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ABSTRACT

Deregulation and an increasing competition in electric'ity markets urge energy
suppliers to optimize the utilization of their equipment, focusing on technical and cost-
effective aspects. This has created the need for new strategies commonly referred to as
asset management.

- The asset management program is an organized repository of the inventoried data and
~a tool to value the asset based on their existing condition. In this dissertation an
~ interactive Geographic Information System (GIS) based asset management system is
developed for IIT Roorkee Transmission & Distribution system. Using GIS along with
traditional database technology enabled simplified access to fhe data through the use of
spatial selection and queries. The dissertation task included creation of inventories of

assets, asset evaluation and integration with GIS.
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CHAPTER -1
INTRODUCTION

1.1 GENERAL

The core business of electrical utilities is to manage their assets so as to provide
the electricity consumers with the sufficient quantity of good quality at the least cost. In
other Word, asset management is the everyday business of electrical utilities.
The business of electric power delivery has changed: Utilities need to remain lean and
profitable while pushing equipment to its limits. Utilities now recognize that the power
system and Instrumentation & Control (1&C) system assets, such as cables,
transformers breakers, and control systems require more visibility. These assets need to
be instrumented, monitored, maintained, and eventually replaced. They need to be
managed. both- physically and \ﬁscally. Construction and instrumentation projects for
new and exi’sting assets need to provide a measurable return on investment (ROI).
Hrstorlcally, there has been no data to prove projected benefits. In the future, projects
w111 be evaluated on the true value they provide. Each Suceessful pl‘O_] ect must improve -
the bottom lme with a positive ROL

Nearly every wires business process involves some spat1a1 element, whether
that is a new retailer, customer, pole wire, underground switch or commumcat1on
dev1ce Under industry restructuring, there w111 be an increasing need to leverage
1nformat10n to reduce costs and to provide better customer service. Regulated utilities,
transmlssmn pr0v1ders and unregulated retailers are lookmg at GIS to meet their '

changmg busmess needs.

1 2 DESCRIPTION OF AREA UNDER STUDY

" The mam supply for the entire distribution network of IIT ROORKEE is from the 33
kV substatlon situated in _Govmdpun, whose 1ncom1r1g power is from a 220/132/33/kV
substatien loeated at Ramnagar in Roorkee. Ramnagar substation is at a distance of 4
km i‘rem IIT campus. The p’rimary“ distribution that involves supply from distribution

substations to distribution transformers is in the form of three ring main circuits or loop



type circuits .These three ring main circuits form three local grids .In all there are 10
distribution substations forming three ring main circuits.

Each ring main circuit connects different distribution substations. Each
ring main circuit begins and ends at the same substation. All the substations in a
particular ring are connected through underground cables of different capacities and
cross sectional areas. All the underground cables involved are of 3core, 11 KV type and
are XLPE (cross linked polyethylene) .insulated and material of conductor in the cables
is Aluminum.

Some of the substations are compact secondary substations (CSS). CSS
secondary substations occupy very less space i.e. the space required for the
transformers as well as related equipment such as circuit breakers relays etc is very
1ess when compared to normal outdoor substation.

The secondary distribution starting from the. primary feeders leaving
each dlstrlbuuon transformer and supplymg power to customers is through overhead
lines. Each feeder line emerging from dlstrlbutlon transformers situated in the
dlstnbutlon substations is connected to the nearby pole through underground cables and
frofn,these poles power travels through overhead lines and finally the service line that
provides supply to the customers is through underground cables of different lengths and

cross sections depending on the load requirements of the customers.



LINE DIAGRAMS:

The figures of the three ring main circuits formed by different distribution substations

are given below:
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Fig 1.1: First Ring Main Circuit
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1.3 NEED OF THE STUDY

With the increasing size of the electrical utilities both in quantity of assets and the
geographic reach, traditional method of maintaining thé asset records. is no more
applicable. Maintaining records in GIS helps in fast and easy retrieval of information.

