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ABSTRACT

Management of | nter mittent Water Distribution SystemsUsing GIS

Case Study: Halhull Water Distribution Network

Prepared By

IBRAHEM WILDALI MOHAMMAD ABU ALROB

Palestine Polytechnic University

Super visor

Dr. Majed Abu Sharkh

The overall shortage in water availability in most developing countries -like Palestine-
necessitates intermittent supply at a low per capita supply rate. In particular they often lead to
inequitable distribution of available water resources. Since these systems are water starved,
consumers collect as much water as possible, quantity collected being directly related to
pressure at outlets. And since pressures vary greatly in the network, quantity of water supplied is

inequitable.

In addition to inequities, low pressures arise because systems are designed based on low per
capita alocation and with the assumption that demand is over a 24 hours at about 2.5 times
average flow rate. In reality water is drawn in a shorter duration. This implies that the system
suddenly becomes undersized because flows in pipes is much greater than anticipated resulting
in severe pressure losses. Hence, there is generally a low-pressure regime in the network
(Anand, S. and Vairavamoorthy, K. 2005).



In intermittent water networks the quantity of water collected by consumers will be dependent
on the driving pressure heads at the outlets and hence the relationship between the pressures in
the system and the demands are important, and it cannot be assumed that demand will be met
under al conditions. Therefore, the application of standard methods of network analysis to
intermittent flow conditions is inappropriate and hence the need for proper management and
modified design for intermittent water distribution systems (Anand, S. and Vairavamoorthy, K.
2005).

Proper techniques for asset management is a huge problem faced by engineers in Palestine and
GIS holds the key in helping them do this. Also by the use of web based maps of the network,
the engineers in the different field offices can by cost-effective means be able to access network
information. Once all the network information is stored in a GIS it makes the use of querying
possible with easy and helps the planners in better understanding of the system and is able to act
in a effective manner to any contingencies that may arise. Use of GIS data through Web based
interfaces offers staff and engineers manage the assets in a cost-effective manner. GIS can be
used as an integrated tool in processing of spatial data for the overal design and asset
management of intermittent water distribution systems. (Halfawy, M. R. and Hunaidi, O. 2008).

The objective of this research work is to highlight how the use of GIS will help for in both
design and asset management of water intermittent water distribution systems. The reason the
work concentrating on intermittent systems is that these systems are widespread in developing
countries like Palestine. The project will take Halhull city in the Hebron Governorate as case
study.

Conventionally data on water networks will be collected and stored in paper format in GIS. The
main data that will be stored will be pipe and node locations and characteristics, reservoir
detals, valve details, pumps, etc. The GIS contains a standard database structure to hold al the
data that is regularly used for water distribution systems. Generating the mapping of distribution
system for various criteria using GIS makes everyday querying based on specific criteria quick,
easy and understandable for engineers. With maps and data in the system it is easy to query
about al the parts of the water networks and make proper management for intermittent water

distribution systems (Anand, S. and Vairavamoorthy, K. 2005).

Vi



The work in its end will help the Palestinian water engineers in proper management of the
physical assets of water distribution networks. In case of a water systems physical assets
includes the network components such as pipelines, storage reservoirs, pumps, valves etc. The
key advantages of asset management is that it enhances the knowledge of the engineers of the
various assets and their details, helps in logical decision making process, it acts as a framework
that provides a measure of the network performance and links it to both short and long term

planning thereby helping in optimal improvement of assets at least cost.

VI
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CHAPTER 1 INTRODUCTION

CHAPTER ONE
INTRODUCTION

1.1 Background

Intermittent water distribution systems are water networks that operate at intervals i.e. not
continuous. It is a fact that the majorities of water supply systems in developing countries like
Palestine are water starved and operate intermittently but the need to rethink the design
procedure and management has received very little attention (Anand, et al., 2005).

normally, the design of water distribution systems has been based on the assumption of
continuous supply. In most of the areas of Palestine water supply is not continuous but
intermittent, and this could have been foreseen at the design stage. By trying to fit in a system
that was designed to operate as a continuous one to operate intermittently results in severe

supply problemsin the network and great inequities in the distribution of water.

Geographica Information System (GIS) have been proposed as a means of making information
about the system used to provide urban services more accessible and useful. Urban services that
appear to be particularly suitable for GIS include the networks for distribution of water, natural
gas and electricity as well as collection of sewage (Borrough, 1986; Taylor, 1991; Jacobs et al.;
Douglas, 1995; Brebbia and Pascolo, 1998).

In the present study, a geographical information system has to be developed for water supply
system management in the Palestinian areas, taking Halhull city as case study for this project.
The am of the proposed water supply system management is to facilitate the water works
management by helping maintains the records of leaks and repairs, provide information about all
the parts of water network such as pipes, valves, etc. and assist in more regular and advanced

decisions for the development and operation of water networks.

The water supply management that has to be developed can be used an on-line information
system of the operation and maintenance of the water distribution network. The main Advantage
of the system is that the detailed records of water distribution can be maintained and updated
easily. Search for specific query is aso possible. For example, query about the pipes, valves,

2



CHAPTER 1 INTRODUCTION

storage tanks, etc. The manageria staff can access and use the system without having to learn
about the intricacies of GIS software (Dikshit, A. K. (2002).

1.2 Problem Statement

The West Bank and Gaza suffer from a chronic water shortage, preventing sustained economic
growth and damaging the environment and health of Palestinians. The shortage of water exists
for two primary reasons. One, the Israeli water company (Mekorot's) policy in the West Bank
that limited the quantity of water pumped to the Palestinian communities from underground
aquifers. The other reason is the rapid growth of the population, inadequate water distribution
networks, high drinking water losses and increased agricultural and landscaping activities.

Palestinians have a very low water consumption rate. The average household and urban water
consumption is 60 liters a day per person. The World Health Organization recommends 100
liters a day per person for household and urban use. Hundreds of rura villages across the West
Bank have no piped water; where residents typicaly use less than 30 liters per capita per day
because of the high costs of water delivered by truck. Fewer and fewer families can afford basic

water supplies.

A relevant percentage of population in the West Bank is not connected to municipal networks
and relies on water trucking and rain harvesting cisterns to cover its water needs. At the same
time, the existing water distribution systems are not covering al the areas and some of the
networks and water other infrastructures, like reservoirs and pumping station, have been
damaged. The water losses from these networks are more than 50% due to leakage and illegal

connection.

In light of the severe water shortage, many municipalities and local councils have had to divide
their communities into areas and ration out water on an alternating basis. Water hours and low
delivery pressure have long been a part of the daily lives of the people in the West Bank. The
problems with delivery of adequate supplies of water to the customers at appropriate pressure
have become more and more of a challenge to municipalities throughout the cities, towns, and
villages of the Hebron Governorate in the West Bank.

According to the previous problem description and their negative impact on Palestinian life in
the Hebron District, there is a need to find solutions that enable solving such problems that the

3



CHAPTER 1 INTRODUCTION

city, towns and villages suffer from, especially in water networks and water distribution among
the people. The problems related to water networks and intermittent systems will be minimized

through the development of a data base for water distribution network management using GIS.

Asset management is the systematic process of maintaining, upgrading and operating physical
assets (Anand, et al., 2005). In case of water distribution systems, physical assets include the
network components such as pipelines, storage reservoirs, pumps, valves etc. The key advantage
of asset management is that it enhances the knowledge of the engineers of the various assets and
their details, helps in logical decision making process, it acts as a framework that provides a
measure of the network performance and links it to both short and long term planning thereby

helping in optimal improvement of assets at |east cost.

Proper record keeping of the network components is a big task and GIS offers the tools to
successfully implement that. Engineers require information on various aspects of the network for
administrational as well as maintenance needs. The effective management of a utility requires
up-to-date information on the physical resources available to the utility manger and how these
resources work together to provide the customer with the utility mandated service. Modern and
effective water utility management requires the use of Geographic Information Systems and
computerized hydraulic models of the distribution system to accomplish these management
godls, and thisisthe interest of this project.

1.3 Main Goal and Objectives

The main goal of this project is to look into ways in which GIS can be used as an effective tool
to help the engineers in the design and asset management of intermittent water distribution
systems. The reason the project concentrating on intermittent systems is that these systems are
widespread in devel oping countries as in Palestine.

This project aims at accomplishing the following objectives:

1. GIS can be used as an integrated tool in processing of spatial data for the overall design and
asset management of intermittent water distribution systems. This project highlight how
through the use of GIS will help for in both design and asset management of water
distribution systems.
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2. Develop aGIS model for water supply systems management in the Palestinian urban areasin
a user-friendly environment, and assist in more regular and advanced decisions for the

development and operation of water networks.

3. Gather data on the complete physical and hydraulic description of the Halhull city water
distribution system and develop adigital description of the system using the collected data
and information, and then develop amodel and trandlate this model into an ArcGI S database

of system components.

4. Increase the quantity of potable water supply to the Palestinian people in the project area

through good management to the existing water distribution network.

1.4 Methodology

This proposed project was divided into five phases.
Phase 1: Review of literature: During this phase, al the information and previous studies
related to this subject were collected and reviewed.

Phase 2. Gather complete physical description and data of the project area water distribution
system: For this phase all the information that describes the Halhull city water system such as
system maps, as built drawings, network components and system operation will be collected.
Differential Global Positioning System (GPS) techniques will be used to gather location
information on system components not included on as-built drawings.

Phase 3: Data Storage and Mapping: Data on network components can be stored in GIS for
gpatial querying. The main data that will be stored will be pipelines characteristics, storage
reservoirs, pumps, valve etc. Upon the completion of the data-gathering and storage a series of
digital maps describing water system will be developed. The generating maps of the distribution
system for various criteria using GIS makes everyday querying based on specific criteria quick,

easy and understandable for engineers.

Phase 4. Development of GI'S based Utility Management System: The maps and database files
will be presented to municipality for verification by the engineering and operations divisions.
Corrections will made to any inconsistencies found in the review, then the GIS based utility

management model will be finalized. The database consisted of the following items:

5
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A) Physical and location description of the pumps, pipes, vaves and miscellaneous fittings in
the system were gathered. Element attributes recorded include size, pipe length and diameter,
materials, and connectivity to other components of the system. Such parameters as date of
installation and condition of the component will be added wherever available.

B) A complete physical and location description on all sources of water was gathered. For
sources such as wells, all information about the components of the pumping and disinfections
systems and their location with respect to the distribution system will be added to the digital
database.

Phase 5: Writing the Report: Upon the completion of the work, one fina report was written
and submitted to the Department of Civil and Architectural Engineering.

1.5 Structure of the Report

The project report has been prepared in accordance with the objectives and scope of work. The

report consists of six chapters.

The title of Chapter One " Introduction” outlines the background, problem statement, project

main goal and objectives, Methodology and structure of the report.

Chapter Two entitled " Basic Data of Halhull City" describes the project area, geography,

climate, land use and road network, and water supplies

Chapter three entitled " Gis And Water Network” presents the Building a Geodatabase,
Creating new items in a geodatabase, Subtypes and attribute domains, Subtypes and attribute
domains, defining relationship classes, geometric network, network connectivity, and case
study: Halhull water distribution network.

Chapter four entitled " Analyzing Geometric Networks " presents the Introduction, Geometric
networks, Opening a geometric network, Symbolizing network features, Adding network
features, Enabling and disabling features, Adding the Utility Network Anayst toolbar,
Exploring the Utility Network Analyst toolbar, Flow direction, Displaying flow direction
,Setting flow direction.
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Chapter five entitled " Management Of Water Network " presents the Tracing on networks,

Tracing operations, Tracing And Management Using Visual Basic.

Theoveral " Conclusions' are given in Chapter Six.
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CHAPTER 2 BASIC DATA OF HALHOUL CITY

CHAPTER TWO
BASIC DATA OF HALHOUL CITY

2.1 Introduction

The city of Halhull is part of Hebron District in the south of the West Bank. The Hebron district
is characterized by great variation in its topography and altitude where highest elevation (1020
m above sea level) is found in Halhull area. In this chapter, basic data of Halhull city will be
briefly narrated. The topography and climate will be described. The water supply and waste
water facility will be briefly presented.

2.2 Geography

Halhull is located about 4 km north of the Hebron city and about 30 km south of Jerusalem, as
shown on the project location plan, Figure (2.1). Hahull lies in the Hebron district elevated at
about 1011 m above mean sea level to the north Hebron mountains and near the water divide
line between the western and eastern edges of the mountains. The aerial map of Halhull city is
illustrated in Figure (2.2). The total area of the city is about 39000 dounm. Homes and
businesses are served by small streets, aleys and dirt paths. The population within the municipal
boundary has been determined by the Palestinians Bureau of Statistics. The present total
population of the city is estimated at 21078 people.

2.3 Climateological Data

The climatelogical data presented in the following paragraphs were obtained from a survey
carried out by Meteorological station which islocated at the elevation of +1020 m in the Hebron
city. These data are pertinent to the Hebron district which includes the study area.

2.3.1 Temperature

The monthly average temperature in the Hebron district ranges from 7.5°C to 10°C in the winter
to 22°C in the summer. The minimum temperature is -3°C in January, while the maximum
temperature is 40 °C in August. The ground temperature range from -5°C in winter to 42 °C in

the summer.
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2.3.2Winds

Western winds prevail in the Hebron district; although, southwesterly winds occur in winter and
northwesterly winds occur in summer. During autumn and spring seasons, these western winds
from the Mediterranean Sea are humid. Average wind velocities in summer are approximately
10Km/hr during the day, decreasing to 5 km/hr during the night and early morning hours. In
winter, velocities reach 35 km/hr. From late April to mid-June, the Hebron district is hit by
storms originating from the Arabian Desert. These storms known as Khamaseen bring very hot

dry air full of sand and dust.

2.3.3 Evaporation and Humidity

The average annual evaporation in the Hebron district region for the period of 1970-1992 was
about 1606.1 mm/year. The mean range of annual relative humidity varies from 60% to 75%,
with humidity highest at night and lowest in mid-day. Mean daily evaporation varies from 2
mm/day in December to 8.5 mm/day in August. The average monthly evaporation of Al-Aroub
weather station is 230 mm/month in the summer and 80 mm/month in the winter. It should be

noted that there are only three monthsin the year where rainfall exceeds evaporation.

2.3.4 Precipitation

The mean annua rainfall recorded at the Hebron meteorological station for the 1970-1992
period was 601.82 mm/year. The mean annual rainfall in the Hebron district varies from year to
year, while the rainfall reaches 1027 mm/year in the wet years; it drops to 200 mm/year during
the dry years. The amount of rainfall decreases from 638 mm/year at Al-Aroub in the north to
383 mm/year at Al-Dhahriya in the south, and 200 mm/year at the eastern boundaries of the
Hebron district.

The meteorological data recorded at the Hebron weather station are presented Table (2.1)
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Table (2.1) : Meteorological Conditions at the Hebron Weather Station for 1992-2007
(Halhull Municipality, 1992-2007).

Month Rain fall Max. Temp | Min. Temp R.H Wind Evaporation
(mm) (°C) (°C) % km/day mm/month
Jan. 145.15 10.25 3.96 74.19 298.2 65.1
Feb. 131.31 11.50 4.70 72.22 306.7 81.2
March 89.60 14.57 6.46 65.96 303.5 93.0
April 36.98 19.59 9.93 54.62 275.7 138.6
May 4.12 23.63 13.23 48.25 2235 165.8
June 0.46 25.90 15.77 51.03 221.9 199.5
July 0.00 27.16 17.04 56.77 220.3 220.7
August 0.00 27.23 16.96 59.88 208.8 225.0
Sept. 151 25.97 15.94 61.66 194.1 156.6
Oct. 13.59 23.18 14.02 58.89 1935 111.6
Nov. 63.00 17.50 9.90 64.07 210.1 87.0
Dec. 116.10 12.09 5.62 72.69 242.3 62.0
Total 601.82 - - - - -

2.4 Land Use and Road Networ k

2.4.1 Land Use

The land area of Halhull is approximately 39,000 dounm, where 9,000 donums are residential
area and the remaining are agricultural lands. Thereis no clear city plan defining land use in the
various zones of Halhull. However, the present residential zone will maintain the same character
in the future. With the development of the city, the agricultural areas within the municipal
boundaries will gradually be built up.

2.4.2 Roads

The plan of the existing and planned roads in Hahull city has been obtained from Halhull
municipality (see Fig. 2.3). The main road which traverses the city from south to north is called
the main Road. It connects the Hebron city with Jerusalem and it divide the city into two parts
the eastern part and the Western part.
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2.5 Water Supplies

The city of Halhull receives its water supply from Herodion wells near Bethlehem, which
abstract from the eastern aquifer. Water from Herodion source is conveyed to the municipal
boundary by 12" pipeline via Dir shaar pumping station near kfar Etzion. The pipelines owned
and operated by Paestinian Water Authority and Isragli water Company, Makorot. These

pipelines also supply other Palestinian communities.

