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ABSTRACT

Assessment of water quality conditions over a wide area with
regspect to time and space requires the menitoring activities to
be carried out 3in a network The location of a permanent
sampling station is probably the most critical factor in a
monitoring network which collects water gquality data. If the
samples collected are not representative of the water mass, the
frequency of sampling as well as the mode of data interpretation
and presentation becomes inconsequential.

Besides the economic considerations, there are three levels
of design criteria of sampling station location. The
macrolocation deals with river reaches in the river basin, the
microlocation deals with the location of outfalls or other
specific features within a river reach and the third level deals
with the representative location points within a river's cross-
section. The Sharp’s procedure which is widely used for selecting
locations is used for locating sampling points in the Narmada
river basin.

The sequential water sampling sites were identified in the
search for a pollution source using four different criterias e.g.
tributaries, BOD, NPK and Pesticides. Only four levels of
hierarchy have been used in the study. However, it was found that
for the detection of single pollution source, sampling stations
of the seventh level of hierarchies should be used.

Each of the four networks presented namely tributary, BOD,
NPK, and pesticides based differs somewhat but it share a common
approach towards the selection of reaches in which to sample. It
must be emphasized that locations of sampling stations determined
are not to be strictly applied. Therefore, an engineering
judgement is required to locate a monitoring site which satisfy
most of the technical requirements while minimizing the financial
requirements. It is suggested that the proposed monitoring
network may be used as guidelines in pin-pointing the appropriate
sampling sites.

Further, it is observed that the present monitoring sites
being monitored under GEMS/MINARS are self-sufficient as far as
the middle and upper basin is concerned. But it certainly needs
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improvement in the downstream portion of the basin particularly
for contrelling the pesticides, nutrient related preblems in the
lower basin having very high pollution loadings of pesticides and

NPK.
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1.0 Introduction:

Assessment of water resources requires knowledge of both the
water quantity and water quality processes. Water quality occurs
as a result of various natural factors including the geology,
topography, climate, and the hydrology of a region. It is also
affected by activities of man as a secondary factor in its
evolution. Water quality alsc evolves as a function of the
natural hydrologic environment and man made caures. In this case,
however, the impact of the society, especially as related to
urbanigation and industrialisation, is a primary causal factor
in the occurrence of water quality. Furthermore, the two
Processes, water quantity and water gquality, are in continuous
interaction, so that a proper evaluation of water resources both
from technical and economical points of view, requires a full
understanding of both processes.

Apart from considerations related to development of water
resources there has been an increasing concern in all communities
over the impact of water quality on public health and general
environmental conditions. The largest area where environmental
pollution appears is water rescurces. Water pollution not only
results in significant economic losses but may also lead to life
threatening levels depending on the type and intensity of
pollutants. Consequently, besides project makers, the society
itself stresses the need for a better understanding of how water
quality characteristics evolve in space and time under natural
and man made conditions.

The role of water gquality, then can be described to be two
fold 1) it is particularly significant in terms of pollution
control and its consequences 2) it is one of the basic factors
to detérmine the amount of available water that can be used to
meet a specific demand.

Both aspects have technical and economical implications
leading further to the role of water quality in the development
and management of water rescurces in the broadest sense.

In the past, water quality problems were primarily
considered within a single perspective where the basic igsue was
to ensure a desired gquality in water supplied for community and
industrial uses. The solution was then to test for the quality
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of available water and design treatment systems if found
necessary. However, the problem has changed for the more
complicated ag the demands on water resources, coupled with man's
effect on these resources, have increased. As a result the role
of water gquality has become more important than before, for a
effact on general pollution, and environmental control has
considerably increased. Consequently, water quality needs to be
evaluated in a broader scope than it uged tec be in the past, as
a significant characteristice of water resources.

It follows from the above discuseion about the role of water
gquality that information on water quality processes iz needed
with respect toc water resources management in general and to
pollution control im particular. As in the case of water
quantity, retrieved of such information requires collection of
data which are to be further processed analyzed and evaluated.

The general trend upto present in water quality management
has been together and use information on water quality variables
for purposes of planning, design and operation of water resocurces
systems and wastewater treatment. Thus, wost attempts at
procurement of information on water quality variables have been
a problem, project, or rather user oriented (Word & Loftis, 1986,
Harmancioglu et al. 1992)). Another trend that is becoming quite
evident is the increasing concern in all communities over the
impact of water quality variables on human health and 1life
conditions. Thus, there is the need for a better understanding
of how water gquality processes evolve both in space and time
under natural and man made conditions. This further indicates the
need for better methods of extracting information f£rom collected
water quality data.

Considering these two trends, some regearchers have recently
put emphasis on broader needs for water guality management than
its previously problem oriented character required (Harmancioglu,
et al. 1%92; Sanders et al., 1983). Among the broad needs is
regulatory water gquality management with special emphasis on
design of monitoring networks and extraction of information from
collected data. In particular water quality management practices
are expected to delineate.

1. The general nature and trends in water quality
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characteristics for a better understanding of these
processes,

2, The effects of natural and man made factors upon the general
trenda in water quality processes;

3. The effectiveness of water quality control measures.

4, The compliance of water gquality characteristics with

established quality standards for eventual purpose of enforcing
quality control measures.

Recently, considerable emphasis has been placed on the
following equally important issues.

5. Environmental impact assessment to determine the effects of
a particular problem or development.
6. Assessment of the general water quality conditions over a

wide area or general surveillance.
7. Determination of mass transport in a river.

Furthermore, increased concern about water guality has also
led to comprehensive research activities in water quality
hydrolegy. The success of such activities depends to a great
extent on data availability and procurement of information from
observed wvalues. With these basic regquirements fulfilled,
research on water quality processes will eventually lead to
significant progress in the science of hydrology as well as in
other related fields.

The crucial pointe in all of the above issues are evidently
the availability of appropriate and adequate water quality data
and the full extraction of information from available data which
in the case of water guality variables are fairly costly and time
consuming to obtain in short the solution te the above problems
has two requirements.

1. Data on water quality and
2. Extraction of maximum amount of information from available
data.

The treatment to these two iamsues, then has further
implications, such as decisions to be made on which variables to
observe and which time and/or space intervals to select. Once
these preohlems are solved, both water quality monitoring and
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management practices may be evaluated in a broader scope than
their specific problem oriented character requires while meeting
individual project needs.

1.1 Complexity of water quality meonitering :

Water quality conditions over a large area (often defined
by political boundaries) are the function of complex natural and
man-made causes and of the resulting interactiops in both time
and space. Consequently, abstracting the essence of the water
quality conditions at a reasonable cost is often very difficult,
This difficulty is rarely conveyed to these responsible for
establishing water guality goals or management strategies. As a
result the information expectations placed on water quality
monitoring are coften far beyond the ability of the network to
supply such information. The complexity of water quality and its
meagsurement is simply not understood by the public, by public
officials, or in many cases, by network designers themselves.

Whatever the specific purpose of monitoring may be, it must
first be recognised that water quality monitoring is a highly
complex issue. The complexity may be attributed to two factors:

1. Uncertainties in the nature of water quality and
2. Uncertainties in delineating a epecific purpose for menitoring

Uncertainties in the nature of water quality are due to the
two fundamental mechanisms underlying theee processes; the
natural hydrologic cycle and man made effects, which are often
referred to as the ‘impact of society’. Both of these mechanisms
particularly the firgt one are affected by laws of chanc¢e so that
the water quality has to be recognized as a random process by
nature (Sanders et al.,1983). Monitoring activities then are
required to reflect the stochastic nature of water quality to
efficiently produce the expected information. This is why most
regearchers 1like Sanders et al.(1983) and Harmancioglu et
al. (1992} @epecify the term ’monitoring’ further to mean
‘gtatistical sampling’.

Secondly, it is not quite easy to define a specific purpose

for monitoring. The technical part of this problem is best
.



described by Harmancioglu et al. {1992) as : ‘Today.... we face
water quality problems whose sources are diffuse, impacts subtle
and solutions unproven’. Besides, epecification of purposes is
subject to soclal, economic and legal constraints, which are also
subject to unexpected changes in time.

1.2 Significance of water quality monitoring

As complex as it is water quality monitoring is also highly
significant because it is our only means of being informed about
water quality. Thus monitoring constitutes the link between the
actual process and our understanding, interpretation and
assessment of the highly complex phenomena. Therefore water
quality monitoring is the most cruecial activity on man‘s side
with respect to all management and control efforts. Adequately
accomplighed monitoring may serve to increase our knowledge on
water quality processes ahd hence reduce the uncertainties
whereas results of poor monitoring practices may lead to
erroneous interpretations and decisions (Harmancloglu and
Alpaslan, 199%0).