This information can then be used for making any sort of analysis and taking decisions.

1.4  OBJECTIVES OF THE STUDY
e To study various aspeéts of asset management in electrical utilities
e To prepare a GIS based software model for asset mahagement of distribution

system of IIT Roorkee.



| CHAPTER - 2
LITERATURE REVIEW

Most of the papers available are on various techniques applied for asset
ménagement in electrical utilities. Very few papers are available on GIS application in
asset management. Papers available on asset management of various other asset
oriented industries like road infrastructure, water supply, transportation vehicles etc are

also referred. Review of some of the papers referred is given below.

Joachim Schneider et al. [1] describes the usage of the methods, particularly with
regard to asset management and risk management within electrical grids. The essential
information needed to set up an appropriate asset management system and differences
between- asset management systems in transmission and distribution systems are
discussed. The bulk of costs in electrical grids can be found in costs for maintenance
and capital depreciation. A comprehensive approach for an asset management in
transmission systems thus focuses on the "life-cycle costs” of the individual equipment.
The objective of the life management process is the optimal utilization of the remaining
life time regarding a given reliability of service and a constant distribution of costs for
reinvestment and maintenance ensuring a suitable return. In distribution systems the
high number of components would require an enormous effort for the consideration of -
éingle individuals. Therefore statistical approaches have been used successfully in
practical applications. Newest insights gained by a German research pfoject on asset

management systems in distribution grids give an outlook to future developments.

Mark Ostehdorp [2] presents a cost-effective and innovative airborne inventory and
iﬁspection patrol system for distributed assets such as transmission lines, pipelines, and
roadways. His results show that aerial high-resolution digital visual and spectral images
tagged by Global Positioning Satellite (GPS) coordinates can be successfully used to
cost-effectively identify the majority of conditional defects on electric power lines. He
has shown that the condition and defect detection rate of the airborne inventory and

inspection system is significantly higher than rates derived from traditional patrols and
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coniparable to values achieved from driving patrols. Geographic Information Systems
(GIS) based mapping tools can be used to quickly and efficiently interpret digital
images collected from aerial platforms. Digital images provide an archival record of the

condition of the distributed assets to estimate the long-term performance of the assets

and to define cost-effective maintenance and replacement schedules.

David J. Dolezilek and Lee Margaret Ayers [3] together in their paper addresses
overlooked asset management needs of determining and improving the health,

reliability, ROI, and performance of apparatus and systems.

Biljana Stojkovska et al. [4] presents a combination of GIS and Distribution Load
Estimation algorithm based on customer billing information to estimate the load.
Because the great number of load points are scattered in the whole area supplied by
distribution system, it is unrealistic to measure the load and to get the load profile of
each load pbint (transformer MV/LV). This paper provides an assessment of how
accurately combination of GIS and distribution Load Estimation algorithm is able to

obtain needed dynamic load models for HV/MV substations.

Gene Kindrachuk [S] defines GIS and asset management with respect to electrical
utility. The author specifies about data partitioning and analysis method in a GIS based

asset management system.

Richard E. Brown and Bruce G. Humphrey [6] in their paper talk about goals and
cémpetencies of asset management. They also tell how risk management, budgeting

maintenance etc., are done.



Aztec System, Inc [7] tells about the benefits of using GIS in asset management

system.

T. Kostic [8] presents a unified picture of technical asset management related activities
in uﬁlities, with their relationships, shown on a map. The explicit relationships
represent those aspects that pérticularly_ support the asset management process. This
brings into focus fhe importance of supporting Information Technology (IT) and
standards. In general, our map represents some of the many facets of asset
management, and our hope is that it can contribute to the demystification of asset
management, usually referred to as everything and nothing in particular. The paper also
provides a number of references which helped to identify some pieces of the asset

management puzzie.