The water in the city is distributed by a network of steel pipe lines and one main reservoirs of
500 cubic meter capacity located in Al-Nabi Y ounas area. The network is branch one and the
diameters of the pipelines range from 2" to 10". Presently ninety percent of the residents of
Halhull city are connected to water distribution network.

There are many problems with water quality and continuity of supply. The water supply to
Halhull fall short of the requirements especially in summer due to limited quantities of water
supplied to the city by the Israeli Company Makorot. During summer, the people suffer from
water shortages. Plans to rehabilitate the water supply network and to increase supply rates are
being prepared by municipality.

2.6 Wastewater Facilities

There are no public wastewater treatment facilities serving the municipality of Halhull.
Wastewater from individual residences (homes) is discharged directly into subsurface pits,
which allow the water to percolate directly into the surrounding soil and bedrock. The highly
permeable soil and bedrock allows untreated wastewater to percolate directly into the underlying
aquifer. In many areas, these subsurface see page pits require frequent cleaning and replacement
a a considerable expense. The municipality are planning to build sewer network and treatment

facility.

15



CHAPTER

3 GISAND WATER NETWORK

THISCHAPTER CONTANT
3.1 Genera

3.2 Building a Geodatabase

3.3 Creating new itemsin a geodatabase
3.4 Subtypesand attribute domains

3.5 Subtypesand attribute domains

3.6 Defining Relationship Classes

3.7 Geometric Network

3.8 Network Connectivity

3.9 Case Study: Halhull Water Distribution Network



CHAPTER 3 GISAND WATER NETWORK

CHAPTER THREE

GISAND WATER NETWORK
3.1 Genera

The study of the water network begins in describing the scientific principles governing water
network, phenomena, studying network analysis system operating and predicts it's output, and
applying the knowledge into water distribution system and environmental engineering projects.

As mentioned earlier, Geographical Information System (GIS) has lead to significant increase in it
is use in water network analysis. This chapter explains how to manage the water distribution

systems using GIS.

3.2 Building a Geodatabase

The geodatabase supports a model of topologicaly integrated feature classes, similar to the
coverage model. It also extends the coverage model with support for complex networks, topologies,
relationships among feature classes, and other object-oriented features. The ESRI ArcGIS
applications (ArcMap TM, ArcCatalog TM, and ArcToolbox TM) work with geodatabases as well
as with coverages and shapefiles.

The geodatabase provides a generic framework for geographic information. This framework can be
used to define and work with a wide variety of different user- or application-specific models. The
geodatabase supports object-oriented vector and raster data. In this model, entities are represented
as objects with properties, behavior, and relationships. Support for a variety of different geographic
object types is built into the system. These object types include simple objects, geographic features,
network features, annotation features, and other more specialized feature types. The model allowsto
define relationships between objects and rules for maintaining referential and topological integrity

between objects.

3.2.1 Creating a geodatabase from an existing design

There may be a data model that already exists that may partly or wholly suit your needs. Adopting
an existing design can give a quick head start in creating a geodatabase.
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3.2.1.1 Data modelsdistributed by ESRI

ESRI and a number of leaders in their disciplines have been actively designing a series of GIS data
models using topology and other capabilities in ArcGIS. The goal is to provide a common design
framework for key layers of geographic information, and promote openness and interoperability of
GIS data. These efforts

have resulted in a series of comprehensive design specifications for a number of thematic layers:

* Census and Administrative Boundaries (applied to U.S.Census geography)

» Hydrography

* Raster imagery and elevation catalogs

» Streets and comprehensive address information

* Transportation (to support linear referencing, navigation,

addressing, and cartography)

* Public Land Survey System (PLSS) (to support a national

database of the legal survey fabric)

» Water facilities

* And numerous other efforts

These data models provide a practical template for implementing a geodatabase. While the industry-
specific model to be a great starting point for geodatabase, may also find related models useful. For
the latest information on the data

3.2.1.2 Data modelsfrom other locations

we may know an ArcGIS user in a similar industry who has successfully implemented a
geodatabase. ArcMap and ArcCatalog provide tools that allow to copy the schema from an existing
geodatabase. Once copied, the schema can be sent to someone else and adopted as a starting point
for a geodatabase design. The tools that allow to copy a schema are discussed later in this chapter.

3.2.1.3 Loading data

Once have obtained a model and customized the schema to suit needs, the next step is to load data
into it. can do this by editing the database in ArcMap to create new objects or loading objects from
existing shapefiles, coverages, raster datasets, computer-aided design (CAD) feature classes, raster
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catalogs, infotm tables, dBASE tables, ArcStorm TM, or Map librarian. Data creation and
mai ntenance may involve managing version and

topology information. ArcCatalog and ArcMap have wizards to help with this Simple Data Loader
and Object Loader that will be discussed in the chapter *Importing data.

Load data into schema

Shapeliles -
2 I = I ___,_,_u-l—"" -

[f " GGeodatabase
/) =1 S S A schema

Coverages

Figure (3.1)L oading data

3.2.2 Creating a geodatabase from scratch

to create al or a part of geodatabase from scratch, the first step isto design what we want to create.
When designing a geodatabase should consider such questions as:

» what kind of data will be stored in the database?

* in what projection do want data stored?

» do want to establish rules about how the data can be modified?

* do want to organize object classes such as tables, feature classes, and subtypes of feature classes?

* do want to maintain relationships between objects of different types?

* will database contain geometric networks?

* will database contain topologically related features?

* will database store custom objects?

use the data modeling guidelines in modeling our world once have completed design, the next step
isto employ any of three methods to implement it. the method choose depends on the source of data
and whether will store custom objects. in practice, we will often use a combination of some or al of
the methods outlined here. subsequent chapters show how to perform each task. if geodatabase
contains raster data.
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Three Methods to Create a Geodatabase
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Figure (3.2)Creating a geodatabase from scratch

3.2.3 Creating schema with Arc Catalog

in some cases, we may not yet have any data that we want to load into a geodatabase, or the datawe

have to load only accounts for part of database design. in this case, can use the tools provided in

arccatalog to create the schema for feature datasets, feature classes, tables, geometric networks,

topologies, and other items inside the database. arccatalog provides a complete set of tools for

designing and managing items will store in the geodatabase.
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Create schema with
ArcCatalog

Figure (3.3)Creating schemawith Arc Catalog

3.2.3.1 Importing data

it is likely that already have data in various formats shapefiles, coverages, info tables, raster
datasets, raster catalogs, and dbase tables that want to store in a geodatabase. may also have your
data stored in other multiuser geographic information system data formats such as arcstorm, map
librarian, and arcsde. through arccatalog, can convert data stored in one of these formats to a
geodatabase by importing it.

when converting data from one of these formats into the geodatabase, both the spatial and
nonspatial component of each object is translated. for example, when converting a shapefile to a
feature class, both the shapes (geometry) and attributes are stored in the geodatabase. attributes can
be left out or renamed. shapefiles of the same spatial extent can be imported into the

same feature dataset. all or some of the feature classes from a coverage can be imported into a
feature dataset. topology rules can be created to regulate the spatial relationships between the
features and feature classes stored in geodatabase feature datasets.

converting arcstorm and map librarian data is done using tools that are similar to those used for
importing coverages. however, must use arcsde for coverages before arccatalog or arctoolbox can
access and display arcstorm and map librarian data. if you aready have data in a spatial database
enginetm (sde) 3.x database, do not need to reload data.
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arccatalog contains tools that allow to register the existing data with the geodatabase. once

registered, can also use

ArcCatalog to reorganize that data into feature datasets. ArcGIS and geodatabases do not support
multiple feature types in a single feature class (for example, points and lines in the same feature

class). If any of SDE 3.x layers contain multipleentity types, those must be reorganized into single

feature type layers before can view them in Arclnfo or register them with the geodatabase.
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Figure (3.4)lmporting data

3.2.3.2 Building geodatabases with CASE tools

Unified Modeling Language is a graphical language used to develop software systems and database
design. With UML class diagrams can design items in a geodatabase schema, such as feature
datasets, feature classes, tables, geometric networks, and relationships. Once the UML diagram is
complete,can use theComputer-Aided Software Engineering tools subsystem in ArcCatalog to

generate a new geodatabase schema from the diagram.
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Figure (3.5)Building geodatabases with CASE tools

3.2.3.3 Further refining the geodatabase

Whether load data manually or use ArcCatalog to create the geodatabase schema, can continue to

define geodatabase by establishing how objects in the database relate to one another. Using

ArcCatalog, can establish relationships between objects in different object classes, connectivity

rules for objects participating in geometric networks, and topological rules for features in

topologies. Some of these relationships and rules may be part of the schema that CASE tools

generate, but often will want to further refine what is generated by CASE to meet geodatabase

design. Note that topologies cannot be designed with the existing CASE tools. can continue to use

the geodatabase management tools in ArcCatalog to refine or extend a geodatabase once it has been

designed and implemented.
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Figure (3.6)Further refining the geodatabase

3.24 Geodatabasesand Arc Catalog

ArcCatalog alows to easily view and modify the contents of geodatabase. ArcCatalog contains a

full suite of tools to create and manage geodatabase.
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3.2.4.1 Accessing geodatabasesin ArcCatalog

can manage geographic data in a variety of formats in ArcCatalog. Some of the formats that can
manage directly include personal geodatabases, shapefiles, Arclnfo coverages,

rasters, TINs, and tables. In addition to managing data on desktop or local network, can manage
remote ArcSDE geodatabases by creating a connection to the database. Database connections to
remote geodatabases behave similarly to personal geodatabases, with one important difference:
when delete a personal geodatabase, the database itself is deleted from the disk. When delete a
remote geodatabase connection, however, only the connection is deleted the geodatabase and its
data are unaffected.

3.2.5 Geodatabasesand ArcMap

ArcMap alows to edit the contents of geodatabase. ArcMap contains a full suite of tools to edit

simple features, geometric networks, and topologies in geodatabase.

3.2.5.1 Editing geodatabasesin ArcMap

we can edit geographic data in a variety of formats in ArcMap. ArcView seats of ArcMap can be
used to edit simple features in shapefiles and persona geodatabases. Arcinfo and ArcEditor seats
have more extensive toolsets with special tools for creating and editing geographic data in

topologies or geometric networks and performing spatia adjustment and disconnected editing.

3.2.5.2 Editing geometric networks

Editing features in a geometric network allows to maintain network connectivity of specified types
of features and let’s move connected features without breaking the connections as

well as add junctions to certain types of edges without splitting them. Geometric networks are
useful for modeling connected linear features, such as pipes, cables, and streams, and for modeling
points that represent nodes in the network such as valves, switches, and stream confluences or
gauging stations. Geodatabases and ArcMap The features that participate in a geometric network

become network feature classes, not simple feature classes.
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3.2.5.3 Disconnected editing

ArcInfo and ArcEditor seats of ArcMap can be used to check out data from your geodatabase to use
while disconnected from the network. This is especially useful for remote offices that need to work
with a portion of the database without incurring networkrelated performance problems and for
people who need to take a part of the geodatabase out into the field for editing or analysis

on afield computer.

3.3 Creating new itemsin a geodatabase

The first step in creating any database is to design the tables it will contain. A good design will
ensure that data retrieval is fast and efficient. Modeling Our World discusses the considerations to
take into account when build a geodatabase. Once design is complete, can start using tools in
ArcCatalog to create tables, feature datasets, and feature classes. After adding data to tables and
feature classes, can build indexes for the appropriate fields to improve query performance. can aso
grant and revoke privileges on table, feature class, or feature datasets for another database user.
After creating feature classes, tables, and feature datasets, can refer to further relationship classes,
topologies, and geometric networks. To create raster-based items, such as raster datasets, raster
catalogs, or raster attributes, refer to the chapter *Building a raster geodatabase. ArcView can create

simple feature classes and tables in a personal geodatabase.
3.3.1 Geodatabaseitems

Geodatabases organize geographic data into a hierarchy of data objects. These data objects are
stored in feature classes, object classes, and feature datasets. An object class is a table in the
geodatabase that stores nonspatial data. A feature classis a collection of features with the same type
of geometry and the same attributes. A feature dataset is a collection of feature classes that share the
same spatia reference. Feature classes that store simple features can be organized either inside or
outside a feature dataset. Simple feature classes that are outside a feature dataset are called
standalone feature classes. Feature classes that store topological features must be contained within a
feature dataset to ensure a common spatial reference. ArcCatalog contains tools for creating object
classes (tables), feature classes, and feature datasets. Once these items are created in the
geodatabase, further items such as subtypes, relationship classes, geometric networks, and

topologies can aso be created.
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3.3.2 ArcGlSdatatypes

When creating tables, will need to select a data type for each field in the table. The available types
include a variety of number types, text, date, BLOB, or globaly unique identifier (GUID).
Choosing the correct data type alows to correctly store the data and will facilitate analysis, data
management, and business needs.

3.4 Importing data

With ArcCatalog, we can import shapefiles, coverages, CAD data, and INFO and dBASE tables
into a geodatabase. For each feature class and table import, create a new feature class or table in the

geodatabase. we can aso load data from any of these formats into an existing feature class or table.

3.4.1 Importing data into new feature classes and tables

ArcCatalog contains tools that import a coverage, shapefile, CAD file, INFO table, database table,
geodatabase feature class, or table. The tools also allow to import more than one feature class and
table at the same time. For each feature class or table import, create a new feature class or table in
the geodatabase. As the geodatabase stores data different from the formats importing, ArcCatalog
will automatically convert the geometry and fields import to types used by the geodatabase.

3.5 Subtypesand attribute domains

When maintaining geographic database, care must be taken to ensure that when edit the data do so
in a manner that is consistent with the system are modeling. The geodatabase together with the
ArcMap Editor provides mechanisms to ensure that the data store in geodatabase is consistent with
data model. The geodatabase has severa data integrity and data management capabilities, including

validation rules, subtypes, relationship classes, geometric networks,

3.5.1 subtypesand attribute domains

The geodatabase stores objects. These objects may represent nonspatial real-world entities, such as
manufacturers, or they may represent spatial objects such as pipes in awater network. Objectsin the
geodatabase are stored in feature classes (spatial) and tables (nonspatial). The objects stored in a

feature class or table may be organized into subtypes and can have a set of validation rules
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associated with them. The Arclnfo system uses these validation rules to help maintain a geodatabase

that contains valid objects.

3.5.2 Working with attribute domain properties

The Domains tab of the Database Properties dialog box includes alist of al the domains that exist
in a geodatabase. Each domain’s name, description, properties, and valid set of values are displayed.
From this dialog box, can aso add, remove, and modify domains. An explanation of how to use this

property page to manage geodatabase’s domains.
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Figure (3.7)Working with attribute domain properties
3.6 Defining Relationship Classes

Objects in areal-world system, such as an water network or a parcel database, often have particular
associations with other objects in the database. For example, in an water network, support meter .

In aparcel database, aparcel will have one or many owners.

These kinds of associations between objects in the geodatabase are called relationships.
Relationships can exist between spatial objects (features in feature classes), no spatial objects, or
gpatial and no spatia objects. While spatial objects are stored in the geodatabase in feature classes
and no spatial objects are stored in tables, relationships are stored in relationship classes.
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To store relationships, such as between water network and meter, must create a relationship class.
If, in geodatabase, transformers also have relationships to transformer attribute objects, then a

second relationship classis required to store those relationships.
3.6.1 Relationship classesin Arc Catalo

We can work with relationship classes in Arc Catalog. Relationship classes can exist both inside
feature datasets and at the root level of the geodatabase.

When look at a particular relationship class in the Arc Catalog tree as shown in Figure (3.1), it is
not immediately evident how feature classes or tables are related. However, by examining the
properties of both the feature class or table and the relationship class, can achieve a clear picture of
this.
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Figure (3.8) Relationship Classes Appear in the Arc Catalog Tree

3.6.2 Relationship classesin Arc Map

Once we have established a relationship class between feature classes or tables, can use these
relationships in Arc Map. For example, when identify a feature in the map, can see al of the objects
related to that feature. When working with tables, can select one or more rows or features and open
the related table to see the selected objects.

we may want to use fields on a related table or feature class to symbolize or label map. Once have
added a feature class to map that participates in a relationship class, can do this by establishing a
join between the feature class and its related feature class or table. can use these joined fields like
that in feature layer.
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For more information on maps, feature layers, symbolizing, and labeling your features, see Using
Arc Map. There are also a number of toolsin Arc Map for editing relationships and related objects.
For example, when select afeature, can edit the properties of its related objects. we can also use Arc
Map to add new relationships and delete existing relationships.

3.6.3 Simplerelationship class

To create new relationship classes between any feature classes or tables within geodatabase using
tools in Arc Catalog. These tools can be used to create simple, composite, and attributed
relationship classes. Relationship classes appear in the Arc Catalog tree, and can inspect their
properties as well as the relationships for any particular feature class. The example in this task
shows how to create arelationship class between a feature class that stores parcel objects and atable
that stores owner objects. It is a simple, non attributed relationship. In the database, a parcel can be
owned by a single owner, and an owner can own a single parcel, so it is a (one to one) (1-1)
relationship.

