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Abstract:

Various physical, chemical and biological hazards associated with water distribution networks is a constant concern of the
engineers and managers working in the water treatment and distribution sector. The uncertainties in the water distribution
networks involve pressure drops, contaminations by harmful materials, leakages, corrosion etc. As the time and location of the
hazard is hard to predict the spread of uncertainty remains undetected when and where it happens. To prevent such types of
atrocities, experts are recommending automatic monitoring systems for water distribution network hazards. The present study is
proposing a cognitive Multi Criteria Decision Making model (MCDM) to predict the related water parameters in real time and
taking logical and scientific decisions about the intensity of the hazards and level of actions required to be undertaken. GIS
framework is utilized to digitize the distribution network and to provide a spatial interactive display about the condition of the
distribution network. The system utilizes the technical advancement of neural networks, mathematics of signal flow graph theory
and decision making ability of Analytic Hierarchy Process to identify, analyse and predict the physical, chemical and biological
hazards.

Key words: Analytic hierarchy process (AHP), Artificial neural network (ANN), Geo graphic information system (GIS), Multi-
criteria decision making model (MCDM), Pipeline hazards, Water distribution network, Water quality index(WQI).

1.Introduction

Water supply systems are a structural part of public utilities. The water, as it leaves the treatment plant, is of desired quality. But the
standard of this quality is to be maintained when the treated water is flowing through the network of the distribution system. The water
is supplied in a way that is useful to the consumers but a considerable amount of filtered water is wasted because of various pipe line
hazards. Physical hazard, chemical and biological hazards are the main threats to the water distribution system. Now a day’s most
water utilities worldwide suffer from the problem of water loss due to its large affects rather than on operational processes of the water
system, but even on the financial, social and environmental aspects. So water losses can be classified to direct losses, which is real and
physical losses evident in the water system due to the loss in the amount of treated water by reason of the leaks in pipes, as well as the
damage that may affect the facilities of water system directly, and indirect losses, which is appearing as economic or commercial
losses.

The present study is proposing a cognitive Multi Criteria Decision Making model to predict the related water parameters in real time
and taking logical and scientific decisions about the intensity of the hazards and level of actions required to be undertaken. GIS
framework is utilized to digitize the distribution network and to provide a spatial interactive display about the condition of the
distribution network. The system utilizes the technical advancement of neural networks, mathematics of signal flow graph theory and
decision making ability of Analytical Hierarchy Process to identify, analyse and predict the physical, chemical and biological hazards.
The physical hazard is represented by pressure difference, chemical abnormalities are identified by AHP assisted water quality index
and biological contaminations are monitored by colliform concentration. The software requires the data of necessary parameters in the
initial and final point of the pipe network for predicting the same at each of the junctions of the distribution system. According to the
results the software seems to display realistic results about its study area with which it was trained. The performance in real time
situations may decide whether this tool can be utilized to prevent spreading of hazard in the water distribution system and save the
hard earned money of the tax payers.
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2.Previous Work

Previous work in water distribution system focused mostly on water leakage and leakage factor analysis. Actually the adoption of the
ANN modelling technology began in the mid-1990s. Ho et.al (2009) developed an artificial neural network (ANN) model and a
geographic information system (GIS) for assessing water leakage and to prioritize pipeline replacement. Where qualified pipeline
break-event data were derived from the Taiwan Water Corporation . Of water distribution system the non-linear IVS algorithm is used
for the development of ANN models to forecast water quality within two water distribution systems (May et al. 2008). Subsequently
Aburawe et.al(2011) presented an initial perception of an innovative method for real-time leakage detection in water distribution
networks depends on the use of SCADA system for providing a real-time pressure measurements at different points on the network.
The failure rate and estimation of optimal replacement time for the individual pipes in an urban water distribution system was
developed by Jafar et.al(2010) using Artificial Neural Networks (ANN). Mounce.et.al (2003) presents the analysis and data fusion for
sensors measuring hydraulic parameters (flow and pressure) of the pipeline water flow in treated water distribution systems .An
artificial neural network based system is used on time series data produced by sensors to construct an empirical model .

