of water storage and utilization practices.

While large reservoirs are created by raising eartbunds in large seasonal
streams, small tanks may be created even by rainds across small large gully
or depression. From the construction point of viallvreservoirs and tanks have
two main components, namely tlarthen bundand thespillway. While the
earthen bund is the structure which impounds tiseet® quantity of water, it is the
spillway which permits excess water to flow awawylg protecting the earthen
bund from damage. Although the spillway or the wasgeir should preferably be
a masonry structure, &atcha outlet or pipe outlet may also be provided
particularly in the case of small tanks.

The design considerations for a spillway and a khdam are more or less the
same. The height of the spillway should be suchlmle the desired quantity of
water is stored in the tank permitting only theesscwater to be disposed of safely
over the structure. The length of the spillway dtidae such that it can dispose of
even the maximum flow that may occur, even oncenduthe lifetime of the
storage structure. For designing all water retenstructures, it is essential to
compute the expected peak discharge at the siternsftruction on the basis of the
rainfall pattern of the area.

Water harvesting structures refer to all physisalctures, small and big,

constructed in the field for the purpose of storafjesurface water flow. Thus,

while the surface water storage tanks, check datos age the larger water

retention structures, gully plugs, field bunds ate the smaller varieties. Large
water retention structures require special engingeknowledge and skills for

their design and construction. These are expensgive, immediate and visible

results and have limited life span. Smaller watgemtion structures are easy to
construct, have longer effective life span and guwrstainable result.

6.2 COMPUTATION OF PEAK DISCHARGE
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The maximum rate at which water flows at any gieenss-section of a stream,
normally at the outlet of a watershed, is knowrpaak dischargeor high flood
dischargeor peak rate of run-offComputation of peak discharge is useful not only
for understanding the watershed characteristicsalad in designing safe water
retention structures. It is well known that eveth#é intensity of a rainfall remains
uniform throughout the watershed, the dischargéhatoutlet does not remain
uniform. This variation is caused mostly by theafiénce in time of concentration
of flows for different streams at the outlet andrtlpaby the initial higher
infiltration rate and other retention factors. Tt¢learacteristics of discharge is
understood better by studying a hydrograph whicla iglot of the variation in
discharge with time.

6.2.1 Empirical Formulae
Based on the catchment characteristics of thewardar consideration, quite a few

empirical formulae have been developed for estonatif peak discharge . Since
these formulae are region specific, they shouldpgied judiciously.

Dicken'sformula : Q=Cc¥
Ryve'sformula : Q=Cck
Inglis’s formula : Q=124¥

Irrigation department, Gujarat: Q = 67.3697°K°
where,

Q = Peak discharge, cu.m/sec
C = Run-off coefficient
A = Catchment area, sg. km

Dicken's formula is applicable for moderate sizegihs of Northern and Central
India. Value of ‘C' is taken as 12 to 15 foragdaving rainfall between 600 mm
and 1200 mm. "C' for Madhya Pradesh is taken tiodme 14 to 20. Ryve's formula
Is applicable to South India. Value of "C' variesni 7 to 15. For Tamil Nadu the
"C' value used is 8.5. Inglis’'s formula is used fan-shaped catchments in
Maharashtra.
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It could be easily verified that while Ryve's andjlis’'s formulae yield higher

values of peak discharge, Dicken's formula yieldelatively lower value. Also,

the peak discharge to be obtained from the Gujargation Department formula
is on the higher side. However, in the Gujarat falana reduction to 70% of the
value is recommended for smaller structures.

6.2.2 Rational Formula

This is one of the most popular and reliable meshdidis applied extensively for
the estimation of peak discharge from a small catit area and is given by:

Q = (CIA)/360
where,

Q = Peak rate of run-off, cu.m/sec

C = Run-off coefficient

A = Watershed Area, ha

| = Intensity of rain for the design return perifld and for duration equal to
the time of concentration (tc) of the watershady/hr.

The method is based on the assumptions that

* the intensity of rainfall is uniform over the emtiwatershed, and
» rainfall of uniform intensity takes place at le&st a duration equal to the
time of concentration.

A. Estimation of Run-off coefficients

The value of the run-off coefficient (C) used iretRational formula depends
primarily upon the soil type, land-use and slopgyeaof the watershed. Vegetative
cover plays an important role in reducing the valtithe run off coefficient C of a
watershed. The recommended values of run-off et for some typical slope
groups and land-uses are presented in the Tahle 6.
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Land use and Slope Soil Texture
Sandy Loam| Clay & Silt Loam  Silty Clay
Cultivated land
0-5% 0.30 0.50 0.60
5-10% 0.40 0.60 0.70
10 — 30% 0.52 0.72 0.82
Forest Land
0-5% 0.10 0.30 0.40
5-10% 0.26 0.36 0.55
10 — 30% 0.22 0.42 0.60
Pasture Land
0-5% 0.10 0.30 0.40
5-10% 0.25 0.35 0.50
10 — 30% 0.30 0.50 0.60

Table 6.1 Recommended values of run off coefficie

Run-off coefficients mentioned for cultivated landsthe table above is for lands
without sufficient protection. The value of the ffm@ent can be easily brought
down to levels similar to those of forest lands wisafficient protection measures
like bunding and terracing have been implementedwatershed.