3.6.4 Composite relationship class

The relationship will be non attributed; composite relationships are by definition one-to-many (1-
M) relationships. a composite relationship involves many of the same steps used in the task for
creating a ssimple relationship. the steps outlined here reflect the differences between the two tasks
including using different origin and destination classes.

3.5.5 Attributed relationship class

Any relationship classwhether ssimple or composite, of any particular cardinality can have
attributes. Relationship classes with attributes are stored in a table in the database. this table
contains at least the foreign key to the origin feature class or table and the foreign key to the
destination feature class or table. an attributed relationship can also contain any other attribute. the
examplein this subtask shows how to create a simple relationship between a feature class that stores
water laterals and a feature class that stores hydrants. Water lateral objects have their own attributes,
and hydrant objects have their own attributes. The relationship class in this example describes
which water lateras feed which hydrants. Because want to store some kind of information about
that relationship, such as the type of riser connecting the two, can store this information as attributes

in the relationship class.
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3.7 Geometric Network

The movement of people, the transportation and distribution of goods and services, the delivery of
resources and energy, and the communication of information all occur through definable network
systems. In the geodatabase, networks are modeled as a one-dimensional no planar graph, or
geometric network, that is composed of features. These features are constrained to exist within the
network and can, therefore, be considered network features. The geodatabase automatically
maintains the explicit.

Topological relationships between network features in a geometric network. Network connectivity
is based on geometric coincidence, hence the name geometric network. A geometric network has a
corresponding logical network. The geometric network is the actual set of feature classes that make
up the network. The logical network is the physica representation of the network connectivity.
Each element in the logical network is associated with a feature in the geometric network. Once a
geometric network isin place, Arc Map and Arc Catalog have tools that treat the network features
in a special way. Editing and tracing on the network, as well as managing the feature classes

participating in the network, are all handled automatically by Arc GIS.

3.7.1 Network featuretypes

Geometric networks consist of edge network features and junction network features. An example of
an edge feature is a water main, while a junction feature might be a valve. Edges must be connected
to other edges through junctions. Edge features are related to edge elements in the network, and
junction features are related to junction elements in the logical network See Figure (3.9) Water
Facility Object Model and Figure(3.10) Water Facility Data Types.
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Figure(3.10) Water Facility Data Types

There are two broad categories of network feature types. simple and complex. Simple network
features correspond to a single network element in the logical network. A complex network feature
corresponds to more than one network element in the logical network. A ssimple edge feature
corresponds to a single network edge element in the logical network. Simple edges are aways
connected to exactly two junction features, one at each end. If a new junction feature is snapped
midspan on a simple edge (thereby establishing connectivity), then that simple edge feature is
physically split into two new features. Complex edges correspond to one or more edge elements in
the logical network. Complex edges are always connected to at least two junction features at their
31



CHAPTER 3 GISAND WATER NETWORK

endpoints but can be connected to additional junction features along their length. If a new junction
feature is snapped midspan on a complex edge, that complex edge remains a single feature.
Snapping the junction does cause the complex edge to be split logicaly—for example, if it
corresponded to one edge element in the logical network before the junction was connected, it now

corresponds to two edge elements (See Figure (3.11).

SEF SEF SEF"

o o = O D) 2
Snapping junction midspan on
a simple edgs causes splhil
CEF
CEF (with two logical elements)
o o == O D, @

Snapping junction midspan on a
complex edge doss not cause split.

CEF  Complex adgs teaturs
SEF  Simple adye fealure

1 Junction feature

Figure (3.11) Smple and Complex Edges features

(1) Orphan junction feature class: When the first feature class is added to the geometric network,
a simple junction feature class is created, called the orphan junction feature class. The name of the
orphan junction feature class corresponds to the name of the geometric network appended with
Junction. The orphan junction feature class is used by the geometric network to maintain network
integrity. Every edge in the geometric network must have a junction connected to its endpoints.
During network building, an orphan junction will be inserted at the endpoint of any edge at which a
geometrically coincident junction does not already exist. Orphan junction features can be removed
from the geometric network by subsuming them with other junction features.

(2) Sources and meter: Networks are often used to model rea-world systems in which the
direction of movement through the network is well defined. In a water network, the flow direction
may not be as well defined as in an water network, but the flow of water may be from a pump
station to a customer or from customers to a treatment plant. Flow direction in a network is

calculated from a set of sources and meter. In the above examples, water flow are driven by sources
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and sinks. Flow is away from sources, such as the such as a water treatment plant (in the case of a
wastewater network). Junction features in geometric networks can act as sources or meter. When
you create a new junction feature class in a network, can specify whether the features stored in it
can represent sources, sinks, or neither in the network. If specify that these features can be sources
or sinks, afield called Ancillary Role is added to the feature class to record if the feature is a source,
meter, or neither a source nor a sink. When calculate the flow direction for a geometric network in
Arc Map, the flow direction will be calculated based on the sources and meter in the network. For
example, may have atank in water network that is down for maintenance, so its role in the network
will be changed (temporarily) from source to none. The flow for the network is recalculated by the
system; any traces on the network will be affected by the change in flow direction caused by the
state of the tank. For more information on calculating flow direction and using flow direction in
network analysis, see Using Arc Map.

(3) Network weights: A network can have a set of weights associated with it. A weight can be used
to represent the cost of traversing an element in the logical network. For example, in a water
network, a certain amount of pressure is lost when traveling the length of a transmission main due
to surface friction within the pipe. Weights are calculated based on some attribute of each feature as
presented in Figure (3.12). In the transmission main example above, an attribute that affects the
weight would be the length of the feature. A network can have any number of weights associated
with it. Each feature class in the network may have some, al, or none of these weights associated
with its attributes. The weight for each feature is determined by some attribute for that feature. Each
weight can be associated with one attribute in a feature but, at the same time, can be associated with
multiple features. For example, a weight called Diameter can be associated with the attribute
Diameter in water main features and can also be associated with the attribute Dia in water |ateral
features. A network weight value of zero is reserved and is assigned to all orphan junction features.
Also, if aweight is not associated wit any attributes of a feature class, then the weight values for all

network elements corresponding to that feature class will be zero.
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Figure (3.12) Weight and Attribute for Each Feature

3.7.2 How networksare built

Building networks from existing features is a computationally intense operation that may take a

considerable amount of time and system resources, depending on the number of input features. If

those features require snapping, the network building operation will spend most of its time in the

feature snapping phase. The network building process proceeds in the following sequence:

1. If snapping is specified, snap simple features.

2. If snapping is specified, snap complex features.

3. Create an empty logical network.

4. Create the network schema in the database.

5. Extract attributes from the input feature classes for weight cal culations.

6. Create the topology.

7. Create orphan junctions as required, add input junction features to the logical network, and
initialize the junction enabled values.

8. Set weight values for the junction elements.

9. Add edgesto the logical network.

10. Set weight values for the edge elements.

11. Create all necessary indexes in the database.
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3.7.3 Adjusting features

When snapping features during network building, it is important to understand how the geometry of
features is adjusted when snapping. All or part of any feature in a feature class that was specified as
being adjustable in the Build Geometric Network wizard can potentially be moved. Those features
that are in feature classes that are not adjustable will remain fixed throughout the network building
process.

All features in all feature classes have equa weights when being adjusted during snapping. This
means that if the endpoints for two edges need to be snapped and both features can be adjusted, then
they will move an equal distance to snap together. If one of the features is not adjustable, then only
the adjustable feature will move to snap to the static feature.

3.7.4 | dentifying network build errors

When building a geometric network, the feature classes that are selected to participate in the
network may contain features whose geometries are invalid within the context of a geometric
network. These geometries include:

» features that have empty geometry

* edge features that contain multiple parts

* edge features that form a closed loop

» edge features that have zero length.

At the end of the build process, a summary of these errors displays in a dialog box. Features with
invalid geometries are also identified and recorded in the network build errors table.

3.7.5 Schema locking

An exclusive lock is required on all of the input feature classes when building a geometric network.
If any of the input feature classes have a shared lock, the network will not be built. If any of the
feature classes in a network have a shared or exclusive lock, that lock is propagated to all of the
other feature classes in the network. For more information on exclusive locks and schema locking,
see the chapter *Creating new items in a geodatabase.
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3.8 Network Connectivity

In most networks, you do not want all edge types to be able to logically connect to all junction
types. Similarly, not all edge types can logically connect to all other edge types through al junction
types. For example, in a water network, a hydrant can connect to a hydrant lateral but not to a
service lateral. Similarly, in the same water network, a 10-inch transmission main can only connect
to an 8-inch transmission main through a reducer. Network connectivity rules constrain the type of
network features

that may be connected to one another and the number of features of any particular type that can be
connected to features of another type. By establishing these rules, along with other rules such as
attribute domains, we can maintain the integrity of the network data in the database. At any time,
you can selectively validate features in the database and generate reports as to which features in the
network are invalid—that is, are violating one of the connectivity or other rules.

There are two types of connectivity rules. edge—junction and edge-edge rules. An edge—junction
rule is a connectivity rule that establishes that an edge of one type may connect to a junction of
another type in Figure (3.13) water distribution System management using GIS connectivity An
edge—edge rule is a connectivity rule that establishes that an edge of one type may connect to an
edge of another type through a set of junction types. Edge-Edge rules always involve a set of
junctions. can establish and modify the connectivity rules for a network from within Arc Catalog by
modifying the geometric network properties. can establish connectivity rules between two feature
classes, afeature class and the subtype of another feature class, or a subtype of one feature class and
a subtype of another. In the water network example above, a connectivity rule would be established
between two subtypes of the same edge feature class and a subtype of athird junction feature class

(8-inch and 6-inch transmission mains and reducer valves).

3.8.1 Establishing connectivity rules

Connectivity rules are established and modified using the geometric network’s Properties dialog
box in Arc Catalog. The two examples given here describe how to establish an edge—junction rule
and an edge—edge rule. For simplicity, each is done separately in the examples, but any number of
rules can be established or modified for the network at a single time.
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3.9 Case Study: Halhull Water Distribution Networ k

An Arc GIS 9.2 was used to process the water network analysis and generate the geometric network
required to the develop geodatabase and utility network analyst. The original procedure was created
the geometric network in Arc GIS 9.2 project, and convert to identify and fill sinks, to generate
geometric network, connectivity, digitizing, analysis, and management. The procedures are as
follow.

1. Triangulated Irregular Networks (TIN) for Halhull was fined as appear in Figure (3.14).

2. The main water network pipe was created as shown Figure (3.15).
3. The sources of water and reservoirsin Halhull was located as presented in Figure (3.16).
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CHAPTER FOUR
ANALYZING GEOMETRIC NETWORKS

4.1 Introduction

The economic foundation of the modern world is its infrastructure-the collection of cables,
pipelines, and wires that enables the movement of energy, commodities, and information. This
infrastructure can be modeled as networks. ArcGIS provides a complete model for capturing,
storing, and analyzing networks.

What we can do with networksin ArcMap?

ArcMap provides a rich set of tools that perform many common network analysis tasks on
geometric networks. Some of the common types of analyses that can perform on network using
ArcMap are:

1. Trouble call analysis. determines the likely cause of a problem based on the location of
customers with service problems.

2. lsolation traces: determines which switches have to be opened in order to close water to a part of
the network.

3. Contaminant tracing: determines whether a particular site is a possible cause of contamination.
Before we can work with geometric networks in ArcMap, we need to build a geometric
network. While network features can be both created and edited in Arcinfo and ArcEditor, they
are read-only in ArcView. how to build a geometric network using ArcCatalog, see Building a
Geodatabase.
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4.2 Geometric network

Networks consist of two fundamental components: edges and junctions. The edges and junctions in
anetwork are topologically connected to each other. An edgeis atype of network element that has a
length and through which some commodity flows. water network, pipes, and stream reaches are
examples of edges. A junction occurs at the intersection of two ormore edges and allows the transfer
of flow between edges. Fuses, switches, service taps, and the confluence of stream reaches are
examples of junctions. Edges connect to each other at junctions; the flow from edges in the network
istransferred to other edges through junctions. In ArcGIS, feature classes can participate together in
anetwork.

Feature classes representing transmission lines, switches, fuses, and transformers can all be part of
the same network. Because the features have geometry and can be mapped, the network of features
is called a geometric network. a geometric network contains the connectivity information between
edges and junctions and defines rules of behavior such as which classes of edges can connect to a
particular class of junction or to which class of junction two classes of edges must connect. To
create a geometric network, use a wizard to specify which feature classes will participate in the
network, or create an empty network and add feature classes to it later. Once the network is created,
it is maintained throughout the life cycle of the database. ArcGIS maintains the connectivity
information whenever edit the participating feature classes of a geometric network. The
connectivity rules and relationships that define in the geodatabase can be validated at any time to
discover features that violate the established rules.

ArcGIS includes a variety of tools for analyzing networks and a rich set of objects for building
custom networks with complex behavior. For more information on modeling networks in ArcGIS,
see Modeling Our World. To learn how to create geometric networks and define connectivity rules,
and for information on defining relationships between feature classes, see Building a Geodatabase.

To learn about editing geometric networks, see Editing in ArcMap.

4.3 Opening a geometric network

Geometric networks are objects within the geodatabase. Geometric networks are automatically

maintained by ArcGIS when their feature classes are edited. In order to work with a geometric
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network in ArcMap, must load a minimum of one feature class that participates in the network. If
want to work with only the feature

classes that participate in the network for example, if are performing some analysis on the network
then we can load only these feature classes by loading the network object. If want to load all of the
feature classes in the feature dataset that contain the network for example, if want to produce a
printed map of the network can open the network by loading the feature dataset that contains the

network.

4.4  Symbolizing network features

we can use symbology in ArcMap to easily identify enabled or disabled features, sources, or sinks
in your network. All network features can beeither enabled or disabled. Enabled features allow flow
to pass through them, while disabled features do not. The status of each feature is stored in the
Enabled field of the feature class’s attribute table. The values in this field are defined by a coded
value attribute domain and can only be 0 or 1. Features with avalue of 1 are enabled, and those with
a value of 0 are disabled. By symbolizing your features using this attribute, we can quickly tell
which features are enabled and which are disabled. A junction feature can act as a source or a sink
(or neither). When build a geometric network, specify which feature classes contain sources or
sinks. Those feature classes have an attribute named AncillaryRole that contains this information.
The values in this field are defined by a coded value attribute domain. A vaue of 1 represents a
source, and avalue of 2 represents a sink

A value of 0 means that the feature is neither a source nor asink. By symbolizing features using this
attribute, can quickly tell which junctions are sources and sinks. For more information on attribute

domains, see Building a Geodatabase.

4.5 Adding network features

Adding features to a network is the same as adding features to any dataset. However, when features

are added to a network, they connect topologicaly to other features in the network. These

connections are automatically maintained inside the geodatabase and are based on geometric

coincidence. For example, a junction must be coincident with an edge endpoint in order to be

connected. To ensure geometric coincidence, use snapping when editing network features. In this

example, a new service is added to the network to provide water to a building. The new service
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connects to a water main on one end and snaps to a building on the other. In order to ensure that the
new feature in the services feature class connects to the water main on one end and touches the

building on the other, must use snapping.

4.6 Enabling and disabling features

Any feature in a geometric network can be enabled or disabled. An enabled feature alows flow to
pass through it, while a disabled feature does not. Disabling features allows to treat features as if
they were disconnected from the network, without actually removing the topological connections
that they have to other features in the network. By default, all features in a geometric network are
enabled when create the network. To enable or disable a feature, its Enabled attribute must be edited
in the Attributes dialog box.
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Figure (4.1) Enabling and disabling features
4.7 Adding the Utility Network Analyst toolbar

In order to use ArcMap to analyze networks, must load the Utility Network Anayst toolbar. This
toolbar contains most of the tools needed to perform the analysis tasks presented later in this
section.