There are various methodologies that have been used for pipe leakage analysis, IRA-WDS (Vairavamoorthy et al.2006), district
metering area (Li et al.2011), Grey relational analysis(Jing et al.2012), comprehensive review of leakage assessment method (Puust et
al.2010) are some remarkable methods.

3. Description Of The Study Area

Agartala (23.50°N 91.5%E) is the capital of princely state Tripura (India) and is second largest city in North-east India after Guwahati
both in municipal area(58.84Km?) population(399688) & density (6,251/km? . The city comes under west Tripura district and
receives its water supply from 4MGD water treatment plant in Bordowali, south Agartala. The entire Pipe network that’s starts from
Bordowali WTP, located at the Southern bank of river Howrah(Agartala) is considered for the present study .
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Figure 1: The Water Nefwdrk Considered In The Study

4.Methodology
Undergoing the study in this research, the seven key stages as follows:
o Data collection.
Digitization of distribution system by GIS.
Development of the geo database.
Conceptualization of hazard identification.
Application of AHP for determination of importance for water quality parameters in WQI.
Prediction of various hazards by neural network model.
Preparation of the independent software model to be utilized as a decision support system.
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Figure 2: Fundamental Stages Of The Prediction Of Various Hazards
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The initial stage of the work is to collect data from various junctions of the pipe network. This includes collection of pressure data at
various junctions and water quality parameters at the same junctions. The second stage is to digitize the distribution system. In this
research geographic information system has been utilized throughout the digitization process. With the help of Map window GIS we
are digitizing the distribution network. Here 71 nodes have been taken. Depending on the parameters i.e. water quality and water
pressure in pipes; we shall predict hazards in various nodes.

After the digitization of water distribution network a geo- database has been prepared by various parameters. This approach provides
a formal model for storing and working with data.
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Figure 3: A Geo Database

The next stage is to conceptualize the various parameters. In this stage six parameters such as Pressure at various locations, Hardness
of water, pH, Dissolved Oxygen, Turbidity, Colliform has been taken. But it is very difficult to identify the importance of hazards.
Because colliform is a important hazard but variation of other parameters are also important. That is why we have to follow the next
step i.e. analytic hierarchy process.

4.1.Application Of AHP

The analytic hierarchy process (AHP)is a structured technique for organizing and analyzing complex decisions. Based on
mathematics and psychology, it was developed by Saaty (1980) and has been extensively studied and refined since then. It provides a
comprehensive and rational framework for structuring a decision problem, for representing and quantifying its elements, for relating
those elements to overall goals, and for evaluating alternative solutions [14]. It should be noted that the weightage of various
parameters calculated by AHP will further use to getting Water quality index (WQI) at various junctions of pipe network.

4.2 Water Quality Index

Water Quality Index (WQI) is a very useful and efficient method for assessing the suitability of water quality. It is also a very useful
tool for communicating the information on overall quality of water to the concerned citizens and policy makers.WQI is a
dimensionless number that combines multiple water-quality factors into a single number by normalizing values to subjective rating
curves. Factors to be included in WQI model could vary depending upon the designated water uses and local preferences [1].

The mathematics of the AHP and the calculation techniques are briefly explained:

C1 Cc2 C3 C4 C5 A Wi

Cl Wi Wi, Wis Wi, Wis S1 Si/S

C2 Wy W, W3 Wa4 Wos S SalS

C3 W3, W;, W;3 Ws, W35 Ss SslS

C4 Wiy, Wi, W3 Wi, Wis Sy SulS

C5 Wi, Wi, W3 W, Wis Ss Ss/S
S

4.3.MIC (Most Important Character)

Highest weitage achieved by a criteria from the AHP process after comparison with the other criteria. Where,S= (S;+S,+S3;+S,+S5) &

Table 1: Sample Metrics

Hardness, pH, Turbidity, Dissolved oxygen and Colliform are represented by C; ,C,,Cs3,C4,Cs.
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4.4.Prediction Of Hazards By Neural Network Model

The ANN approach constitutes an alternative computational approach inspired by the biological nervous systems process. The ANN
can recognize patterns and learn from their interactions with the environment. The multilayer feed forward network is widely used.
ANN are adaptive and can handle complex systems. The architecture of ANN includes a number of nodes (neurons) or units organized
in input and output layers as well as a number of hidden layers. The ANN are flexible and “learn" through an iterative process of
adjusting their weights and biases. The most common learning is supervised learning, which provides a response value for every set of
input values and requires a known (input) target value that the response is trying to ““guess". The difference between the response and
the actual target gives the error value. The network weights are adjusted iteratively in accordance with the error value by a back-
propagation technique (BPNN) in order to minimize the error [11].