For example, Harmancioglu et al. {1592) claims that '‘we are
not really sure of the cost-effectivensss of some of the program
accomplished to date because of the lack of adeguate monitoring
of water quality in our streams, lakes, and estuaries’, Accoxrding
to Harmanciogiu et al. (1992) our understanding of environmental
processes and problems evolve quite rapidly, whereas monitoring
systems develop at a slower pace, often becoming out of date with
respect to recently emerging issues and purposes of water quality
assessment. On the otherhand the decision making process in water
quality management is highly sensitive to the reliabilicy and
accuracy of available data. Further unreliable data the
miginterpretation of information they convey may lead to wrong
decisions. This situation is apparently worse than taking ne
action at all. In such a case, ’the underlying data can he gaid
tc have a negative economic value’ (Harmancioglu et al. 1992).

Water quality management may be defined as the effort by
society to control the physical, chemical, and biological
characteristice of water. The efforts are directed at controlling
the impacts of society upon the quality of water., Water quality
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in the environment, however is the result of two primary casual
mechaniems: (1) the activities of society; and {2} the natural
hydrologic e¢ycle. Therefore, water qﬁality management must deal
with Dboth events though it attempts to contrel only one the
activities of society. Both mechanisms may be described as
stochastic processes in that each, to some degree, is governed
by the laws of chance. Thus, water quality, £from a broad
management perspective, can be considered a random variable.

only recently has the random nature of water quality been
recognised as having a large influence on the methods used to
manage water guality, in general, and on the methods used to
monitor (measure} water guality, specifically. Much of this
recognition has been developed ag the state-of-the-art in water
guality hydrology and evolved the need to treat water gquality
monitoring as a statistical sampling prbcess ha's been recognised
{Ward and Loftise, 1%83).

The purpose of this report is to present bapic principles
of water quality monitoring network design. The degign technique
presented acknowledge the practical limitations and objectives
of current monitoring efforts while stressing the need to be more
guantitative in the design process.

1.3 Definitions:

Water quality monitoring is the effort to obtain
quantitative information on the physical, chemical, and
biological characteristics of water via statlstical sampling. The
type of information sought depends upon the objectives of the
monitoring network. Objectives range from detecting stream
standard violations to determining temporal watér quality trends.

The word "monitoring" in the strictest sense, -implies
watching the ongoings of water in order to ensure no laws or
rules are violated. This connotation, while relevant to some
objectives, has, in general, been lost gince "water gquality
monitoring" refers to most types of water guallty sampling or
measurement .

2as the word "monitoring® has taken on a different meaning
when used to refer to water guality measurement, so has the term
"network" taken on a meaning beyond the gtrict definition of the
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word when referring to water gquality monitoring. As used here
"network deaign" means determining the placement of sampling
points, the calculation of sampling frequencies, and the
selection of water gquality variables to. measure in a
hydrologically and statistically sound manner. Thus, network
design relates more to the statistical and hydrological design
of a water guality monitoring program than to the procedures used
to collect samples, perform laboratory analyses, etc.

1.4 Assumptions:

Due to the above mentioned complexity, the network designer
must clearly understand and define information obhjectives. within
the requirements for right which are implied by the information
objectives, assumptions are made to reduce problems to a level
where practical solution methods are available. The number and
type of simplifying assumptions made or permitted depend upon the
purpose of the network. Thus, depending upon the asgsumptions
made, there are many levels of design which could be applied. The
text will point ocut the different levels of design that are
created by making different types of assumptions.

One often makes assumptions in water quality .onitoring
network design without realilsing it. For example, analysis of
past data frem an area for network design purposes must often be
based on the assumption that the data actually represents the
state of water quality in the field. Similarly, use of the normal
distribution statistics assumes that the water quality variable
is normally distributed,

Assumptions in network design are made relative to
applicable statistica, water gquality hydrologic principles,
information utilisation and economic constraints. A designer weak
in a particular area tends to make more aasumptions‘in that area,
whether consciocusly or unconscicusly. The number, type and
magnitude of assumptions made (whether explicitly or impliecity)
often causes considerable concern among designers and managers
of networks. Designers, well versed in water quality hydrelogy.
are more Interested in removing water quality assumptions via
water quality modelling or advanced statistical analyses while
managers are more concerned with the economic assumptions
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involved. The public wants sound data and information and seldom
understands the need for any assumptions. Striking a balance is
often difficulty but is a goal for which all designers should
strive.

1.5 Scope:

Given the complexity of water guality monitoring network
design and the resulting use of assumptions, it is easy to see
how 100 dlfferent designers could develop 100 different designs
for the same area. There is a definite need to begin to develop
water quality monitoring network design procedures, or
principles, that can be generally regarded as valid by most
designers. Inspite of this need, much »f the literature on water
quality network design has ignered the fact that there are some
basics that all designers may rely upon.

The network design principles reviewed presented in the
report cover the basice and some of the refinementes that the
authors have researched over the years., However, in a field as
poorly defined as water quality monitoring network design, the
basic principles presented herein must currently be considerec
more as guides than as widely agreed upon procedures. Hard-and-
fast rules in such a complex area are difficult to develop.

Since the design techniques chosen depend upon many factors,
the designer must be much more raticnal and thorough in approach
gelection to network design and consequently, more quantitative.
Currently, the ability to select appropriate design procedures
is as much as it is a sclence.



2.0 Review of literatura in water quality network design:

The firat data collection procedures for water gquantity
foresaw the gauging of major streams at potential sites for water
resources developments. the approach in initiating water quality
cbservations has been practically similar, namely, to collect
data at potential sites for pollution problems. Consequently the
early water quality monitoring practices were often restricted
to what may be called ‘problem areas’ covering limited periods
of time and limited number of variables to ke observed. Basically
these practices can be described to be problem, project or user
oriented.

Recently, however, water gquality related problems have
intensified so that the information expectations to assess the
quality of surface water have also increased. Thus, the problem
or project-oriented monitoring practices of a limited nature can
no longer meet the diverse needs for water quality data. The
results have been an expansion of monitoring activities to
include more observational sites and larger number of variables
te be sampled at smaller time intervals. These efforts have
indeed produced plenty of data; yet they have also raised the
question whether one ‘really’ needs ‘all’ these data to meet
information requirements. This gquestion has recently become a
serious issue, especially after it is shown by data analyses that
water quality samples are often 'messy’ .

The above considerations have eventually led to the
realization that a more systematic approach to monitoring is
required. Following wp on this need, practitioners (monitoring
agencies) and researchers have proposed and used various network
design procedures either to set a network or to evaluate and
revige an existing one.

Current methods of water quality monitoring network design
basically cover two steps: first, the description of design
considerations and second , the actual design process itself.
Researchers emphasize the proper delineation of design
considerations as an essential step before attempting the
technical design of the network. This step is to provide answers
to questions of why we monitor and what information we expect
from sampling water quality. In otherwcrds, objectives of
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monitoring and information expectations for each obhjective must
be specified first . Various cbjectives or gocals for monitoring
have been proposed up to date by different researchers (Ward and
Loftis, 1986; Sanders et al. 1983; Whitfield, 1988; Langbein,
1879) . Harmancioglu et al. (1992} have identified short term and
long term geoals of monitoring. The former is based on control
strategies including prevention and abatement for purposes of
agsuring compliance with effluent and in-stream standards. Long
term goals are related to planning and management purposes and
cover the agsegssment of both the trende in water quality and the
consequences of control measures.

In practice, the definition of cbjectives is not an easy
task since it require the consideration of several factors,
including social, legal, economic, pelitical, administrative and
operatiocnal aspects of monitoring goals and practices. Therefore,
the first step in the network design i.e. the delineation of
design considerations inevitably includes assumptions and
subjective views of designers and decision makers no matter how
objectively the problem is approached. In this case design
considerations are often presented as general guidelines, rather
than fixed rules to be pursued in the second step of actual
design process (Sanders et al.,1983). Recently, researchers have
streased the need for clear and objective definition of these
guidelines since design considerations actually setup the
boundary constraints(e.g. social, legal, bddgetary and /or
operational constraints and information expectations) for the
realization of the second step of actual design.

The technical design of monitoring networks relates to the
determination of :

1. Sample aites;

2. Sampling frequencies;

3. Variables to be sampled and

4, The period of duration of sampling.

It is only at this actual design phase that fixed rules or
methods are proposed. Current literature provides considerable
amount of research carried out so far on the above mentioned four
aspecte of the design problem. One may refer tec Sanders et al.
(1983), to Whitfleld (1988) for rather thorough survey of
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research results and practices on the establishment of sampling
strategies with respect to these factors.

Basically, designers and researchers recognize water quality
monitoring as a statistical procedure and address the deaign
problems by statistical methods. Ward and Loftis (1988) stress
that information expectations from a monitoring system must be
defined in statistical terms and these ‘expectations are to be
in line with the monitoring system’s statistical ability to
produce the expected information’. This implies that one can
infer on the types of data needed to perform statistical methods
which in turn, will eventually lead to the expected information.
Then the gelection of sampling strategies (sampling sites,
variable, frequencies and duration) can be realized by starting
off with guch statistical approach (Ward and Loftis, 198s;
Sanders et al.,1983; Harmancicglu et al., 1992).