4.8 Exploring the Utility Network Analyst toolbar

The Utility Network Analyst toolbar is divided into two sections. The |eft side of the toolbar lets
choose a network with which to work and to set and display its flow direction. Theright side of the
toolbar lets set up and perform trace operations on the current network.
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Figure (4.2) Exploring the Utility Network Analyst toolbar

The Network dropdown list contains all of the geometric networks that are currently loaded in
ArcMap. To work with a network in ArcMap for example, set the flow direction or perform atrace
operation must choose the network in this list. The Flow menu contains items for displaying the
flow direction of the features in the network. Clicking the Flow menu reveals three items. Display

Arrows For, Display Arrows, and Properties.
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Figure (4.3) the Utility Network Analyst

Clicking Display Arrows For produces a list of the edge feature classes in network. By checking
items in this list, can specify for which layers to display flow direction. The Display Arrows
command is a toggle button that turns on or off the display of flow direction arrows for network.
Clicking the Properties command opens the Flow Display Properties dialog box. The Arrow
Symbol tab lets specify the symbol, size, and color of the arrows used to indicate flow direction.
The Scale tab lets specify the scale range in which the arrows are displayed. Clicking Display
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Figure (4.4) the Flow Display Properties

47



CHAPTER 4 ANALYZING GEOMETRIC NETWORKS

Filnwm Dizplap Ponpertins

Aojew Gurba | Sodk |

Bl a e A &l gk
T Dn=" sl = remis sben 7o nnied
T e me 1+

11 Lesoryd 1.|”

Figure (4.5) the Flow Display Properties

The Set Flow Direction button establishes flow direction in the network. This button is enabled
when network contains feature classes that have designated as containing persistent sources and
sinks. The Analysis menu contains commands for setting up network to perform trace operations.
Clicking the Analysis menu reveals five commands: Disable Layers, Clear Flags, Clear Barriers,

Clear Results, and Options.
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Figure (4.6) the Utility Network Analyst

Clicking Disable Layers displays a list of feature classes contained in the geometric network. By
checking feature classes in this list, can disable feature classes in trace operations. This makes trace
operations behave as if all of the features in those feature classes are disabled. The Clear Flags and
Clear Barriers menu items remove flags and barriers, respectively, from the network. Clicking Clear
Results clears the results of the previous trace operation. Clicking Options opens the Analysis
Options dialog box. This dialog box allows to specify options for subsequent trace operations. The
Genera tab of the Analysis Options diadlog box lets specify on which features trace tasks are
performed. we can perform trace tasks on all of the features in the network, only the selected

features, or only the unselected features. can specify whether or not trace tasks that consider flow
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direction include edges with indeterminate or unspecified flow direction. we can also use this tab to

specify the snapping tolerance for placing flags and barriers on the map.
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Figure (4.7) the Utility Network Analyst

The Weights tab lets specify which network weights are used when tracing. For example, the Find
Path trace task uses weights to determine the cost of including a network feature in the result of the
trace task.
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Figure (4.8) Analysisweights Options

The Weight Filter tab lets to specify which network features can be traced based on weights
assigned to the network features. For both edges and junctions, can specify valid ranges of weights
for features that may be traced.
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Figure (4.9) Analysisweights Filter Options

With the Results tab, can determine in which format want to receive the results of trace operations.
Results can be given as drawings overlaid on the map or as a set of selected features. If choose to
draw the results, can choose to render only the parts of complex edges that are actually traced,
rather than the entire complex feature. can also specify whether the results will include features that

are traced during the operation or features stopping the trace. Finally, can specify whether the
results include both edge and junction features.
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Figure (4.10) Analysis Result Options

The Trace Task dropdown list contains a list of all the trace operations that can perform using the

Utility Network Analyst toolbar. ArcGIS comes with nine built-in trace operations. While the Trace

Task dropdown list is used to select the trace task, the Solve button is used to perform the trace
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operation once have finished configuring trace operation using the toolbar. The Solve button
performs the trace operation that selected in the Trace Task dropdown list; it does this using the
parameters that specified using the Analysis Options dialog box and the placement of flags and
barriers on the network.

49 Flowdirection

In network applications, knowing the flow direction along network edges is essential. Establishing
the flow direction in a geometric network determines the direction in which commodities flow
along each edge. The flow direction in a network is determined by the connectivity of the network,
the locations of sources and sinks in the network, and the enabled or disabled state of features.
Sources and sinks drive flow through a geometric network. Sources are junction features that push
flow away from themselves through the edges of the network. For example, in a water distribution
network, pump stations can be modeled as sources, since they drive the water through the pipes
away from the pump stations. Sinks are junction features that pull flow toward themselves from the
edges in the network. For example, in a river network, the mouth of the river can be modeled as a
sink, since gravity drives all water toward it. Flow moves away from sources and toward sinks.
Because flow direction can be established with either sources or sinks, it usually suffices to specify
only sources or only sinks in a network. It is important to remember that disabled features are
accounted for when setting flow direction. Disabling a feature makes it act as if flow cannot pass
through it. Thus, disabling a feature means that the flow direction cannot be set for the disabled
features or for those features that are connected to the sources or sinks exclusively through the
disabled feature. After set the flow direction for network, an edge has one of three categories of
flow direction: determinate, indeterminate, or uninitialized.

49.1 Determinateflow direction

If the flow direction of an edge can be uniquely determined from the connectivity of the network,
the locations of sources and sinks, and the enabled or disabled states of features, the feature is said
to have determinate flow. Determinate flow for an edge is specified as either with or against the

direction in which the feature was digitized.
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4.9.2 Indeterminateflow direction

Indeterminate flow direction in a network occurs when the flow direction cannot be uniquely
determined from the connectivity of the network, the locations of sources and sinks, and the enabled
or disabled states of the features. Indeterminate flow commonly occurs for edges that form part of a
loop, or closed circuit. It can also occur for an edge whose flow is determined by multiple sources
and sinks, where one source or sink is driving the flow in one direction through the edge, but
another source or sink is driving it in the opposite direction. For example, an edge that has a source
at both of its ends will have indeterminate flow.

4.9.3 Uninitialized flow direction

Uninitialized flow direction in a network occurs in edges that are isolated from the sources and
sinks in the network. This can happen if the edge is not topologicaly connected through the
network to the sources and sinks or if the edge is only connected to sources and sinks through
disabled features.

4.9.4 Specifying flow direction

All geometric networks that have flow have sources and sinks. In some cases, may not know the
locations of the sources and sinks, but may know the flow direction. If thisis the case, must choose
the junctions in network to act as sources and sinks that produce the correct flow direction. After
setting the flow direction for network, indeterminate flow may occur, even when know the direction
of flow. Thisis because the flow direction is determined by properties of the network or the features
making up the network in addition to the connectivity or locations of sources and sinks. For
example, in a water network, the flow direction in a pipe is determined by the difference in water
pressure between the ends of the pipe. The pressure at each end of the pipe is affected by such
things as the material out of which the pipe is made, the pipe diameter, the flow rate through the
pipe, the physical configuration of the pipe (including any bottlenecks, valves, or sharp bends), the
temperature of the water, the elevation of the ends of the pipe, and the connectivity of the network.
Since ArcGIS deals with general networks (and not with domain-specific types of networks), this
information is not used to set the flow direction. Thus, the flow direction may be set to
indeterminate for some edges in these networks. A set of similar variables exists in every domain.
Developers can write custom flow-direction solvers that use these variables to find determinate flow

direction in domain-specific networks.
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4.10 Displaying flow direction

Network flow direction specifies the direction in which commodity flows through the network.

ArcGIS stores this information for edge features in a network. can display the flow direction for

edges using the Utility Network Analyst toolbar. can display which edges have determinate flow

direction, indeterminate flow direction, or uninitialized flow.
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Figure (4.14) direction flow

4.11 Setting flow direction

we can use ArcMap to maintain flow direction in geometric network. ArcMap uses the network

connectivity, the enabled or disabled state of network features, and the locations of sources and
sinks to establish flow direction. must set flow direction whenever:

N o o s~ w DR

Create a new geometric network.
Add or remove features from the network.

Connect or disconnect features.
Add or remove sources or Sinks.
Enable or disable features.

Reconcile a version. Setting the flow direction establishes the correct flow direction for the new

network connectivity.

Reshape features so as to change the network connectivity.

In order to set flow direction, network must contain at least one junction feature class that specified

as containing sources and/or sinks.
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Figure (4.15) Creating sour ces and sinks
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5.1 Tracing on networks

Network analysis involves tracing. The term tracing is used here to describe building a set of
network elements according to some procedure. can think of tracing as placing a transparency on
top of amap of network and tracing all the network elements that want to include in your result onto
the transparency. When working with networks, tracing involves connectivity. A network element
can only be included in atrace result if it isin some way connected to other elements in the trace
result. The trace result is the set of network features that is found by the trace operation. For
example, suppose want to find all of the features upstream of a particular point in a water network.
Using a transparency placed over the map of the water network, could trace over al of the branches
of the river that were upstream of that point. What is drawn on the transparency after this would be
desired result. Similarly, when perform a trace operation in ArcMap, result is a set of the network
elements included in the trace. In ArcMap, trace results can either be drawings on top of map or a
selection.

5.1.1 Flagsand barriers

In ArcMap, flags define the starting points for traces. For example, if are performing an upstream
trace, use aflag to specify where the upstream trace will begin. Flags can be placed anywhere along
edges or on junctions. When performing the trace operation, ArcMap uses the underlying edge or
junction feature as the starting point of the trace operation. Network elements connected to these
edges or junctions are considered for inclusion in the trace result. Barriers define places in the
network past which traces cannot continue. If are only interested in tracing on a particular part of
network, can use barriers to isolate that part of the network. Like flags, barriers can be placed
anywhere along edges or on junctions. When performing trace operations, ArcMap treats the
underlying network features as if they are disabled, thus preventing the trace from continuing

beyond these features.
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5.1.2 Disabling features

Disabling features is a more permanent method of creating a barrier a a particular location. In a
municipal water network, for example, if a water main has been opened and capped due to a road
construction project, water cannot flow through that section of the water main. Disabling the
network feature representing this water main would stop atrace at this feature.

5.1.3 Disabling featurelayers

In some cases, disabling entire layers may be necessary. For example, by disabling the switches
layer in an water distribution network and tracing from some point in the network, can find the
switches that need to be thrown to isolate this point from the network; these will be the features at
which the trace operation is stopped.

514 Weights

Edges and junctions can have any number of weights associated with them. A weight is a property
of a network feature typically used to represent a cost for traversing across an edge or through a
junction. An example of an edge weight is the length of the edge. In a shortest path analysis, would
choose this weight if wanted the resulting path to be of the shortest length. Another example is the
valve to traversing an edge in an water network. Using a valve weight, the shortest path would be
the path of least valve. When build a network, specify which attributes of edge and junction feature
classes will become weights. can use these weights to specify the cost of including a feature in the
results of atrace operation. Of the trace tasks included with ArcGIS, only the

1. Find Path,

2. Find Path Upstream, and

3. Find Upstream Accumulation

trace tasks use weights to calculate the cost of the trace. To find the cost using these trace tasks,
must specify which weights to use. For junction features, a single weight is used. For edge features,
two weights can be used: one along the digitized direction of the edge feature (the form to weight)
and one against the digitized direction of the edge feature (the to—from weight). The digitized
direction of an edge feature refers to the order in which the shape nodes of the feature are stored in
the geodatabase. can specify a different weight for each direction of an edge for cases where tracing

an edge in one direction has adifferent cost from tracing it in the other direction.
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515 Waeight filters

We can use a weight filter to limit the set of network features that may be traced. A weight filter
specifies which network features can be traced based on their weight values. A weight filter serves
the same purpose as creating a selection of network elements based on a simple SQL query, except
that the performance of the weight filter is much faster. Using a weight filter, specify valid or
invalid ranges of weight values for network features that may be traced. As with using weights to
represent the cost of including afeature in trace results, a single weight is used for junction features,

and two weights may be used for edge features.

516 Traced featuresand features stopping

When tracing using the

1. Find Connected,

2. Trace Downstream, or

3. Trace Upstream.

trace tasks, can return either the features that are traced or the features that stop the trace. Features
that are traced are those that are actually traced over by the operation. Features that stop the trace
are those features past which the trace cannot continue. Features that stop the trace include the
following:

1. Disabled features

2. Features upon which barriers are placed

3. Traced features that are only connected to one other feature (deadends)

4. Featuresthat have been filtered out with aweight filter.

5.1.7 Using selectionsto modify tracetasks

When tracing, ArcMap lets use selections to modify trace tasks in three main ways. First, the
Analysis Options dialog box lets specify whether the trace operation is performed on all features in
the network, on the selected features only, or on the unselected features only. Tracing on just the
selected features means that unselected features act as barriers, while tracing on just the unselected
features means that selected features act as barriers. By using selections in this manner, we could,
for example, perform a trace operation to produce a set of barriers for a subsequent operation, or
build a selection query to produce a set of network features upon which to perform a trace
operation. ArcMap aso lets specify which layers are selected when performing a trace operation.
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From the Selection menu in ArcMap, we can specify which layers can and cannot be selected.
When ArcMap returns the results of a trace operation as a selection set, the settings you specify in
the Selection menu are used to determine which features should be included in the selection set
returned by the trace. Finaly, we can also use the interactive selection method set through the
Selection menu to specify the behavior of the resulting selection set. can create a new selection, add
the results of your trace operation to the current selection, select the results of trace operation from
the current selection, or remove the results of trace operation from the current selection. By using
the power of selectionsin ArcMap, can use the simple trace tasks included with ArcMap to perform
compound and complex trace operations.

5.1.8 Puttingit all together

This section introduced some concepts can use when constructing traces to perform on network. can
return the trace results as a selection set, disable individual features or entire feature layers, place
barriers on edges or junctions, include the traced features or the features stopping the trace, trace
only on selected or unselected features, specify which layers to include in the results, and use
different selection methods. All of these concepts can be used simultaneously when creating a trace

result. Combining these concepts in trace operations alows to execute powerful traces on network.

5.2 Tracing operations

Using the Utility Network Analyst toolbar with water network, we can do the following:
Trace downstream.

Trace upstream.

Find the upstream accumulation.

Find an upstream path to thesource.

Find common ancestors.

Find connected features.

Find disconnected features.

Find a path.

Find loops.

© © N o g b~ W DN PE
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we can use these simple tasks to perform many useful network analyses. can aso combine these
with other features of ArcMap to perform complex network analysis operations. To find all network

elements that lie downstream of a given point in network, use the.

1. Trace Downstream task. To find all network elements that lie upstream of a given point in
network, see figure (5.1)

2. Trace Upstream task. To find the total cost of all network elements that lie upstream of a given
point in network, see figure (5.2)

3. Find Upstream Accumulation task. To find an upstream path from a point in the network to the
source, seefigure (5.3)

4. Find Path Upstream task. To find the common features that are upstream of a set of pointsin
network,

5. Find Common Ancestors task. To find al of the features that connected to a given point
through network,

6. Find Connected task. To find all of the features that are not connected to a given point through
network, see figure (5.4)
Find Disconnected task. To find a path between two points in the network, see figure (5.5)

8. Find Path task. The path found can be just one of a number of paths between these two points
depending on whether or not network contains loops. see figure (5.6)

9. Find Loopstask. Loops can result in multiple paths between points . see figure (5.7)
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Figure (5.1) Trace Downstream

L Lo B [rmar Geeeeen Joak grdes ek

N da f fae s

| & [iTEs =l AT

m:;' | & !,l'"l Lk [

o T, P

ul|

sl a1

¥ e

- iF Lasune
= B vz ks drezons
L]
*

B tenge
[EaRE S Y

L]
oz
o MR
= oten
b i
R
Ll ]

i rARmE

poul ]

poE_ran
a

—

=

€

==H

=B pus_e sl
]

"
ta 1EK|

[T = T A "SRR B

nEeruRiteIn AR

T
4

|

B

| BB =

Jmn -"II.I_J
Ao oo | feiaa

EEE TR R T

e Hhra e vk

| AR R TN d b

Figure (5.2)Trace upstream

61



CHAPTERS

Flo 2dc dox neset Sseckn [oc Whdes Hob
DFMABD C LB o o e o] @ AmO W
Bl e | & | AP T [EU T Peie =] [FEwe] :
e e e | earetanicns -
at v = | 1o | S = = Y=

»

B Lavers -
= B wearer Fl=r_ brvhors
B

)
Ii

a
=
5 b=l R s
B haE £
e Ewh:q I.