CHAPTER -3
ASSET MANAGEMENT IN ELECTRICAL UTILITIES

3.1 DEFINING ASSET MANAGEMENT

Asset management is a term derived from the financial industry, where it is applied to
investment portfolios containing stocks, bonds, cash, options, and other financial
instruments. Fundamental to financial asset management is the trade-off between risk and
return. Investors identify acceptable risk, and asset management techniques are used to

achieve this level of risk for the highest possible return

Some of the Swiss utilities defined asset management in the following way

"It is mastering the state of the equipment at any moment, i.e., knowing quantitatively in

what shape your equipment is,”’
“It is the identification of assets through the GIS (Geographic Information System);”’

“It is the support for computing the ROI (veturn on investments) and the value of the

assets;”

“It is about what equipment to buy, or whether to buy shares in a generating unit;”

“It all the legal issues related to asset ownership.”

A broad definition of asset management is as given below:

“The process of guiding the acquisition, use and disposal of assets to make tke most of

their future economic benefit and manage the related risks and costs over their entire

life”



Fundamental asset management tasks cover aspects from technical issues like network
planning or the definition of operational fundamentals to more economical themes like

planning of investments and budgeting, and end up in strategic planning issues.
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S Automatic
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“Controller:

" - Protection
- ‘Equipments. -
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- :DISTRIBUTION' -
' -ASSETS =
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~ &Control -~
Equipment .

- CABLES

TRANSFORMERS .

Fig 3.1 Basic Transmission & Distribution Assets
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3.2 ASSET MANAGEMENT ACTIVITIES

Asset —oriented activities focus on an asset as a component (e.g., transformer “xyz”), or

on the population of assets of similar type (e.g., all 500 MVA transformers).

Network-oriented (or system) activities deal with the outage scheduling (for
maintenance), with respect to system constraints, such as maximum load and required

network reliability.

Enterprise-oriented activities involve strategic decision taking about investments,
overall reliability and policies set up. They are rather managerial activities, and rely on

the resulits of the other two groups.-

3.2.1 Operation & Maintenance
1. Maintenance policy

Maintenance policy is one of the operating policies, and in a given setting, it is
selected to satisfy both technical requirements (reliability of supply) and financial

constraints. A simple classification would be as follows:

e Corrective and emergency maintenance is applied after something had gone
wrong, immediately or with the shortest delay possible after some condition
monitoring(inspection or on-line) detects a danger of imminent failure

(emergency), or after a failure itself occurred (corrective).

e Preventive (or scheduled, or planned) maintenance consists in carrying out pre-
defined activities at fixed time intervals, selected on the basis of long-time
experience and/or manufacturer recommendations, and sometimes through some

type of optimization (usually, the least costly maintenance frequency).

12



e Predictive (or pro-active, or as-needed) maintenance can be called any approach
- that provides a quantitative connection from maintenance to reliability. It usually
incorporates some type of analysis and assessment, and is performed when
estimated necessary, based on periodic inspections, diagnostic tests, or other

means of condition monitoring.

2. Assessment

Equipment assessment is'one of the most important parts, carried out continuously by
equipment specialists. It is ideally based on historical records of equipment operation
and maintenance, and on the human expertise together with equipment manufacturer
specifications. Historical data is the most critical issue in assessing the equipment,
because it is often not available, or inconsistent, or too numerous and requiring a
thorough validation for obtaining meaningful and reliable results. It is essential that
historical data of equipment operation and maintenance be analyzed in order to

determine, , equipment failure rate. The

~equipment exposed to higher stress will have shorter useful lifetime than the average
for the type of equipment. Or, the equipment on which some maintenance has been
performed will have its useful lifetime longer than the average. In conclusion,
analysis of historical data produces failure and deterioration (ageing) statistics of the

equipment,

3. Maintenance Scheduling

With the increase of predictive maintenance, maintenance annual cost increases
linearly, while the cost of loss of service decreases (since more maintenance should
result in less outage). The optimum amount of maintenance is when the two costs aré
equal. '

This economic optimization is the first step in the processor long medium-term
maintenance scheduling. Namely, maintenance time intervals pér equipment are to be
found that will give the optimal global cost. The way these intervals recalculated
. reflects the main difference between maintenance policies. Under a preventive

policy, maintenance actions arc mostly planned by fixed intervals, usually based on

13



manufacturer-provided fixed reliability indices. Obviously, if an important
deterioration has been identified in the routine inspection, the equipment can be
assigned high priority for maintenance, and the existing plans rescheduled.

