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ABSTRACT 

The objective of this study was to develop a functional model of a given water 

distribution system (DMA 802) of Dhaka city which can be used to simulate different 

water supply management options effectively. In this context calibrated functional 

model analyses have been carried out for water distribution system of the selected 

DMA of Dhaka city. 

In the process of developing and calibrating the functional water distribution model, 

the first step was to collect hydraulic and as-built data for the given water distribution 

system. The next steps involved skeletonisation of the hydraulic model for the DMA 

802 using as-built information, adjustment of calibration parameters to a 

computationally acceptable level. The final step was preparation of the calibrated 

model which would be used as a functional model. 

For calibration of a water distribution system, pipe roughness was considered as the 

primary calibration parameter in this study. In addition, pump curves were also 

adjusted for model calibration. Models were simulated considering the starting 

roughness coefficient (C) value of 110 and modified at each simulation at an interval 

of 5. The model output and observed data (from six observation points) matched 

within a reasonable extent for C value of 140 for HDPE pipes. 

A sensitivity analysis on DMA 802 conducted by varying the roughness coefficient 

(C) resulted in a negative system pressure for C values up to 70 due to significant 

values considered for old pipes. However, as expected, the calibrated model predicted 

a significant rise in system nodal pressure for newly installed (as-built) pipes 

considering C values of 100 to 150 reflecting less pipe roughness.  As anticipated, 

model output and the observed data at locations further away from the nodal points 

with installed flow meters did not show very good match. This may be improved by 

installing in-line flow meters within the grid.    

The calibrated model may be used as a functional model to analyse different hydraulic 

scenarios and water quality analysis such as: analysis of water demand management, 

analysis of water sources management, analysis of valve management and water 

quality analysis etc. However, installation in-line flow meters at various nodal points 

of the DMA will ensure more accurate calibration resulting in better assessment of 

flow, eventually providing a reliable tool for establishing a better DMA system. 
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CHAPTER 1 

INTRODUCTION 

1 INTRODUCTION 

1.1 General 

It is a prime objective for an urban water distribution system to have a 24 hours 

pressurized water supply at consumer’s end. In order to ensure the pressurized flow in 

24/7 manner, reducing leakage at a reasonable extent in a water distribution system 

through better leakage management is necessary (Ainola et al. 2001). Managing a 

water distribution system with a huge number of service connections is a complex 

task in the context of system hydraulics. Whereas, it is convenient to manage an 

isolated part of a distribution system through District Metered Area (DMA) and 

relevant management concept.  

A District Metered Area (DMA) is defined as a discrete area of a water distribution 

network. It is usually created by closing boundary valves so that it remains flexible to 

changing demands. However, a DMA can also be created by permanently 

disconnecting pipes to neighbouring areas. Water flowing into and out of the DMA is 

metered and flows are periodically analysed in order to monitor the level of leakage.  

DMA management can be performed efficiently by the use of hydraulic modelling 

tools; system specific mathematical models can be developed and can be used as 

effective decision support tool. 

In context of this thesis work, a calibrated model analyses were carried out for the 

water distribution system of a selected DMA of Dhaka city. Following articles briefly 

explain the relevant features of this study in a systematic order. 

 

1.2 Background 

Dhaka is the capital city of Bangladesh and one of the major cities of South Asia. The 

city consists of an estimated population of more than 12.5 million (DWASA, 2015). 

Now, Dhaka is the largest city in Bangladesh and one of the largest megacities in the 

world with respect to population. 
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Dhaka Water Supply and Sewerage Authority (DWASA) is entrusted with the 

responsibility to supply potable water to Dhaka Metropolitan city and adjacent area 

through its piped networks. Dhaka WASA was established under the Water Supply 

and Sewerage Ordinance of 1963 (East Pakistan Ordinance XIX of 1963), wherein its 

basic responsibilities were defined as the construction, expansion, operation and 

maintenance of water supply, sewerage and drainage system for Dhaka city. However, 

Dhaka city has a rich heritage of potable water supply. The first surface water 

treatment plant was established at Chandnighat back in 1874 (DWASA, 2014). The 

water supply network evolved from then on. DWASA inherited the infrastructures in 

1963 and the utility agency expanded its network as the city grew. DWASA currently 

operates under, and is legislated by, the WASA Act of 1996.  

At present, DWASA meets 78% (DWASA, 2016) of the water demand through 

extraction from groundwater sources by more than 720 deep tubewells (DTWs) 

(DWASA, 2016). But the high rate of extraction to meet the demand of the city 

population is unsustainable. The groundwater table is declining at an alarming rate of 

2 to 3 m per year (IWM, 2006) and environmental degradation is a natural 

consequence of the phenomenon. In the long run, there will be scarcity of drinking 

water unless alternative sources are explored. To respond to this emerging scenario, 

DWASA has made a strategic decision to shift from groundwater source to surface 

water source, as per direction of the Government of Bangladesh. The objective is to 

develop the surface water capacity to meet 70% of the demand by 2030. 

A total about 2841 km water distribution network with diameter of the pipe ranging 

from 75 to 1800 mm exist under Dhaka WASA (DWASA, 2014). The existing water 

distribution networks suffer in many cases from lack of proper planning, ageing 

fixtures, poor material and poor workmanship. The system also suffers from illegal 

connection and pilferage. 

The DMA program plans to rehabilitate and replace the existing distribution network 

wherever needed. DMA is designed to be a 24 hours pressurized system that will 

source water from either local DTWs or surface water treatment plants (SWTPs) or 

the both i.e. conjunctive usage. However, given the uncertainty associated with DTW 

supply due to mechanical and electrical failures; the 24 hours’ continuous pressure 

condition in the network will be a challenging proposition to realize in a conjunctive 
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usage scenario. DWASA is aware that unless and until the DTWs are sustainable and 

network is pressurized, previous practices of suction pump usage, illegal connection 

shifting will reappear and plague the network. Ultimately the DMAs could fail. 

Dhaka Water Supply Sector Development Project (DWSSDP) is directed towards 

rehabilitation of existing water supply network in Dhaka city. DMA concept for the 

distribution system was initiated first in Dhaka city under this project. DMA is 

essential to ensure a minimum volume of Non-Revenue Water (NRW) and to 

minimize the loss of precious water through system leakage. In each sector DMAs 

will be established to transmit water from the primary distribution. The current 

network of Dhaka city is not designed to implement DMAs, so gradually the current 

system has to be changed into DMAs. Using hydraulic model, the primary distribution 

lines were designed according to supplied water in different parts of the city to the 

DMAs. 

The whole city has been divided into 145 DMAs so far, which is shown in Figure 

1-1. The networks within the DMA are being rehabilitated gradually. DMA is a 

discrete area of a distribution system usually created by the closure of valves or 

complete disconnection of pipe work in which the quantities of water entering and 

leaving the area are metered. With the help of this metered data the amount of water 

lost through leakage can be estimated and measures can be taken to reduce leakage up 

to a reasonable extent. The concept, if successful in the appropriate context of Dhaka 

city, will be replicated in areas where there is no distribution network as of yet. 

During selection of the DMA boundaries, the following established criteria were 

considered: 

 Number of service connection between 1,000 to 2,000; 

 Hydraulic separation of the DMA; 

 At least one or more DTW within the DMA with future provisions for 

injections points; 

 Almost flat topography is preferable; 

 Easily visible features can be taken into consideration for DMA boundary; 

 DMA to DMA interconnection points to be able to measure flows in both 

directions and to have controls on the pressure by pressure control valves; 
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Figure 1-1: District Metered Area (DMA) of Dhaka City 
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The major objectives of DMA management for Dhaka city were:  

(i) To rehabilitate the existing network up to required extend; 

(ii) To ensure 24 hours pressurized water supply at the consumer end; and  

(iii) To reduce Non-Revenue Water (NRW) within 15%.  

As a part of asset management, DWASA developed the database through Geographic 

Information System (GIS) and Supervisory Control and Data Acquisition (SCADA) 

to efficiently manage the conjunctive use of DTW produced ground water and SWTP 

water from the transmission main. 

An efficient water distribution system has to meet several marks. These includes less 

leakage which results in less NRW, better management resulting in improved service 

delivery with less resource, more coverage for a given length of pipe, better quality 

and more. At the same time power is also another issue that dictates the efficiency. An 

efficient system should also have enough pressure. It should also have adequate 

storage for emergency supply and fire protection. Several of these objectives can be 

met by establishing DMA. Moving from groundwater (GW) and to surface water 

(SW) will also help reduce operation and maintenance (O&M) cost, improve 

operation and the system will ultimately move towards a sustainable source. 

Operation and maintenance is very important for improving efficiency. Three major 

components of efficiency management are non-revenue water, power consumption, 

and ensuring water quality establishment. 

DMA is essential to ensure a minimum amount of NRW and to minimize the loss of 

precious water through system leakage. The DMA initiative adopted by DWASA 

have already replaced and rehabilitated a part of the existing distribution network, 

which reduced NRW from approximately 40% to 15% in places where DMA has 

been executed (DWASA, 2015). 

There are several causes of Non-Revenue Water (NRW). Asian Development Bank 

(ADB, 2007) identified three main reasons of NRW in Dhaka. Those are: leakage 

from the service connections and distribution lines; faulty metering; and unauthorized 

consumptions. Establishing DMAs can address these issues. The following steps have 

already been taken to reduce system loss: 
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 Identification of non-metered domestic and commercial connections along 

with illegal connections and replacing them; 

 Pipeline leakage detection and attempt to optimize the system pressure as 

possible; 

A hydraulic model is a mathematical model of a water system and is used to analyse 

the system's hydraulic behaviour. Whereas, a functional model in water supply 

systems is a structured representation of the functions (activities, actions, processes, 

operations) within the modelled system or subject area.  

Therefore, a functional model of water supply system is also a hydraulic model 

(mathematical model) which gives the process perspective of the object-oriented 

analysis model and an overview of what the system is supposed to do. 

 

1.3 Motivation for Current Research 

DWASA is entrusted with the responsibility to supply and distribute the potable water 

to Dhaka city dwellers through its piped network. The distribution system of DWASA 

grew along with increase of coverage area and increase of water demand along with 

the expansion of urbanisation. Main problem of existing distribution network was the 

huge NRW. The notable reasons behind these NRW were the use of old pipes, 

differential pressure platform in the network, illegal connections etc. (Andres and 

Planells, 1993). NRW target can only be achieved by identification and control of 

leaks through leakage management. Non-Revenue Water (NRW) of Dhaka water 

distribution system was 40% in 2012 (DWASA, 2012). DMA approach is being 

implemented at some places and already it reduced NRW to a target value of 15% by 

2016.  

In Bangladesh for the first time, DWASA has adopted DMA concept through 

implementation. To address the ever increasing future demand and to reduce NRW, 

DMA management (i.e. leakage and value management) is very essential specially for 

future planning and management. 
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In order to develop a controlled water distribution system, a calibrated model is 

needed for analysis and operation of a real system (Walski, 2001; Zheng, 2002).  To 

develop the calibrated model, especially for Dhaka city, applicable tools and 

methodology has been adopted. The possible use of a calibrated model has been 

demonstrated in this thesis by working on DMA 802. The outcome of this study was a 

calibrated water distribution model for DMA 802, which can be used as a functional 

model to estimate future requirements.  

 

1.4 Objectives of the Research 

The objective of this study was to develop a calibrated functional model of a given 

Water Distribution System (WDS) of Dhaka city; which is an object-oriented model 

and also it will be possible to use in the operation and management of Dhaka WDS 

such as water demand and supply management, valve management, water quality 

analysis, leakage management etc.  Key objectives of the study were: 

 To prepare a preliminary hydraulic model for existing (using old pipes) 

water distribution system in order to assess the capability due to future 

requirements; 

 To prepare an updated model, calibrate it to a reasonable extent and 

develop a functional model for future recommendations. 

 

1.5 Possible Outcomes of the Research 

The possible uses of calibrated model for different planning purposes are given below 

which will be used as a decision making tools in the field of: 

 Assessment of water sources for the DMAs; 

 Proper water demand management; 

 Valve management; 

 Water quality improvement; 

 Leak detection for minimizing non-revenue water (NRW) etc. 
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1.6 Study Area 

DMA 802 is situated in Ward # 17 in Dhaka North City Corporation (DNCC). In the 

North are 300ft road and Bashundhara International Convention Centre, Bashundhara 

Residential Area in the East, Nadda Bus stand is in the South and Kuril flyover and 

Progoti Sarani are in the West (Figure 1-2). The area of DMA 802 is 1.11 sqkm. 

Number of House Connection (HC) was 2080 and population in 2015 was 41,871. 

Land levels vary from 4.22 to 7.65 mPWD (Figure 1-3). Length of old pipes (before 

replacement) was 9.043 km. Now, after replacement of old pipes and installation of 

new pipes the total length of as-built pipes is 18.061 km. Present sources of water is 

groundwater with three deep tube-wells. 

The reason for selecting DMA 802 to develop the model were manifold. DMA 802 is 

a standard size DMA having 2080 HCs (desirable range: 1000 to 2500). This 

particular DMA was implemented recently, therefore primary data were available. 

DMA 802 has three DTWs with proposed surface water injection points and inter-

DMA operation. Moreover, there is a distant end of distribution network from the 

existing water source which helps to determine roughness of the pipes.  