« wah -
i B wzham =

Nl

& b= [EESERR b
k
[0}
*
—
E=C
i

ore

lpwma= K - C= A~ = [alnd =l v A meigs =~
s e e —
Ty

5 o == s R —
Ewcdk rzoo tazh VARERIT R JLEE.A, 3T T

Figure (5.3)Find Upstream Accumulation

L Ch o g |- #[=m 3] L ad0|a]

B | b [ =] Ll Triers e ST s s | R e i i
Gpeba orave o Lais | ] [ Y | GEzigberameing * am | [ -] £ o e i |
anaeage e | o | =% S T S I I P R et
bebcik: [ i m] E= = e [l TmeTase [Mic 2o wiw pry |'-'- i |.E. s il % [t =
= s _.Tl_g;l ERdTrereh AL raRre
L Snd tomneitd
Er=IE ~ A mod e
AT Ciptr— | Fund Foy nieed
i | R el Path | 1
b PR Fnd peth
& s T T
* B g wa L mnd Lptaean sk -
T Rl ki RN L Wi
[ =
¥ bl . 1-2
] -
W el wephan i
= E wntan |
=B o it
o il -
|
ey 8 a =
(e
o Bl e i =
4 vy i
- T —
—_— = |-
= f
3
-y
= Bl pos bl
d e
& I[E=
Dpae ] S dorhan) -
[T REE ST e B S | T S EEdE g Al e e
;ﬁe:’:t"l‘:‘nbﬂi B - ) — B - - - S ;_-I-ML?.QEE LESELEASD et

Figure (5.4) Find connected features

62

MANAGEMENT OF WATER NETWORK



CHAPTER 5

MANAGEMENT OF WATER NETWORK

B 2dE Hien fnemd - Saladion: Toos MimdoN Hel-

D#F@S » =@ & o4

L L

Eobagow. | & | 85 ek ety thy Santne i 1 v | il el ol o B O L [ o
mpaid peakys = | L | Sl b | masemag e o =l |
otmden e L R s R o :EI- EEGEE NPT ey
Ttk |z met l Fur — fehmr b v TesTasc |-1‘1-1i:s::trre:m 1 | e
o m Tine Comwean A ceaton
= mﬁ ﬂt B Sornache:
[ EF Layers ~ ':1 2 A Lo
= E webe Mez hechions | 54 L
[P Cran ;:E: ;-
+ S Trace Comrdo
TR filtings ey e Uagtrean Meiudace-
S B vavar R Trars| e
e far b
v lkanal LN \ "
S | /
?E i # — i
+ W e B g
- & [ B
byzoe 8| =
e i ﬂ\
H g
. e 0 3
H F.
= E pwaek .
[ s-".' ﬂ
- —
B 3 3
=

Figure (5.5)Find Disconnected features

Bl Bk ame et ileoon lew ke bep
Feds| . mlmx - -k 5 T =l
e e B il e i =
Sommsks = | 0 15 R | sotemas s [ 1] SR
x| bt gerern iR 2RGS0 e E £
e e o R e R —— A R A A
e Qe e Ao )
— Ao i s =
= B laweas - i
S E ewiee e _inchme E. | — i
L] -G k!
L aa Tranlam dne-n
L& P _"' i ke Lpdresn Loourmuslion
S e E"! = Trxeld
LI 2 §
& anid 9
¥ e -
# W oiphar w — -
il F rotor = ]
| i
[ET) e
& EEElOT [ 'i'
-
i L
“ 1
3 L iy e o
[ e E
= =
= 7 |
k| |
O = mpn e he e n
S irsoh ek UES2E ALE §LBE14.0E2 Has

Figure (5.6)Find Path task
63



CHAPTERS

MANAGEMENT OF WATER NETWORK

Cla Gt “fwie brres aekicden Tocle ekdsw iGle
- R e i AT . 1=IL
Cta v | & |4 [P M err T S e =] i !
e dbadd w = L | S | =] e L
2o ek = | | £ e ([
ki e n | e ik =) Buin. = Emdirim [ = dpwis dake Fndlzepe =] £ = i f
S SR e i e e s == k- 1 ika
{-gt (1" 3 i=d e zand
PE Laroas = &1 P Loty
I= A weazm _hek_andaars "
Led ol e A
- S
= = fenes k)
[ v T e
L
" Wbl &
< -
b= = wthan b
[ R TE Rae
= 7 i
ErE _
& i R
ci -
T ppz_vain L
£ oh
=% s
&
Lnr-lay | fimies | fGeanns B> N
orany = B O~ a - = |[[erae
B Btk ) - - R BRI Ll

Figure (5.7)Find loop

5.2.1 Findingthe upstream accumulation without weights

By default, the Find Upstream Accumulation trace task does not use weights. If do not use weights,

the cost reported is the number of edge elements in the result

5.2.2 Finding an upstream path with weights

By default, the Find Path Upstream trace task does not use weights. If use weights, the upstream

path found to the source is the shortest path based on the weights you specify. To specify weights,

total cost means total pipe distance (5050.7 m) seefigure (5.8)
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5.2.3 Using Find Connected or Find Disconnected

To Find Disconnected trace task always returns the features that the Find Connected trace task does
not. The results of one of these trace tasks are often easier to view and analyze than the results of
the other. For example, suppose have a mostly connected network and would like to check to make
sure al of water network features are connected to each other. Performing a Find Disconnected
trace task and checking to see if no features are returned is easier than performing a Find Connected

trace task and making sure all of features are returned.

524 Weight filter syntax

When create a range expression for a weight filter, must use correct syntax. can specify multiple
valid or invalid ranges for each weight. must delimit each range with commas. Each range can
include a single value or arange of values. To specify arange of values, type a hyphen between the

lower and upper bounds of the range.

5.25 TheFind Path tracetask
When use the Find Path trace task, the flags place on the network must be either all edge flags or all

junction flags. cannot find a path among a mixture of edge and junction flags

5.2.6 Finding pathswithout Weights
By default, the Find Path trace task does not use weights. If do not use weights, the shortest path
based on the number of edge elementsin the path is found.

5.2.7 Finding a downstream path

Find a downstream path using a process similar to finding an upstream path.

5.3 Tracing And Management Using Visual Basic

Visual Basic for Applications. The embedded programming environment for automating,
customizing, and extending ESRI applications, such as ArcMap and ArcCatalog. It offers the same
tools as Visua Basic (VB) in the context of an existing application. A VBA program operates on
objects that represent the application, and can be used to create custom symbols, workspace

extensions, commands, tools, and other objects that can be plugged into the ArcGIS framework.
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5.3.1 Management Using Visual Basic

With any development programming language, can configure additional buttons to run specific

ArcMap commands such as the Zoom In or management tools normally accessed through toolbar

buttons and menus. Exploring contains sample Visual Basic for Applications (VBA) code that we

can useto run avariety of ArcMap commands from the management.

5.3.2 Using Visual Basic

We need to install the command Valve sinceit's not available by default in the tool bar See fig(5.9)
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Replace the name of the geometric network, water source and vale layer by the names that have in
system, see Fig (5.11)
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Fig (5.11) Defined Code From Gis

Make keyboard shortcut for the two commands, see Fig (5.12)
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CHAPTERS MANAGEMENT OF WATER NETWORK

5.3.3 Tracing and Management Using The Visual Basic

Network analysis involves tracing. The term tracing is used here to describe building a set of
network elements according to some procedure. can think of tracing as placing a transparency on
top of amap of network and tracing all the network elements that want to include in your result onto
the transparency using visual basic.

When working with networks, tracing involves connectivity. A network element can only be
included in atrace result if it isin some way connected to other elementsin the trace result.

The trace result is the set of network features that is found by the trace operation. For example,
suppose want to find all of the features upstream of a particular point in awater network.

Using a transparency placed over the map of the water network, could trace over all of the branches
of the net work that were upstream of that point. What is drawn on the transparency after this would

be desired result, This trace between two valves, seefig (5.13).
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Fig (5.13) Find Upstream Accumulation using (VBA)
Similarly, when perform a trace operation in ArcMap, result is a set of the network elements

included in the trace. In ArcMap, trace results can either be. Drawings on top of map or a selection.
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Appendix-A

GISAND WATER NETWORK



Appendix-B

Analyzing Geometric Networks



Opening a geometric network

1. Open the document to which you want to add
the network data or create a new document.

2. Click the Add Data button.

3. Navigate to the feature dataset in the
geodatabase that contains the network you want to
open.

4. Double-click the feature dataset to view the
feature classes and geometric networks that it
contains.

5. Click the geometric network and click Add.

Y our geometric network is added to ArcMap

e

Opening a feature dataset containing a
geometric network

1. Open the document to which you want to add
the network data or create a new document.

2. Click the Add Data button.

3. Navigate to the feature dataset in the
geodatabase that contains the network you want to
open.

4. Click the feature dataset and

click Add. The feature dataset containing your
geometric network is added to ArcMap.
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Displaying enabled and disabled features in a
layer

1. In the table of contents, rightclick the feature
layer for which you want to display enabled and
disabled features.

2. Click Properties.

3. Click the Symbology tab.

4. Click the Categories item in the list and click
Unique valuesin the expanded list of items.

5. Click the Value Field dropdown arrow and click
Enabled to use this attribute for the symbolization.
6. Click Add All Vaues.

7. To change the symbol for a particular value,
double-click the symbol.

8. Click OK when you are finished formatting the
symbols.
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Displaying source and sink featuresin alayer

1. In the table of contents, rightclick the feature
layer for which you want to display source and
sink features.

2. Click Properties.

3. Click the Symbology tab.

4. Click the Categories item in the list and click
Unique values in the expanded list of items.

5. Click the Value Field dropdown arrow and click
AncillaryRole to use this attribute for the
symbolization.

6. Click Add All Values.

7. To change the symbol for a particular value,
double-click the symbol.

8. Click OK when you are finished formatting the
symbols.
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Adding network Features

1. Click Editor and click Start Editing.

2. Click Editor and click Snapping.

3. In the Snapping Environment window, set the
appropriate snapping properties.

4. Close the Snapping Environment window. U
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5. Click the Task dropdown arrow and click
Create New Feature.

6. Click the Target dropdown arrow and click the
layer to which you want to add a feature.

7. Click the Sketch tool.

8. Point to a position on the feature where the new

feature isto connect. A target appears to show that
snapping is on. Click to create the first vertex of
the new feature.

9. Create the remaining vertices of the sketch and
doubleclick to finishit.

10. Click Editor and click Stop Editing.

11. Click Yesto save your changes.

Enabling and disabling features

1. Click Editor and click Start Editing.

2. Click the Edit tool and click the feature that you
want to enable or disable.

3. Click the Attributes button.



4. Click in the Value column next to the Enabled
property. A list box opens showing all of the valid
codes for this attribute, as defined by the coded
value attribute domain for the Enabled attribute.

5. Click True to enable the feature. Click False to
disable the feature.

6. Click Editor and click Stop Editing.

7. Click Yesto save your changes.

Adding the Utility Network Analyst Toolbar

1. Right-click the Main menu.

2. Click Utility Network Analyst.

3. Dock the toolbar to the ArcMap window. Now,
each time you start ArcMap, the toolbar will be

displayed.
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Displaying flow Direction
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1. Click the Flow menu on the Utility Network
Analyst toolbar.

2. Point to Display Arrows For.

3. Check the layers for which you want to display
flow direction.

4. Click Properties.

5. Click the Arrow Symbol tab. Click a Flow
category in the list and click the button to specify
the size and color of the flow direction arrows
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6. Click the Scale tab and specify the scales at
which you want to display the flow direction
arrows. To show the arrows at all scales, click
Show arrows at all scales. To only show the
arrows within a scale range, click Don’t show
arrows when zoomed and type the scale range
limitsin the text boxes.

7. Click OK.

8. Click Flow and click Display Arrows. The
arrows symbolizing the flow direction are

displayed.



Creating sources and sinks

1. Click the Editor menu and click Start Editing.

2. Click the Attributes button.

3. Click the Edit tool and click the feature that you
want to set as a source or sink. This feature must
belong to one of the feature classes that you
specified as containing sources and sinks when
you built your network.

4. In the Attributes window, click the Vaue
column next to the AncillaryRole property.

5. Click Source or Sink to designate this feature as
a Source or Sink. You can undo this later by
clicking None in thislist.

6. Click Editor and click Stop Editing.

7. Click Yesto save the edits to your network
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Setting flow direction

1. Click the Editor menu and click Start Editing.

2. Click the Set Flow Direction button on the
Utility Network Analyst toolbar. This setsthe
correct flow direction for your network.

3. Click Editor and click Stop Editing.

4. Click Yesto save the edits to your network
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CHAPTER 4 CONCLUSIONS

CHAPTER SIX
CONCLUSIONS

In this project an attempt is made to develop a Geographical Information System (GIS) model
for asset management of intermittent water distribution systems that widely spread in the
Palestinian communities taking Halhull city water network as case study for this project. The

main conclusions drawn from the preliminary present study are:

1. The application of GIS technology for the effective design and management of intermittent
water distribution systems is nowadays used in different places and its very important subject.
The governments in developing countries should begin to tap in the benefits offered by the use
GISin thisregard.

2. The huge rate of population increase in developing countries coupled with severe water
shortage has force engineers to rethink effective ways for managing water utilities and GIS

application holds the key to an integrated approach to help solve this problem.

3. The proposed project will help the municipalities and local councils in the Palestinian
Territories in effectively asset management of the water distribution network to run, and
develop long term financial forecast of network asset maintenance as a part of process to adopt

continuous improvement programmed for the management of these assets.

4. As this system provides complete life coverage starting from planning until replacement and
is very useful for future network forecasting. Up to 10 to 40 years anaysis can be done
through this asset management, and it tells the inspector how much time it will take to inspect
particular network. Expansion and modification can be done more effectively in this road asset

management.

5.Using GIS in water distribution system asset management give more accurate result if it is
related it with some other water network system asset management software's.
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Glossary

Arclnfo workspace

A file-based collection of coverages, grids,
triangulated irregular networks (TINS), or
shapefiles stored as adirectory of foldersin
thefile system.

ArcSDE

Server software that provides ArcSDE client
applications (such as ArcGIS Desktop,
ArcGIS Server, and ArclIMS) a gateway for
storing, managing, and using spatial data in
one of the following commercial database
management systems: IBM DB2 UDB, IBM
Informix, Microsoft SQL Server, and Oracle.
attribute

1. Information about a geographic feature in a
GIS, generdly stored in a table and linked to
the feature by a unique identifier. For
example, attributes of a river might include its
name, length, and average depth.

2. In raster datasets, information associated
with each unique value of raster cells.
attributedomain

In a geodatabase, a mechanism for enforcing
data integrity. Attribute domains define what
vauesare allowed in afieldina

feature class or nonspatial attribute table. If
the features or nonspatial objects have been
grouped into subtypes, different attribute
domains can be assigned to each of the
subtypes.

attribute table

A database or tabular file containing
information about a set of geographic features,
usually arranged so that each row represents a
feature and each column represents one
feature attribute. In raster datasets, each row
of an attribute table corresponds to a certain
region of cells having the same value. In a
GIS, attribute tables are often joined or related
to spatial data layers, and the attribute values
they contain can be used to find, query, and
symbolize features or raster cells.

attributes dialog box

In ArcMap, a diadog box that displays
attributes of selected features for editing.
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CAD

A computer-based system for the design,
drafting, and display of graphical information.
Also known as computer-aided drafting,

such systems are most commonly used to
support engineering, planning, and illustrating
activities.

CAD featureclass

A read-only member of a CAD feature
dataset, comprising one of the following:
polylines, points, polygons, multipatch, or
annotation. The feature attribute table of a
CAD feature class is a virtua table
comprising select CAD graphic properties and
any existing field attribute values.

check-out geodatabase

A personal or ArcSDE geodatabase that
contains data checked out from a master
geodatabase.

connectivity

1. In a geodatabase, the state of edges and
junctions in a logical network that controls
flow, tracing, and pathfinding.

2. In a coverage, topological identification of
connected arcs by recording the from-node
and to-node for each arc. Arcsthat share

a common node are connected. See also arc-
node topology.

connectivity rule

A rule that constrains the type and number of
network features that can be connected to one
another in a geodatabase. There are two types
of connectivity rules. edge-junction and
edge—-edge.

coordinate system

A fixed reference framework superimposed on
the surface of an area to designate the position
of a point within it; a reference system
consisting of a set of points, lines, and/or
surfaces; and a set of rules, used to define the
positions of points in space in ether two or
three dimensions. The Cartesian coordinate
system and the geographic coordinate system
used on the earth’s surface are common
examples of coordinate systems.



coor dinates

Values represented by x, y, and possibly z that
define a position in terms of a spatial
reference framework. Coordinates are used to
represent locations on the earth’s surface
relative to other locations.

coverage

A data model for storing geographic features
using Arcinfo software. A coverage stores a
set of thematically associated data

considered a unit. It usualy represents a
single layer, such as soils, streams, roads, or
land use. In a coverage, features are stored as
both primary features (points, arcs, polygons)
and secondary features (tics, links,
annotation). Feature attributes are described
and stored independently in feature attribute
tables. Coverages cannot be edited in ArcGIS.
cracking

A part of the topology validation process in
which vertices are created at the intersection
of feature edges.

cubic convolution

A resampling method that uses an average of
the nearest 16 cells to calculate the new cell
value.

current task

During editing in ArcMap, a setting in the
Current Task dropdown list that determines
the task with which the sketch construction
tools (Sketch, Arc, Distance-Distance, and
Intersection) will work. The current task is set
by clicking a task in the Current Task
dropdown list.

custom behavior

A set of methods, functions, or operations
associated with a geodatabase object that has
been specifically created or overridden by a
developer.

custom feature

In geodatabases, a feature with specialized
behavior instantiated

in aclass by adeveloper.

custom obj ect
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An object with custom behavior provided by a
devel oper.

data

Any collection of related facts arranged in a
particular format; often, the basic elements of
information that are produced, stored, or
processed by a computer.

data source

Any geographic data. Data sources may
include coverages, shapefiles, rasters, or
feature classes.

data type

The attribute of a variable, field, or column in
a table that determines the kind of data it can
store. Common data types include character,
integer, decimal, single, double, and string.
data view

An adl-purpose view in ArcMap and
ArcReaderTM for exploring, displaying, and
querying geographic data. This view hides all
map elements, such as titles, North arrows,
and scalebars.

database

One or more structured sets of persistent data,
managed and stored as a unit and generaly
associated with software to update

and query the data. A simple database might
be a single file with many records, each of
which references the same set of fields. A GIS
database includes data about the spatial
locations and shapes of geographic features
recorded as points, lines, areas, pixels, grid
cells, or TINs, aswell as their attributes.