B. Design peak intensity (1)

While constructing water retention structuress iinnportant to design them in such
a way that they can carry safely the highest rdrtfadt may be generated even
once during the entire lifetime of the structuféis is done by computing the
probability of highest intensity of rainfall intats (1) that can take place for a
given return period. The return period for the m@tole highest discharge is
normally taken as equal to the expected life peabduch structures. This design
intensity is obtained from the intensity-duratioeeguency relationship curves
which can be developed if rainfall data over aglgeriod are available. In the
absence of such curves, the relationship betweenntensity, duration (time of
concentration) and frequency (return period) is poted from the following
equation.
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| = (K T9/(t + b’
where,
T = Return period, year

t = Time of concentration, hour
K,a,b and n are the coefficients

Station K a b N
Northern Zone 5.914 0.1623 0.50 1.0127
Dehradun 6.000 0.2200 0.50 0.8000
Jaipur 6.219 0.1206 0.50 1.1172
Jodhpur 4.098 0.1677 0.50 1.0359
Central Zone 7.465 0.1712 0.75 0.9599
Bhopal 6.930 0.1892 0.50 0.8767
Nagpur 11.450 0.1560 1.25 1.0324
Raipur 4.683 0.1389 0.15 0.9284
Western Zone 3.974 0.1647 0.15 0.7327
Aurangabad 6.081 0.1459 0.50 1.0923
Bhuj 3.823 0.1919 0.25 0.9902
Veraval 7.787 0.2084 0.50 0.8908
Eastern Zone 6.933 0.1353 0.50 0.8801
Agartala 8.097 0.1177 0.50 0.8191
Gaya 7.176 0.1483 0.50 0.9459
Jharsuguda 8.596 0.1392 0.75 0.8740
Southern Zone 6.311 0.1523 0.50 0.9465
Bangalore 6.275 0.1262 0.50 1.1280
Hyderabad 5.250 0.1354 0.50 1.0295
Chennai 6.126 0.1664 0.50 0.8027

Table 6.2 Values of coefficients for Intensity-Durdon-Return Period

relationship, India, Sourcej(Ram Babu et al, 1979)

C. Return Period

The return period (T) to be considered for usestm@ating the design Intensity is
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normally kept equal to the lifespan of the struetwnder consideration. The
recommended return period to be used in the rdtiomaula for different types of
soil and water conservation structures are predentine Table 6.2.

Type of Structure Return Period in
Years

Large and medium dams with permanent spillway 3006

Large earthen dams with natural spillway 25 -50

Small earthen dams and overflow weirs 25

Small masonry gully plugs 10-15

Field diversions 15

Bund outlet, vegetative water ways etc. 5

Table 6.3 Recommended maximum return period to based for designing
various types of structures

Assumption of a return period has a great dealcohemic significance. Higher
the return period , higher will be the computedueabf peak discharge. Again,
higher the computed peak discharge, the stronpeuld be the structure
constructed which in turn will render the structumrere expensive. It is, therefore,
customary to take a calculated risk by not assurtonghigh a return period so as
to make a stable structure without rendering itdrpensive by over-designing.

D. Time of concentration

Time of concentration (tc) is the longest time taker water to travel by overland

surface flow from the furthest point of the watediio the outlet. Factors affecting
the time of concentration (tc) of a watershed #sesize, topography and shape.
Thus,

» the larger the catchment, the longer will be tmeetiof concentration and
vice versa;

» the steeper the topography the faster the run+odf shorter the time of
concentration;

» an elongated watershed will have a longer time arfcentration than a
circular watershed of the same size.
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Time of concentration is computed by using theofelhg empirical formula
t = (0.87LHJ**
where,

t = Time of concentration, hr.
L = Channel length in km
H = Difference in elevation between the furtheshpand the outlet, m

The above formula can be reduced further to
t=0.021%"" x 3%
where, S = Average channel slope, m/m

Problem 6.1

Calculate the average value of run-off coefficiénof a watershed comprising 20
ha of forest land having clay loam soil with 20 #%erage slope, 30 ha of grass
land having silty clay soil with 7 % average slapel 1800 ha of cultivated land
having sandy loam soil with 2 % average slope.