The second step is to establish a prioritization scheme, which provides for ranking
the possible actions in such a way that the highest benefit per cost unit is obtained,

within the allocated budget.

4. Short-term Outage Scheduling

The short-term outage work scheduling must take into account both resources (on
Maintenance side) and network reliability (on Operations side). Although there are
not many methods reported in power systems literature for systematic optimization

of short-term outage schedules (compared to long/medium-term), there are some.

5. Regular Maintenance Outage Work Management

There are different types of maintenance activities: those that are performed more or
less frequently and those that door do not require the concerned equipment
déenergisation (outage). Typical activities that require the outage are equipment tests,
| replacements while not failed, and different service levels, e.g., partial or full service,
and refurbishment. They must be planned for and scheduled in accordance with
operations, because they require outage. The concrete work must be co-coordinated
with the network operator by means of an IT-based | system or simply oraliy

(phone/radio), if no system is in place.

6. Work Management in Case of Problems

Depending on the type and the place of a fault on the equipment, the function of a
system may suffer. Any fault is supposed to be cleared by the protection, i.e., the
faulty equipment should be isolated (i.e., a topological meaningful opening of
breakers). If the equipment is a line or a cable, it may be difficult to find out where
(on which line or cable section) the fault appeared, and consequently where to send
the field crews. For this purpose (i.e., fault location), there are sometimes dedicated

EMS/DMS or stand-alone software applications with sophisticated algorithms that

14



can locate the fault. They also provide the fault analysis function, which generates
valuable data for the equipment condition assessment

3.2.2 Strategic Decision Making

1. System Reliability Evaluation

System reliability studies are performed for two purposes. The first is for energy
operations planning. It models the sum of generation against the sum of demand, and
is used for evaluation of adequacy of generation capacity and power interchange.
This kind of reliability studies are performed within the strategic operations
planning. The second purpose is power operations planning. The model takes into
account the location of generation and demand, and considers the whole network

and all the load points in it.

2. Utility Economy

The utility must manage, in general, three inter-related activities a) prioritization of
Maintenance/O&M resources, B) prioritization of capital spending, to meet new
expansion needs and for replacement of equipment that is too old or costs too much
to repair, and c) optimum utilization of its existing and any new equipment. These
three activities should be a part of the overall utility managerial process during
budget allocation.

The first two spend money, and it must be seen whether it is better to maintain the
existing equipment, or to replace it with a new one. The last activity “spends” the
assets’ useful lifetime, which then leads to higher maintenance costs or non-
deferrable capital spending for replacement. The overall optimization goal for the
utility is to get the most value for all the above spending (i.e., using up its assets, its
Maintenance/O&M budget and its capital budget), the value being defined by

business objectives, most often reliability of supply.
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CHAPTER — 4
GIS IN ASSET MANAGEMENT

4.1 WHAT IS GIS?

The term GIS is an acronym, which is commonly used in reference to Geographic’
Information Systems. A Geographic Information System is a system for management,
analysis and display of geographic knowledge, which is represented using a series of
information sets, processing and work flow models, data models, and metadata. Although
many definitions for GIS exist, most users agree that a GIS is a network of computer
software, hardware, spatial data, procedures, and personnel. This network is primarily
used to collect, manipulate, analyze, and present information that is linked to a location
on the earth’s surface. However, the real power of a GIS lies in its ability to uncover
spatial relationships and patterns within data that may not be revealed using other
methods. Today, GIS technology plays an ever-increasing role in the decision making
process for a variety of governmental agencies, commercial businesses, and educational

institutions.