Data set

Any organized collection of data with a
common theme.

decimal degrees

Vaues of latitude and longitude expressed in
decimal format rather than degrees, minutes,
and seconds.

default junction type

In geometric networks, the user-established
junction type that automatically connects two
edge types in the absence of a current user
choice, in cases where two edge types may be



connectable through more than one junction
type. An edge may aso have a default end
junction type, used for the free ends of new
edges.

digitizing

The process of converting the geographic
features on an analog map into digital format
using adigitizing tablet, or digitizer, which

is connected to a computer. Features on a
paper map are traced

with a digitizer puck, a device similar to a
mouse, and the x,y coordinates of these
features are automatically recorded and

stored as spatial data.

dimension feature class

A collection of spatial data in the geodatabase
that shares the same dimension features. Like
other feature classes in the geodatabase, al
featuresin adimension feature class have a
geographic location and attributes and can
either beinside or outside a feature dataset.
direct connect

A two-tier configuration for connecting to a
gpatial database. Direct connect moves
processing from the server to the client. It
does not require the ArcSDE Application
Server to connect to a spatial database. With
direct connect, ArcSDE processing still

occurs, but it primarily happens on the client
side.

disconnected editing

The process of copying data to another
geodatabase, editing that data, then merging
the changes with the data in the source or
master geodatabase.

distance units

The units of length (for example, feet, miles,
meters, or kilometers) that are used to report
measurements, dimensions of shapes, and
distance tolerances and offsets.
doubleprecision

The level of coordinate exactness based on the
possible number of significant digits that can
be stored for each coordinate. Datasets can be
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stored in either single or double precision.
Double-precision geometries store up to 15
significant digits per coordinate (typicaly 13
to 14 significant digits), retaining the accuracy
at much less than one meter at a global extent.
edge

A line between two nodes, points, or junctions
that forms the boundary of one or more faces
of aspatia entity. In an image,

edges separate areas of different tones or
colors. In a topology, an edge defines lines or
polygon boundaries, multiple featuresin

one or more feature classes may share edges.
edge element

A line connecting nodes in the network
through which a commodity, such as
information, water, or electricity, presumably
flows.

edge-edgerule

In geodatabases, a connectivity rule that
establishes that an edge of type A may
connect to an edge of type B through a
junction of type C. Edge-edge rules always
involve ajunction type.

edge-junction cardinality

In a relationship between objects in a
geodatabase, the number of edges of one type
that may be associated with junctions of
another type. Edge-junction cardinality
defines a range of permissible connections
that may occur in a one-to-many relationship
between a single junction and many edges.
edge-junction rule

A connectivity rule in geodatabases
establishing that an edge of type A may
connect to ajunction of type B.

Editor toolbar

In ArcMap, a set of tools that alows the
creation and modification of features and their
attributes.

extensible markup language (XML)
Developed by the World Wide Web
Consortium (W3C), XML is a standard for
designing text formats that facilitates the
interchange of data between computer
applications. XML is a set of rules for
creating standard information formats using



customized tags and sharing both the format
and the data across applications.

feature

1. A representation of areal-world object on a
map. Features can be represented in a GIS as
vector data (points, lines, or polygons)

or as cells in a raster data format. To be
displayed in a GIS, features must have
geometry and locational information.

2. A group of spatial elements that represents
areal-world entity. A complex feature is made
up of more than one group of spatial elements:
for example, a set of line elements with the
common theme of roads representing a road
network.

feature attribute table

See attribute table.

feature class

A collection of geographic features with the
same geometry type (such as point, line, or
polygon), the same attributes, and the

same spatial reference. Feature classes can
stand alone within a geodatabase or be
contained within shapefiles, coverages, or
other feature datasets. Feature classes alow
homogeneous features to be grouped into a
single unit for data storage purposes. For
example, highways, primary roads, and
secondary roads can be grouped into a line
feature class named “roads”. In a geodatabase,
feature classes can also store annotation and
dimensions.

feature dataset

A collection of feature classes stored together
that share the same spatial reference; that is,
they have the same coordinate system, and
their features fall within a common
geographic area. Feature classes with different
geometry types may be stored in a feature
dataset.

field

A column in atable that stores the values for a
single attribute. See also attribute, column.
geodatabase

An object-oriented data model introduced by
ESRI that represents geographic features and
attributes as objects and the
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relationships between objects but is hosted
inside a relational database management
system. A geodatabase can store objects,

such as feature classes, feature datasets,
nonspatial tables, and relationship classes.
geodatabase data model

A geographic data model that represents real-
world geographic features as objects in an
object-relational database. In the geodatabase
data model, features are stored as rows in a
table, and geometry is stored in a shape field.
Objects in the geodatabase data model may
have custom behavior.

geometric networ k

Topologicaly connected edge and junction
features that represent a linear network such
asaroad, utility, or hydrologic system.
identity

A topological overlay that computes the
geometric intersection of two coverages. The
output coverage preserves al the features of
the first coverage plus those portions of the
second (polygon) coverage that overlap the
first. For example, aroad passing through two
counties would be split into two arc features,
each with the attributes of the road and the
county it passes through.

P address

Internet protocol address. The identification of
each client or server computer on the Internet
by a unique number. IP addresses allow data
to travel between one computer and another
via the Internet and are commonly expressed
as a dotted quad, with four sets of numerals
separated by periods.

item

1. An element in the Catalog tree. Items
include data sources, such as shapefiles and
geodatabases, and nonspatial elements,

such asfolders.

2. A column of information in an INFO table.
See also field.

junction element

In a linear network, a network feature that
occurs at the intersection of two or more
edges or at the endpoint of an edge that alows
the transfer of flow between edges.



logical network

An abstract representation of a network. A
logical network consists of edge, junction, and
turn elements and the connectivity between
them. It does not contain information about
the geometry or location of its el ements.

map

1. A graphic depiction on aflat surface of the
physical features of the whole or a part of the
earth or other body, or of the heavens,

using shapes to represent objects and symbols
to describe their nature; a a scale whose
representative fraction is less than 1:1. Maps
generally use a specified projection and
indicate the direction of orientation.

2. The document used in ArcMap to display
and work with geographic data. In ArcMap, a
map contains one or more layers of
geographic data, contained in data frames, and
various supporting map elements, such as a
scalebar.

multipart feature

A feature that is composed of more than one
physical part but only references one set of
attributes in the database. For example,

in a layer of states, the state of Hawaii could
be considered a multipart feature. Although
composed of many islands, it would

be recorded in the database as one feature.
multipoint feature

A feature that consists of more than one point
but only references one set of attributes in the
database. For example, a system of oil wells
might be considered a multipoint feature,
since there is a single set of attributes for
multiple well holes.

near est-neighbor resampling

A technique for resampling raster data in
which the value of each cell in an output grid
is calculated using the value of the nearest

cell in an input grid. Nearest-neighbor
assignment does not change any of the values
of cellsfrom the input layer; for this

reason, it is often used to resample categorical
or integer data (for example, land use, soil, or
forest type). See also bilinear interpolation,
cubic convolution.
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network trace

A function that follows connectivity in a
geometric network. Specific kinds of network
tracing include finding features that are
connected, finding common ancestors, finding
loops, tracing upstream, and tracing
downstream. See al so geometric network.
node

In a geodatabase, the point representing the
beginning or ending point of an edge,
topologically linked to al the edges that meet
there.

obj ect

In GIS, a digital representation of a discrete
gpatial entity. An object may belong to an
object class and will thus have attribute

values and behavior in common with other
defined elements.

object class

A collection of objects in the geodatabase that
have the same behavior and the same set of
attributes. All objects in the geodatabase are
stored in object classes.

password

A secret series of characters that enables a
user to access a computer, data file, or
program. The user must enter his or her
password before the computer will respond to
commands. The password helps ensure that
unauthorized users do not access the
compulter, file, or program.

File geodatabase

A geodatabase that stores data in a single-user
relational database management system. A
File geodatabase can be read simultaneously
by several users, but only one user at atime
can write data into it.

point

A zero-dimensional abstraction of an object; a
single x,y coordinate pair that represents a
geographic feature too small to be displayed
asalineor area at that scale.

point mode digitizing

A method of digitizing in which a series of
precise points, or vertices, are created. See
also stream mode digitizing.

polygon



A closed, two-dimensional figure with at least
three sides that represents an area. It isused in
GIS to describe spatial elements with a
discrete area, such as parcels, politica
districts, areas of homogeneous land use, and
soil types.

relationship

An association or link between two objects in
a geodatabase. Relationships can exist
between spatial objects (featuresin

feature classes), nonspatial objects (rows in a
table), or spatial and nonspatial objects.
relationship class

An item in the geodatabase that stores
information about a relationship. A
relationship classisvisible as an itemin the
ArcCatalog tree or contents view.

schema

The organization and definitions of the feature
classes, tables, and other items in a
geodatabase. Creating or deleting items or
changing their definitions modifies the
schema. The schema does not include actual
data, only its structure.

schema-only check-out

A type of check-out that creates the schema of
the data being checked out in the check-out
geodatabase but does not copy any data.
segment

A line that connects vertices. For example, in
a sketch of a building, a segment might
represent one wall.

select

To choose from a number or group of features
or records; to create a separate set or subset.
selected set

A subset of features in a layer or records in a
table that is chosen by the user.

selection anchor

In an ArcMap editing session, a small “x”
located in the center of selected features. The
selection anchor is used in the snapping
environment or when rotating, moving, and
scaling features.

server
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A computer in a network that is used to
provide services, such as access to files or e-
mail routing, to other computers in the
network. Servers may also be used to host
Web sites or applications that can be accessed
remotely.

service

A collection of persistent, server-side software
processes that provides data or computing
resources for client applications. Examples
include ArcSDE Application Server, ArciMS
Application Server, and DBMS server.

shape

The characteristic appearance or visible form
of a geographic object. Geographic objects
can be represented on a map using one of
three basic shapes: points, lines, or polygons.
shapefile

A vector data storage format for storing the
location, shape, and attributes of geographic
features. A shapefileis stored in a set of
related files and contains one feature class.
simplefeature

A point, line, or polygon that is not part of a
geometric network and is not an annotation
feature, dimension feature, or custom object.
single precision

Refersto alevel of coordinate exactness based
on the number of significant digits that can be
stored for each coordinate. Single precision
numbers store up to seven significant digits
for each coordinate, retaining a precision of
+5 meters in an extent of 1,000,000 meters.
Datasets can be stored in either single or
double precision coordinates. See also double
precision.

snapping

An automatic editing operation in which
points or features within a specified distance
or tolerance of other points or features are
moved to match or coincide exactly with each
other’s coordinates.

snapping environment

Settings in  the ArcMap  Snapping
Environment window and Editing Options
dialog box that define the conditions in which
snapping will occur. These settings include



snapping tolerance, snapping properties, and
snapping priority.

snapping priority

The order in which snapping will occur by
layer during an ArcMap editing session, set
from the Snapping Environment

window. See aso snapping environment.
snapping properties

In ArcMap editing, a combination of a shape
to snap to and a method for what part of the
shape will be snappped to. Snapping
properties can be set to have a feature snap to
a vertex, edge, or endpoint of features in a
specific layer. For example, a layer snapping
property might allow snapping to the vertices
of buildings. A more generic, sketch-specific
snapping property might allow snapping to the
vertices of a sketch being created.

gpatial database

Any database that contains spatial data.

gpatial domain

For a spatial dataset, the defined precision and
allowable range for x and y coordinates and
for m- and z-values, if present. The spatial
domain must be specified by the user when
creating a geodatabase feature dataset or
standal one feature class.

gpatial reference

The coordinate system used to store a spatial
dataset. For feature classes and feature
datasets within a geodatabase, the spatial
reference also includes the spatial domain.
SQL

See Structured Query Language.

Structured Query Language (SQL)

A syntax for defining and manipulating data
from arelationa database. Developed by IBM
in the 1970s, SQL has become an industry
standard for query languages in most
relational database management systems.
subtype

In geodatabases, a subset of features in a
feature class or objects in atable that share the
same attributes. For example, the streets in a
streets feature class could be categorized into
three subtypes: local streets, collector streets,
and arterial streets. Creating subtypes can be
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more efficient than creating many feature
classes or tables in a geodatabase—for
example, a geodatabase with one dozen
feature classes that have subtypes will
perform better than a geodatabase with one
hundred feature classes. Subtypes aso make
editing data faster and more accurate because
default attribute values and domains can be
set up. For example, a Local Street subtype
could be created and defined so that whenever
this type of street is added to the feature class,
its speed limit attribute is automatically set to
35 miles per hour.

symbol

A graphic representation of a geographic
feature or class of features that helps identify
and distinguish it from other features

on a map. For example, line symbols
represent arc features, marker symbols,
points;, shade symbols, polygons, and text
symbols, annotation. Many characteristics
define symbols including color, size, angle,
and pattern.

symbology
The set of conventions, or rules, that defines

how geographic features are represented with
symbols on a map. A characteristic of a
feature may influence the size, color, and
shape of the symbol used.

table

A set of data elements arranged in rows and
columns. Each row represents an individua
entity, record, or feature, and each column
represents a single field or attribute value. A
table has a specified number of columns but
can have any number of rows.

table of contents

A list of data frames and layers on a map that
shows how the datais symbolized.

topology

1. In geodatabases, a set of governing rules
applied to feature classes that explicitly define
the spatial relationships that must

exist between feature data.



2. In an Arcinfo coverage, the spatid
relationships between connecting or adjacent
features in a geographic data layer (for
example, arcs, nodes, polygons, and points).
Topological relationships are used for spatia
modeling operations that do not require
coordinate information. See aso arc—node
topology, polygon—arc topology.

topology rule

An instruction to the geodatabase defining the
permissible relationships of features within a
given feature class or between features in two
different feature classes.

union

A topologica overlay of two polygonal spatia
datasets that preserves features that fall within
the spatial extent of either input dataset; that
is, al features from both coverages are
retained. See also identity, intersect.

vertex

One of a set of ordered x,y coordinate pairs
that defines aline or polygon feature.

work flow

An organization’s established processes for
design, construction, and maintenance of
facilities.

workspace

A container for geographic data. A workspace
can be a folder that contains shapefiles, an
Arclinfo workspace that contains coverages, a
geodatabase, or afeature dataset.

XML Metadata I nterchange (XM1)

A standard from Object Management Group
(OMG) that specifies how to store a UML
model in an XML file. ArcGIS can read
modelsin XMI files.

XML recordset document

An export file containing the features or
records from an individua geodatabase
feature class or table. Datain thefileis
encoded in XML and can be imported into an
existing feature class or table.
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Tracing Operations
Adding flagsand barriers

1. On the Utility Network Analyst toolbar, click
thetool palette dropdown arrow.

2. Click the button representing the flag or barrier
element that you want to add to the network.

3. Point to the edge or junction feature to which
you want to add the flag or barrier.

4. Click to add the flag or barrier.
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Tracing downstream

1. On the Utility Network Analyst toolbar, click
the tool palette dropdown arrow and choose aflag
tool.

2. Click to place flags at each point from which
you want to trace downstream.

3. Click the Trace Task dropdown arrow and click
Trace Downstream.

4. Click the Solve button. All of the features
downstream of your flags are displayed.
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Tracing upstream

1. On the Utility Network Analyst toolbar, click
the tool palette dropdown arrow and choose a flag
tool.

2. Click to place flags at each point from which
you want to trace upstream.

3. Click the Trace Task dropdown arrow and click
Trace Upstream.

4. Click the Solve button. All of the features
upstream of your flags are displayed.

Finding the upstream accumulation

1. On the Utility Network Analyst toolbar, click
the tool palette dropdown arrow and choose a flag
tool.

2. Click to place flags at each point from which
you want to find the upstream accumulation.

3. Click Analysis and click Options.
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4. Click the Weightstab.

5. Click the Junction weights dropdown arrow and
click the name of the weight you want to use for
junctions.

6. Click the from-to edge weight dropdown arrow
and click the name of the weight you want to use
for tracing edges along the digitized direction.

7. Click the to—from edge weight dropdown arrow
and click the name of the weight you want to use
for tracing edges against the digitized direction.