Again, the shape of this DMA is quite unique. Because, the three DTWs make a line 

formation. For this reason, the effect of calibration parameter can easily be detected in 

the far end of this DMA (south part) due to its unique shape and position of DTWs. 
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Figure 1-2: Study Area Map 
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Figure 1-3: Digital Elevation Model (DEM) of DMA 802 
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1.7 Organisation of the Thesis Report 

The entire thesis work has been documented in this report in a comprehensive and 

systematic order so that it could be easily understood, and be able to summarize and 

represent the analyses results in the most convenient way. All the research 

information and relevant activities are properly oriented here. A brief description of 

the contents of the report is provided chapter-wise in following section. 

Chapter 1: Introduction- a description of background, specific objectives with 

possible output of this research work, motivation of the study. 

Chapter 2: Literature Review- review of relevant theories and studies. 

Chapter 3: Methodology- a description of detail procedure for data collection and 

processing, development of model with different scenarios. 

Chapter 4: Model Calibration- a description of development of calibrated model with 

calibration parameters. 

Chapter 5: Analysis, Results and Discussions- a description of entire analysis 

outcomes including models for old pipes, as-built pipes and calibrated 

functional models. It elaborately describes the computational investigation 

made throughout the study with tabular and graphical presentation of 

model results. Finally, the major outcomes are reported with necessary 

explanations. 

Chapter 6: Conclusion and Recommendations. 
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CHAPTER 2 

LITERATURE REVIEW 

2 LITERATURE REVIEW 

2.1 General 

The review of the past studies and relevant documents is a pre-requisite for 

understanding the system behaviour and modelling techniques. In the following 

sections relevant literatures was reviewed to formulate this study. 

 

2.2 Application of Water Distribution Models 

Most water distribution models (WDMs) can be used to analyse a variety of other 

pressure piping systems, such as industrial cooling systems, oil pipelines, or any 

network carrying an incompressible, single-phase, Newtonian fluid in full pipes. 

Municipal water utilities, however, are by far the most common application of these 

models. Models are especially important for WDMs due to their complex topology, 

frequent growth and change, and sheer size. It is not uncommon for a system to 

supply hundreds of thousands of people (large networks supply millions); thus, the 

potential impact of a utility decision can be tremendous. 

Water distribution network simulations are used for a variety of purposes, such as: 

 Long-range master planning, including both new development and 

rehabilitation; 

 Fire protection studies; 

 Water quality investigations; 

 Energy management; 

 System design; 

 Daily operational uses including operator training, emergency response, and 

troubleshooting; etc. 
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2.3 Computer Aided Hydraulic Modelling and Analysis in a Water 

Distribution System 

Although, the water distribution modelling concept and technology began about two 

millennia ago but the computer aided advancement was introduced first during early 

1950’s. Since then the computer technology has remained as an inevitable part of the 

design and analysis of water supply system. Today, a number of software packages 

are available which can efficiently represent the complex hydraulic behaviour, and 

provide useful decision supports in the analysis and design of a modern community 

water distribution network.  

Some of the latest software technologies which are widely used to model and analyse 

for water distribution system in a water network are: 

 EPANET 

 WaterCAD 

 WaterGEMS 

 KYPipe 

 H2ONET 

 Pipeline Studio 

 WANDA 

 HydrauliCAD 

 SimHydraulics  

The analyses of the hydraulics in this study have been carried out using Bentley’s 

WaterGEMS v8i software. It is one of the most powerful tools which can efficiently 

address the system variables and take account of critical parameters and uncertainties. 

It has a well oriented Graphical User Interface (GUI) which provides a user the 

ultimate flexibility in creating models, setting the network in a geo-spatial 

environment and in presenting analysis results in a number of ways. The standalone 

Geographic Information System (GIS) environment of WaterGEMS enables a user to 

understand the network behaviour from the bird’s-eye-view, make necessary spatial 

analysis, represent a true replica of the real world system, and finally optimize energy 

and cost of the network model for hydraulic design or analyses.  
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2.4 Water Distribution Network Elements 

2.4.1 Pipes 

The main components of water distribution systems are the pipes. They can be found 

in different lengths, materials and diameters laid down in the network. The pipes are 

mainly grouped into three:  

 Transmission lines  

 Distribution lines  

 Service pipes  

The transmission line is the pipe between the source and the storage elements; it 

carries water from source or pump station to the storage tank while the capacity is 

enough for both serving the consumers and carrying excess water to the storage tank. 

Also it delivers water from storage tank when the source or pump is not able to meet 

the demand. The distribution lines deliver water to the pressure zone and distribute the 

water to the service nodes. On the other hand, service pipes are the pipes that mainly 

send water to the consumers.  

2.4.2 Pumps 

A pump is a hydraulic machine that adds energy to the water flow by converting the 

mechanical energy into potential energy to overcome the friction loses and hydraulic 

grade differentiations within the system.  

The pump characteristics are presented by various performance curves such as, power 

head and efficiency requirements that are developed for the friction rate. These curves 

are used in the design stage to find out the most suitable pump for the system. In most 

of the pumping stations two or more pumps are used to ensure reliability, efficiency 

and flexibility. Pump efficiency plays an important role in water distribution network 

management as a high percentage of total expenses is used for their electricity bills.  

2.4.3 Valves 

There are different types of valves in water distribution systems with different 

characteristics and usage conditions. Their locations and characteristics are decisive 

for the daily management.  
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Check Valves/ Non-return Valves 

Check valves/ Non-return valves are the valves that prevent the water flow backwards 

from the desired direction. When water flows in the direction of need, check valve 

status is open; on the other hand, when the flow changes its direction, the check 

valve’s status is closed in order to permit the flow. They are widely used in front of 

the pumps in order to prevent reverse water flow through the pumps.  

Control Valves 

Control valves are used to control the amount of water flow in the pipes by reducing 

the pipe area. Generally, butterfly types of valves are used for that purpose. These 

types of valves generally used for regulating purposes and controlling the overall 

pressure on the sub-pressure zones.  

Isolating Valves 

When a pipe breaks or if a maintenance work is needed, in order to isolate the pipe or 

pipe segment from the rest of the network, isolating valves are used. Generally, gate 

valves are chosen as isolating valves. Despite of control valves, their ability to control 

the flow is very limited. For that purpose, the isolating pipes should be used in the 

fully close or open position, as partially open valves may end with broken valves in 

the system.  

Furthermore, isolating valves are the mostly used valves in a network. Their locations 

and working conditions directly affect the distribution systems characteristics and 

reliability purposes.  

Air Release Valves 

Air in the water distribution system must be taken out from the network in order to 

have system stable. For that purposes, air release valves are used. They are usually 

located at the high points of pipes as mostly air is trapped and purged at these 

locations.  
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Pressure Reducing Valves 

Pressure reducing valves are one type of pressure regulating valves that are used to 

prevent the high inlet pressure pass through the outlet. As the water flows from 

pressure reducing valve, the pressure is reduced to the desired level by proper 

adjustment of the valve. These types of valves are generally used in between the 

zones with high elevation differences. Furthermore, these valves have the flow 

controlling abilities.  

2.4.4 Storage Tanks 

A storage tank’s main purpose is to store excess water during low demand periods in 

order to meet widely fluctuating demands such as fire demands and peak hour’s 

demands.  

A storage tank’s oscillations are directly integrated with the demand and pump 

working rate. Generally, tanks are used as distribution reservoirs to supply coming 

from the pump and store the excess flow during night. Another usage of storage tank 

is that they stabilize the excess pressure over the network by opening the system to 

the atmospheric pressure.  

2.4.5 Fire Hydrants 

Fire Hydrants are used mainly for firefighting by local fire department which also 

determines the places and number of them. They are used also for street washing and 

flushing of water distribution pipes and sanitary sewers if necessary.  

As they are important for firefighting their maintenance should be done properly. The 

fire hydrants can be used while modelling and calibrating the network; they provide to 

the modeller high water flows as they were extracted from the related nodes. 

 

2.5 Model Building and Calibration Approach 

A key step for building a model that represents the system, made up of the physical 

network assets and the customer demand on the network. From a technical 

perspective, modelling involves a series of abstractions. Physical assets in the network 
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such as pipes, pumps, valves and tanks are represented in maps and drawings, which 

are then converted into links and nodes. Finally, the links and nodes are represented 

numerically. Similarly, loading on the network, such as customer demand, is also 

represented numerically and allocated to the network based on geographic location. 

The numerically defined network and demand are put into hydraulic equations and 

solved using a mathematical engine within the modelling software to simulate the 

characteristics of the system as a whole.  

The challenge in building a model, which is representative of system characteristics, 

lies in accurate portrayal of both the network assets in the system and loading of the 

network in the form of customer demand and boundary conditions.  

Records of the network assets are provided through GIS, as the foundation for 

building models, covering pipe diameters, elevations, age, material and connectivity. 

However, operational details associated with specific facilities such as pumps, tanks 

and valves, will require manual input. 

Loading on the system is represented by the customer demand placed on the network, 

while boundary conditions are input as corresponding pressure and flow site 

measurements. The boundary conditions include information such as reservoir and 

tank levels, pump curves, valves settings and pump on/off status. This information is 

usually collected through site measurement/inspection or using existing SCADA 

information. Billing records provide the data required for customer demand.  

The reliability of the GIS database and network loading data contributes significantly 

to the predictability of the model produced and ultimately the model’s suitability as a 

planning and/or tool.  

Calibration is achieved iteratively by adjusting network and/or loading parameters, 

while comparing results against gauged data until a suitable “level of calibration” is 

achieved. The parameters adjusted include the nodal demands and/or pipe roughness 

values. With boundary conditions set based measured data, the calibration process lies 

in matching the simulated and observed head loss within the network as a result of 

loading under various demand conditions. It is important to appreciate the direct 

relationship between the demands of the system and the resulting head loss, which is 

the basis of the calibration results.  
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The process described is not a risk free exercise and unfortunately there are many 

potential problems or errors that can impact on achieving a reliable and calibrated 

model such as (Walski, 2003): 

 Errors in input data  

 Unknown internal pipe roughness values for whole and/or part of the pipes  

 Errors in estimating and/or allocating system demands per node  

 Errors in node elevations  

 Effect of time estimation and/or rounding  

 Model detail  

 Geometric anomalies (connectivity, valve status)  

 Outdated pump curves  

 Poorly calibrated measuring equipment  

 

 

2.6 Calibration Criteria and Field Monitoring Coverage 

A model is considered calibrated when the results produced can be applied with 

relative confidence to make decisions regarding the design, operation, and 

maintenance of a water distribution system. However, the level of investment required 

for calibrating a hydraulic model to the desired level of calibration accuracy is still a 

matter of debate, as well as the level of calibration definition itself. 

Currently, calibration criteria have not been defined for the New Zealand water 

industry, however the New Zealand Modelling Interest Group produced the National 

Modelling Guidelines for Water Distribution Network Modelling (Water New 

Zealand, 2009). The guidelines note that defining a universally accepted good level of 

calibration is a very difficult task, however recommends “the maximum deviation of 

the state variable in terms of water level, pressure and flow rate should be less than 

10% for most planning projects and less than 5% for most design, operational or 

water quality applications.”  

Another example of calibration criteria is the United Kingdom Water Research Centre 

criteria (WAA-WRC, 1989). The calibration performance “Steady State” criteria, was 
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based on the UK operational circumstances. In the UK, most individual service 

connections are not metered, rather large networks are typically divided into smaller 

Demand Management Areas (DMAs) serving about 1000-2000 connections. These 

DMAs are independent service areas that are metered at all inflow and outflow points. 

As a result, their calibration efforts are focused on more “in line” flow metering 

(measurements) than pressure measurements. However, it is interesting to note they 

did not set criteria for site measurement coverage and/or for fire flow testing.  

The WRC calibration criteria have been used by a number of utilities in New Zealand, 

to define project specific pressure and flow model calibration criteria. These are 

outlined below. 

Flows  

 Modelled flow rate (where the flow is more that 10% of the total demand) to 

be within + or – 5% of measured flow rate.  

 Modelled main flow rate (where flow is less than 10% of the total demand) to 

be within + or – 10% of measured flow rate.  

Pressures  
 

 85% of field-test measurements + or – 0.5 m or + or –5% of maximum head 

loss across system whichever is greater.  

 95% of field-test measurements + or – 2m or + or- 7.5% of maximum head 

loss across system whichever is greater. (Note that the WRC specifies +-.75 

m).  

 100% of field-test measurements + or – 5m, or + or - 15% of maximum head 

loss whichever is greater. (Note that the WRC specifies +-2 m).  

Fire Flow  
 

 The deviation of the model prediction, for pressure drop (static pressure-

residual pressure), from the field test data shall be within + or – 5m.  

Pressure Measurement Coverage  
 

 Pressure measurement per 250 to 350 connections and all pressure 

measurement should be logged at 1 minute intervals for the entire field test 

period.  



20 

 

Another example of calibration criteria is the AWWA Calibration Guidelines for 

Water Distribution System Modelling developed by the engineering Computer 

Application Committee (AWWA, 1999).  

 

2.7 DMA History 

The concept of DMA was first introduced in the UK at the start of the 1980s by the 

then UK Water Authorities Association (British Water, n.d.). Currently, DMA 

concept is being used in Indonesia, India (several states), and the Philippines in Asian 

continent. This is being used in European countries and also in United States of 

America. In Sri Lanka, this is in the process of being used. In Bangladesh, it is being 

implemented in Dhaka city. In Chittagong and Rajshahi cities, DMA concept is going 

to be implemented soon. 