Monitoring networks are expected to reveal three basic
statistical characteristics of water quality : weans, extremes
and changing water guality conditions (or trends). Designers
point out that a network which is highly intense with respect
to time and space is required to detect extremes with confidence
(Harmapncioglu et al., 1992; Sanders et al., 1983). However, such
a design on a routine basis is pretty costly so that networks
which reliably detect means and trends are more preferred (Ward
et al, 1978). Yet there are also fesearchers who argue that
modern information technology and electronic engineering provide
the means of revealing more variability in the behaviour of watexr
quality processes including the extremes (Beck and Finney, 1987).
The current methods used in the technical design of monitorring
networks can be summarized with respect to the four basic factors
of sampling sites, sampling fregiencies, variables, and duration
of sampling. In the present study, only the selaction of sampling
sites is reviewed.

2.1 Selection of Sampling Sites

If the intent of sampling were to study a limited porticn
of a river, as required to discover the immediate downstream
effects of a given discharge (synoptic surveys), the placement
of sampling transects might not be too critical to the generation
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of information descriptive of the reach in question {Sanders et
al., 1583). However, when the intent of sampling 1s to monitor
entire rivers or river basins any sample taking must be preceded
by a thoughtful selection of reaches in the river basin to be
sampled.

The water quality of a river reflects natural background
conditions and the wastes it is required to carry. Because bath
conservative and non conservative pollutants are added to a
stream along its entire length, water g¢uality varies along the
entire length also. It would be unrealigtic to expect that a few
water samples drawn at will could adequately characterise spatial
and temporal variations in the stream. Nor would it be realistic
to expect that samples drawn from a particular reach could be
used to infer anything beyond local conditions, except with
caution.

In recent years, the emphasis on water gquality management
shifted from the maintenance of stream standards to the
maintenance of effluent gquality. Stream standards expressed as
limits not to be exceeded may be easily viclated, especially if
monitoring data used to indicate need for enforcement are
collected intermittently rather than continuously. For many of
the water gquality variables which could be measured as indicators
of gtream quality, continuous monitoring is either not possible,
nct feasible, or not affordable. Two important complications
accompany intermittent monitoring. One can not he sure that what
appears to be a violation is not really a random rather than a
continuous event. Secondly, it is difficult to identify a
vielator when only instream data are available..- Furthermore, one
must determine whether an apparent violation is an artifact of
a sampling location wherein measurements have been taken close
enough to a discharge point sc that the discharge hag not been
able to disperse sufficiently within a mixing zone (Sanders et
al., 1983).

A shift in emphasis from limitations on stream guality to
limitations on effluent quality shifts in stream monitoring
objectives from detection of stream standard violations to
assegsment of overall trends in water quality. This shift in
objectives places enormous demands on a water gquality monitoring
network., To perform at the expected level, the network must be
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capable of characterising trends which in turn enable assessment
of the effectiveness of abatement programs and determination of
needed future abatement measures with in the entire river basin.
To these ends water quality trend analysisz should not be
undertaken to find "critical quality poilnte" or points having a
high probability of stream standard viclation to sample, but to
identify sampling station locations which will yield information
characteristic of reaches of the river and in compeosite with the
other stations will yield information characteristic of condition
of the river system in general. Monitoring to detect fugitive
discharges or to identify specifiec viclators is an important
subject in its own right ({(Sharp, 15%70) but is beyond the scope
of this study.

Basic approaches to identifying macrolecations include one
based upon percentage areal coverage and ths second based upon
the density of population is considered to correspond to the
likelihood of polluting episodes and overall discharge of
pollutants. Sanders et al., (1983) selected .sampling station
sites as a function of possible stream standards violations or
as a function of stream segments below outfalls. Ward (1973}
placed sampling stations at critical quality points in reference
to each major source of pollution. In the percentage areal
coverage approach stations are placed systematically to generate
data on water gquality in the entire river basin, an approach
which lends itzelf to characterizing trends.

Sampling station locations for some monitoring programs
(Sanders et al., 1983) were selected by finding points along the
length of a stream at which varicus water quality variables of
interest have been shown by exXperience to be approximately
homecgeneous in the cross section.

Some sampling programs generate data of questionable value
because their sampling station locations were selected without
reference to the gpatial distribution of waste inputs. When an
attempt is made to relate station density to some measure of
population density such as placement of ocutfalls, the methods
prescribed lack gquantitative guidelines and by default become
highly subjective. Budgetary constraints and limited availability
of manpower usually dictate an arbitrary and inadequate sampling
frequency. Consequently, current sampling programs may not
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provide information representative of the stream (along its
length as well as in the cross section) and the sampling
frequency may not be gufficient to detect average quality and to
detect trends.

‘Samplers often draw samples at bridges or other sites which
glve convenient access to the river, without there necessarily
being any relationship between sampling site and sourcea of
stream pollution. In such a case sampling station locaticn has
been coneidered minimally. When the importance of sampling
ptation locatlon is recognized, it is often expressed by finding
reaches aleng the length of the river which are judged by scme
criterion to be completely mixed in the cross section. While
sampling in these reaches is greatly simplified, a single grab
sample is presumed to be representative of the entire cross
section, there still is no clear relationship between sampling
site and sources of pollution, A zone of complete wixing (if such
can in fact exist, other than in relation to a specific
discharge} may not be found for many miles below an outfall, at
which point one is hardly find a valid means by which to relate
concentrations and water quality variables at the sampling site
with specific conditions upstream.

Another approach is to designate sampling sites according
to some logical basis : for example, to concentrate sampling near
known scurces of pollution. While this approach may come closest
to generating data which reflect the quality eof a stream as it
varies with longitudinal position, it will nevertheless reflect
bias unless a rational systematic procedure for designating
sampling stations is employed.

Many authors have presented methods of characterizing a
stream network. Perhaps the best known of these is Horton (1945)
who defined strem order by designating the emallest unbranched
tributary in the headwaters of a system as first order, a stream
made up only of first order tributaries as second order; a third
order stream as one in which all tributaries are of second or
first order, and so on.

Sharp (1970) points out that Horton’'s ordering may be
considered a measure of the uncertainty associated with locating
the source of a pollutant detected at the outlet of a network.
Shreve (1967) described a procedure which which used the number
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of tributaries or sources in a network to assign magnitude to
individual sections or links, where a link is a section of
channel that starts at a point termed the scurce and ends at a
point termed the fork or junction. Sharp (1971) employed this
system to describe the design of a river basin wonitoring network
intended for use in identifying the source of a stream standard
violation. This approach is intended to locate possible sources
of pollutants by analyzing a trade-off between sample source
uncertainty and sampling intensity. Later, Sandere and clarkson
followed up on Sharp;s procedure (Sanders, et al., 1983; Trich
and Male, 1984).

Spatial design of water quality networks is also attempted
by regression techniques. Trich and Male (1984) propose a
multivariate regression model where the correlated regression
coefficient of determination between sampling stations is
considered ag a measure of monitoring precision. The monitering
precision changes with the additicn or deletion of some number
and location of stations within a basin. whitlatch (1989)
examines the spatial adequacy of NASQAN water quality data by
testing the differences between two sample means as a direct
method and then by regression analyses between water quality
variables and bagin characteristics. Harmancioglu and Alpaslan
{1592) applied the entropy principle for temporal and spatial
features of network degign which can be applied only after some
necesgary prior information ig collected to apply the statistical
techniques.

Some researchers stress the use of optimization techniques
in selection of bLoth sampling sites and sampling frequencies
(Reinelt et al., 1988; Palmer and MacKenzie, 1985; MacKenzie et
al., 1987; Dandy and Moore, 1979). such design procedures, two
requirements are expected to be fulfilled by the network: cost-
effectiveness and statistical power. The later is often
investigated by analysis of variance (ANOVA) techniques, and
optimization methods are used to maximize the statistical power
of the network while minimizing the costs.
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3.0 Daescription of Study Area:

The Narmada river is the fifth (comments from CWC) largest
and probably the holiest of the rivers of India. Archasological
investigations have revealed human habitations along its banks
even earlier than 5000 B.C.. The rich history along its course
in the ancient and medieval times amply demonstrates the
importance of the Narmada.

The Narmada river rises from a ‘kund’ in Amarkantak in
Shahdol pistrict of Madhya Pradesh {comment from CWC) . The actual
gource is a small peond surrounded by a group of temples namely
Pataleshwar, Machendranath, Trivathan and Keshavnath. After its
erigin Narmada flows mostly westward aleng an abnormally straight
course, The river travels a distance of 1312 km before it falls
into Gulf of Cambay in the Arabian sea near Bharuch in Gujrat.
The first 1079 km are in Madhya Pradesh. In the next length of
35 km, the river forms the boundary between the states of Madhya
Pradesh and Maharashtra. In the next length of 39 km it forms the
boundary between Maharashtra and Gujrat. The last length of 159
km lies in Gujrat (Fig. 1).

The river flows most east to west through hill ranges upto
Mahadwani where it is joined by an important tributary Silgi on
its right bank. Thereaftex it flows north to secuth upto Mandla
where it takes a ‘U’ turn and flows south to north upte
Narayanganj and then south east to north west upto Jabalpur. At
Jabalpur the elevation is about 500 metre msl. The narrowest part
of the basin is between Niwas and Kedarpur which is about 50 km
wide.