8. Click OK.

9. Click the Trace Task dropdown arrow and click
Find Upstream Accumulation.

10. Click the Solve button. All of the features
upstream of your flags are displayed, and the total
cost of these features is reported in the status bar.
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Finding an upstream path to the source

1. On the Utility Network Analyst toolbar, click
the tool palette dropdown arrow and choose a flag
tool.

2. Click to place flags at each point for which you
want to find an upstream path to the source.

3. Click the Trace Task dropdown arrow and click
Find Path Upstream.

4. Click the Solve button. For each of your flags,
an upstream path from the flag to the source is

displayed.

Finding common ancestors

1. On the Utility Network Analyst toolbar, click
the tool palette dropdown arrow and choose a flag
tool.

2. Click to place flags at each point for which you
want to find the common ancestors.

3. Click the Trace Task dropdown arrow and click
Find Common Ancestors.

4. Click the Solve button. The features that are
upstream of al of your flags are displayed.
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Finding connected features

1. On the Utility Network Analyst toolbar, click
the tool palette dropdown arrow and

choose aflag tool.

2. Click to place flags at each point for which you
want to find the connected features.

3. Click the Trace Task dropdown arrow and click
Find Connected.

4. Click the Solve button. The features that are
connected to the features on which you placed
your flags are displayed.
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Finding disconnected featur es

1. On the Utility Network Analyst toolbar, click
the tool palette dropdown arrow and choose a flag
tool.

2. Click to place flags at each point for which you
want to find the disconnected features.

3. Click the Trace Task dropdown arrow and click
Find Disconnected.

4. Click the Solve button. The features that are not
connected to the features on which you placed
your flags are displayed.
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I solating a point on the networ k

1. On the Utility Network Analyst toolbar, click
the tool palette dropdown arrow and choose

aflag tool.

2. Click on the map to place a

flag at the point you want to isolate.

3. Click Analysis and click Disable Layers. Check
the layer or layers containing the features that will
be used to isolate this point.

4, Click Analysis and click Options.

5. Click the Results tab.

6. Click Selection in the Results format section.

7. Click Features stopping the trace in the Results
content section.

8. Click OK

Vi s f— e —
REFT-T 1 " =i Tl B et Eme £ R
[P Y o i T e 4 e ant

e 1 =

9. Click Selection on the Main menu and click Set
Selectable Layers. Or, click the Selection tab on
the table of contents.

10. Click Clear All to uncheck all the layers.



11. Check the layers that contain the features that
will be used to isolate your point in the network.
12. Click Close.

13. Click the Trace Task dropdown arrow and
click Find Connected.

14. Click the Solve button. The features that are
selected can be used to isolate your point in the
network.
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Finding connected features using weight filters

1. On the Utility Network Analyst toolbar, click
the tool palette dropdown arrow and choose a flag
tool.

2. Click to place flags at each point for which you
want to find the connected features.

3. Click Analysis and click Options.
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4. Click the Weight Filter tab. Click the Junction
weight dropdown arrow and click the name of the
weight you want to use to filter junctions.

5. In the Weight range text box for junctions, type
the expression you want to use to filter junctions.
6. Check the Not check box to exclude this range.
7. Click Verify to check the syntax of the junction
weight filter.

CERE - ® ol PN T SRR Y Y T
[FURLRE T - El | ‘|

Fimatpzie I plana
Cionsind | isicbrs. | Wisiht Rl | Fasies ]

iintin seohi e

Auncti wsght | [rrEaT =] ﬂ

W el range |5- 1n-15 B
(6 " Mo ety —] 7]

-Ecge moahi fit

Frerrizmschl - Jyrear =]

Terkomwegit . frFEAT =]

ochitann |- 1019

B R vals |
0k | Casd || = |

8. Click the From-to weight dropdown arrow and
click the name of the weight you want to use to
filter edges along their digitized direction.

9. Click the To-from weight dropdown arrow and
click the name of the weight you want to use to
filter edges against their digitized direction.

10. In the Weight range text box for edges, type
the expression you want to use to filter edges.

11. Check the Not check box to exclude this
range.



12. Click Verify to check the syntax of the edge

weight filter.

13. Click OK.

14. Click the Trace Task dropdown arrow and

click Find Connected.

15. Click the Solve button. The features that are

connected to the features on which you placed

your flags, using the weight filter you specified,

are displayed.
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Finding a path

1. On the Utility Network Analyst toolbar, click
the tool palette dropdown arrow and choose a flag
tool.

2. Click to place flags on the features among
which you want to find a path.

3. Click the Trace Task dropdown arrow and click
Find Path.

4. Click the Solve button. A path between the
features on which you placed flagsis displayed.
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Finding the shortest path

1. On the Utility Network Analyst toolbar, click
the tool palette dropdown arrow and choose

aflag tool.

2. Click to place flags on the features among
which you want to find a path.

3. Click Analysis and click Options.
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4. Click the Weights tab. Click the Junction
weights dropdown arrow and click the name of the
weight you want to use for junctions.

5. Click the from-to edge weight dropdown arrow
and click the name of the weight you want to use
for tracing edges along the digitized direction.

6. Click the to—-from edge weight dropdown arrow
and click the name of the weight you want to use
for tracing edges against the digitized direction.

7. Click OK.

8. Click the Trace Task dropdown arrow and click
Find Path.

9. Click the Solve button. The shortest path based
on the weights you chose is displayed. The total
cost of this path is reported in the status bar.
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Finding an upstream path

1. On the Utility Network Analyst toolbar, click
the tool palette dropdown arrow and click the Add
Junction Flag tool.

2. Click Analysis and click Options. Click the
Results tab. Click Selection to return the results of
trace tasks as selections.

3. Uncheck Junctions. This returns only edges in
the results.

4. Click OK.

5. Click on the map to place a flag at the
destination point.

6. Click the Trace Task dropdown arrow and click
Trace Upstream.

7. Click the Solve button.
8. Click Analysis and click Clear Flags.
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9. From the Main menu, click Selection. Point to
Interactive Selection Method and click Add to
Current Selection.

10. Click on the map to place a flag at the origin
point.

11. Click the Trace Task dropdown arrow and
click Trace Downstream.

12. Click the Solve button.

13. Click Analysis and click Options. Click the
General tab and click Unselected features to treat
the current selection as barriers.

14. Click OK
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15. From the Main menu, click Selection. Point to
Interactive Selection Method and click Create
New Selection.
16. Click on the map to place a flag at the
destination paint.
17. Click the Trace Task dropdown arrow and
click Find Path.
18. Click the Solve button. If it exists, the result

will be an upstream path from the origin point to
the destination point.
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Finding loops

1. On the Utility Network Analyst toolbar, click
the tool palette dropdown arrow and choose a flag
tool.

2. Click to place at least one flag on each
connected component in which you want to find
the loops.

3. Click the Trace Task dropdown arrow and click
Find Loops.
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4. Click the Solve button. For each connected
component on which you placed a flag, the
features that |oop back on themselves (i.e., can

be reached from more thanone direction) are

displayed.
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Tracing And Management Using
Basic

We need to install the command Valve since it's not
available by default in the tool bar
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Creating a new File Geodatabase

1. Right-click the location in the ArcCatal og tree where you
want to create the new file geodatabase.

2. Point to New.

3. Click Personal Geodatabase. ArcCatalog creates a new

File geodatabase in the location you selected and sets its
name to edit mode.

4. Type anew name for this personal geodatabase.

5. Press Enter.

Adding a connection to an ArcSDE
geodatabase servicein ArcCatalog

1. Double-click Database Connections.

2. Double-click Add Spatial Database Connection.

3. Type either the name or the Internet Protocol (IP) Address
of the server to which you want to connect.

4. Type either the name or the TCP/IP port number of the
ArcSDE service to which you want to connect.

5. Type the name of the database to which you want to
connect if your DBM S supports it; otherwise, skip to

step 6.

6. Type the username and password with which you will
connect to the ArcSDE geodatabase.

7. Check the check box to save the username and password
in the connection file so that you can connect to the

database in the future without being prompted to log in.

8. Click OK.

9. Type anew name for the spatial database connection.

10. Press Enter.
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Adding a direct connection to an Oracle
geodatabase in ArcCatalog

1. Double-click Database Connections.

2. Double-click Add Spatial Database Connection.

3. If you’re connecting to Oracle8i, type “sde:oracle” in
the Service box. If you’re connecting to Oracle9i, type
“sde:oracle9i”.

4. Type the username.

5. Type the password followed By oracle network service
name>".

6. Check the check box to save the username and password
in the connection file so that you can connect to the
database in the future without being prompted to log in.

7. Click OK.

8. Type anew name for the spatia database connection.

9. Press Enter.
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Adding adirect connection to a
SQL Server geodatabase in ArcCatalog

1. Double-click Database Connections.

2. Double-click Add Spatial Database Connection.

3. Type “sde:sglserver:<name or the IP Address of the
server>" in the Service box. In this example, the server
nameis fabio.

4. Type the name of the database want to connect to.

5. Type the username and password.

6. Check the check box to save the username and password
in the connection file so that you can connect to the
database in the future without being prompted to log in.
7. Click OK.

8. Type anew name for the spatia database connection.
9. Press Enter.
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Adding a direct connection to a DB2 or
Informix geodatabasein ArcCatalog

1. Double-click Database Connections.

2. Double-click Add Spatial Database Connection.

3. If you’re connecting to DB2, type “sde:db2” in the Service
box. If you’re connecting to Informix, type “sde:informix”.
4. Type the name of the database you want to connect to.

5. Type the username and password.

6. Check the check box to save the username and password
in the connection file so that you can connect to the
database in the future without being prompted to log in.

7. Click OK.

8. Type anew name for the spatia database connection.

9. Press Enter.
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Connecting to an alter native version of the
Database

1. Follow steps 1 through 7 for adding a connection to a
spatial database geodatabase service or direct connect in
ArcCatalog.

2. Click Change.

3. Click the Version dropdown arrow and click the version
you want to access.

4. Click OK.

5. Click OK in the Spatial Database Connection dialog box.

6. Type anew name for the spatial database connection.

7. Press Enter
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1. Start ArcMap.

2. Use the Add Data button to add the data that you want to
export schema from to the data frame.

3. Click View, click Toolbars, then choose Disconnected
Editing to display the Disconnected Editing toolbar.

4. Click the Extract Data command on the Disconnected
Editing toolbar to start the Extract Data wizard.

5. Click Schema Only.

6. Navigate to the geodatabase you want to export the schema
into or type its path. If the geodatabase doesn’t already exist,
it will be created.

7. Check Show advanced options.

8. Click Next.

9. The list of data to export schema from expands to include
al the data in any feature dataset and any related data. For
example, if you have just one feature class from a feature
dataset in the data frame, al feature classes in the feature
dataset are shown. u




| Lr et umriems e T
o D Wi ma ]
B e LTt e
[ T = F T T -
™ Dus
- ©
e — ] o
o
LT - A -
St Camatia e
[T | — |
et M e ¥ e |
e
s
- .|. EE ] - [raes l-Hl—h_—ll;'
T —
i E— =l e
[=isdn
P [HET] Paas |

Uncheck a check box if there is a feature class, table, or
relationship class you don’t want to export schema from. If
you leave a box checked for a feature class in a network or
topology, the schema from all the feature classes in the
network and topology will export.

10. Click Next.

11. If you want the output schema to have the same spatial
reference as the source data, skip to step 14.

12. Click Specify anew spatia reference.

13. Click Edit to display the Spatia Reference Properties
dialog box and set a spatial reference for the output schema.
The one spatial reference you choose will become the spatial
reference for the entire schema you extract.

14. Click Next.

15. Click Finish to export the schema.
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Creating new itemsin a geodatabase

1. Start ArcCatalog.

2. Right-click the geodatabase you want to upgrade and click
Properties.

3. Click the General tab.

4. Click Upgrade Personal Geodatabase.

5. Click OK
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1. Right-click the database in the ArcCatalog tree in which
you want to create a new table.

2. Point to New.

3. Click Table.




4. Type a name for the table. To create an dlias for this table,
type the dlias.
5. Click Next.

If your geodatabase does not use ArcSDE, skip to step 8.
6. If you want to create the table using a custom storage
keyword, click Use configuration keyword and type the
keyword you want to use.

7. Click Next.

8. Click the next blank row in the Field Name column and
type anameto add afield to the table.

9. Click in the Data Type column next to the new field’s
name and click its data type.
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10. Click the field next to Alias and type the dias for this
field.

11. Click the field next to Allow NULL values, click the
dropdown arrow, then click No to prevent nulls from being
stored in thisfield.

12. Click thefield next to Default Value and type the value to
associate a default value with thisfield.

13. Click the field next to Domain, click the dropdown arrow
to see alist of the domains that apply to this field type, then
click the domain to associate a domain with this field.

14. Set field properties by either clicking the property in the
dropdown list or typing the property value, specific to

the type of field.

15. Repeat steps 8 through 14 until all the table’s fields have
been defined.

16. Click Finish.
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Creating a feature dataset with a predefined
coor dinate system

1. Right-click the database in the ArcCatalog tree in which
you want to create a new feature dataset.

2. Point to New.

3. Click Feature Dataset.

4. Type aname for the feature dataset.

5. Click Edit to define the feature dataset’s spatial reference.
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6. Click Select or Import to set the feature dataset’s spatial
reference.

7. Navigate to the spatial reference you want to use or
navigate to the feature class or feature dataset whose spatial
reference you want to use as atemplate.

8. Click Modify if you want to change any parametersin

the coordinate system you have chosen. Edit the coordinate
system’s parameters and click OK.

9. Click the X/Y Domain tab.

10. Type the minimum x, minimum y, maximum X, and
maximum y coordinate values for the dataset and type the
required precision for the coordinate values. u
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11. Click the Z Domain tab.

12. Type the minimum z-value and maximum z-value for the
dataset and type the precision required for the z coordinates if
any feature classin the feature dataset will have z-values.

13. Click the M Domain tab.

14. Type the minimum m-value and maximum m-value for
the dataset and type the precision required for the m values if
any feature classin the feature dataset will have m-values.

15. Click OK.
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16. Check Show Details to see the details of your new
dataset’s spatial reference.
17. Click OK

T i inkelin Eas PRSI

_ .

o R e e
B I

Defining new geogr aphic coor dinate systems

1. Follow steps 1 through 5 for ‘Creating a feature dataset
with a predefined coordinate system’.

2. Click New and click Geographic.

3. Type aname for the coordinate system.

4. Type the parameters for a custom datum or choose a
predefined datum from the dropdown list.

5. Type the angular unit or choose a predefined angular unit
from the dropdown list.

6. Type the degrees, minutes, and seconds defining the prime
meridian’s longitude, or choose a predefined prime meridian
from the dropdown list.

7. Click OK.



8. Follow steps 9 through 16 for ‘Creating a feature dataset
with a predefined coordinate system
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Defining new projected coor dinate systems

1. Follow steps 1 through 5 for ‘Creating a feature dataset
with a predefined coordinate system’.

2. Click New and click Projected.

3. Type aname for this coordinate system.

4. Choose a projection from the dropdown list and type the
appropriate parameter values for that projection.

5. Type the linear unit or choose a predefined linear unit from
the dropdown list.

6. Click Select or New to set the geographic coordinate
system.

7. Navigate to the geographic coordinate system or navigate
to the feature class or feature dataset whose geographic
coordinate system you want to use as atemplate.

8. Click Modify if you want to change any parameters in the
geographic coordinate system you have selected.

9. Click OK.

10. Follow steps 9 through 16 for ‘Creating a feature dataset
with a predefined coordinate system
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Creating afeatureclassin afeature dataset

1. Right-click the feature dataset in the ArcCatalog tree in
which you want to create a new feature class.

2. Point to New.

3. Click Feature Class.

4, Type aname for the feature

class. To create an alias for this feature class, type the alias.

5. Specify the type of features the feature class will contain.
Click Next.



If your geodatabase does not use ArcSDE, skip to step 8.

6. Click Use configuration keyword and type the keyword
you want to use if you want to create the table using a custom
storage keyword.

7. Click Next.

8. Click the next blank row in the Field Name column and
type anameto add afield to the feature class.

9. Click in the Data Type column next to the new field’s
name and click its data type.

10. Click the field next to Alias and type the alias for this
field.

11. Click the field next to Allow NULL values, click the
dropdown arrow, then click No to prevent nulls from being
stored in thisfield.

12. Click the field next to Default Vaue and type the value to
associate a default value with thisfield.

13. Click the field next to Domain, click the dropdown arrow
to see a list of the domains that apply to this field type, then
click the domain to associate a domain with this field.

14. Set field properties by either clicking the property in the
dropdown list or typing the property value, specific to the
type of field.

15. Repeat steps 8 through 14 until all the table’s fields have
been defined.
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16. Click the name of the geometry field in the Field Name
column.

17. Click the field next to Alias and type the dlias to create an
aias for the geometry field.

18. Click the field next to Allow NULL values, click the
dropdown arrow, then click No to prevent null shapes from
being stored.

19. Click the fidld next to Geometry Type, click the
dropdown arrow, and click the type of features you want to
storein this feature class.