DMA concept has been introduced in Dhaka city under a DWASA project funded by 

ADB, where hydraulic model has been developed in designing and performance 

evaluation phases. But proper calibration was not done, after the implementation of 

the project due to time constraint. However, in context of this thesis work, a calibrated 

functional model analyses have been carried out for the water distribution system of a 

selected DMA of Dhaka city, which gives the process perspective of the object-

oriented analytical model and an overview of the system dynamics. 

 

2.8 Functional Model 

Functional Model is a hydraulic representation of the functions or process of a water 

distribution system within the subject area; that gives the process perspective of the 

object-oriented analysis model and an overview of what the system is supposed to do. 

Functional model is a graphical representation too which also has known as activity 

model or process model. 
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2.9 Previous Studies 

2.9.1 Design & Management Consultancy Services for Dhaka Water Supply 

Sector Development Project (DWSSDP) (DWASA, 2011) 

A study was conducted by Dhaka WASA and funded by the Government of 

Bangladesh and the Asian Development Bank (ADB) under the above project. The 

objective of the study was to solve the most urgent problems of reducing Non-

Revenue Water (NRW) by introducing District Metered Areas (DMA) that were 

hydraulically self-contained and maintain water pressure 24 hours per day. 

Initially, there was a plan of 122 DMAs to be implemented under this project. After 

completing the project, 47 DMAs have been implemented so far. Previously, Non-

Revenue Water (NRW) of DWASA was 30-40% in 2010. Now it has been reduced to 

22% by introducing DMA, and within DMA the average NRW is less than 7%. 

Hydraulic model has also been used in the design and performance evaluation phases 

of this project, just to an extent of hydraulic modelling for design and satisfying 

hydraulics in the post construction phase.  

 

2.9.2 Post Construction Modelling for DMA 802 

This study was an extended implementation works of the previous project (DWASA, 

2015), conducted by Dhaka WASA funded by the Government of Bangladesh and the 

Asian Development Bank (ADB). The objective of the study was to prepare a 

hydraulic model for evaluating the in-field hydraulics of DMA 802 after the impletion 

of design works. 

For preparing post construction model, all as-built and hydraulic information at some 

identified locations of the water distribution system within the DMA 802 were 

prepared and collected. A simple methodology was applied just to prepare the post 

construction model – one sort of calibrated model under this study. Pipe roughness, C 

values and pump curve were not properly adjusted into the model analysis. The post 

construction model was prepared in this study considering a homogeneous C value of 

110 without calibrating the pipe roughness. 



22 

 

 

2.9.3 M.Sc. Thesis by Kabeto (2011) 

In 2011, Shimeles Kabeto, a graduate student of the Addis Ababa Institute of 

Technology (AAiT), Ethiopia, carried out his thesis with the title “Water Supply 

Coverage and Water Loss in Distribution System with Modeling” in which he 

analysed the overall coverage of water supply, water loss and modelling of 

distribution networks which is a major asset for any city or community.  

Continuous monitoring and maintenance of the distribution network is the key step in 

meeting pressure and flow requirements, and water quality standards. Leakage can be 

defined as unintentional or accidental loss of water from the pipe distribution network 

(Smith et al, 2000). Leaking pipes are a major concern for water utilities around the 

globe (Table 2-1) as they constitute a major portion of water losses. One of the 

primary reasons for leakage in pipes is aged and deteriorated networks. The condition 

of existing old networks can only worsen and further increase water losses. In the 

globe alone, 50% of supplied water is lost as leakage in some of the older networks 

(Jowitt and Xu, 1990). Leakage rates are also related to length of pipes and number of 

connections. Improper connections can sometimes result in continuous escape of 

water from the distribution pipes. 

Table 2-1: Network Leakage Rates around the Globe 

Country Leakage Rate (%) 

Netherland 5 

Japan 11 

USA 12 

France 15 

Korea 16 

UK 28 

India 30 
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Comparing Water Losses 

The amount of water loss differs from country to country, city to city and even from 

network to another network in the same city. Different countries use different 

indicators to evaluate their states in comparison with others and to compare the 

distribution of water loss from one location to other location of a distribution system 

in order to take action based on the level of loss. As stated above competition using 

unaccounted for water (UFW) expressed as percentage has limitation when used for 

comparison as it highly depends with the volume of water produced.  

The traditional performance indicators of water losses are frequently expressed as a 

percentage of input volume. However, this indicator fails to take account of any of 

main local influences. Consequently, it cannot be an appropriate performance 

indicator (PI) for comparison (WHO, 2001).  

Deplaned upon the consumption per service connection, the same volume of real 

losses/service connection/day, in percentage terms, is anything from 5% to 30%. Thus 

developing countries with relatively low consumption, can appear to have high losses 

when expressed in percentage terms, percentage loses for urban areas in developed 

countries with high consumption can be equally misleading (Farley and Trow, 2003).  

Cause of Water Losses 

Leakage is usually the major component of water loss in developing countries, but 

this is not always the case in developing or partially developed countries, where 

illegal connections, meter error, or an accenting error are often more significant (Farly 

and Trow, 2003) the other component of total water loss are non-physical losses, e.g. 

Meter under registration, illegal connections and illegal and unknown use (WHO, 

2001). 

Pressure and Leakage 

In many water network systems, even though the total demand and the total loss of 

water can be known rather easily, information about the possible influence of local 

pressure upon demand is sadly lacking that as a result creates difficultly to assess and 

compare the demand and loss of water in its spatial distribution. Pressure distribution 
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system on the one hand contributes to the shortage of water that as a result causes for 

unequal distribution of water among residents. To alleviate such problems, some 

water authorities develop a zoning scheme whereby the complete water distribution 

network is broken down in to manageable segments that can be easily metered and 

monitored and analysed.  

Leak detection techniques that are in use in the water industry involve two major 

steps.  

 Estimation of leakage rates  

 Location of leak  

Pressure Management through Distribution System 

Pressure management can be defined as the practice to manage system pressures to an 

optimum level of service ensuring sufficient and efficient supply to legal uses and 

consumers, while eliminating or reducing pressure transients and variations, faulty 

level controls and reducing unnecessary pressures, all of which cause the distribution 

system to leak and break unnecessarily. There are many different tools that can be 

used when implementing pressure management, including pump controls, altitude 

controls and sustaining valves (Lambert et al., 2006). It was reported that many water 

utilities introduced pressure management to their water distribution systems. In the 

most cases, large reductions in a new break frequency can be achieved over a wide 

range of pressures. In Australia, Canada, Germany and Italy, ongoing monitoring 

shows that the reductions in break frequency have been sustained for over five years 

to date by implementing pressure management procedure (Lambert et al., 2006). On 

the other hand, the rapid reduction in new break frequency following pressure 

management is immediately evident for water loss management. Some of the pressure 

management benefits reported by many different utilities include:  

 Reduction in annual repair costs  

 Reduction of the repair backlog, shorter run times for bursts  

 Fewer emergency repairs, more planned work  

 Reduced inconvenience to customers  
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Calculations of the economic benefit of pressure management have been based on the 

predicted reduction in flow rates of existing leaks and the value of the water thus 

saved. If management of excess pressure can also regularly achieve reduction in 

numbers of breaks of between 28% and 80% per year (Lambert et al., 2006), the 

annual savings in repair costs will usually be far greater than the value of the water 

saved. 

Replacement of mains and services, the most expensive aspect of water distribution 

system management, is normally initiated by break frequencies that are considered to 

be excessive. Most water utilities consider break frequency to be a factor outside their 

control, and something that can only be remedied by expensive replacement of mains 

and services. However, if pressure management can reduce break frequencies and 

extend the working life of parts of the distribution infrastructure by even a few years, 

the economic benefits would generally be even greater than the short term reduction 

in repair costs. 

Leakage Monitoring with District Meter Area (DMA) 

A flow measuring system in a water distribution system should include not only 

measurement of total flows from source or treatment plants, but also zone and district 

flows. This allows the engineer to understand and operate the distribution system in 

smaller areas, and allows more precise demand prediction, leakage management and 

control to take place. The measurement system must therefore be hierarchical at a 

number of levels, beginning at production measurement, via zone and district 

measurement and ending at the customer’s meter.  

The technique of leakage monitoring is considered to be the major contributor to cost-

effective and efficient leakage management. It is a methodology which can be applied 

to all distribution networks. Even in systems with supply deficiencies leakage 

monitoring zones can be introduced gradually. One zone at a time is created and leaks 

detected and repaired, before moving on to create the next zone. This systematic 

approach gradually improves the hydraulic characteristics of the network and 

improves supply.  

Leakage monitoring requires the installation of flow meters at strategic points 

throughout the distribution system, each meter recording flows into a discrete district 
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which has a defined and permanent boundary. Such a district is called a district meter 

area and the concept of design and operation of DMA has been detailed in elsewhere 

(Farley and Trow, 2003).  

The design of a leakage monitoring system has two aims:  

 To divide the distribution network into a number of zones or DMAs, each with 

a defined and permanent boundary, so that night flows into each district can be 

regularly monitored, enabling the presence of unreported bursts and leakage to 

be identified and located.  
 

 To manage pressure in each district or group of districts so that the network is 

operated at the optimum level of pressure.  

Major Factors of Water Loss 

There are several reasons for the water loss. These factors are given below: 

 Age of pipe 

 Poor maintenance of network 

 Water scheduling 

 Customer side leakage 

 Illegal connections 

 

2.9.4 M.Sc. Thesis by Johnston (2011) 

In 2011, John Garrett Johnston, a graduate student of the Texas A&M University, 

USA carried out his thesis with the title “Minimizing Energy Consumption in a Water 

Distribution System: A System Modeling Approach”. The goal of this thesis is to 

develop and calibrate a computer model of a real-world water distribution system 

(WDS) with a view toward minimizing energy use or energy cost on a daily-to-

weekly basis. The WDS model parameters are calibrated based on historical pumping 

and storage data. 

This work aims to develop a general methodology that can be easily implemented by 

WDS operators to (a) create and calibrate a simple model to accurately predict 
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observed storage tank data given an anticipated weekly demand pattern, and (b) assist 

in making lowest-cost pump scheduling decisions for a particular operating period 

when given a forecasted system demand. This methodology is applied to create a 

hydraulic model of an actual WDS from observed data and optimize its pump 

scheduling. In this work, the physical parameters of the simplified model must be 

calibrated to observe data before pump scheduling optimization can be performed. 

The optimization methodology should be capable of scaling to a higher-resolution 

calibrated model; however, the quality of the calibrated model will be limited by both 

the accuracy of the provided data and its ability to fully describe the systems 

behaviour. Although optimization of individual pumps can be accomplished through 

physical improvements to the pumps, such as polishing the pump barrel, trimming the 

impeller, or even replacing the pump with a more efficient one, this work focuses only 

on operational improvements. 

The methodology and results of this thesis could be most improved by gathering 

additional data from the water utility to include in the calibration process. The 

aggregate flow rate data used in this work is a good start for creating a simplified 

network model, but this research has shown that more detailed information is needed 

to create a model that is well-calibrated for calculating energy usage and tank levels. 

To assist in formulating an improved network model, the water utility may consider 

using its SCADA system to record and archive time series of the following 

operational data:  

 Volume of water and WSEL in each storage tank  

 Status and VFD speed of each pump  

 Flow rates through each pump  

 Power usage at each pump station  

 WSEL in each well  

 

2.9.5 M.Sc Thesis by Khedr (2016) 

In 2016, Ayman Khedr, a graduate student of the University of Waterloo, Ontario, 

Canada carried out his thesis with the title “Automated Calibration of Real Water 

Distribution Networks: City X Case Study”. The purpose of this study was to resolve 
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the corresponding calibration problem with optimization tools and compare the 

calibration solutions in terms of quality (closeness to measured data) and calibration 

parameter values. 

The automated water distribution network (WDN) calibration approach applied in this 

study is limited to only the micro calibration phase. Therefore, only internal pipe 

roughness and nodal demand parameter settings are considered in the automated 

calibration. Field data relating to the network structure, geometry and topology is not 

accessible and is assumed accurate. 
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CHAPTER 3 

METHODOLOGY  

3 METHODOLOGY 

3.1 General 

The following steps were followed to accomplish the activities mentioned in the 

objectives which are shown in Figure 3-1. To prepare a functional water distribution 

model, the first step was data collection. After that it was followed by the consecutive 

steps such as skeletonisation of the physical shape of hydraulic model with the as-

built information. Next step was the adjustment of calibration parameters. Finally, the 

last step is to prepare the calibrated model which will be used as functional model. 

The descriptions of the steps are discussed in the following articles. 

 

Figure 3-1: Flow Chart of Methodology 
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3.2 Selection of Modelling Tool 

WaterGEMS Software (V8i) has been used to develop the hydraulic model for further 

analysis. The reasons for choosing WaterGEMS software are manifold. WaterGEMS 

is a multi-platform hydraulic and water quality modelling solution for water 

distribution systems with advanced interoperability, optimization, leak detection, and 

asset management tools. Moreover, it provides an easy-to-use environment for 

engineers to analyse, design, and optimise water distribution systems. Besides, it is 

easy to use as a decision-support tool for water distribution networks. The software 

helps to improve knowledge of how infrastructures behave as a system, how they 

react to operational strategies, and how they should grow as population and demand 

increase from fire flow and water quality simulations, to criticality and energy cost 

analysis. 