At Jabalpur the river falls through a height of about 9
metre and enters the narrow gorge of marble rocks. The narrowest
portion of the gorge iz at Bandarkud, which translates to
Monkey's Leap. Thereafter, it enters a great narrow elongated
trough running east to west, with a slight inclination towards
the south, till it drains into the Arabian sea at the Gulf of
Khambat near Broach in Gujrat.

Narmada basin has elongated fern leaf like shape. The basin
is broadly divided into upper, middle and lower sections. The
Narmada Tribunal has listed 8 major tributaries on the right bank
and 11 on the left bank. Narmaaa is a interstate river. The total
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water availability of the river is estimated as 28 MAF. Madhya
Pradesh, Gujrat, Maharashtra and Rajasthan shares 18.25 MAF, 9.00
MAF, 0.25 MAF and 0.50 MAF respectively,.

3.1 Soil Type:

In the upper bkasin, majority of the soils are chdracterised
by shallow black soils (stochrepts and storthents). These soils
are the erosiocnal products of trap basalts. The black moils are
rich in smeclite clays having a high water holding capacity.
These clay lattices expand when they absorb water and thus reduce
the water drainage. The organic matter is generally less than 5%
in black soils. The black scils in the upper basin is generally
in-situ or ¢olluvial. These scils are often inter-gpread with red
sandly or lateritic soile. The profile is generally shallow and
mainly covers the hill tops and plateau reglons. The red soils
are the result of intense chemical leaching of basalts where by
all the minerals in the rock are leach out except the oxides of
gilica, iron and aluminium. Due to intense leaching these soils
have a reasonably good drainage but lack nutrients esseential fer
plant growth.

The soils in the Vindhyan and Satpura plateau region of the
nmiddle bagin range from shallow black soil (ustochrepts) with
intrusion of medium black soils (pellusterts and chromusterts).
Arcund Hoshangabad, recent alluviume with varied thickness can
be witnessed. These solls are extremely fertile and supports
cotton, jawar and wheat.

In the lower part of the basin the wmajor geils of the valley
and southern plateau are medium deep black soils. On the other
hand mixed red and black soils occur in the northern plateau. In
the mouth of the Narmada, pliocene rocks along with recent
alluviums is seen. Thege alluvial soils are mostly sandy lcams
with good drainage. They are extremely fertile and support good
Crops.

3.2 Climate:

Narmada basin experiences three marked seasons - summer
{(March-May), rain (June-September} and winter (October-February).
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The basin falls in the tropical region and is under the influence
of the south-west monsoon. However, short spells of seasonal
deviation in climatic condition are often noticed and are caused
due to various reascns, like Oregraphy, vegetation pattern etc.
The normal rainfall of the basin is about 1180 mm.

The temperature ls maximum in the month of May and minimum
in January. Generally, the upper Narmada basin record lower
temperatures as compared to the middle basin. In the lower
section of the basein, influence of the gea is prominent and the
temperature, though lower than the middle basin, iz higher than
the upper reaches of Narmada river., The variation in relative
humidity between upper, middle and lower sections of the baein
is not very proncunced.

3.3 Geology:

Along the Narmada valley sgeveral patches of ancient
sediments have been deposited which contains ancient remains of
animals. These fossils are similar to those found along the
tracts of Tapti river. Such similarity probably suggests that
even about 3 million years ago Narmada and Tapti were confluent
and the separate fate of these two rivers was decided by earth
movements in later (comments from CWC) . The Behraghat falls of
Narmada, near Jabalpur was probably created during one such
movement which appears to be a recent one.

The Archaean group of rocks in the Narmada baain is
represented by the Chilpighat series. These rocks weddge in at the
eastern and between the Vindhyans and granitic gnelsses and
expand in the Narmada valley in strips. These Dharwadian rocks
consisting mainly of quartzites, £felspathic grite, shales and
slates with intercalated traps occur in Balaghat, Chindwara,
Jabalpur districts of Narmada valley. In Jabalpur area the series
is distinguished by perfectly crystalline dolomatic limestones.
The famous "marble rocks® of Jabalpur belong to this series.

on the upturned edges of the Archaeans, the Cuddapahs were
deposited and are represented by Bijawars in the Narmada Valley.
The Bljawars occurs in the peries of out crops extending from
Bundelkhand to the eouth of Narmada and has thickness of less
than 240 m at some places. These rocks are generally
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characterized by Gquartzites, sandstones and sometimes
conglomerates. Bijawars are found in Dhar and Jabalpur districts.
In Jabalpur, however, Bijawars are represented by somewhat
different rock assemblages like phyllites, mica schists, calcitic
and dolomatic marbles. There ig, however, some controversy over
the age of the rocke and some geologists feel that they are older
than Cuddapahs and should classified along with upper Archaeans
i.e. Dharwadian rocks.

The Cuddapahs were succeeded by rocks of Vindhyan system
after a time interval marked by earth movement and erosion. The
Vindhyan rocks characterised by Bhander sandstones, shales,
limestones and Ganurgarh shales are exposed in the north of
Hoshangabad town and extends upto Bhopal. Between Dewas and
Khandwa in Parnakheri thick vindhyans are exposed along the banks
of Narmada mainly characterized by Bhander group of rocks and
unclasgified upper Vindhyans.

Thick Gondwana sediments are found near Jabalpur, Rewa
Panchmari etc. The Gondwana formation ended in Cretaceous era
t.e, about 135 million vyears ago. The end of cretacecus was
narked by encrmous lava flows which spread over vast areas of
central and eastern India. Thick lavas of basaltic composition
are found in Khandwa, Khargone, Dhar, Dhuk area till practically
upto the lower Narmada region. The interesting geclogical epimode
in the Narmada valley are the lameta beds, which occur in Lameta
ghats near Jabalpur. The Lameta beds represent the fluviatile or
estuarine deposits just below the trap basalts.

3.4 Landuse Pattern of tha Baasin :

Landuse pattern is a fairly wuseful indicator in
underastanding the environmental set up, soclo-economic status,
infragtructural facilities, soil type and climatic conditions of
an area. In the Narmada basin, the landuse pattern of Madhya
Pradesh has a significant importance, mainly because of more than
87% of the basin area falls in this state, followed by Gujarat
{11.4%) . An insignificant portion of Maharashtra 1.5% also falls
in the Narmada basin. Table 1 presents the statewise landuse
pattern of the Narmada basin (CPCB, 1994}.
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Table 1. The General Landuse Pattern of Narmada Basin.

area

s. Particulars Madhya Maharashtra Gujarat Total
No. Pradesh
({Area in lakh Ha.)
1 Total basin area 85.86 1.54 11.4 98.8
% of total area 87% 1.5% 11.5% 100%
2 Forest Area 29,37 0.69 1.7 31.76
% of basin area 29.7% 0.69% 1.7% 31.09%
3 Unavailable for 6.63 0.05 1.33 8.01
Cultivation
% of basin area 6.7% 0.05% 1,3% 8.05%
4 Cultivable area 49.84 0.8 8.37 59.01
% of the basin S0.44% 0.81% 8.47% 55.72%
5 Net sown area 36.81 0.8 7.38 44,99
¥ of total 62.37% 1.35% 12.50% 76.22%
cultivable area
6 Gross SOwWh area 39.22 0.87 7.53 47.62
7 Net irrigated area 1.3 0.87 7.53 47.62
¥ of total 2.20% 0.08% 1.4% 3.68%
8 Grogs irrigated 1.32 0.08 0.94 2.34
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4.0 Pollutant load and Water Abstraction in the Narmada Basin:
4.1 Use of Chemical Fertilizers

To increase the agricultural production to meet the growing
demand, the use of chemical fertilizers have become commen. Most
commonly used fertilizers are Urea, DAP, SSP and Muratae of
Potash. The fertilizers hydrolyse in soil and supply the
essential nutrients to the planis. However, there is an
apprehension that soil may loose its sorption capacity due to the
repeated application of chemical fertilizers and finally may
loose its fertility. The other problem related to the use of
chemical fertilizers is the pollution of surface and ground
water. A part of the fertilizers that is applied to agricultural
fields gets washed off due drainage and runoff and may pellute
the surface water. The leaching of nitrites to the ground water
from fertilizers have also been reported in various parts of the
world. Nitrites causes a disease known as Mathemeloglobenamia,
causing damage to central nervous system. However, in India the
application rate of fertilizers is low and cases of fertilizer
related pollution, of either surface or ground waters have been
reported. It iz revealed that the use of Nitrogen fertilizers are
most common in the basin. The use of phosphorous based fertilizer
ig more than that of Potash based fertilizers. The total
application of N, P & K. fertilizers in all the districts of
Narmada basin is about 4.6 lakh tonnes, out of which about 58%
is Nitrogencus, about 33% is phosphorous based and about 9% is
Potash basged. Seagsonwise Consumption in the Narmada basin is
given in Table-2 (CPCB, 1594}.