20. Click the fields next to the grid size you want to specify
and type the grid value to set the spatial index grid parameters
for the feature class.

21. Click the field next to Contains Z values, click the
dropdown arrow, and click Yesif you want the shapes in this
feature class to store zvalues.

22. Click the field next to Contains M values, click the
dropdown arrow, and click Yesif you want the shapes in this
feature class to store mvalues.

23. Click Finish.

1 Fil_i_F'lI:ﬂl_Hl-ﬂl = ‘
o b _-.‘J"-"\-"\:'

(B RLILL i =
Gmonedne Trpe -
(v Meam Pt ]

Gric | 100

Grid 2 1]

(e 0]
Contare 2 v olums
Conkasires W b

|
3 i |
Dafauif Shape foid [e —=— B
FiaL

Cpebw Feimreree T _SalnPane_& i |




Creating a standalone featur e class

1. Follow steps 1 through 22 for ‘Creating a feature class in a
feature dataset’.

2. Click the Spatial Reference properties button to define the
feature class’s coordinate system.

3. Click Select or Import to set the feature dataset’s spatial
reference.

4. Navigate to the spatial reference you want to use or
navigate to the feature class or feature dataset whose spatial
reference you want to use as atemplate. Click Add.

5. Click Modify if you want to change any parameters in the
coordinate system you have chosen. Edit the coordinate
system’s parameters and click OK.

6. Click the X/Y Domain tab.

7. Type the minimum x, y and maximum X, y coordinate
values for the dataset and type the required precision for the
coordinate values.

8. Click the Z Domain tab, if present. If your feature class
does not store z-values, skip to step 10.

9. Type the minimum z-value and maximum z-value for the
dataset, then type the precision required for the z coordinates.

110. Click the M Domain tab, if present. If your feature class

does not store m-values, skip to step 12.

11. Type the minimum m-value and maximum m-vaue for
the dataset, then type the precision required for the m-values.
12. Click OK
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Creating a new attribute index

1. Right-click the table or feature class in the ArcCatalog tree
for which you want to create an index.

2. Click Properties.

3. Click the Indexes tab.



4. Click Add.

5. Type the name for the new index.

6. Check the Unique check box if your field values are
unique. Check the Ascending check box to create an
ascending index. Data in an ascending index is returned in
ascending order.

7. Click the field or fields for which you want to build this
index.

8. Click the arrow button to move the fields to the Fields
selected list.

9. Use the up and down arrows to change the order of the
fieldsin theindex.

10. Click OK. u
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11. Click Apply to build the Index
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Creating a new coded value domain

1. Follow steps 1 through 4 for ‘Creating a new attribute
range domain’.

2. Click the field next to Domain Type, click the dropdown
arrow, and click Coded Values from the list of domain types.
3. Click thefirst empty field under Coded Values and type the
first valid code.

4. Press the Tab key or click the new coded value’s
Description field. Type a user-friendly description for this
coded value.

5. Repeat steps 3 and 4 until al vaid values and their
descriptions have been typed.

6. Click the field next to Split policy, click the dropdown
arrow, and click the split policy for the new domain. Do the
same for the merge policy.

7. Click Apply to create the new domain in the geodatabase
or OK to create the domain and close the dialog box.
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1. Right-click the geodatabase in the ArcCatalog tree and
click Properties.

2. Click the Domains tab.

3. Click the domain you want to delete by clicking the |eft tab
in the grid.

4. Press the Delete key.

5. Click Apply to delete the domain from the geodatabase or
OK to delete the domain and close the dialog box.
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1. Right-click the table or feature class in the ArcCatalog tree
with which you want to associate domains.

2. Click Properties.

3. Click the Fields tab.

4. Click the field for which you want to create a default value
and associate a domain.

5. Click the field next to Default Value and type the default
value.

6. Skip to step 9 if you don’t want to associate a domain to
thefield.

7. Click the field next to Domain, click the dropdown arrow,
and click the domain you want to associate with the field.
Only those domains that apply to the field type are displayed
inthelist.

8. Repeat steps 4 through 7 until you have associated default
values and domains for all fields that you want t have these
properties.

9. Click Apply
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Creating new subtypes for a feature class or
table

1. Right-click the feature class or table in the ArcCatalog tree
to which you want to add subtypes.

2. Click Properties.

3. Click the Subtypes tab.

4. Click the dropdown arrow and click the subtype field from
the list of available long integer and short integer fields.
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5. Click the first empty field under Code and type an integer
value that will be the code for that subtype to add

anew subtype.

6. Press the Tab key or click the Description field and type a
description for the subtype.

7. Type adefault value in the appropriate field in the table for
each field.

8. Click the Domain field, click the dropdown arrow, and
click the domain from the list of domains to associate an
attribute domain with a field for the new subtype. Only those
domainsthat apply to the field type are displayed in the list.

9. Click the dropdown arrow and click it from the list of
subtypes to set this subtype as the default subtype.

10. Repeat steps 5 through 8 to add additional subtypes. You
can reset the default subtype at any time.

11. Click Use Defaults to have your new subtype take all of
the default values and domains from the default subtype when
adding a new subtype. You can then modify all or some of
these.

12. Click Apply to create the new subtypes in the geodatabase
or OK to create the subtypes and close the dialog box when
you are finished creating your subtypes and have selected the
default subtype
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1. Follow steps 1 through 3 for “Creating new subtypes for a
feature class or table’.

2. Click theleft tab next to the subtype you want to delete.
3. Pressthe Delete key.



4. Click Apply to delete the subtype from the geodatabase or
OK to delete
the subtype and close the dial og box.
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Defining relationship classes

1. Right-click the geodatabase or feature dataset, in the
ArcCatalog tree, in which you want to create the new
relationship class.

2. Point to New.

3. Click Relationship Class.

4. Type the name for the new relationship class.

5. Click the origin table or feature class.

6. Click the destination table or feature class.

7. Click Next.
8. Click Simple (peer-to-peer) relationship.
9. Click Next. u
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10. Type the forward and backward path |abels.

11. Click the message notification direction.

12. Click Next.

13. Click the first cardindity option. In this example, an
owner can own asingle parcel and aparcel can be owned by a
single owner, so thisis aone-to-one (1-1) relationship.

14. Click Next. u
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15. Click No. The relationship class does not require
atributes in this example.

16. Click Next.

17. Click the dropdown arrow to see a list of fields from the
origin table or feature class. Click the primary key for this
feature class or table.

18. Click the dropdown arrow to see a list of fields from the
destination table or feature class. Only those fields that are the
same type as selected in step 17 are displayed. Click the
foreign key that refersto the primary key selected in step 17.
19. Click Next. u



20. Review the options you specified for your new
relationship class. If you want to change something, you can
go back through the wizard by clicking Back.

21. Click Finish to create the new relationship class when :

satisfied with your options. %

1. Follow steps 1 through 7 for ‘Creating a simple
relationship class’.

2. Click Composite relationship.

3. Click Next.

4. Type the forward and backward path labels.

5. If you need to turn on messaging, click the message
notification direction.

6. Click Next

7. Click the second cardinality option. A composite
relationship is, by definition, a 1-M

or 1-1 relationship.

8. Click Next.

9. Click No. The relationship class does not require attributes
in this example.

10. Click Next. u
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11. Click the dropdown arrow to see a list of fields from the
origin table or feature class.

Click the primary key for this feature class or table.

12. Click the dropdown arrow to see a list of fields in the
destination table or feature class. Only those fields that are the
same type as selected in step 11 are displayed. Click the
foreign key that refersto the primary key selected in step 11.
13. Click Next.

14. Review the options you specified for your new
relationship class. If you want to change something, you can
go back through the wizard by clicking Back.

15. Click Finish to create the new relationship class when
satisfied with your options.

1. Follow steps 1 through 14 for ‘Creating a simple
relationship class’ or steps 1 through

8 for ‘Creating a composite relationship class’.

2. Click the first option to add attributes to the relationship
class.

3. Click Next.

4. Click the next row in the Field Name column and type a
nameto add afield.

5. Click in the Data Type field next to the new field’s name,
then click its data type.

6. Set the new field’s properties in the property sheet.

7. Repeat steps 4 through 6 until al the relationship class’s
fields have been defined.

8. Click Next
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9. Click the dropdown arrow to see a list of fields from the
origin table or feature class. Click the primary key for this
feature class or table.

10. Type the name of the foreign key field for the origin table
or feature class.

11. Click the dropdown arrow to see a list of fields from the
destination table or feature class. Click the primary key for
this feature class or table.

12. Type the name of the foreign key field for the destination
table or feature class.

13. Click Next.

14. Review the options you specified for your new
relationship class. If you want to change something, you can
go back through the wizard by clicking Back.

15. Click Finish to create the new relationship class when
satisfied with your options.
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1. Right-click the relationship classin the Catalog tree.

2. Click Properties.

3. Click the Rules tab.

4. Click the subtype that you want to associate with a
relationship ruleif your origin class has subtypes. If the origin
class has no subtypes, the relationship rule will apply to al
features.

5. Check the subtype that you want to make relatable to the
selected subtype in the origin class if the destination class has
subtypes. If the destination class has no subtypes, the
relationship rule will apply to al features.
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If one or both sides of the relationship class is a many, you
can limit the specific range of cardinality. In this example, the
origin side of the relationship isa 1, so you cannot modify its
range. However, the destination side is a many, so you can

modify its range.

6. Check the check box to specify the range of destination

objects per related origin objects.

7. Click the up and down arrows to increase or decrease the
minimum and maximum number of related destination

objects.

8. Repeat steps 4 through 7 until you have specified al of the
relationship rules for this relationship class. Click OK or

Apply to create the rules in the database.
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Renaming arelationship class

1. Right-click the relationship class that you want to rename.
2. Click Rename.
3. Type the new name and press Enter.

Deleting arelationship class.

1. Right-click the relationship class you want to delete.
2. Click Delete.
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Exploring the related objects of afeature

1. Click the Identify tool in ArcMap.

2. Click the Layers dropdown arrow and click the layer in
your map whose features you want to identify in the Identify
Results dialog box.

3. Click the feature on the map.

4, Double-click the feature in the left panel of the Identify
Results dialog box.

5. Double-click the relationship path label.

Therelated objects are listed below the path [abel.

6. Click the related object whose properties you want to
explore
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Exploring therelated objects of an object in a
Table

1. Click the Source tab on the ArcMap table of contents.

2. Right-click the name of the object of interest and click
Open Attribute Table. The table that contains the objects
whose related objects you want to explore will open.

3. Select the objects whose related objects you want to
explore.

4. Click Options, point to Related Tables, and click the path
label for the relationship.

u

A new table dialog box opens for the related table.
5. Click Show Selected to display only those objects related
to the selected objects in the first table.
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1. Right-click the feature layer in the ArcMap table of

contents.

2. Point to Joins and Relates and click Join.
3. Click the Join options dropdown arrow and click Join data
based on a predefined relationship class.
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5. Click the second option tobuild an empty geometric
network.

4. Click the dropdown arrow to get alist of relationship 6. Click Next.
classes, then click the relationship class. 7. Type aname for the new geometric network.
5. Click OK. You can now use the related fields for labeling, ~ 8.Click Next. u

symbolizing, and querying your features.

Geometric networks

1. Right-click the feature dataset that will contain the
network.

2. Point to New.

3. Click Geometric Network.

4. Read the information on the first panel and click Next




9. Click Yes if you want to include weights in the network;
otherwise, skip to step 13.

10. Click the New button and type a name to add a new
weight.

11. Click the dropdown arrow and click the weight type.

12. Repeat steps 10 and 11 until all of the network’s weights
have been defined.

13. Click Next.

14. Click Yes and type the name of the keyword if your
geodatabase is stored in an ArcSDE database and you have a
configuration keyword for the network storage. If not, skip to
step 15.

15. Click Next.
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16. Review the options you specified for your new network.
If you want to change something, you can go back through
the wizard by clicking the Back button.

17. Click Finish to create the new geometric network
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1. Right-click the feature dataset that will contain the
network.

2. Point to New.

3. Click Geometric Network.

4. Read the information on the first panel and click Next.
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5. Click the first option to build a geometric network from
existing features.

6. Click Next.

7. Click the feature classes that you wish to include in this
geometric network.

8. Type aname for the new geometric network.

9. Click Next.
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.10. If any of the feature classes used to be part of a network,
you can choose to keep enabled values for the new network
you are creating. If this panel doesn’t display, skip to step 12.
11. Click Next.

12. Click Yes if you want some of the input line feature
classes to become complex edges, otherwise skip to step 14.
13. Check the line feature classes that you want to become
complex edges. Those that are not selected will become
simple edges.

14. Click Next.
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15. Click Yes if you want features in some of the input
feature classes to be automatically adjusted and snapped
during the network building process; otherwise, skip to

step 18.

16. Type a snapping tolerance if you don’t want to use the
default tolerance.

17. Check the feature classes whose features you want
automatically adjusted and snapped. Feature classes that are
not selected are not adjusted.

18. Click Next.

19. Click Yes if you want features in some of your junction
feature classes to be able to act as sources or sinks; otherwise,
skip to step 21.

20. Check those junction feature classes that you want to store
sources and sinks.

21. Click Next. u
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22. Click Yes if you want to add weights to your network.
Otherwise, skip to step 26, then skip over steps 27

through 31.

23. Click the New button to add a new weight.

24. Type a name for the new weight, click the dropdown
arrow, and click aweight type.

25. Repeat steps 23 and 24 until all of the network’s weights
have been defined.

26. Click Next.

27. Assign the weights, if you added any, to specific fields in
each feature class.

28. Click the dropdown arrow and click the network weight to
which you will assign an attribute.

29. Click the dropdown arrow and click the field you want
associated with this weight.

30. Repeat step 29 for each feature class that you want

to associate with this weight.

31. Repeat steps 28 through 30 until you are finished
associating network weights with feature class attributes.

32. Click Next.
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33. Click Yes and type the name of the keyword if your
geodatabase is stored in an ArcSDE database and you have a
configuration keyword for the network storage. If not, skip to
step 36.

34. Click Next.

35. Review the options you specified for your new network.
If you want to change something, you can go back through
the wizard by clicking the Back button.

36. Click Finish to create the new geometric network
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Creating a new network edge feature class

1. Right-click the feature dataset that contains the network.
2. Point to New.

3. Click Feature Class.

4. Type aname and an alias for the new feature class.

5. Click the second option to store network objects in the
feature class.

6. Click the dropdown arrow and click ESRI Simple Edge
Feature to create a feature class that stores simple edges.
Click ESRI Complex Edge Feature to create a feature class
that stores complex edges.

7. Click the dropdown arrow and click the geometric network
in which this feature class will participate.

8. Click Next. u

9. Follow the steps for ‘Creating feature classes’ as described
in the chapter ‘Creating new items in a geodatabase’ in this
book. You will be presented with an additional dialog box
where you can associate the network’s weights with fields in
the feature class.

10. To associate a weight in the network with a field in this
new feature class under Field, click the field next to the
welght you want to associate.

11. Click the name of the field in the dropdown list to
associate with this weight.

12. Repeat steps 10 and 11 until you have associated the
weights in the network with fields. You do not have to
associate all of the weights with fields.

13. Click Finish
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Creating a new network junction feature class

1. Follow steps 1 through 5 for ‘Creating a new network edge
feature class’.

2. Click the dropdown arrow and click ESRI Simple Junction
Feature to create a feature class that stores network junctions.
3. Click the dropdown arrow and click the geometric network
in which this feature class will participate.

4. Check the box to alow the

junctions in this feature class to be able to act as sources or
sinks in the network.

5. Click Next.

6. Follow steps 9 through 13 for ‘Creating a new network
edge feature class
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connectivity rules
Adding an edge-edgerule

1. Right-click the geometric network.

2. Click Properties.

3. Click the Connectivity tab.

4. Click the dropdown arrow and click the feature class for
which you want to create a

rule.

5. Click the subtype of the feature class if your feature class
has subtypes.

6. Navigate to and check the edge feature class or subtype
you want to make connectable to this edge subtype or feature
class.

7. Browse to and check the junction feature classes and
subtypes through which these edge feature classes or subtypes
will be permitted to connect.

8. Click OK to create the rule in the database.

Adding an edge—junction rule

1. Follow steps 1 and 2 for ‘Adding an edge-edge rule’.

2. Click the Connectivity tab.

3. Click the dropdown arrow and click the feature class for
which you want to create a

rule.

4. Click the subtype of the feature class if your feature class
has subtypes.

5. Navigate and check the junction feature class or subtype
you want to make connectable to this edge feature class or
subtype.

6. Click the check box and enter the minimum and maximum
number of permissible edges if you want to restrict the
number of edges of this type that can connect to a single
junction of thistype.

7. Check the check box and type the minimum and maximum
number of permissible junctions if you want to restrict the
number of junctions of this type that can connect to a single
edge of thistype.

8. Click OK to create the rule in the database
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