4.1.1 Definition of GIS

An arrangement of computer hardware, software, and geographic data that peoplé interact
with to ihtegrate, analyze, and visualize the data; identify relationships, patterns, and
trends; and find solutions to problems. The system is designed to capture, store and
update, manipulate, analyze, and display the geographic information. A GIS is typically

used to represent maps as data layers that can be studied and used to perform analyses.
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4.2 COMPONENTS OF GIS

SOFTWARE

METHODS - PEOPLE -

Fig 4.1 Components of GIS

4.2.1 Hardware _
e Hardware is the computer on which a GIS operates.
e Today, GIS software runs on a wid¢ range of hardware types,. from centralized
- computer servers to desktop computers used in stand-alone or networked

configurations

4.2.2 Softwarg

GIS software provides the functions and tools needed to store, analyze, and display
geographic information.

Key software components are:

e Tools for the input and manipulation of geographic information

17



e A database management system (DBMS)
e _Tools that support geographic query, analysis, and visualization

e A graphical user interface (GUI) for easy access to tools

4.2.3 Data
There are two main types of data in a GIS database

1. Cartographic

Observation on spatially distributed features, activities, or events, which are

definable as:
e Point Features
A 0O-dimensional object is a point that specifies a geographic location on the
surface of the planet e.g. ’ |
A Pole
A Tower
e Line Features
The simplest one-dimensional object is a straight line between two points or
polyliné when there are more than two points. Lines are having direction and
magnitude (length) hence a vector data e.g. - '
Transmission / Distribution Line
e Area Features .
It is two-dimensional object. An area is fully encompassed by a series | of
connected lines. Because lines have direction, the system can determine the area
that falls within the lines comprising the polygon. Each polygon contains one type
of data e.g. ' '
A Powér plant
Lake where plant’s generating turbines operates.
e Non-Cartographic |
Descriptive information in a database about the cartographic features located on a
map:

' Attributes

18



Attributes (tabular data) are descriptive data that is linked to map features (e.g.
points, lines etc.). Possible attributes for a feature electric pole can be:

. Height, diameter, type, condition, age etc.

4.2.4 People

e GIS technology is limited without the people who manage the system and

develop plans for applying it to real-world problems

e GIS users range from technical specialists who design and maintain the

system to those who use it to help them perform their everyday work

4.2.5 Methods
A successful GIS operates according to a well-designed plan and business rules, which

are the models and operating practices unique to each organization

4.3 NEW CAPABILITIES REQUIRED FOR BETTER  ASSET
MANAGEMENT

4.3.1 Asset repository

The data necessary to determine an asset’s life cycle history and ROAI is available from
the existing asset systems but the systems are scattered throughout the organization,
making manual computations impractical. The asset data needs to be organized by asset
and aggregated into an Asset Repository. |
The Asset Repository stores the following data for each asset:

e Basic asset data including engineering parameters, location, and distinguishing

attributes such as manufacturer and serial number
e Current network configuration (if not available via the other systems)
e All life cycle events for each asset

e Complete cost history from procurement to abandonment including maintenance

and configuration changes

19



e Compliance history (inspection, maintenance, or repair); the Repository may also
be the system of record to demonstrate compliance

e Revenue billed and collected prorated to the assets

e Load profiles

e Measures of the financial value of the asset

The Asset Repository will include the analysis tools to present life cycle history (events
and costs) and ROAI for potential plans, alternate configurations, and system betterment

evaluation.

.4.3.2 Unifying field and office

Unification of office and field capability is a method to reduce costs and make the office
and the field more effective. Unifying office and field work and effectively deploying the
work to the field offers the potential of dramatic business improvements in productivity
through better asset utilization and work force unification. Unification requires
organizational, cultural, and systeﬁ changes. By mdving more office capability to the
field and aggressively removing barriers between the office and the field, utilities cén
make dramatic productivity improvements. |

Since utilities are asset intensive companies most of their work is done where their assets
are located — in the field. However, most of the improvements in processes, procedures,

and systems have emphasized the office worker and not the field worker.