Use of pesticides for pest control is common practice in
agriculture. In earlier days Neem extract or Tobacco water was
used for pest control but with the advancement of chemical
industries, more effective pesticides are in use. The total
pesticide consumption in some of the districts in Narmada basin
is given in Table-3 (CPCB, 1994}. In Narmada basin the Organo-
phosphate pesticides are more common than the Qrgano-Chlorides.
The application rate of pesticides in the basin is quite low and
range between 0.7 to 0.01 kg/ha/yr for Organc-Chlorides. The
total application rate for all type of pesticides ranges between
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TADLE =2
SEASDNWISE CONSUMPTION DF N PO, AND 15 20 1900-81 (QUANTITY IN TONNES)

SN0, ———— Kharyf 1904 e Hhi 1990-81 Total 190G-01
Zonalf Stale/ N D205 K2 Tutal N P205 K20 ol N 1205 K20 Total
District

A, MALHYA URADESH

b Balughat Al 2428 2 KTHA HIG A0 2 laa? A7 2014 236 B10L
2. Hetul M4 Bd W28 no47 ATen [E 11 ik ugl 7139 4008 HOL  1ip4m
4 Chindwapa ACIE Nt S8 vuG 1 AL [VEN] FHi At TUKl 3T B4 11015
1. ameh [ E I 1 5 ban 1704 KT 3G a6 2414 1M 52 413G
G Ihwas LRI BHEE L mER ATTR aT4 17U 126e8 15210 7060 450 21918
& Dhar LRI HIS 33T G677 BGAT MY GHA 14082 2215 14163 JUG2 40708
T Hushangaluel 5803 k& 220 T13HSD 17051 lodag 10RO 26G1F 2264 18177 1276 42307
g Indarg 4754 oMo 748 AR 1070 5454 24D 16483 1S54 16403 908 I5540
. bristpuare LU PN R TR VI TR 4 11 422 1B OUGH TG 480 180MT
1% dhabua 4313 1308 146 B729 1808 506 53 2187 BUTL 174 2ol T84
L Klunmlwa NN TS 4nmHH LOGGH Al 1547 2054 M) L4004 TYBL QM2 20243
12 Kharguoe L4800 TOGL 1490 33360 Bg127 1472 79l &190 20037 9903 2200 33150
13, Mandia 1208 20 L4K1 Rl 26 I, Gh2 18035 4G5 14 2087

¥4, Nurslugpur 1G4 1354 40 SUIN SHU 5760 351 11196 75313 7o awl 15034

15. Rajnandangion UT4H 2500 ©04 (131562 420 4 s VBI7  10J6d 3208 L1417 14280
16, Ialsen 1532 1129 13 W 7600 [t m 14110 9132 7404 184 16704
V7. Sugar 2142 1B 71 4108 6725 5533 1 11304 7918 7145 340 15412
18. Srhore 4104 3199 175 T142 4526 IR22 198 8¥5 633 B882) 73 1627
ML Seonl [N HN [ i Hizd oyz2 A72 50 11564 1746 1147 146 WY
20, Shabudlot R T 7 MOM L2 soTe I 2218 1506 14GE 2 ao20
Fakal 176454 174005 J50820
0. MARARASITTRA
L Dhuke 21067 Tk 400 300608 714 AHA0  2HE 1651F  2HTHL 126B4 THLT  40qM32
€. GUJARAT
1. Doarda 16623 6979 (660 24652 12905 3165 LOMB  LBOLB 29878 0144 2698 K570
. Desoach 5292 2134 2040 778 Ll 1673 1482 E020 BO58 4UOY 3832 17788
17 L000H £04355
221115 215080 ALGASS
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TARLE- 3
USE QF PESTICIDES/BIOCIDES IN NARMADA BASIN

SL.No. Disty et

Consumpilon. Tonnes/Year

Application ltete Kg/fleel

af Mot Sutin Area

Application Rate Kn/ Hect

of Gross Sowrne Arca

o.r

Q.C. Others

Tolal

o a.C. Oihers  Tetal e Q.C. Others Tolal
I. Halaghat J2.2 L - 32,24 019 0.2 0.2y 0.09 0.0} 0.1
2. [etul 13 1.8 - 7. 0.04 001 0.05 003 0.01 - 0.4
a. Cillllllll.w:u‘u 281 149 423 Cod 0.0 0.09 Q.05 0.03 - o.od
4. Damiohs 7.8 1.3 g.1 003 0.0} - 0.01 Q0 001 - 0.04
5. Dewas 35.15 GG.4 105.5 0.11 0.2 - 0.31 Q.1 0.6 - G.26
G. Dhar 379 219 - 598 0.76 0.1 1.16 0.7 041 - 111
7. leshangwad 305.0 175.1 .1 48,5 0.69 0.4 0.01 i.1 05L6 032 0.01 0.89
8. Indore 27.2 14.8 .6 36 01 0.06 001 0.16 0.08 0.01 001 0.12
Q. Jabalpur
10. Jhabua 333 a.1 .8 48.2. 0.1 003 002 0.15 0.09 0.02 002 0.3
11, Khandwa I94.9 166G -211.6 045 0.04 - D49 041 003 - 0.44‘
12.  Khargone 101.3 14.2 - 5.5 0.1G 0.02 - 018 0.15 0.02 = 0.7
13. Mandla 2.4 7 - 247 001 0.02 - 0.03 0c.01 0.0} - 0o
14. Narsloghpur . - .
18. Rajnandangacn 43.7 1 - 44.7 0.09 0.0} - 0P 07 0.0] - 071
1G.  lalsen 18.5 23.2 - 1.7 0.J9 0.05 - 0214 011 0.05 + 0.6
17, Sapar 68 148 + 38 014 c.02 - 017 013 003 - 0.16
18. Sehore [:13] 31 - 120 025 O - 035 0.22 0.07 - 0.29
19. Seonl 15 2.7 - I8 004 0.01 - 9.05 0.04 0.01 - 0.05

G Qe I'hosphintes

0.C: Organa Chlorldes
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1.1 to 0.02 kg/Ha/yr which is quite low even according the Indian
standards.

4.2 Pollutant Load:
4.2.1 Pollutant loads from agriculture :

Porticns of fertilizers and pesticides applied to the
agricultural fields are washed away with agricultural return and
surface runcffs. Nitrogen, Phosphates and Potash are the main
types of fertilizers applied in the agricultural fields ‘of
Narmada basin. The nutrient load from the agricultural runoff
primarily depends on the solubility of the concerned elements
presents in the fertilizers. Phosphorous is sparingly soluble in
water and therefore a maximum of about 5% is likely to dissolve
in runoff water and carried to the water bodies. Potash and
Nitrogen, on the otherhand is more scluble and therefore it can
be assumed that about 10% of the total amount applied will be
washed off through agricultural wastes. In the districte along
the Narmada basin about 27000 tonnes of N is likely to be washed
cff. The estimated quantity of P and K runoff is about 8000
tonnes and 3000 tonnes respectively. The maximum contribution of
N & P is from Hoshangabad district which uses maximum amount of
these fertilizers. Khandawa contributes about 690 tonnes of
Potash in the runoff.

The application rate of pesticides in the Narmada basin is
gquite low (CPCB, 1994). The basic problem with pesticides,
especially the Organc-chlorides, is their prolonged regidence
in the environment. These pesticides are practically non
degradable and therefore, retain their toxicity for long pericds.
Fortunately in the Narmada basin the use of Orzyanc-chlorides are
restricted and most of the pesticides applied to the crops belong
to the Organo phosphate group, which has a lower residence time,
The total amcunt of pesticide runcff is too low to cause any
environmental problems. The estimated pollutant load by
CPCB (1994) is given in Table-4.
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TADLE -4
ESTIMATED FOLLUTANT LOADS FROM AGRICULTURE (TONNES /YEARR}

S.No. Stafe/District Eslimated Pollitant Loacls
' N I K Peslicides
A MADITYA I'RADESII
-k, [SHIHTH I A7 AL 0 23.6 1.6
2 Dedul 71D 2204 BO.1 0.9
. Chindwirn TOK. 167.4 58.4 2.4
4, Datnaky 2103 049.1 ‘6.2 0.46
5. Dewas 1321.1 a82.7 45.3 5.3
G. Dhar ‘ 2231.5 724.1 396.2 29.9
7. Hoslangnld 2294 .41 908.85 127.6 2.9
H. Inelore. 1054.8 770.2 09.8 2.2
0, Jabatpur 1035.8 303.8 45.3 0.25
10. Jhnba 507.1 85.7 20.1 241
il Khatulwa 1153.8 388.1 694.2 10.58
12 Khsrgtane 20087 19G.7 229 0.6
14. Mandlz 160.3 24.3 1.8 0.12
11, Narsingpae 753.3 455.5 39.1 0.7
15, Tjrsnelaysaon 10368 160.2 141.7 23
i, Talsen : 1o 37410 15.14 N
17, 7904 dn7.0 34.9 4.2
14, 5063.3 3111 37.3 0.6
A Sconl 1785 57.4 14.6 0.9
20, Shrd it 152.3 73.4 2.4 2.6
Total 19860.3 6476, 1 2082.2 70.07
.0, MAIIARASHTRA
1. FXueide _ 28781 514.2 781.7 1.G
C. GUJARAT
i, Darutin 2082.0 507.2 2G9.7 5.1
2. Broswh onn.G 2003 Hi:NN-] 7.8
Tolul 3074, 707.5 653.6 12.9
Glrotal 26841564 7827.8 3517.5° 84.57
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4.2.2 Pollution load from Anthropogenic Sources :