Solution 6.1

From table 5.1, we have

Forest land having 10-30% slope with clay loam soilC = 0.42
Grass land having 5-10% slope with silty clay soil : C = 0.50
Cultivated land having 0-5% slope with sandy loamit € = 0.30

Therefore,

Average C = (20x 0.42 + 30 x 0.5 + 1800 x 0.320 £ 30 + 1800)
= (8.4 + 15 + 540) / 1850 = 563.4/18500:304

Problem 6.2
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Compute the design peak intensity (I) at a sitBhnj, Gujarat, for constructing a

check dam (overflow weir) having 2000 ha catchmama comprising 800 ha

wasteland with 5-10 % slope and 1200 ha of cukidands with sandy and sandy
loam soil with 0-5% slope using rational formulame of concentration is given

as 20 minutes.

Solution 6.2

a) Rational formula is given by: Q = CIA/360

From Table 5.3, we have C values for wasteland cariivated land as 0.55 and
0.3 respectively. Therefore

Average C = (0.55 x50 + 0.3 x 1950) / (50 + 195@27.5 + 585) / 2000 = 0.30
Time of concentration (tc) is given = 20 minute9.33 hr

Rainfall Intensity is computed from the followingueation:

| = KT?/ (t + b}’

ble5.5, value of recurrence interval T is take@%ayears

From Table 5.4, we get the values of K,a,b andriBfaj area as

K= 3823, a=0.1919, b=0.25 n8302

Therefore,

| = (3.823 x 2519 / (0.33 + 0.25§%°%*= (3.823 x 1.854) / 0.583 = 12.2 cm/hr =
122mm/hr

Peak design discharge Q = CIA/360 = (0.3 x 12260360 = 203.3 th

Problem 6.3
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Compute the time of concentration and the peak #bwhe outlet of an elongated
watershed whose distance from the furthest poithéooutlet is 5000 m and the
total fall of level is 50 m. The watershed is l@mhtt Jaipur, Rajasthan has an area
of 1000 ha and watershed coefficient C = 0.5, camploe Peak discharge at the

outlet of the watershed. .
Solution 6.3
Time of concentration is given by:
tc = (0.87 x L/H}=3%
Here, L =5000 m =5km and H =50 m, therefore,
tc = (0.87 x 5/5(H%°
= (0.087)*°= Anti log (0.385 log 0.087)

= Anti log (- 0.408) = 0.390 hr = 23.4 min.
| = K (T)%(t + b
From table 6.3 for Jaipur, we have

K=6.219, a=0.1026, b=0.50, n%l¥2 and
t =23.4min. =0.39 hr, T =25 yrs (assumed)

Therefore,
| =(6.219 x 251929/ (0.39 + 0.5)1*"

= 8.652/0.878 = 9.85 cm/hr =98.5 mm/hr

Peak discharge = CIA / 360 = (0.5 x 98.5 x 100890 = 49250 / 360 = 136.8°’m
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6.3 SURFACE WATER TANKS
6.3.1 Site Selection

Tanks or reservoirs are constructed by impoundiatemin seasonal streams or in
long elongated natural depressions (valleys). iRialesites for construction of
tanks can be located with relative ease by makumgyigs with the local farmers
about the existence of probable sites in the Igcalihough, the local farmers most
often identify potential sites for construction stime water retention structure or
other, it is the responsibility of an experienceeldf staff to finally gauge the
relative merits of the proposed sites. While cielg a site for a tank, the
following aspects should be kept in mind.

* The size of the catchment area located in the egastiof the tank site should
be such that adequate water is likely to be auailab site for storage.
Evaluation of the run-off coefficient of the catohimh area assumes special
significance in this regard.

» The ownership of the sites should be such that twey available for
construction, allowing the necessary submergence.

* The storage capability of a tank depends upon ltpe0f the storage area
(longitudinal section) and the height of the buBtkeper the slope of the
storage area, lower the storage per unit heigthebund. The site should
ensure adequate storage capacity without unduensate of the
submergence area. The storage area should be exhlémg excavation
wherever feasible.

 The permeability of the soil in the storage areaukth be such that the
likelihood of sub-surface infiltration is minimum ithe case of a storage
tank and maximum in the case of a percolation tank.

 The downstream area should permit natural passageafe disposal of
excess water.

 The site should be such that the length of the bisndhot increased
unnecessarily, particularly at sites where sidedsumecome necessary due
to the unfavourable (flat) bank topography. Bihtb banks of the stream
should be steep enough to ensure this.

* Finally, it will be important also to estimate thelume of water the tank can
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safely store, the extent of area it is likely toigate and the socio-economic
status of the landowners.