The field may be the "last frontier" for inéreésed effectiveness and reduced costs.
Industry studies have documented that a 30% to 50% improvement in field productivity
can be achieved by:
e Implementing comprehensive system capability on mobile devices
e Redesigning business processes to unify field and office work
. Developing and monitoring key performance indicators

e ' Providing field access to current data

20



The first steps toward field productivity improvement — such as field map access and
downloading work orders — have been available for years. These capabilities offer field
workers ease of use benefits and reduce clerical work. However, even greater benefits are
achieved when the utility fully integrates the field into its business processes, accepts
field updates, and provides wide system access to the field worker. '

Poorly defined business processes have hampered achieving projected system benefits in
- both office and field operations. The culture of many utilities separates the field and
-office staff as well as the construction ahd operations organizations. In fact, within some
utilities, there is a tradition of disrespect for the needs .of each party. This culture

constrains the benefits that can be _achieved.

To achieve the next level of utility effectiveness, the utility must shift its cultural focus
from the office to the field where the work is performed. Executive support for these
changes, including the necessary organizational changes, is required to help ensure their

success.
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44  CREATING A GIS BASED SYSTEM
4.4.1 Data Collection
To collect spatial asset data it requires extensive survey of all vital assets on field and

also the important geographic features of the region where assets are located.

4.4.2 Attribute Collection & Digitization of collected data
After collection of geographic data attribute collection is done which requires extensive
fieldwork. Map of the given geographic feature along with associated data is then

digitized in appropriate GIS development software.

4.4.3 Map updating

The map should be continuously updated for any

¢ Addition/alteration of network

e Transformer / Substation equipment addition or alteration
¢ Addition/ alteration of grid

e Addition/demolition of civil structures

. Acquisition of new land

4.4.4 Integl;ation of GIS with RDBMS and analysis tools

To get the real benefit of GIS it is required to be integrated with database like SQL,
Oracle, and SAP etc. This helps in continuous attribute updating in RDBMS platform an;i ,
then exporting the data into GIS. Through this integration the data is easily imported

from GIS into an Electrical Engineering Analysis platform.
4.5 BENEFITS OF GIS

4.5.1 Conflict resolution

Often conflicts arise from inadequate information related to an agencies asset
infrastructure. This results in a direct cost to the organization in the form of research time
to investigate details about the asset in question. This information is often difficult to

find, unorganized and inaccurate.
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Collecting this information into a GIS eliminates repeated research and, when combined
with a GIS-centric AMMS, the complete asset data is available together with the
maintenance history ébout that asset. Staffs can quickly and easily determine important
information to support decisions related to resolving customer inquiries, legal issues,

maintenance concerns, ownership, and asset valuation.

Resulting benefits include decreased cost in time in repeated research, actual cost savings

derived by sharing these data among multiple applications and across the enterprise.

4.5.2 Data accuracy

GIS and AMMS have created a means by which to store and maintain these data in an
accurate and organized method. Moreover, using single-source asset database — the GIS
geodatabase — accurate and timely information is available to not only support the
maintenance lifecycle, but also other business processes within the oi'ganization. The
GIS-centric approaéh enables' fast, efficient and accurate decision support. This has been

a principal driver among agencies investing in GIS and AMMS. around the world.

4.5.3 Customer Service

A GIS-centric approach offers users an easy-to-use, fast and efficient means to visually

locate customer inquiries.

With a map-view interface, call takers can quickly determine if the caller is within the
jurisdiction and if so, address matches the caller’s location and/or incident location. As a
iésult, the call taker can easily view the geographic model of the vicinity buildings,
streets, signs and related infrastructure that may impact the caller’s situation. As well, the

call taker can quickly associate related calls.