Anthropogenic activity generates substantial amount of BOD.
These activities include various associated human activities like
cattle raising, animal husbandry etec., which is vital for human
survival. The per capita daily generation of BOD equivalent due
to the metabolic activity of human beings is about 100 gms.
However, the same amount does not get carried away along with the
runcff due to natural self purification. The digestion process
starts right from the initial stages and some BOD gets removed.
It has been assumed that the BOD loading of the streams due to
human metabolism would average about 15/capita/day. It has also
been assumed that a section of the rural population have some
gort of latrine and other practice open air defection (OAD). The
urban loading of BOD is definitely more than the rural load. The
BOD loading from urban population wvaries with the public
utilities available. It hae beén noticed that towns with
organised water supplies and sewerage system, generate an average
BOD of more than 50 g/capita/day. It has been asgsumed that urban
agglomerations generate a load of 50 g/capita/day. The BOD
equivalent through an adult c¢ow is about 20 g and that of Buffalo
is about 25 g or higher. Thus considering that some escape to
drains, the total BOD loading of water bodies due to cattle will
not exceed 15 g per day.

The generation of BOD from industries vary widely and
depends on the industrial process and treatment accorded to the
wastesa. Wherever the data was not available, the lecading was
calculated on data provided by CPCB for similar industries
located in the area. -

The total leoading is about 440000 kg/day, of which ruzal
areas contribute about 58%. The urban agglomerations contribute
about 36%. As the industrial development in the area is poor the
contribution of industries to be total BOD is quite low and
restricted to about 14%. Some pulp and paper industries and a few
distilleries along the Narmada contribute the major BOD load. At
the district level the highest BOD contribution is from
Hoshangabad district and the lowest from Jhabua district. The
domestic /municipal pollutant locads as estimated by CPCB(1354)
are given in Table-5.
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TABLE-5 : DOMESTIC/MUNICIPAL POLLUTANT LOAD IN NARMADA BASIN
(BOD Kg/day)

S,No, State/ RURAL URBAN Total
bistrict=== for
Human Cattle Total Human Indus-~ Total Pistrict
Domestic Domes.trial
A. MADHYR PRADESH
1. Balaghat 52%5 2115 7410 NUC 14.3 14.3 7424
2. Betu 8760 795 6555 3400 7.7 3407 9962
3, Chindwara 7275 2340 9615 NUC 31.7 31.7 9646
4. Damch 840 345 1185 NUC NIV - 1185
S. Dewas 8295 3240 11535 8000 NIU B000 19535
6. Dhar 110650 4560 15210 NUC 14.4 - 15224
7. Hoshan- 14220 7545 21765 15800 10800 26600 48365
gabad
8. Indore 10140 1305 11445 NUC - NIU - 11445
9. Jabalpur 7620 5190 12810 99400 NIU 99400 112210
10. Jhabua 240 1140 1380 NUC 0.22 0.22 1380
11. FKhandwa 11820 1215 139035 7250 15.68 7265 20300
12. EKhargone 27045 10170 37215 3500 6940 10448 47663
13. Mandla 15300 9185 24435 3gs50 6.7 3858.7 20293
14. Narsing- 10260 - 10260 380¢ NIU 3800 10460
purx
15, Rajnandan 1380 720 2100 NUC 5.4 5.4 2105
gaon
16. Raipen 7515 3750 11265 NUC NIV - 11265
17. Sagar 1665 705 2370 NUC  NIU - 2370
18. Sehore 7005 3225 1023¢ NUC  NIU - 10230
1%. Seoni 3900 3240 7104 1900 1132 3032 10436
20. sShahdhel 1230 705 1935 MUC  NIU - 1935
B. MAHARASHTRA
1. Dhule £480 1965 6405 NUC  NIU - 6405
C. GUJARAT
1, Barcda 17700 2085 19785 NUC 1000 1000 20785
2. Broach 16950 3120 16020 12600 NIU 12600 28620
Total 34650 5205 35055 14006 1000 13600 47655
G.Total 196554 64050 255795 159500 19977 179477 444596
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4.3 Waste Water Disposal in Narmada Basin:

So far ag human beings are concerned, majority of the water
abstracted for use is returned as wastesg and actual consumption
amounts to only a sesmall fraction of the total water. For
industries, the amount of water consumption depends on the
purpose for which the water is withdrawn. The boilers consume
about 10% of the water and cooling process consume about 3 to 4%
of the total abstracted water depending upon the cooling system.
On the other hand, a major part of the water abstracted for
irrigational purposes is consumed and only 15 to 20% of the total
applied water is returned as wastes. The consumption of water in
agriculture mainly depends on infiltration and evaporation and
evapotranspiration. The plants themselves retain a small quantity
of water. However, all the processes related to water
abstraction, losses and consumption are a part of the hydrosphere
cycle, suggesting that the total water in hydrosphere remain
constant though it changes its phase or form.

The wastes generated mostly flows through various streams
and meet the neighbouring water bodies. A portion is also lost
from the surface runoff systems through evaporation and
percolation. For example the waste water for irrigation i=m
calculated based on the assumption that 20% of the applied water
is returned as waste water through surface runoff. For the
calculation of domestic waste water from rural and urban usage,
two different sets of assumptions were made. In a rural
environment a significant amount of water used is consumed
through seepage, as most of the drains are natural channels.
Therefore only 50% of water used for rural domestic purpcoses were
considered as return water. In the urban agglomerations most of
waste water flows through sewerages and therefore the losses due
to infiltration and evaporatiocn is negligible. Considering this,
it has been assumed that about 80% of the water abstracted for
urban usage returns to the surface water regime as waste water.
80% of the water abstracted for industrial usages has been
assumed as waste waters.

About 50% of the waste water comes from irrigational fields
and about 43% from rural and urban domestic wastes. The wastes
from urban gources account for about 25%, whereas the rural
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population contribute conly 18% of the wastes. It may be noted
that though in the Narmada basgin about 80% of the population is
rural, the wastes from urban sources is about 1.4 times more than
that of rural sources. ©On a district 1level, Hoshangabad
contributes about 12% of the total waste water generated in the
Narmada basin. Shahdol contributes a minimum of about 0.3% of the

waste water to the Narmada bkasin.
4.4 Water Abstraction
4.4.1 Water abstraction for Agricultural use

Application of water in requisite quantities at the
appropriate time is cne of the wmost important aspects of
agriculture. The function of soil moisture in plant growth is
very important for healthy growth of crops and plants. The main
functions of irrigation water are as follows

- it acts as a solvent for nutrients. Water forms the
solution of nutrients and this solution is absorbed by roots.
This water acts as nutrient carrier.

- the irrigation water supplies moisture which is essential
for the bacterial growth beneficial for plants.

- gome chemicals present in soil react with water and the
hydrelysed product nourishes the planta.

- Irrigation water dilutes the harmful =salts and often
washes them off.

- It softens the tillage pans.

Various crops require different quantities of water and any
marked variation can spoil crops totally. In India a majority of
the areas are irrigated by monscon rains and therefore, the crop
production largely depends on the vagaries of monsoon. The total
annual abstraction from all sources for agricultural purposes is
about 935 MCM out of which about 260 MCM (i.e. about 30%) is
abstracted from canals. The maximum amount of water abstracted
from canals for irrigation is in Khandwa district. In the basin
about 69% of the water is abstracted for irrigation from other
sources like ground water, tanks etc.
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4.4.2 Water Abstraction for Domestic used :

Water is a basic requirement for human survival. Water is
mainly consgumed by human beings for drinking, bathing and
cleaning purposes. The water consumption by population bagically
depends on availability and habit of the respective population.
Since in rural areag the availability of water is poor and often
a lot of effort is necessary to procure water in reguisite
quantities, the amount of water used per capita is quite low and
varies between 202 and 30 litres per person ber day (lpcpd).