6.3.2 Design Criteria

A tank bund is an earthen dyke constructed acrdasga gully, depression or a
seasonal stream for impounding water. A properiystoicted earthen bund
provided with an appropriate spillway can dam elaege rivers. The most suited
cross-section of an earthen bund is trapezoidgl(Ei6.1).

The important dimensions of an earthen bund aréopiswidth , side slope and
height. Once the height (h) and top width (a) dluad are decided, the dimension
for base width (b) works out automatically accogdito the side slopes to be
provided.

a. Height
The height of a bund is determined taking the feillg factors into consideration:

* Maximum permissible storage level of the reservair.

e The amount of free board to be provided (minimuénrt)

* The height of the spillway

» The amount of allowance for settlement (10 - 20%)

* Depth of foundation. Deeper the foundation benda¢hbed level, higher
will be the total height of the bund.

High Flood Lewel

3:1
iR

Filter Rock Heel

Core wall

Figure 6.1 Cross sectional view of an earthen bund
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b. Side slopes

Side slopes of a bund depend upon the nature o$dihé¢o be used. For normal

coarse-graded soil containing 20 to 40 % silt alay,ca side slope of 2:1 ( 2

horizontal, 1 vertical) for the water side and 1.%or the downstream side are
recommended. If the soil available is rather sarilg, side slopes should be
increased to 3:1 and 2:1 respectively. The sidpesi®hould be such that the soil
should not show the tendency towards slipping. starated soil is less stable than
dry soll, for the sake of safety, the upstreamelopthe bund is kept flatter than
that of the downstream slope. Some State Governdegrartments recommend as
a thumb rule that, for a tank bund, the minimumebagdth should be about 4

times the height and 8 times the top width.

C. Top width

The top width of a bund is usually chosen moreess larbitrarily, depending upon
the purpose for which it will be used. For exampie,case of large irrigation

reservoirs, top width of the bund is kept wide agioto allow a vehicle to move
easily over it. For a bund with a given height amnde slope, the larger the top
width, the larger will be the base width of the Bun

d. Core wall

An earthen bund will not be stable if seepage atewthrough the main body and
from below the bund is not prevented. In order ®osd, a core wall is provided,

particularly in the larger bunds. The core walt@structed, in a trapezoidal cross
section, using impervious material like clay soilthwadequate compaction.

Sometimes, where soil is sandy, even a masonrgrmrete core wall is provided.

The base of the core wall is extended below thergtdevel to a depth up to the
foundation or roughly equal to 1/3 to 1/4 of thetavacolumn. The top of the core

wall is kept 30 to 50 cm above the high flood level

The purpose of the core wall is to add strengttihéobund and also to increase the
gradient of the seepage lines. An earthen bundimrmted without a core wall will

have flat seepage lines which are likely to irdetghe bund at its downstream
face, making the bund unsafe. For safety, theraldhme no seepage through the
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bund and, if there is any, the seepage should &dirgh slope so that it intersects
at the base of the bund. A longitudinal drain palrto the cut-off trench and cross

drains at intervals also help in providing goodimlge to any water that may enter
by seepage through the heart of the dam or fronfaléi The slope of the seepage
lines normally are 3:1, 5:1 and 6:1 for clay seandy loam soil and sandy soil

respectively. Presence of a core wall either presvathe seepage through a bund
altogether or renders the slope of the seepage Bteep enough to make them
intersect at the base of the bund.

5.8.3 Construction Procedure

* The site is cleared of all stones, bushes, rootsléte topsoil is piled up in a
heap out of the way to be used later as dressingriala

* The layout for the main embankment and that ofsihiway are marked at
site using pegs or lime powder.

* The main cut-off trench is dug out. If the streammss-section is too steep,
the cut-off trench should be dug out in steps. w femaller ditches parallel
to the cut-off trench and some cross-drains aie @lg out for provision of
drainage.

» The cut-off trench is filled up with the best aabile clay and is compacted
layer by layer up to the desired height to form tbee wall after adequate
compaction of each layer. The cross drains arkguawith gravel.

» Laying of pipes etc. for the provision of outlet§, any, should be
undertaken prior to raising the main bund.

» Excavated earth is laid over the core wall layerldéyer with adequate
compaction to form the bund to requisite dimensidrge earth-fill should
be free from stones, roots and branches of treesFer larger bunds,
compaction is normally achieved using road rol&dtsr slightly moistening
the earth-fill.

» A properly designed spillway must be constructed auitable location on
the bund to allow excess water to flow out. Lamatof the spillway could
either be at the central part or at any one endmtlipg upon site conditions.

6.3.4 Precautions for Larger Structures
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In order to increase the stability of a bund, tbBofving precaution