These capabilities of a GIS-centric system account for measurably faster, more complete
service to customers and enable more accurate dispatch of staff to investigate the

incident.
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4.5.4 Real-Time Mobile Access to Data

Providing information in real-time to field personnel offers measurable cost/benefits. It
allows field staff fast and easy access to asset data at the source of the problem. When
field personhel can find data to support fast, accurate decisions, cost/benefits can be
innumerable. A

Keeping field atlas books accurate and up-to-date continues to be a source for time delays
and errors, costing public works and utilities unneeded expenditures. Having accurate,
real-time data in the field is playing a significant role in mitigating this expense. Access
to digital data in the field can also reduce cost by reducihg the need to return to the

service center because of incomplete information or for following instructions.

4.5.5 Efficient Dispatch

bispatching fnaintenan_ce staff to investigate customer issues and perform work has long
been a source of resource mismanagement. A natural fit for a GIS-centric AMMS,
supervisors can quickly and easily dispatch crews in a more organized and logical
fﬁanner, mitigating ovérlapping schedules, misplaced and double booked crew

assignments, and optimized routes. It also allows supervisors an efficient way to

distribute equipment, materials and resources.

4.5.6 Workload Management

GIS is being used by many organizations as a workload management tool. One of the
most common complaints among mainfenance crews is an apparent unbalance of
scheduled work assigned from crew to crew. By utilizing a GIS-centric AMMS, the
geographic assignment of crews can be balanced among staff, crews, regions and other
criteria. Among the Vvariables used to balance work include the number of customers in a
region, infrastructure quality and typé, distance from service centers, number of vehicles,

specialty equipment and skills and others. Optimizing the use of available resources is a

clear and measurable cost/benefit.
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CHAPTER -5
SOFTWARE MODEL FOR IIT ROORKEE
DISTRIBUTION SYSTEM

| There are 12 substations in IITR distribution system. Except Govindpuri (33/11 kV)
every substation is 11/.433 kV station. Three substations are CSS type. There are total
of 24 transformers, 155 circuit breakers, 34 isolators and several equipments installed
in the network.

5.1 DATABASE CREATION

All asset management systems rely on an underlying database structure to analyze,
maintain and update information. The database determines the amount of time needed
to update the system, the interface and the abilities of the overall system. The quality of
the original data, the way the dafa is handled, and the maintenance of the database
determine the quality and applicability of the system in the decision making process.
The data for IITR distribution system is the primary data which is available at
substations it is collected on field by visiting the individual substations. For the ease of

storing the data it is recorded in MS Access first of all.

5.11 Description. of various Database Tables
1. Subsfation ‘
The substation data table keeps the record of all the substations in the distribution
ﬁetwprk of ITTR. ,
Table 5.1 Substation Field Details

FIELD NAME DATA DESCRIPTION
| TYPE
SS ID Text Primary key, unique id assigned to
t . ' ' every substation |
SS NAME Text Néme of the substation
INPUT KV Number Input voltage rating
OUTPUT KV Number Output voltage rating
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CAPACITY(KVA) Number Rated kVA
NO of TRANSFORMERS Number Total nurnber of transformers in a
substation

NO_OF_INCOMING_FEEDERS | Number Total number of incoming feeders

NO_OF_OUTGOING_FEEDERS | Number Total number of outgoing feeders

LAT ' Number Latitude of substation |

LONG Number Longitude of substation

TYPE Text Whether indoor or outdoor type
| | substation

2. Cable

This table keeps the record of all the 11kV cables
Table 5.2 Cable Field Details

FIELD NAME DATA TYPE | DPESCRIPTION
’FD_ASSETNO Text Primary key, unique code of every cable
A 'éS_FROM Text Originating substation
SS_TO Text Substation at which cable ends
DISTANCE Number Distance between the substations
CABLE_SIZE Number Cross sectional area in square mm
. VOLTAGE Number Voltage of power transmission
MAKE Text Manufacturer’s name
| COST | Number Purchase cost in Rs/m
YR MANUFACTURE | Number Year of manufacture
AGE Number Age of the cable
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3. Transformer
The technical details of transformers present in different substations are found in this
table.