 

3.3 Data Collection 

Prior to the hydraulic model setup, necessary input data were collected from various 

authentic sources. In the analysis of an urban community water supply network, the 

following information were essential to accurately represent the network hydraulics. 

3.3.1 Demography 

The number of serving population in the study areas was estimated using the 2011 

census data of the Bangladesh Bureau of Statistics (BBS, 2012). The population 

inventory was collected from BBS, 2012 based on Ward boundary. These values were 

applied in the demand calculation.  

3.3.2 Pipe Network 

The pipe network information for the model areas were collected from the GIS based 

MIS database of DWASA for old pipes (MIS Report-DWASA, 2006) and from the 

Dhaka Water Supply Sector Development Project (DWSSDP, 2011) data for as-built 

pipes. Later this information was collated and verified by the field survey in order to 

incorporate most updated information in the network model. However, DWASA has 

been rehabilitating existing pipe networks with new pipes in many areas under the 
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DWSSDP project now. Therefore, pipe information applied in this study is likely to 

change or update anytime. Old pipe length summary, diameter and pipe material in 

the study area has been listed in the following Table 3-1 & Figure 3-2 and Table 3-2 

& Figure 3-3.  

Table 3-1: Old Pipe Length Summary in the Study Area 

Diameter (mm) Length (m) 

100 1,378.67 

150 4,311.35 

200 365.94 

300 1,907.35 

450 1,079.35 

Total (m) 9,043.10 

 

Table 3-2: Pipe Material Summary in the Study Area 

Material Length (m) 

DI 2,229.60 

PVC 6,813.40 

Total (m) 9,043.10 
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Figure 3-2: Diameter wise Old Water Distribution Network Map of DMA 802 
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Figure 3-3: Materials wise Old Water Distribution Network Map of DMA 802 
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As-Built pipe length summary, diameter and pipe material in the study area has been 

listed in the following Table 3-3 and Figure 3-4. 

Table 3-3: As-Built Pipe Length Summary in the Study Area 

Diameter (mm) Length (m) 

100 11,008.50 

150 3,277.20 

200 1,247.00 

250 237.70 

300 2,290.90 

Total (m) 18,061.30 
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Figure 3-4: As-Built Water Distribution Network Map of DMA 802 
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3.3.3 Supply Source 

Existing water supply system in the study area (DMA 802) is based on groundwater 

sources i.e. deep tubewells (DTWs). General features of these DTWs are represented 

in the following Table 3-4 and Figure 3-5. 

Table 3-4: DTW Information Summary 

DTW ID Design Capacity (cusce) Latitude Longitude 

820 2.0 23° 49' 14.78" N 90° 25' 13.70" E 

801 2.0 23° 49' 13.71" N 90° 25' 18.34" E 

809 2.0 23° 49' 15.17" N 90° 25' 35.08" E 
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Figure 3-5: Existing Groundwater Source Map of DMA 802 
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3.3.4 Domestic Demand Data 

The domestic water requirement in the community water systems varies both spatially 

and temporally. To assign domestic water demand, current supply practice of 

DWASA was followed which assumes an average daily water demand for all the 

connected users. Therefore, the hydraulic model was assigned with a representative 

average value of per capita daily demand irrespective of the spatial variation, to 

reduce the analysis complexity. However, water requirement guidelines from different 

references were also investigated which are summarized in the following Table 3-5. 

Table 3-5:  Domestic Water use Guidelines 

Reference 
Domestic Water 

Requirement (LCD) 
Remarks 

BNBC, 2011 120 – 260 
150 LCD can be used as 

an average 

AWWA, 2000 530 
Community practice in 

USA. 

DWASA Supply Practice 130  

Resource Assessment Report 

for Dhaka City, DWASA, 2006 
110 – 150 Prepared by IWM 

 

3.3.5 Household Connection Data 

In DMA 802, number of household connections is 2080 and projected population is 

41,871 (2015). Households under this study area have been shown in following 

Figure 3-6. It is to be mentioned that, this area has already been developed. 

Therefore, future development scope is very limited in this area.   
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Figure 3-6: Household Distribution Map of DMA 802 
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3.4 Special Variables 

3.4.1 Non-Network People 

The non-network people indicate the population or habitants who do not have a direct 

access or have partial access to the supply from DWASA network. This category 

includes the slum community and floating people. Per capita water requirement or 

allocation for these people is far less than those who have a direct access to the water 

supply network.  

3.4.2 Storage 

Use of the underground storage reservoir (UGR) and the overhead tanks (OHT) in the 

buildings is a very common practice in Dhaka city. Almost every residential or 

commercial premise has one UGR and one OHT. The UGR is usually provided with 

sufficient capacity so that it can store the adequate volume of water for 2-3 days. On 

the other hand, the OHT in a building usually carries one third to half capacity of its 

UGR. The practice of using UGR in the premises has a great influence on the peaking 

of the water consumption in a day. In a pressurized distribution system, the sources 

and the pipe network must be capable of satisfying the peak demand with adequate 

pressure. In general, the peak consumption rate is about 2.2 (BNBC, 2011) times the 

average consumption rate in Dhaka. 

3.4.3 Supply Duration 

DWASA is committed to ensure 24-hour continuous supply to its consumers. 

However due to huge water demand and frequent power-supply shutoff events, 

continuous supply is often interrupted, especially during summer period. In such case, 

DWASA cannot but have to maintain the system balance applying intermittent 

supply. Fortunately, the existence of UGR at the user end also reduces the intensity of 

peak demand and thereby assists in maintaining a sustained water supply.  
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3.5 Model Input Data 

3.5.1 Object Label 

The model elements in the distribution network for study area follow a simple 

convention in naming so that the desired object results can be comprehensively 

reported. The network model developed for DMA 802 in WaterGEMS v8i consists of 

four elements such as pipe, junction, reservoir and pump. Besides the network models 

include PRV and PSV type valve with the reservoir to account for water import and 

export respectively. The element symbol and the naming convention have been listed 

in the following Table 3-6.  

Table 3-6: Model Objects 

Object Symbol Object Type 

 

Pipe 

 

Junction 

 

Reservoir 

 

Pump 

 

PRV 

 

PSV 

 

3.5.2 Projection and Unit System 

The pipe layout was drawn in the stand-alone GIS environment of WaterGEMS v8i 

software for model area. For this purpose, the, Bangladesh Transverse Mercator 

(BTM) projected coordinate system has been used. This is in accordance with the 

current GIS database of DWASA. Therefore, all the geographic survey information 

has been also converted and updated to the BTM system during incorporating in 

model or GIS. For linear measurement of geometric, hydraulic and model output 

features, the System International (SI) unit system was used in this study.  
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3.5.3 Pipe Diameter 

As listed in Table 3-1 and Table 3-2, three types of pipe material such as uPVC (Un-

plasticized Polyvinyl Chloride), HDPE (High Density Poly-Ethylene) and DI (Ductile 

Iron) are available in the distribution network of the study areas. The pipe sizes are 

expressed usually in terms of their nominal diameters (DN). However, for hydraulic 

calculation, internal diameters have been used to accurately measure the flow-volume 

rate. Information about the pipe internal diameters has been collected from DWASA. 

Following Table 3-7 lists the existing pipe specifications and internal diameters for 

different nominal sizes. 

Table 3-7: Pipe Internal Diameter 

Material 

Nominal 

Diameter 

(mm) 

Internal 

Diameter 

(mm) 

Specification 

Pressure Rating Standard 

uPVC 110 101.6 PN 10 ISO-4422-2:1996(E) 

uPVC 150 147.6 PN 10 ISO-4422-2:1996(E) 

uPVC 200 184.6 PN 10 ISO-4422-2:1996(E) 

HDPE 110 96.0 PE 100, SDR 17 ISO 4427-2: 2007(E) 

HDPE 160 139.9 PE 100, SDR 17 ISO 4427-2: 2007(E) 

HDPE 200 174.9 PE 100, SDR 17 ISO 4427-2: 2007(E) 

HDPE 250 218.8 PE 100, SDR 17 ISO 4427-2: 2007(E) 

HDPE 315 275.6 PE 100, SDR 17 ISO 4427-2: 2007(E) 

 

3.5.4 Pipe Roughness 

Pipe roughness varies with material types, corrosiveness of water and aging of the 

pipes. In the Hazen-Williams head loss equation, the pipe roughness is represented by 
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the factor; C. Different pipe materials have different range of C values. Pipe 

roughness or friction increases with decrease in C value. Usually the newer pipes are 

smoother and therefore have the larger C values than the older pipes. Information 

collected during field survey and from DWASA.  

For distribution modelling network in this study, the Hazen-Williams C factor was 

assumed a bit conservative from the standard ranges in order to account the system 

uncertainties and to incorporate minor loss effects. This will ensure adequate 

reliability of the model results against the impact of pipe friction on the system 

pressure. Following Table 3-8 lists the typical range of C values and the selected C 

value applied in this study for different pipe materials.  

Table 3-8: Hazen-Williams Friction Factor, C 

Pipe Material 

 

Hazen-Williams C Factor 

Typical Range* 

uPVC 140 - 150 

HDPE 140 - 150 

DI 130 - 150 

 *Summarized from Lamont (1981) for the pipes less than 30 years old. 

Lamont (1981) proposed a precise classification of C values based on the material, 

diameter, and corrosiveness of the liquid and the age of the pipes. However, in most 

of the hydraulic applications, the roughness coefficient is treated as one of the 

calibration parameters and it’s finally adjusted after the model calibration is done. 

3.5.5 Minor Loss Coefficient 

Minor losses generate at the fittings and pipe bends. In the design and analysis of a 

water supply system, minor losses can be ignored unless there is any particular 

interest on the head loss at the fittings or at other local points. Besides, the effect of 

minor losses can be incorporated indirectly by applying slight large friction loss in the 

pipes. The model pipe networks have numerous bends and fittings at different 
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locations. Therefore, it’s very difficult to precisely identify all of them with their 

minor loss characteristics. Moreover, with change in the velocity head during a 

continuous flow system, the minor loss values also change accordingly. Therefore, to 

handle these complex situations, minor loss was incorporated by applying a lower 

value of Hazen-Williams C (Table 3-8) under this study.  

3.5.6 Node Elevation 

Land elevation data of DMA 802 was collected from DWASA and land level 

information from topographic survey for DMA 802 was collected simultaneously. 

After that, DEM maps (Figure 1-3) were prepared using both of the sources. 

Elevations of nodal points were calculated from these DEM map. 

It is to be noted that these junction elevations use the PWD, Bangladesh (Public 

Works Department of Bangladesh) datum reference. The PWD datum level is 1’-6” 

below the MSL (Mean Sea Level) datum level.  

 

3.6 Model Development 

After the input data processing is complete, the network model for individual study 

area has been developed and different analysis scenarios were assigned using 

WaterGEMS v8i software. The major components involved in the development of a 

hydraulic network model in this study are described in following. It is to be noted that 

before starting to work with the network elements, the object label conventions 

according to Section 3.5.1 are assigned in the options setting in WaterGEMS v8i. 

Model assumptions for representing the system have been given in Appendix A. 

3.6.1 Pipe Layout 

The MIS database of DWASA (IWM, 2006) and field survey was the basis for pipe 

network layout in the WaterGEMS v8i model. Keeping the MIS pipes as a 

background layer in WaterGEMS project window, the model distribution pipes for the 

study area were digitized with the same alignment. Later, the alignment, diameter, 

material, roughness value, and newly installed pipes were incorporated on the basis of 
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field survey information. Note that, the model pipes were provided with their internal 

diameter instead of nominal diameter for hydraulic calculation.  

3.6.2 Node Layout 

By definition, each pipe must have two nodes at its two extreme ends in a 

WaterGEMS hydraulic model. Therefore, the node layout was automatically 

developed while digitizing the pipes. 

3.6.3 Demand Distribution 

The regular water peak demand of this study area was distributed among the model 

nodes applying the ‘Proportional Area Distribution’ method by using WaterGEMS 

v8i. The proportional area for each node were determined by generating Thiessen 

Polygon for that node using the software. For this purpose, at first the bounding areas 

for demand distribution were determined over the geo-referenced aerial image 

(Google Map) using ArcView 3.2 software. Then this bounding polygons were 

segmented into Thiessen Polygons for the model nodes. Generated Thiessen Polygons 

for individual model are shown in following Figure 3-7.  
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Figure 3-7: Demand Allocation Map of DMA 802 
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3.6.4 Pumps 

The DTWs are represented by the pumps in a study area network model which are 

connected at specific nodes. Pump elements in a WaterGEMS model add certain 

energy head to a node via the connecting pipe. Some head loss generates in this 

connecting pipe while conveying water, therefore this pipe needs to be represented in 

such way that the discharge pressure at the pump node conforms the actual pressure at 

the specific flow rate on the pump curve. For this purpose, the head loss occurred in 

the connecting pipe needs to be negligible or as minimum as possible. 