On the other hand, water in the urban areas are available
with relative ease and often a organised supply system exists.
However due to high growth rate of urban bopulation and lack of
basic infrastructural facilities, the availability of water in
urban agglomerations has become increasingly difficult. The
average per capita consumption of water in well equipped urban
agglomerations is likely to be about 250 to 300 lpcpd. However,
in the Narmada basin, the per capita consumption of drinking
water is not likely to exceed 150 1lpcpd. The majority of the
population in the Narmada basin is rural and their need for water
is low. Total amount of water abstracted from the bagin to meet
the demand of the rurail population is about 134 mcM per year.
About 20% of the population in the Narmada basin reside in urban
agglomerations and total amount of water abstracted to meet their
demand is about 115 MM ber year, marginally lower than the rural
pPopulation demand, '

4.4.3 Water abstracted for Industrial use

The industrial development in the Narmada basin i poor and
only a few districts house large and medium industries. However,
ne systematic data on the number of industries and the water
abstracted by them is available. Only about 72 MCM of water is
abstracted from Narmada basin for industrial purposes which ig
about 20% of the water abstracted to meet the demands of the
rural and urban population,
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5.0 Data preparation :

The districtwise polluticn load as given in Table-4 and
Table-5 was distributed among the various tributaries. The
distribution of peollution load was made in proportion of the
length of tributary passing through a given district. Following
this procedure, the NPK, pesticides and BOD load contributed by
different tributaries were calculated and given in Table-6.
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Table-6. NPK, Pesticides and BOD load (Kg/day) in different
tributaries of Narmada river basin.

S No Name of the NPK-1load Pesticides BOD-load
tributary {Kg/day) (Kg/day) (Kg/day)
1. Narmada at Manot 177 0.11 9880
2. Burhner 1760 3.12 12345
3. Banjar 3961 7.458 10804
4. Narmada at Mandla 56 0.03 3144
5. Narmada at Jamtara 1391 0.85 38121
6. Hiran 2786 0.49 78962
7. Sher 1556 2.46 12195
8. Narmada at Barman 449 0.27 2009
9. Shakkar 1584 2.88 6388
10. Narmada at Sandia 1622 3.01 6282
11. Tendoni 1035 2.85 3565
12, Barna 1631 2.49 5143
13. Bagra Tawa 4121 4.63 18155
14. Narmada at Hosghan- 2883 1.39 11733
gabad
15. Kolar 1856 0.%0 5Sa0
16. Ganjal 1336 1.15 7083
17. Narmada at Handia 4608 10.6% 208653
18. Jamner 1712 5.18 6977
13. Chhota Tawa 5459 22.77 15850
29. Narmada at Mortaka 2400 4.88 9228
21, Choral 8220 6.14 14410
22. Beda 1293 0.27 7982
23. HKundi 2401 0.52 14823
24. Narmada at Mandle- 1330 0.27 8210
shwar
25. FKaram 1450 12.93 2404
28, Man 2417 21.56 4006
27, Narmada at Rajghat 2417 21.56 4006
28. Uri 1933 17.23 3205
29. Goi 1847 0.38 11403
30, Hathni 1323 4.52 948
31. Udal 4212 1.56 2287
32. Narmada at Garu- 11701 15.51 20255
deshwar
33. Dudhi 1583 2.88 6388
34, Morand 1522 1.70 8198
35. Machak 1718 3.15 7926
36. Wagh 967 8.63 1602
37. Heran 29139 4.33 5731
38. Orsang 5472 7.64 10811
39, ZKarjan 2416 12.74 170548
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6.0 Sequential Sampling plan for the Narmada River Basin :

A sequential sampling plan for 1locating water quality
stations on river Narmada has been formulated on the basis of
bagin topography and pollution loadings using Sharp’s procedure.

6.1 Sampling Sites Based on Number of Contributing Tributaries:

Fig. 1 shows the basin map showing the major centributing
tributaries of the Narmada river. In this map some of the
tributaries having insignificant contribution have not been
shown. These have been dropped out while considering the whole
of the basin.

Fig. 2 shows the numbering kased on the tribuaries of the
Narmada river following the Sharp’s Criteria. The zeroc level
hierarchy is always at the mouth link M, which is 83.

The major centroid where a first hierarchy station is to be
placed, is located in that link whose magnitude is closest to :

in which N, = total number of exterior tributaries which equai to
M, the magnitude assigned to the outlet, M, = first-hierarchy
link, and the sguared brackets indicate that the enclosed value
will be truncated to the integer value.
Using (1) and substituting N, = 83, the first-hierarchy
sampling site is:
83+1

2

Therefore, the first hierarchy would be placed in link number 42.
Because there is no link with this number the link closest in
magnitude, link 43 is selected as the centroid. Once a link ia
specified, a sampling location is designated at its downstream
junction. Further, each designated reach should be examined
individually in light of acceesibility, presence of zones of
complete mixing or other existing unigue conditioms.

If the first-hierarchy link were erased, twoc systems
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result which are approximately equal in magnitude. The upstream
portion has a magnitude of 43 for which the centroid is

M; +1
Mig = | R RE L LLEE T (2)
2
43+1
M, = ] = 22
2

Again, there is no tributary having link number 22 so the
nearest in magnitude, link 21 is selected.

In Sharp’'s treatment of the downstream portion, one can
either renumber tributaries, using the same procedure outlined
above or the centroid may be found by selecting that link which
ies closest to either:

My - My+ 1
My = [——————— ] oo (3}
2
or
M =M + M’ = @ cmee—ereaaaaee- (4)

where M = magnitude of the link, i = hierarchy level, M, =
magnitude where the basin is divided on the down stream side, M,
= magnitude where the basin is divided on the upstream side, and
M," and M, = alternative possible centroids.

In the present case M, = 43, M, = M, = 83, which gives M, =
20 and M;" = 43 + 20 = 63. The reach of magnitude 63 is selected.

With the =second hierarchy stations specified, third-
hierarchy stations may be selected by a similar procedure, Using
{2), in the upstream half the third hierachy statlons are:

21 + 1

M =— 11

1

2

With no link numbered 11, the nearest link in magnitude would be
gelected which ig 12,

8till in the upper half of the river network, a lower third
hierarchy station should be specified. Using equations {3) and
(4):
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43 - 21 + 1

=
n
H

12
2
or M," = 21 + 12

33

Because there is link having been numbered 33, the nearest
link 34 is chosen.

Similarly the third hierarchy stations in the downstream
half may be determined using equation {3} and (4}.

€3 - 43 + 1
M, = ————————— = 11
2

or M," = 43 + 11 = 54

A there is no 1link with 54, the nearest link 56 is
selected. Further the third hierarchy station in the last portion
is

83 - 63 + 1
M, = = 11
2
or M," = 63 + 11 = 74

Because 74 link does not exist, the nearest link 71 is
chosen, Following the same procedure the fourth-hilerarchy
stations are located, the gelected links are 7, 16, 27, 41, 50,
60, 69 and 78 respectively. The loccations of these selected
sampling stations are shown in FPig. 2. In total, 16 stationse with
gegquential priority have been identified. Here only four
hierarchies are conseidered, however more stations could be
identified by using the higher order of hierarchies.

The sampling reaches selected on the basis of number of
tributaries are tabulated in Table-7:
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Table-7 : Topographic location accerding to tributaries.

Hierarchy Tributary Number
4] 83
1 43
2 22, 63
3 12, 34, 56, 71
4 7, 16, 27, 41, 50, 60, 69, 78

6.2 Segquantial Sampling Based on Pollution Loadings :

The Sharp’s procedure can be successfully applied to
identify the water quality stations on the basis of pollution
loadings {Clarkson, 1978}. The following procedure is adopted :
i) Compute the pollution load carried by various tributaries.
ii) Assign the number equal to the pollution load to the

tributaries.

iii} Complete the numbering of the whole river using Sharp’s
procedure.

iv} nAfter completing the numbering of the basin apply the

Sharp's procedure to determine the segquential sampling

stations using different hierarchies in the same way as

determined on the basis of contributing tributaries in the

previous section,

In Table-6, the pollution loadings have been tabulated. The
BOD, NPK and Peaticides loading have been considered in this
study. Using the four stepa stated ahove 16 stationa have been
identified on the basis of four-hlerarchles for each pollution
loadings. The identified links based on each pellution loadings
have been tabulated in Table-8. The networks of seguential
monitoring water quality sites based on BOD, NPK and pesticides
loadings have heen shown in Fig. 3, ¢ and 5 reapectively.

Cne can proceed further in the same manner to determine
higher level of hierarchical {lower priority) stations, as long
as economic considerations permit and information expectations
require doing soc. To isolate a source of pollution, Sharp
proposed that samples be drawn at one hierarchy and analysed to
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Table-8. Selected sites on the basis of pollution loadings

Order of BOD NPK Pesticides
Hierarchy Loadings Loadings Loadings
Hierarchy 428151 91619 233
Hierarchy 224929 47523 155
Hierarchy 15336, 33000 23761,69571 58,185
Hierarchy 76680,186633, 11880,35642 28,94,170,208
27300,374297 58547,80595
Hierarchy 38340,74398, 5940,17820 14,43,76,1325

167563,191776,
266443,306524,
354853,394551

29701,41583
53035,64059,
75083,86107

163,178,197,
220
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select those portions of the river network which should be
sampled at stations of the next hierarchy, and so on, until the
pollutant source had been found by a process of elimination.