4.5.Calculation Of “G”
From graph theory we are calculating “G”. If N is parameter at first node & N, is parameter at second node. Then G1 = (Ny/ N,).
Again overall G is average of G1 to G, where “n” is the number of nodes or junctions.

4.6.Selection Of Topology

Selection of topology includes determination of number of hidden layer and nodes by trial and error or search  algorithms like
genetic algorithm.

Initially the input data is analysed. This analysis of data includes the data which are to be trained and which are to be validated &
tested. In this study input is the parameters at various nodes and output is "G". After the analysis, these data will go for further process

i.e. pre-processing & design.
-
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Figure 4: Flow Chart Of ANN Operation

L ANALYSIS

4.7.Training Phase
In this phase updating of weightage takes place. This is for minimizing the difference between estimated results and actual output.
The weightages are updated in different methods known as training methods like Quick Propagation, Conjugate Gradient Descent etc.

4.8.Testing Phase

The model output data is compared with the actual data not included in the training so that level of learning of the model can be
estimated. This phase shows the level of accuracy acquired by the training of the model.

At the final step we are calculating the factor or ratio of predicted value and target value of 'G'. This factor will help to find the
predicted values in future. The predicted value of node 2 i.e. P, can be calculated in the following ways:

P, ={( P1~ G;»S)/100} Where Gy= Predicted 'G' & S={(G,/G;)*100} where Gi= G(Target).

So an independent software module has been created where prediction of pipeline hazards can be shown:

a2

Figure 5: Figure Showing An Independent Software Model

5.Results And Discussion

5.1.Determination Of Importance For Water Quality Parameters By AHP
Importance of various water quality parameters has been determined by AHP process
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C1 C2 C3 c4 C5 A, B.(W)
C1 1 5 2 3 0.5 2.30 0.27
C2 0.2 1 5 3 0.2 1.88 0.22
C3 0.5 0.2 1 2 0.5 0.84 0.10
C4 0.3 0.33 0.5 1 0.2 0.47 0.06
C5 2 5 2 5 1 3.00 0.35

Table 2: Calculated Weightage

With the help of Analytic hierarchy process we are comparing the importance of one parameter with another one. The final value
comes after calculation is our required weightage. Although Satty (1980) scale is used, but the weitage is taken after discussion with
experienced person related to the water quality field. After getting these weightages , the values is used for calculating water quality
index.
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Figure 6: Comparison Between Target And Predicted Values For The ANN Model

After calculation of all parameters by Neural network, the predicted values are use for the preparation of new model, where target
values, predicted values are shown. The changes of these values are shown by changing colours.
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Figure 7: Final Models For Various Parameters

6.Conclusion

The present investigation tries to develop an interactive software to monitor and locate the time and location of hazards in the water
distribution systems. Three kind of hazards were monitored: Mechanical, Chemical and Biological. The advanced tools like neural
networks and Geographical Information Systems are utilized to monitor the hazards in the said water distribution. The study utilized
the GIS frameworks to digitize the entire water distribution system. The modelling framework was prepared with the help of neural
networks.The graph theory was utilized to model the network dynamics. The AHP is used to take cognitive decisions about the
chemical hazards. On entering the value of the parameters in the software; it can successfully predict the value of the same parameters
in the entire network.
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With the help of these values anyone can easily identify the location of the hazards. The time at which the data is entered can also spot
the occurrence of uncertainty in any moment of the day. The training data of the distribution system was collected from the historical
and sample collection from the junctions. The dataset was not enough for neural network training. That is why it was expanded with
the help of stochastic interpolations.

In future, consideration of more parameters will give more accurate result. This MCDM model will be useful for automatic monitoring
of water treatment plant. Finally we can say that the results of the study will help water companies to professionalize the active control
of hazards in their pipelines.
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