Pump discharge head depends on its depth (which acts as the suction head) below the 

Existing Ground Level (EGL) also. Information from DWASA and the field survey 

reveal that the existing PTW pumps are installed at depth about 60-90 m below the 

EGL in the study areas. Therefore, on an average, the pump elevation is considered at 

-70 m (minus sign indicates the position below the PWD datum level) for all the 

DTWs in the hydraulic models. Because the pump curves are assigned in terms of 

their discharge pressure, the pump elevation will have no effect on system hydraulics 

as long as it remains below the actual upstream pressure head.  

3.6.5 Reservoirs 

Reservoirs are represented in a WaterGEMS model as the source of supply to the 

system.  They are not affected by the system hydraulics. A reservoir provides the 

upstream energy or hydraulic head by its water surface elevation, and any amount of 

water volume required for the system continuity. Flow from or into a reservoir does 

not change the water surface or reservoir water elevation.  

 

3.7 Scenario Development 

DMA 802 Post Construction Model has been analysed under the following two 

scenarios: 

 Steady State Condition; and 

 Extended Period Simulation (EPS) condition.  
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Both the scenarios have been analysed based on old pipe and As-Built information 

and monitoring hydraulic information.  

The steady state analysis is based on single time step assuming network with average 

daily demand. Average daily demand has been determined from DTW monitoring 

water balance data and it includes overall average production required (including 

system losses).  

Again, the EPS analysis involves application of hourly diurnal demand pattern over 

24-hour duration. However model has been run for 27 hour duration to cover all the 

time varying model entities adequately. Model results are reported on hourly basis for 

subsequent analysis and calibration.  
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CHAPTER 4 

MODEL CALIBRATION 

4 MODEL CALIBRATION 

4.1 General 

The entire water infrastructure in an urban area can be classified into major three 

categories such as domestic water supply system, waste-water or sewerage system and 

drainage system. Among these, water supply system is responsible for supplying 

adequate water (especially for drinking and domestic purpose) to the consumers with 

minimum specified pressure. The essential components of a water supply and 

distribution system are transmission and distribution pipes, treatment plants, pumps, 

storage reservoirs, flow-meters, isolation and control valves, house-connections etc. 

Water is supplied from an existing surface-water (rivers, lakes, and other surface 

reservoirs) or groundwater (production tube wells) source to the consumer end 

through different stages such as treatment, pumping and distribution. Following 

Figure 4-1 illustrates a schematic diagram of a typical water distribution network of a 

community.  

 

Figure 4-1: Components of Domestic Water Distribution System 

To have any meaningful use, any water distribution system (WDS) hydraulic model 

must be calibrated first. Calibration is the process in which a certain number of WDS 

model parameters are adjusted until the model mimics the behaviour of the real WDS 

as closely as possible. Traditionally, calibration was, and, unfortunately still is in 

some cases, treated as a manual task. However, it was found recently, that much better 

results can be achieved if calibration of the analysed WDS hydraulic model is 

formulated and solved as an optimization problem. A hydraulic model is a 

mathematical model that is used to simulate the behaviour of the real WDS and 
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therefore, no matter how complex, is only an approximation of reality. In order to 

ensure that the model predicted behaviour matches real WDS behaviour as much as 

possible, hydraulic models need to be calibrated (Walski, 2001). 

Before any use, the model must be calibrated to establish its credibility and allow 

decisions about physical and operational developments in the real system to be made 

with as high a degree of confidence as possible. 

 

4.2 Data Collection 

During monitoring period from August 2015 to September 2015 pressure-flow 

hydraulics in DMA 802 network has been observed and analysed over certain 

durations at 6 locations. Among them, monitoring data of the DTWs, one bulk 

chamber, one ARV and one HC have been utilized in the analyses and calibration of 

the model. These are listed in following Table 4-1 and shown in Figure 4-5. Data 

collected from field shown in Figure 4-2 to Figure 4-4. 

Table 4-1: Monitoring Data Locations 

Item Location 
Node 

Label 

Node 

Elevation 

(m) 

Logger 

Height 

(m) 

Above 

Pipe Top 

Observed 

Data Type 

PTW 801 

PTW 801 

Headwork 

Pipe 

J802-

217 
5.58 1.50 

Pressure and 

Flow 

PTW 809 

PTW 809 

Headwork 

Pipe 

J802-

221 
5.60 1.50 

Pressure and 

Flow 

PTW 820 

PTW 820 

Headwork 

Pipe 

J802-

27 
6.66 1.58 

Pressure and 

Flow 

BWMC R1 On Road 1 
J802-

483 
5.70 0.12 Pressure 

ARV R6H On Road 6H 
J802-

166 
4.83 0.12 Pressure 

HC 

Dag1535R11B 
On Road 11B 

J802-

77 
6.87 0.32 Pressure 
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All these observed pressure data have been readjusted for logger height above pipe 

top level before using in calibration analysis. Model simulation results show pressure 

at top of pipe cross-section and therefore reference level of observed pressure need to 

be identical to that of simulated result. Therefore, this adjustment is necessary while 

applying in model calibration. Observed pressure has been adjusted using following 

formula. 

 

Adjusted Pressure (m) = Observed Pressure (m) + Logger Height (m) above pipe top level 

 

Figure 4-2: Data Logger in DTW 
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Figure 4-3: Flow Data Collection from Field 

 

Figure 4-4: Data Download from Field 
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Figure 4-5: Observation Data Location Map of DMA 802 
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4.3 Hydraulic Modelling Theory 

An urban water distribution network consists of a series of physical and mechanical 

elements such as pipes, junctions, control valves, pumps, reservoirs, fittings etc. In 

hydraulic applications, these elements are considered to have an integrated impact on 

the system behaviour. Modern water system models handle pipe network problems 

based on specific approaches such as: 

 Method for Mathematical Modelling 

 Hydraulic Principles 

 Pipe Head-loss Method 

 Analysis Mode 

 

4.3.1 Method for Mathematical Modelling 

Advanced computer models use numerical methods to solve the hydraulic equations 

in a water network. There could be a number of simultaneous equations depending on 

the complexity of the system. The WaterGEMS v8i software applies the Gradient 

Algorithm (Todini and Pilati, 1987) technique in solving pipe network problems. 

Other common numerical methods applied in different hydraulic models are the 

Hardy-Cross Method, the Linear Theory Method, and the Newton-Raphson Method.  

 

4.3.2 Hydraulic Principles 

Water flow in a distribution network satisfies two basic hydraulic principles such as: 

 Conservation of Mass (Flow Continuity) 

 Conservation of Energy (Energy Principle) 

 

Conservation of Mass or continuity ensures flow balance within a system for any 

fluid. In a simpler form, the flow continuity must be ensured at a junction which is 

connected with a number of pipes. Mathematically, the continuity equation at any 

node in a system is expressed as: 

∑ 𝑄𝑖𝑛∆𝑡 − ∑ 𝑄𝑜𝑢𝑡 ∆𝑡 − ∆𝑉𝑠 = 0   

 

 

…(4.1) 
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Where, 

∑ 𝑄𝑖𝑛       =    Total inflow (volume/time) 

∑ 𝑄𝑜𝑢𝑡     =    Total outflow (volume/time) 

∆𝑉𝑠           =    Change in storage volume 

∆𝑡            =    Change in time 

In context to the fire flow analysis, the water flow Q includes the required fire fighting 

water requirement in addition to the system demand and other flow components.  

 

The principle of Conservation of Energy or the Energy Principle (Bernoulli, 1738) 

dictates that the difference in energy between two points must be the same regardless 

of the path that is taken. For hydraulic analysis of water distribution network, the 

energy equation between two sections is expressed in terms of head such as: 

𝑍1 +
𝑃1

𝛾
+

𝑉1
2

2𝑔
+ ∑ ℎ𝑝 = 𝑍2 +

𝑃2

𝛾
+

𝑉2
2

2𝑔
+ ∑ ℎ𝐿  

 

Where, 

𝑍      =    Elevation head 

𝑃      =    Pressure 

𝛾      =    Unit weight of water 

𝑉      =    Flow velocity in pipe 

𝑔      =    Acceleration due to gravity 

ℎ𝑝     =    Head added at pump 

ℎ𝐿     =    Head-loss in pipe 

 

…(4.2) 

4.3.3 Pipe Head-Loss Method 

Head-loss in pipe can be classified into two major categories such as i) Friction Loss 

and ii) Minor Loss. The Hazen-Williams Formula is frequently used in the pressure-

pipe systems to estimate the pipe friction losses. The head-loss in a pipe is expressed 

in the following equation: 
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ℎ𝐿 =
𝐶𝑓𝐿

𝐶1.852𝐷4.87 𝑄1.852  

 

Where, 

ℎ𝐿     =    Head-loss due to friction (ft, m) 

𝐿      =    Length of pipe (ft, m) 

𝐶      =    Hazen-Williams Friction Factor 

𝐷      =    Pipe internal diameter (ft, m) 

𝑄      =    Flow rate in pipe (cfs, cms) 

𝐶𝑓      =    Unit conversion factor (4.73-English, 10.70-SI) 

 

…(4.3) 

The value of the friction factor- C decreases with the increase in pipe roughness. 

Hazen-Williams formula is an empirical formula and it suits best for the turbulent 

flows under pressurized condition. Other than the Hazen-Williams formula, the 

Chezy’s equation and the Darcy-Weisbach equation are widely used to calculate the 

pipe head-loss.  

 

Besides the pipe friction loss, different fittings and appurtenances cause to generate 

Minor Loss during water flow in a network.  These minor losses include local 

turbulence at the joints, fittings and bends. The minor loss expression is given in the 

following equation. 

ℎ𝑚 = 𝐾𝑚
𝑉2

2𝑔
= 𝐾𝑚

𝑄2

2𝑔𝐴2  

 

Where, 

ℎ𝑚     =    Head-loss due to minor loss (ft, m) 

𝐾𝑚     =    Minor loss coefficient 

𝑉       =    Flow velocity (ft/s, m/s) 

𝑔       =    Acceleration due to gravity (ft/s2, m/s2) 

…(4.4) 
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𝑄       =    Flow rate in pipe (cfs, cms) 

𝐴       =    Cross section area of pipe (sq. ft, sq. m) 

 

The minor loss coefficients are determined experimentally and they vary with type of 

fittings. The manufacturers usually provide minor loss specifications with the 

products. However, these coefficients can be used from the different technical 

references also. Compared to the pipe friction loss, these minor losses are negligible 

and therefore they are often neglected while system analysis or design. 

 

4.4 Model Development 

Calibration is the process of comparing the model results to field observations, and if 

necessary, adjusting the model parameters until model results reasonably agree with 

measured system performances over a range of operational conditions. Water Supply 

model calibration process involves adjustments of the following primary network 

model parameters: pipe roughness coefficients, spatial distribution of nodal demand, 

altering pump operating characteristics and some other model attributes until the 

model results sufficiently approximate actual measured values. 

 

4.4.1 Pipe Layout 

Calibration model has been developed using the as-built pipe network. Summary of 

as-built pipes has been given in Table 3-3. 

4.4.2 Node Layout 

Elevation at junctions has been calculated from Digital Elevation Model (DEM). The 

Digital Elevation Model has been shown in Figure 1-3. 

4.4.3 Demand Distribution 

 

As there is no standard diurnal demand pattern is readily available for DMA 802, 

therefore hourly diurnal consumption pattern has been derived from daily yield 

pattern of 3 DTWs. It has been assumed that production follows similar trend of 

consumption in this aspect. Following Figure 4-6 shows diurnal pattern starting from 
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12 AM to next 24 hours that has been applied during Extended Period Simulation 

(EPS) analysis and calibration. This demand pattern is applicable for the DMA 802 

only. The pattern is almost flat in nature which indicates that there is no significant 

peaking.  

 

Figure 4-6: Hourly Demand Pattern for DMA 802 

 

4.4.4 Pump Curve 

 

One of the most critical components in the distribution network models is the 

operating pump curve as it has the most dominant impact. Unfortunately, many of the 

existing DTWs are operated with low efficiency in order to meet the excessive water 

demand. Moreover, groundwater level lowering, pipe leakages and illegal water 

connections have made the situation worse. To accurately represent time varying 

system hydraulics, it would be best to use the operating pressure-flow curve 

(commonly referred as the pump Q-H curve) information. 

 

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

M
u

lt
ip

li
er

Time from Start (Hours)

Hourly Demand Pattern



59 

 

The survey information provides only a single operating point on the pump curve 

which in insufficient. Therefore, to generate the detailed pump curve layout, standard 

Design Point (1 Point) pump curve type has been assigned to each DTW in modelling 

software. The WaterGEMS v8i uses its own technical algorithm to develop pump 

curves from a single pair of pressure-flow data. Note that it may vary from the actual 

field condition and therefore need to be properly addressed if a significant deviation is 

found in model output results.  

 

The energy or discharge pressure added to a water system by a pump also depends on 

the combined pump and motor efficiencies. In general, the pump efficiencies are 

assumed between 60% and 80% in most hydraulic applications. Besides, the pump 

manufacturers also provide detailed specifications about the operating efficiencies of 

their product. In the current study, the pump efficiency has been assumed same for all 

the models with a value of 75%. The motor efficiency has been considered fully 

functional e.g. 100%. Summary of these information are listed in following Table 

4-2. 