Assuming that the scurce of pollution is entring the strear
through an exterior link, the modal number of samples needed to
gearch the basin is (Sharp, 1971):

Smx = {1 + (log, M)}  ~rreemmcecoman . (5)

The maximum and minimum levels of hierarchies required to search
a basin for a single source of poolution are ({(Sharp, 1971):

2{1 + (1093 Mo)} """"""""" (6)

n
g
1]

1

min = (1093 Mo) """""""" (7)

In the present case the modal number of hierarchy as given by {5)
is 7. The maximum and minimum levels of hierarthies as computed
from {6} and (7) are 10 and 4.

A meodified Sharps procedure is propoged to designate
sampling sites except that hierarchies will dencte priorities for
sampling rather than a sequence in which to sample. If the budget
permit, one could sample simultaneously at all first and second
hierarchy sites, then third hierarchy sites would be added, and
so on, whHere sampling at additional hierarchies in effect
steadily improves the resoclutions of the picture obtained of the
whole river network. Increasing levels of hierarchy correspond
to decreasing levels of sampling priority when trying to isolate
a pollutant source.

It must be emphasized that the locaticns of sampling
stations determined above are not to be strictly applied.
Engineering judgement may require that they may be moved some
distance upstream or downstream in the vicinity of the computed
order numbers. As pcinted out earlier the method used here in
specifying locations provides only guidelines instead of strict
rules in pin-peinting the appropriate sampling sites.

It must also be noted that different designers may end up
with different networks even if they apply the same procedure
mentioned above . The reasons may be several. For example, the
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selection of the first exterior tributaries may significantly
affect the stream orders. However this subjective aspect of
method may be minimized by judging on the basis of mean minimum
flow, minimum area of recharge basin or other similar
quantitative criteria. Another reason may be the scale of map
used, which also affects the choice of tributaries and hence
location of the sampling sites.
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7.0 Result and Discussions :

The sequential water gquality monitoring networks based on
tributaries, BOD loadings, NPK loadings and Pesticides loadings
have been shown in Fig.2 to Fig.5 respectively. The comparison
map of monitoring stations has been prepared to visualize the
network evolved on the basis of these four criterias. It is
observed from Fig.2 that the monitoring stations based on the
tributaries are more or less equally spaced. While the monitoring
pites based on BOD loadings, NPK loadings and Pesticides are
closely located towards the downstream side of the basin: This
seems to be logical because the upper basin does not have any
significant pollution problem and hence menitoring sltes are
widely spaced. But the middle and the lower part of The Narmada
basin have densely spaced monitoring sites because of higher
polluticn loadings with respect to BOD, NPK and Pesticides. The
lower basin has the highest pollution of pesticides and NPK
loadings and therefore this part of the bagin requires very
closely spaced monitoring sites for the purpose of monitoring
and consequently formulation of control strategies for
controlling the pesticides and nutrient related problems.

Each of the four approaches presgented - tributary based, BOD
based, NPK based and pesticides based - results in sampling
networks which differ somewhat, but which share a common approach
towards the selection of reaches in which to sample. Although the
approach is not entirely objective - it is sometimes necessary
to select from two altermative reaches, while the specific
giting of a sampling transect will be the result of a subjective
decision made after evaluating the characteristics of a reach -
it does help the designer apportion sampling resources
systematically. As presented, sampling would be done at the
downstream end of a selected link or reach . In practice,
however, local conditions such as accessibility could easily
necessitate sampling elsewhere.

Economics is an important consideraticn in deciding the
number of hierarchies at which sampling may take place and how
gsampling is to be done. The cost of continuous monitoring from
permanent sites must be weighed against periodic sampling. Costs
will also be reflected in the variables gelected, thus measuring
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conductivity or dissolved oxygen with probes could be
considerably less expensive than measuring 'BOD or iron or
chlorides, all other design factors being equal.

The number of different monitoring networks that could be
mapped out is limited only by the number of variables which could
be selected as a basis upon which to pattern a network. If two
or more variables were to be measured it might be nécessary to
establish more than one network, but this would be costly.
Furthermore gome difficulty would be encountered in trying to
correlate data from a network based on gay, BOD with ancther
based on suspended solids, since the data for each would be
obtained from a different array of transects. A desirable feature
of a sampling program would be the ability te readily compare and
correlate one variable with another. A single array from which
& number of variables could be measured would make compariscn
pessible within a common framework of time and/or location, thus
in measuring several variablee it would appear desirable to
define a sampling network in terms of a single common factor. The
outfall based network or perhaps a network based on discharge
from each outfall would seem to be good candidates,

While the number of tributaries contributing to a river
system will remain constant over time, the number of outfalls or
the quality of discharge from outfalls will gradually change.
Unfortunately, the fact that the number of tributaries remains
constant does not mean that there ig necessarily a relationship
between tributaries and the gquantity, quality and location of
discharges to the river network. On the otherhand, an outfall
based monitoring network having a design based on today's
information may no longer be correct in a few years. However this
should not be considered critical. Data from a particular
transect ghould not be considered indicative of the whole basin
and because a trangect is properly used to make inference on a
limited region , it would be preferable to maintain the station
at a fixed point over a long pericd of time rather than adjust
it frequently to reflect changes in outfalls or discharge
patterns, for if the transect is held fixed over a long periocd
of time, a basis of comparison is assured for all the data
collected at that station.

These considerations notwithstanding, it is interesting to
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note in comparing Fig. 2, 3, 4 and 5 that first hierarchy
stations in each of the three illustrations fall at virtually
the same point, and that the same is roughly true for the second
hierarchy station on the lower half of the river basin. A
comparative map (Fig. 6) of water quality monitoring stations on
the basis of tributaries, BOD, NPK and pesticides is prepared
which shows that the degree of specificity and resolution is
greater for the NPK, pesticides and BOD based monitoring networks
than for the tributary network, because links are greater in
number and shorter in length for both BOD and pollution loading
networks. However, second-hierarchy stations fall in the same
general area for each'of the four approaches. With a predominance
of population and industry situated on the lower half of bagin,
such an overlap or similarity of networks might lend itself
nicely to comparative analysis even if distinct metwork do exist.
Furthermare, if it should be that sampling stations are specific
logations at which samples are taken periodically but are not the
locations of permanent sampling installations, cost might not be
so great a factor, in which case it would be feasible to maintain
several networks which are mutually comparable.

Unlike the arbitrary but common practice of sampling from
sites such as bridges because they are readily accessible even
though they have no necessary relationship to the data collected
, the modified Sharp’s procedure results in selection of gites
which are- not weighted to reflect demsity of population or
industry. Thus, the stream based network is distributed fairly
evenly throughout the river basin whereas stations of NPK and
pesticides and BOD based networks exist predominantly in the
lower half where most industry and the larger towns and cities
are found.

The general method which has been presented may be used to
designate sites at which to sample for water quality in a river
basin. Hierarchy numbers represent the sequence with which levels
of funding would limit or augment a sampling program. First-
hierarchy sampling stations would be established initially, then
second hierarchy stations and so on, as funding permitted or the
need for additional data required. As each additional hierarchy
is established, the percentage of atreal coverage in the case of
tributaries, or its analog in the case of outfalls or BOD is
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increased. For the applications based upon outfalls or BOD
loading, the resulting centroids and subcentroids represent
centers cof mass of pollutant loading rather than centers of basin
area as in the original Sharp’s procedure.

7.1 Needs for improving the sxisting Network 1:

Fig.7 ghows the monitoring sites on the Narmada river in MP
under GEMS/MINARS Natural Water Package Programme. It is observed
that the present menitoring sites are located nearer te the
cities both on u/é and d/s sides of the river. This type of
monitoring plan is good to monitoring and check out the pellutien
point source only such as domestic and industrial sources. But
it iz ingignificant to monitor the pollution coming from the non-
point scurces such as agricultural fertilization, animal feedlots
and other sources. Further, the present monitoring network seems
to be sufficient for the u/s portion but needs improvements in
the d4/S porticn az the pollution loading is increasing towards
the downstream side which needs an extensive plan of monitoring.
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8.0 Conecluslons i

The seguential water sampling zites to be used in the search
for a pollution source have been identified for the Narmada
basin. Four different criterias e.g. tributaries, BOD, NPK and
Pesticides were used to locate the gampling locations. Four
hierarchies have been used in the study. However, higher level
of hierarchical stations can be identified subjected to the
economic considerations. It was found that for the detection of
single pollution source, one had to go up to the seventh level
of hierarchies.

Each of the four networks presented namely tributary based,
BOD loading, NPK loading and pesticides loading based differs
somewhat but it share a common approach towards the selectlon of
reaches in which to sample. It must be emphagized that locations
of sampling stations determined above are not to be strictly
applied. Therefore, an engineering judgement is required to
locate a monitoring sites which satisfy most of the requirements
and minimize the financlal requirements. In this procedure, the
proposed monitoring networke may be used ae guidelines in
pinpointing the appropriate sampling sites.

Further, it is observed that the present monitoring network
is self-sufficient as far as the middle and upper basin is
concerned. But 1t certainly needs improvement in the downstream
portion of the basin particularly for contreolling the pesticides,
nutrient related problems in the lower basin.
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