Table 4-2: Pump Curve Characteristics 

Parameter Value 

Pump Curve Type Design Point (1 Point) 

Pump Efficiency Type Constant 

Pump Efficiency 75.0% 

Motor Efficiency  100.0% 

 

The pump curves generated by the WaterGEMS v8i software using the above 

information have been illustrated in Figure 4-7 to Figure 4-10. WaterGEMS v8i uses 

following equation to generate the Design Point pump curves. The Levenberg-

Marquardt method is applied to solve the equation for three points on a pump curve. 

𝐻 = 𝑎 − 𝑏 × 𝑄𝑐  …(4.5) 
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Where, 

𝐻            =    Discharge head (m) 

𝑄            =    Discharge flow (cms) 

𝑎, 𝑏, 𝑐    =    Pump curve coefficients 

𝐻0 = 1.33 × 𝐻𝑑 ; maximum discharge head 

𝑄0 = 2.0 × 𝑄𝑑 ; maximum discharge flow 

 

Figure 4-7: Standard 2 cusec 3 stage Pump Curve 

 

Figure 4-8: Existing Pump Curve for DTW 801 
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Figure 4-9: Existing Pump Curve for DTW 801 

 

Figure 4-10: Existing Pump Curve for DTW 801 

 

4.5 Calibration Parameter 

Once the data for the computer network model was assembled and encoded, the 

associated model parameters were determined prior to actual model application. In 

general, the primary parameters associated with a hydraulic network model included 

pipe roughness and nodal demands. Due to the difficulty of obtaining economic and 

reliable measurements of both parameters, final model values were normally 

determined through the process of model calibration. Model calibration involved the 
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adjustment of the primary network model parameters (i.e. pipe roughness coefficients 

and nodal demands) until the model results closely approximate actual observed 

conditions as measured from field data. In general, a network model calibration effort 

encompassed seven basic steps such as: 

 

 Identify the intended use of the model 

 Determine initial estimates of the model parameters 

 Collect calibration data 

 Evaluate the model results 

 Perform the macro-level calibration 

 Perform the sensitivity analysis 

 Perform the micro-level calibration  

 

4.5.1 Pipe Roughness 

 

Initial estimates of pipe roughness values may be obtained using average literature 

values or directly from field measurements. Various researchers and pipe 

manufacturers have developed tables that provide estimates of pipe roughness as a 

function of various pipe characteristics such as pipe material, pipe diameter, and pipe 

age (Lamont, 1981). One such typical table is shown in Table 4-3 (Wood, 1991). 

Although such tables may be useful for new pipes, their specific applicability to older 

pipes decreases significantly as the pipes age. This may be due to the effects of such 

things as tuberculation, water chemistry, etc. As a result, initial estimates of pipe 

roughness for all pipes other than relatively new pipes should normally come directly 

from field testing. Even when new pipes are being used it is helpful to verify the 

roughness values in the field since the roughness coefficient used in the model may 

actually represent a composite of several secondary factors such as fitting losses and 

system skeletonisation. 
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Table 4-3: Typical Hazen-William Pipe Roughness Factors 

Pipe Material Age (years) Diameter C Factor 

Cast Iron New All Sizes 130 

  >380mm (15 in) 120 

  >100mm (4 in) 118 

  >600mm (24 in) 113 

  >300mm (12 in) 111 

  >100mm (4 in) 107 

  >600mm (24 in) 100 

  >300mm (12 in) 96 

  >100mm (4 in) 89 

  >760mm (30 in) 90 

  >400mm (16 in) 87 

  >100mm (4 in) 75 

  >760mm (30 in) 83 

  >400mm (16 in) 80 

  >100mm (4 in) 64 

Ductile Iron New  140 

Plastic PVC Average  140 

Asbestos Cement Average  140 

Wood Stave Average  120 

 

 

4.5.2 Nodal Demand Distribution 

 

The second major calibration parameter that dictates the calibration process is the 

average (steady-state analysis) or temporally varying (extended-period analysis) 

demand to be assigned to each junction node. Initial average estimates of nodal 

demands can be obtained by identifying a region of influence associated with each 
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junction node, identifying the types of demand units in the service area, and 

multiplying the number of each type by an associated demand factor. Alternatively, 

the estimate can be obtained by first identifying the area associated with each type of 

land use in the service area and then multiplying the area of each type by an 

associated demand factor. In either case, the sum of these products will provide an 

estimate of the demand at the junction node. 

In this study, the average steady state demand and their allocation throughout the 

DMA with individual diurnal patterns were assumed as identical what have found 

during the data collection period (commissioning period) of DMA 802. The DMA 

supply pattern was also considered the DMA consumption pattern on what the 

calibration was done. There is a further scope to work on the calibration of nodal 

water distribution which was not possible to include in this study due to lack of 

available data.  

 

4.5.3 Adjustment of Boundary Condition 

Another important factor that dictates the calibration of water distribution system was 

boundary condition such as pump curve, PRV/PSV setting, reservoir/tank elevation 

etc. In this study only pump curves of three pumps need to adjust before calibrating 

the main calibration parameter (i.e. pipe roughness or nodal water demand). A minor 

adjustment was done in the pump curves (shown in Figure 4-12 to Figure 4-13) due 

to the effect of system pressure in the network, aquifer behaviour or due to manual 

entry of hydraulic data from the water meter and pressure loggers. 
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Figure 4-11: Adjustment of Pump Curve for DTW 820 

 

 

Figure 4-12: Adjustment of Pump Curve for DTW 801 
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Figure 4-13: Adjustment of Pump Curve for DTW 809 
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4.6 Calibration Standards 

 

Walski (1995) discussed the standards for model calibration. A simple rule for 

determining whether a model is “calibrated” or not does not exist and it is not possible 

to consider a model calibrated in general. According to the author, the intended use of 

the model should be determined and the accuracy of the model evaluated on the basis 

of its ability to predict values for its intended use. The individual using the model 

must decide if the model is sensitive enough to support the decisions to be made. The 

standard for model calibration should be whether or not the responsible individual can 

base decisions on the model’s results. The model calibration process is never 

complete as additional calibration is required as the model is applied to new problems. 

As there may be a significant amount of time between the initial calibration and 

subsequent calibrations, the initial calibration must be well documented for reference 

by others. During hydrant flow tests many residual pressure gauges should be 

distributed throughout the system to provide several points for data collection. The 

author analysed a system in which the data collected during low flow made the model 

appear calibrated for any C-value used. The model would always work regardless of 

C-value if a model user were to compare only the observed and predicted pressures 

during normal flow. 

 

The Water Research Centre in the UK (1989) established standard criteria for the 

calibration of water distribution models. The type and amount of equipment required 

for calibration is organized by number of users served by the system. Guidelines 

established for calibrated model accuracy include the evaluation of the model’s ability 

to predict flows, static pressures, and reservoir levels. 

 

The AWWA engineering computer applications committee (ECAC) (AWWA, 1999) 

developed calibration guidelines (Table 4-4) for water distribution system modelling. 

Possible sources of error in model calibration are discussed including pipe roughness, 

system demands and system information such as elevations and pump curves, time, 

and measuring equipment. A table of minimum calibration criteria is presented for the 

purpose of stimulating the adoption of standard calibration criteria for the US (Table 

4-3). 
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Table 4-4: AWWA Calibration Guidelines 

Intended 

Use 

Level of 

Detail 

Type of 

Time 

Simulation 

Number 

of 

Pressure 

Readings 

Accuracy 

of 

Pressure 

Readings 

Number 

of Flow 

Readings 

Accuracy 

of Flow 

Readings 

Planning Low 

Steady-

State or 

EPS 

10% of 

Nodes 

+/- 5 psi 

for 100% 

of 

Readings 

1% of 

Pipes 
+/- 10% 

Design 
Moderate 

to High 

Steady-

State or 

EPS 

5% to 2% 

of Nodes 

+/- 2 psi 

for 90% of 

Readings 

3% of 

Pipes 
+/- 5% 

Operations 
Low to 

High 

Steady-

State or 

EPS 

10% to 2% 

of Nodes 

+/- 2 psi 

for 90% of 

Readings 

2% of 

Pipes 
+/- 5% 

Water 

Quality 
High 

Steady-

State or 

EPS 

2% of 

Nodes 

+/- 3 psi 

for 70% of 

Readings 

5% of 

Pipes 
+/- 2% 

 

4.7 Scenario Development for Calibration Model 

Model has been simulated considering the starting C value as 110 and it has been 

changed at an interval of 5 up to 150. EPS simulation has been performed and 

compared with the values at 6 (six) observed points. 

 

EPS simulation has been performed over 27-hour duration at hourly time step with 

average daily demand of 119.8 L/s and diurnal consumption pattern. Then the 

simulation results are compared with observed values. Model generated time series 
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data of 3 DTWs and other specified three locations had been decided to calibrate for 

period August 24, 2015.  
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CHAPTER 5 

ANALYSIS, RESULTS AND DISCUSSIONS 

5 ANALYSIS, RESULTS AND DISCUSSIONS 

5.1 General 

This chapter summarizes all the model results, such as results of old pipe, as-built 

pipe etc. In this chapter, results of different scenarios of calibrated model have been 

analysed. Results from different functional model have also been analysed.  

5.2 Old Pipe Results 

There were 9 km pipes of varying diameters under DMA 802. In this chapter, 

different results have been analysed for different roughness coefficient (C) of pipes. 

The pipes are more than 30 years old. Therefore, models have been run for different 

pipes considering C values from 50 to 100. Old pipe results for different c values are 

summarized and shown in following Figure 5-1. From Figure 5-1, it is evident that, 

pipe pressure is increasing with the decrease in pipe roughness (i.e. increase in C 

value). In case of old pipes, pressure is negative for C values up to 70 (Table 5-1). 

 

Figure 5-1: Pressure Vs Pipe Roughness Coefficient for Old Pipe 
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Table 5-1: Old Pipe Results for Different C Values 

 

 

 

Scenario Flow (L/sec) at Sources 
Max. / Min. 

pressure (m) 

Max. Head 

Loss 

Gradient 

(m/km) 

For C=50 

 

PTW 801 33.77 

8.97 -7.40 48.61 PTW 820 47.43 

PTW 809 38.62 

For C=55 

PTW 801 33.72 

9.07 -4.86 40.75 PTW 820 47.47 

PTW 809 38.64 

For C=60 

PTW 801 33.67 

9.18 -2.90 34.68 PTW 820 47.50 

PTW 809 38.65 

For C=65 

PTW 801 33.64 

9.26 -1.35 29.91 PTW 820 47.52 

PTW 809 38.66 

For C=70 

PTW 801 33.61 

9.33 -0.11 26.07 PTW 820 47.54 

PTW 809 38.67 

For C=75 

PTW 801 33.59 

9.39 -0.90 22.94 PTW 820 47.55 

PTW 809 38.68 

For C=80 

PTW 801 33.57 

9.43 1.74 20.36 PTW 820 47.57 

PTW 809 38.69 

For C=85 

PTW 801 33.55 

9.47 2.44 18.20 PTW 820 47.58 

PTW 809 38.69 

For C=90 

PTW 801 33.54 

9.50 3.03 16.37 PTW 820 47.59 

PTW 809 38.70 

For C=95 

PTW 801 33.53 

9.53 3.53 14.81 PTW 820 47.59 

PTW 809 38.70 

For C=100 

PTW 801 33.52 

9.59 3.83 13.47 PTW 820 47.60 

PTW 809 38.70 
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From Figure 5-2, it has been observed that pipe pressures near sources are quite high 

but at the furthest points of the DMA pipe pressures are negative. It means that, there 

would be no water in the pipes at peak hours. 

 

Figure 5-2: Nodal Pressure in Old Pipe Network for C=50 
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After analysing Figure B-1 to Figure B-4 (Appendix B), it is evident that system 

pressure increases as the C value increases. In the old pipes, pipe roughness is 

comparatively high which led to extend the negative pressure in the system. 

Therefore, in DMA 802, old pipes are more susceptible for negative pressures due to 

higher pipe roughness.   

After analysing Figure 5-3, there is no negative pressure in the system for C = 75. 

But pressure is below 5 mH2O at the furthest nodal points from the sources (Figure 

B- 5 to Figure B- 9) for C= 80 to 100. 

The model results of sensitivity analysis for old pipes have been tabulated in Table B-

1 to Table B-6 under Appendix B. 
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Figure 5-3: Nodal Pressure in Old Pipe Network for C=75 
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To understand the effect of frictional head loss in old pipes, several scenarios have 

been analysed. In this section Figure 5-4 and Figure 5-5 are showing the results of 

analysis. Rest of the figures are given in Appendix B (Figure B- 10 to Figure B-18). 

 In case of every scenario, head loss gradient is higher than the recommended value 

(i.e 5 m/km) which will endorse the maximum extent of pipe velocity. It is also being 

observed that, with the increase in pipe roughness, the numbers of pipes also increase 

which have the headloss gradient higher than the recommended value (i.e. 5 m/km). 

On the other hand, some old pipes, which were under sized are still showing higher 

head loss gradient if pipe roughness is considered as low (say, C=100).  

In can be concluded that, due to higher roughness in the old pipes and also have some 

under designed pipes what is dictating the system to redesign it. 
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Figure 5-4: Pipe Headloss Gradient in Old Pipe Network for C=50 
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Figure 5-5: Pipe Headloss Gradient in Old Pipe Network for C=100 
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5.3 As-Built Pipe Result 

In order to overcome the system bottle necks which have discussed in the previous 

article, the water distribution system of DMA 802 has completely been re-designed as 

required. After completing the design and implementation of DMA 802 pipes, the as-

built information has been collected from DWASA. In DMA 802, there are 18 km 

pipes with varying diameters (Table 3-3). Here, results have been analysed for 

different scenarios with different roughness coefficients of pipes. Model has been run 

by considering C values from 100 to 150, for new pipes, which have been 

summarized in Table 5-2. In Figure 5-6, it is also being observed that nodal pressure 

within the system is increasing with the increase in C values. 

 

Figure 5-6: Pressure Vs Pipe Roughness Coefficient for As-Built Pipe 
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Table 5-2: As-Built Pipe Results for Different C Values 

 

 

From  Figure 5-7 and Figure C-1 (Appendix C), it is being observed that pressure is 

below 5 mH2O at a few number of nodal points in the furthest portion of the network 

from the water source, when C value is 110. When C value is 110 or above, the 

pressure in the whole system is greater than 5 mH2O (Figure 5-8). So, comparatively 

Scenario Flow (L/sec) at Sources 
Max. / Min. 

pressure (m) 

Max. Head 

Loss 

Gradient 

(m/km) 

For C=100 

 

PTW 801 33.47 

9.55 4.50 7.93 PTW 820 47.67 

PTW 809 38.67 

For C=105 

PTW 801 33.46 

9.59 4.84 7.24 PTW 820 47.68 

PTW 809 38.68 

For C=110 

PTW 801 33.45 

9.62 5.10 6.64 PTW 820 47.68 

PTW 809 38.68 

For C=115 

PTW 801 33.44 

9.64 5.32 6.12 PTW 820 47.69 

PTW 809 38.68 

For C=120 

PTW 801 33.44 

9.67 5.45 5.65 PTW 820 47.69 

PTW 809 38.68 

For C=125 

PTW 801 33.43 

9.69 5.55 5.24 PTW 820 47.70 

PTW 809 38.69 

For C=130 

PTW 801 33.42 

9.71 5.65 4.88 PTW 820 47.70 

PTW 809 38.69 

For C=135 

PTW 801 33.42 

9.73 5.73 4.55 PTW 820 47.70 

PTW 809 38.69 

For C=140 

PTW 801 33.42 

9.75 5.81 4.25 PTW 820 47.71 

PTW 809 38.69 

For C=145 

PTW 801 33.41 

9.77 5.87 3.98 PTW 820 47.71 

PTW 809 38.69 

For C=150 

PTW 801 33.41 

9.79 5.94 3.74 PTW 820 47.71 

PTW 809 38.70 
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less pipe roughness is led to increase the system nodal pressure what is the major 

advantages of newly build pipes. 

 

After analysing Figure C-2 to Figure C-4, it is being observed that, there are few 

cases where headloss gradient is higher than the recommended headloss gradient (5 

m/km). 

The model results of sensitivity analysis for as-built pipes have been tabulated in 

Table C-1 to Table C-6 under Appendix C. 
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Figure 5-7: Nodal Pressure in As-Built Pipe Network for C=100 
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Figure 5-8: Nodal Pressure in As-Built Pipe Network for C=110 
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5.4 Calibration Model Result 

In water distribution network model, pipe roughness is the only calibration parameter 

which is considered in this study. Model has been simulated considering the starting C 

value as 110 and it has been changed at an interval of 5. It has been described in detail 

in this section. 

Under DMA 802, data have been recorded at 6 (six) selected points for model 

calibration. Out of the 6 points, 3 points are selected in the water sources and other 3 

points are chosen in different locations. Model has been run considering C values 

from 110 to 150 for newly built pipes and matched with observed data.  

After analysing Figure D-1 to Figure D-27 (Appendix D), it has been observed that, 

for C values 110 to 130, model data and observed data did not match properly at 

every point (AWWA, 1999). But, after analysing Figure 5-9 to Figure 5-17, it has 

been observed that model data and observed data have matched with a reasonable 

extent for C value of 140 as per the AWWA guideline (1999). Therefore, the 

calibrated C value is selected as 140 including minor loss. 

It is notable that, in case of new pipes for C= 150, calibration should have been better. 

But, in case of Figure D-28 to Figure D-36, it did not happen. Here, model has been 

well calibrated for C= 140 (Figure 5-9 to Figure 5-17). Here minor loss such that 

loss due to valve, fittings, bends etc. have not considered separately, rather only pipe 

roughness have been considered as calibration parameter. 

The model calibration results have been tabulated in Table D-1 to Table D-45 under 

Appendix D. 
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Figure 5-9: PTW 801 Flow Calibration Results for C=140 

 

Figure 5-10: PTW 809 Flow Calibration Results for C=140 
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 Figure 5-11: PTW 820 Flow Calibration Results for C=140  

 

Figure 5-12: PTW 801 Pressure Calibration Results for C=140 
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Figure 5-13: PTW 809 Pressure Calibration Results for C=140 

 

Figure 5-14: PTW 820 Pressure Calibration Results for C=140 
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Figure 5-15: Point 4 Pressure Calibration Results for C=140 

 

Figure 5-16: Point 5 Pressure Calibration Results for C=140 
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Figure 5-17: Point 6 Pressure Calibration Results for C=140 
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5.5 Functional Model Result 

The calibrated model was used as a functional model to analyse different operation 

scenarios and water quality analysis. Specific findings of those analysis are described 

in the following sub-sections. 

5.5.1 Demand and Supply Management by using Existing Source (3 DTW) 

Currently, ground water from 3 (three) deep tubewells (DTWs) are being used as 

water source for DMA 802. DMA 802 has already been developed (Figure 5-18). 

Therefore, there is little scope for development and expansion.  

This particular functional model is capable to analyse the existing water balance 

considering the plausible options for water sources and demands in view of decision 

making purpose. In the following articles, there are several types of analyses which 

are supporting water demand and supply management are discussed as a sample 

analysis of functional model. 

Analysis of Existing Water Sources 

In Table 5-3, it was checked with functional model, whether the existing 3 DTWs 

were sufficient to meet up future demand by varying the growth rate. 

Analysis of Additional Groundwater Source 

The model may help to make decision about the future plausible source/s to meet the 

expanding water demand; either it will be up-gradation of existing water source or to 

be inclusion of additional water sources. A study was conducted by considering one 

additional DTW in DMA 802 (which was selected by model analysis) to meet the 

future expanding water demand is discussed in the next paragraphs. 

According to Water Supply Master Plan of DWASA (DWASA, 2014), surface water 

will be supplied in this DMA by the year 2020. Therefore, groundwater will be the 

only source in this DMA up to the year 2020. From Table 5-3, it is evident that, 100% 

water supply cannot be ensured with existing 3 DTWs. Therefore, additional water 

can be supplied from other nearby DMA (DMA 801) or one extra DTW can be 

installed in this DMA (Figure 5-19). From Table 5-4, it is clear that if a new DTW is 
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installed, there would not be any problem in this DMA until surface water is supplied. 

Moreover, additional water can be supplied to the nearby DMAs from DMA 802. 

Otherwise, pump scheduling can be introduced within this DMA. 

Analysis of Conjunctive Water Use 

To maintain future water balance within the DMA 802, a significant number of option 

studies for conjunctive water use are possible. The functional model is a very useful 

tool to describe all of plausible option what can be possible in future requirements. 

Here in this article, some options are enlisted for describing the hydraulics associated 

with respective conjunctive scenarios. 

In this DMA 802, provision for three surface water injecting points and also one 

interconnection point with DMA 801 were kept (shown in Figure 5-20). 

In Table 5-5 and Table 5-6, results of different scenarios have been tabulated by 

pump scheduling for observing the SW or GW contribution needed for the system. 

According to Table 5-5, to keep the system pressure around 10 mH2O, PRV setting 

was 12 m at surface water injection point. Whereas, in Table 5-6, to keep the system 

pressure around 10 mH2O, PRV setting was 6 m at surface water injection point. 
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Table 5-3: Demand and Supply Management by Calibrated Model 

Present 

(2015) 
Min Assumed 

2016 2017 2018 2019 2020 

Demand 

(l/s) 
Pressure GR (%) 

 

(m H2O) 

 

Demand Min Demand Min Demand Min Demand Min Demand 
Min 

Pressure 

   

(l/s) Pressure (l/s) Pressure (l/s) Pressure (l/s) Pressure (l/s) (m H2O) 

    

(m H2O) 

 

(m H2O) 

 

(m H2O) 

 

(m H2O) 

  

119.8 5.8 1.0 121.0 4.95 122.2 4.09 123.5 3.22 124.7 2.33 125.9 1.43 

119.8 5.8 1.5 121.6 4.53 123.4 3.22 125.3 1.89 127.2 0.53 129.1 -0.87 

119.8 5.8 2.0 122.2 4.11 124.7 2.35 127.2 0.55 129.7 -1.31 132.3 

 

119.8 5.8 2.5 122.8 3.68 125.9 1.47 129 -0.83 132.3 

 

135.6 

 

119.8 5.8 3.0 123.4 3.25 127.1 0.57 130.9 

 

134.9 

 

138.9 

 

119.8 5.8 3.5 124.0 2.82 128.4 -0.33 132.9 

 

137.5 

 

142.3 

 

119.8 5.8 4.0 124.6 2.39 129.6 

 

134.8 

 

140.2 

 

145.8 

 

119.8 5.8 4.5 125.2 1.96 130.9 

 

136.7 

 

142.9 

 

149.3 

 

119.8 5.8 5.0 125.8 1.52 132.1 

 

138.7 

 

145.6 

 

152.9 
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Figure 5-18: Household Map of DMA 802 
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Table 5-4: Demand and Supply Management by using existing Source (4 DTW) 

Present 

(2015) 
Min Assumed 

2016 (3 DTW) 2017 (4 DTW) 2018 (4 DTW) 2019 (4 DTW) 2020 (4 DTW) 

Demand 

(l/s) 
Pressure  GR (%) 

  
(m H2O) 

(with 3 

DTW) 

  Demand Min Demand Min Demand Min Demand Min Demand 
Min 

Pressure 

       (l/s)  Pressure  (l/s)  Pressure  (l/s)  Pressure  (l/s)  Pressure  (l/s) 
 (m 

H2O) 

        (m H2O)   (m H2O)   (m H2O)   (m H2O)     

119.8 5.8 1.0 121.02 4.95 122.23 29.68 123.45 29.18 124.69 28.68 125.93 28.16 

119.8 5.8 1.5 121.62 4.53 123.44 29.19 125.29 28.43 127.17 27.64 129.08 26.83 

119.8 5.8 2.0 122.22 4.11 124.66 28.69 127.15 27.65 129.7 26.57 132.29 25.43 

119.8 5.8 2.5 122.82 3.68 125.89 28.18 129.03 26.85 132.26 25.45 135.57 23.96 

119.8 5.8 3.0 123.41 3.25 127.12 27.67 130.93 26.03 134.86 24.28 138.9 22.44 

119.8 5.8 3.5 124.01 2.82 128.35 27.14 132.85 25.19 137.5 23.08 142.31 20.85 

119.8 5.8 4.0 124.61 2.39 129.6 26.61 134.78 24.32 140.17 21.85 145.78 19.21 

119.8 5.8 4.5 125.21 1.96 130.85 26.06 136.73 23.43 142.89 20.58 149.32 17.52 

119.8 5.8 5.0 125.81 1.52 132.1 25.52 138.71 22.53 145.64 19.28 152.92 15.78 
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Figure 5-19: Future Groundwater Source Map of DMA 802 
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Table 5-5: Conjunctive Use (when internal pressure is 10 mH2O) 

Scenari

o 

Deman

d (l/S) 

Pump Scheduling 
SW 

Contribution 

Minimum System 

Pressure (m H2O) 
On Off 

Conjunc

-tive use 

in  

2020 

132.1 

PTW 809 
PTW 801 & 

PTW 820 

100.46 l/s 

(76%) 
10.92 

PTW 820 
PTW 801 & 

PTW 809 

90.92 l/s 

(69%) 
11.22 

PTW 801 
PTW 809 & 

PTW 820 

107.12 l/s 

(81%) 
10.75 

PTW 801 

& PTW 

809 

PTW 820 
76.20 l/S 

(58%) 
11.38 

PTW 809 

& PTW 

820 

PTW 801 
59.80 l/s 

(45%) 
11.61 

PTW 801 

& PTW 

820 

PTW 809 
66.67 l/s 

(50%) 
11.56 
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Table 5-6: Conjunctive Use (when internal pressure is 5 mH2O) 

Scenario 
Deman

d (l/S) 

Pump Scheduling 
SW 

Contributio

n 

Minimum 

System 

Pressure (m 

H2O) 
On Off 

Conjunct

ive Use  

2020 

132.1 

PTW 809 
PTW 801 & 

PTW 820 

97.53 l/s 

(74%) 
4.99 

PTW 820 
PTW 801 & 

PTW 809 

88.26 l/s 

(67%) 
5.28 

PTW 801 
PTW 809 & 

PTW 820 

103.25 l/s 

(78%) 
4.86 

PTW 801 & 

PTW 809 
PTW 820 

69.32 l/S 

(52%) 
5.46 

PTW 809 & 

PTW 820 
PTW 801 

54.20 l/s 

(41%) 
5.66 

PTW 801 & 

PTW 820 
PTW 809 

60.05 l/s 

(45%) 
5.62 
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Figure 5-20: Future Inter Connection Provisions Map of DMA 802 
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5.5.2 Isolation of Valve Management 

To ensure the optimum behaviour of the system during reparation or maintenance 

work, isolation valves are necessary in the network even sometimes more useful than 

the replacement of the higher diameter of pipelines. Number and location of isolation 

valves of the DMA were determined and optimized by criticality analysis which was 

performed by using the WaterGEMS software. To isolate any segment of the network 

during system repairing, minimum disturbance of usual water supply pattern is 

expected what was kept possible by the proper use of isolation valve. The functional 

model was sorted out for the selection of proper isolation of valve to ensure maximum 

system reliability. 

A sample valve distribution of DMA 802, a sort of isolation valve management is 

shown in Figure 5-21 and isolated segments are shown in Figure 5-22. 
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Figure 5-21: Map of Valve Distribution of DMA 802 
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Figure 5-22: Isolated Segments of DMA 802 
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5.5.3 Water Quality Analysis 

Functional model can be used effectively to assess the water quality in different 

locations of a water supply distribution system. In this regard, chlorine was applied 

with a concentration of 2 mg/l in three existing sources (only one at a time) to 

examine the effect of residual chlorine in different prediction points. Source points (1, 

2 & 3) and prediction points (4, 5, 6 & 7) have been shown in following Figure 5-23. 

Different scenarios for chlorine injection is shown in Table 5-7. 

The water quality model results i.e. residual chlorine travel time at different prediction 

points are also given in graphical format under Appendix E. 

Table 5-7: Scenarios for Chlorine Injection 

Scenario Injection of Chlorine 

Scenario 1 At DTW 820 

Scenario 2 At DTW 801 

Scenario 3 At DTW 809 
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Figure 5-23: Residual Chlorine Prediction Map of DMA No. 802 
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Scenario 1 

Chlorine was applied in DTW 820 (Point 1) with concentration 2 mg/l. Results are 

presented in Figure 5-24 at prediction points. There is no effect in of residual chlorine 

in point 4. In other 3 prediction points significant impacts have been observed.  

 

Figure 5-24: Residual Chlorine Travel Time from DTW 820 (Point 1) 

Scenario 2 

Chlorine was applied in DTW 801 (Point 2) with concentration 2 mg/l. Results are 

presented in Figure 5-25 at prediction points. There is no effect in of residual chlorine 

in point 4. In other 3 prediction points significant impacts have been observed.  

 

Figure 5-25: Residual Chlorine Travel Time from DTW 801 (Point 2) 
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Scenario 3 

Chlorine was applied in DTW 809 (Point 3) with concentration 2 mg/l. Results are 

presented in Figure 5-26 at prediction points. There is no effect in of residual chlorine 

in points 5, 6 & 7. Significant impact has been observed only in prediction point 4 in 

this case.  

 

Figure 5-26: Residual Chlorine Travel Time from DTW 809 (Point 3) 

 

Profile of Chlorine Concentration Change 

Change of chorine concentration in profile was obtained from this functional model. 

In this regard, chlorine was applied in DTW 820 (point 1) with concentration 2 mg/l. 

Selected profile for predicting the change of chlorine in water supply distribution 

system is shown in Figure 5-27. Profile of chlorine change from Junction 271 to 479 

along the network is presented in Figure 5-28. From Figure 5-28, concentration of 

chlorine is decreasing with the distance from source. 
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Figure 5-27:  Profile of the Network 

 

Figure 5-28: Profile of Chlorine Change from Junction 271 to 479 along the 

Network 
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5.6 Summary of Results  

The objective of this study was to calibrate and prepare a functional model which 

could be used for a list of decision making purposes. Before considering the existing 

as-built pipe information for building-up the model, it was analysed whether the old 

pipelines were good enough for DMA management or not. Finally, this observation 

has pointed out the necessity of instalment of new pipelines, DMA management of 

reducing water loss and a functional model. The key findings of this study are listed 

below: 

 Negative nodal pressure was found in the old pipes for pipe roughness co-

efficient is equal to or below of 75 which led to refurbish the pipelines 

with the replacement of old ones. Whereas, headloss gradient in several 

pipelines was found more than 5.00 m/km. 

 

 There were limited coverage of the service area by the old pipes which led 

to expansion of the old distribution system. Therefore, the change in old 

pipelines by installing newly designed pipes look justified. 

 

 For the calibration of updated model which was prepared by accumulating 

the as-built information, several trials show that the hydraulics will be best 

fitted for C value of 140 (including minor loss). Hence, the functional 

model was prepared for future hydraulic requirements using the pipe 

roughness co-efficient of 140 and their plausible uses can be dictated by 

this model. 

 

 There are several options at where functional model can be used for 

decision making, operation and/or maintenance of the existing water 

distribution system. In this study, water demand and supply management, 

valve management and water quality management were discussed. To 

meet the different water demand options that will be the possible water 

sources in future requirements can be opted out by the functional model.  

 

 The additional source of water can be determined by the functional model. 

Number and location of water source, pressure setting of the control valves 

and their effects on the system hydraulics can also be addressed by the 
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functional model. In the case of conjunctive water use, setting of control 

valves and pump scheduling are very important parameter to control the 

system hydraulics. Functional model can provide clear information in 

controlling them. Therefore, this functional model is a good decision 

making tool to take decision about the water and demand management. 

 

 Functional model is a very effective tool for valve management. Proper 

utilisation of isolation valve can reduce the undelivered water for better 

reliability of the water distribution system. This functional model can also 

be used effectively to identify the relevant segment for what portion of the 

system will be less affected. 

 

 To take information about the residual chlorine at different locations of 

water distribution system functional model is a very effective tool. 
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CHAPTER 6 

CONCLUSION AND RECOMMENDATIONS 

6 CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion 

This study can be a guiding tool to establish an effective monitoring and maintenance 

system for the water distribution network in Dhaka city, especially for areas where 

DMAs have been implemented and to be implemented soon. This study has provided 

evidence that a calibrated functional model can serve as an effective and efficient tool 

for demand and supply management, valve management, water quality management, 

leakage management and pressure management. The specific conclusions of this 

study are: 

 Negative nodal pressure was found in the old pipes for pipe roughness co-

efficient (C) is equal to or below of 75. 

 For pipe roughness co-efficient value of 95, headloss gradient was found more 

than 5.00 m/km in case of 6.15% of old pipes. For rest of the pipes, headloss 

gradient was found below 5.00 m/km. 

 During value of C=140 (including minor loss) show the close compliance 

between observed data and model data. 

 From scenario analysis of the calibrated functional model, it was evident that 

with the existing three DTWs there would be no negative pressure in the 

system up to 2020 for growth rates of 1.5% and below.  

 For a scenario of conjunctive use (combination of surface water and 

groundwater being supplied to the DMA) in 2020 with 132.1 l/s demand, 

when minimum system pressure is 10 mH2O, for a double pump extracting 

groundwater, surface water contribution can be as high as 58%. Whereas, for 

the same conditions for single pump operation surface water contribution can 

be as high as 81%. 

 Again, for a scenario of conjunctive use (combination of surface water and 

groundwater being supplied to the DMA) in 2020 with 132.1 l/s demand, 

when minimum system pressure is 5 mH2O, for a double pump extracting 

groundwater, surface water contribution can be as high as 52%. Whereas, for 
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the same conditions for single pump operation surface water contribution can 

be as high as 78%. 

6.2 Recommendations  

 In this study, only pipe roughness has been adjusted as a calibration 

parameter to fit the hydraulics to a reasonable extent. Other calibration 

parameter such as nodal demand adjustment at different segments of the 

network can be studied. 

 As the PRV setting was the most important parameter as found under this 

study and it recommends to maintain the required pressure in the network 

during availability of surface water as a source. 

 Water demand fluctuates seasonally. Therefore, the model needs to be 

adjusted for different diurnal pattern in different seasons. 

 The Q-H curve of pumps needs to be regularly monitored for developing 

model round the year. Similarly, pipe roughness and other necessary 

parameters have to be adjusted every time throughout the lifetime to 

calibrate the hydraulics. 

 There is further scopes to work with water quality parameter in detail with 

this functional model. 

 

 

  



110 

 

REFERENCE 

Asian Development Bank (ADB), 2007, Dhaka Water Supply Project, PPTA 4651-

BAN Final Report, prepared by Carl Bro for Dhaka Water Supply and Sewerage 

Authority. 

Ainola, L., Koppel, T. & Vassiljev, A., 2000, Complex approach to the water network 

model calibration and the leakage distribution, Hydraulic Engineering Software UII, 

eds. W. R Blain & C. A. Brebbia, WIT Press. Southampton, Boston, pp. 91-100. 

Andres, M., & Planells, F., 1993, Water losses versus optimal life of a water 

distribution system’s network, Water Supply System. State of the art and future trends, 

eds. E. Cabrera & F. Martinez, Computational Mechanics Publications, Southampton, 

UK, Unversidad International Menendez y Pelayo, Valencia, pp. 381-409, 1993. 

AWWA, 1999, Calibration Guidelines for Water Distribution System Modelling, 

American Water Works Association, Denver, Colo., USA 

AWWA Manual M 32, Second Edition, 2005, Computer Modelling of Water 

Distribution System. 

Bangladesh Bureau of Statistics (BBS), 2012, Population Census Report: Dhaka, 

Bangladesh. 

BNBC, 2011, Water Supply, Chapter 5, Part 8, pp 207-236, Dhaka. 

British Water, the UK, n.d. Accessed on 24th December, 2016, 

http://www.britishwater.co.uk/ 

DWASA, 2012, Annual Report: 2011-2012. 

DWASA, 2014, Water Supply Master Plan for Dhaka City, Final Report, Volume 1, 

Main Report, Prepared by IWM-DevCon, Dhaka. 

DWASA, 2015, Annual Report: 2014-2015. 

DWASA, 2015, Post Construction Modelling Report for DMA 802, Prepared by 

National Construction Company Limited, October 2015. 

http://www.britishwater.co.uk/


111 

 

DWASA, 2016, Management Information System (MIS) Report. 

DWASA, 2011, Design & Management Consultancy Services for Dhaka Water 

Supply Sector Development Project (DWSSDP): Inception Report, Prepared by 

Grontmij Carl Bro in Joint Venture AQUA, BETS, IWM. 

IWM, 2006, Resource Assessment and Monitoring of Water Supply Sources for 

Dhaka City, DWASA, Dhaka. 

Johnston, J. G., 2011, Minimizing Energy Consumption in a Water Distribution 

System: A System Modeling Approach, M.Sc. Thesis, Texas A&M University, USA. 

Kabeto, S., 2011, Water Supply Coverage and Water Loss in Distribution System with 

Modeling, M.Sc. Thesis, Addis Ababa Institute of Technology (AAiT), Ethiopia. 

Khedr, A., 2016, Automated Calibration of Real Water Distribution Networks: City X 

Case Study, M.Sc Thesis, University of Waterloo, Ontario, Canada. 

Lamont, P.A., 1981, Common Pipe Flow Formulas Compared with the Theory of 

Roughness, Journal of the AWWA, 73(5), 274. 

Ormsbee, L, and Lingireddy, S., Calibration of Hydraulic Network Models, Journal of 

the American Water Works Association, Vol 89, No. 2, February 1997, pp 42-50. 

Todini, E. and Pilati, S., 1987, A Gradient Algorithm for the Analysis of Pipe 

Networks, Computer Applications in Water Supply, Research Studies Press Ltd. 

Tanuton, UK, 1-20. 

Water Authority Association (WAA) and Water Research Centre (WRC) (1989), 

Network Analysis- A Code of Practice, WRC, Swindon, England. 

Walski, T.M., 1995, Standards for Model Calibration, Proceeding of the AWWA 

Computer Conference, American Water Works Association, Norfolk, Virginia. 

Walski, T.M., 2001, Understanding the adjustments for Water Distribution System 

Model Calibration, Journal of Indian Water Works Association, April-June, 2001, pp. 

151-157. 



112 

 

Walski, T.M., Chase, D.V. and Savic, D.A., 2001, Water Distribution Modeling, 

Haestad Methods, Inc., CT, USA. 

Walski, Thomas M., 2003, Advanced Water Distribution Modelling and Management, 

Hasted Methods Inc, CT, USA. 

Water New Zealand, 2009, National Modelling Guidelines, Water Distribution 

Network Modelling, Draft Version 01 Revision 04, Modelling Special Interest Group, 

New Zealand. 

Wood, D. J., 1991, Comprehensive Computer Modeling of Pipe Distribution 

Networks, Civil Engineering Software Center, College of Engineering, University of 

Kentucky, Lexington, Kentucky, USA. 

Zheng Y. Wu, Thomas Walski, Robert Mankowski, Gregg Herrin, Robert Gurrieri 

and Michael Tryby, 2002, Calibrating Water Distribution Model Via Genetic 

Algroithms, the paper is presented at AWWA IMTech Conference, Kansas City, 

Missouri, USA. April 14-17, 2002. 

 

 

  



113 

 

APPENDIX 

Appendix- A: Model Assumptions 

Appendix- B: Sensitivity Analysis for Old Pipe 

Appendix- C: Sensitivity Analysis for As-Built Pipe 

Appendix- D: Calibration Results  
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