Table 5.3 Transformer Field Details

FIELD NAME DATA DESCRIPTION
TYPE
TX_ASSETNO Text Primary key, Unique code given to every
transformer to identify it.
SS ID | Text Code of substation at which Transformer is place
SS NAME Text | Name of substation at which Transfbrmer is place
TX_RTG(kVA) | Number Rated kVA
VQLRTI(kV) Text Primary to Secondary voltage ratio
| CURRTI(A) Text Primary to Secondary current ratio
% IMP Number Percentage impedance
FREQ/PHASES Text Frequency and no of phaées
MIN VOL(kV) - Number Minimum voltage of transformer
MAX VOL(kV) " Number Maximum voltage of transformer
YR MANUFAC Number Year of Manufacture
"AGE } Number Age of Transformer
MAKE Text Manufacturer’s Name
TYPE Text Whether outdoor or indoor type
COST Number Purchase cost in Rs
PR_VALUE Number Depreciated Value of Transformer
DRY/OIL Text "Oil type or Dry type |
COOLING Text Type of cooling
TAP RANGE (%) | Text Percentage value at various tap settings
TAP.-SETTING Text Present tap setting
OTI Number Oil temperature
"WTI Number Winding temperature
OC_PROTECTION | Text Whether provided with over current protection
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EF PROTECTION | Text Whether provided with earth fault protection
INSTLN_ YR Number Year of Installation
Tx id Text Id of transformer to link two tables in GIS

4, Circuit Breaker

Table 5.4 Circuit Breaker Field Details

FIELD NAME | DATA DESCRIPTION
TYPE
CB_ASSETNO | Text Primary key, unique code to identify each circuit
) breaker |

SS_ID Text Code of substation at which circuit breaker is

| 4 installed

SS_NAME Text Name of substation at which circuif breaker is
installed

SG_ASSETNO Text Asset No of switch gear in which the circuit breaker

’ 4' is installed

RTD_CURR(A) | Number Rated current in amperes

RTD_VOL(kV) |Number | Rated voliage in KV

BRKG CAP(kA) | Number Breaking Current

COST Number Purchase cost in Rs

PR VALUE Number Depreciated value of circuit breaker

TYPE Text Whether an air circuit breaker or vacuum circuit
breaker or oil circuit breaker

MAKE Text Manufacturer’s Name

YR MANUFAC | Number Year of Manufacture

AGE Number Age of equipment in years.

INSLD_AT Text Type of asset at which the circuit breaker is installed

INSI,:N_ASSNO Text Asset No of asset at which the circuit breaker is
installed |

éb_id Number Id of circuit breaker to join two tables in arc view
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The present value of equipment is calculated by applying the depreciation formula as
given below.
Present Value = Purchase cost (1-R/100) ™
R=Rate of depreciation
Time=Present year-Year of manufacture i.e. age of the equipment
R = 7.84% for transformer
R = 7.84% for switchgear
R = 5.27 for cables
All these values of R are specified in the amended section 75 A of the Electricity
(supply) Act, 1948 (54 of 1948)

5. Iso-la.tor

| Table 5.5 Isolator Field Details

FIELD NAME DATA DESCRIPTION

. TYPE

ISLTR_ASSETNO | Text Primary key, Unique to identify each isolator

LOCATION Text . Place at whish isolator is installed

OPERATI‘ON Text Whefher manual or motor operation ‘

OPERATED AT Text . Whether on load or offload operation

INSTALLED AT | Text Type of asset a'twhich isolator is installed

INSLN_ASSNO - | Text Asset No of the asset at which isolator is |
' installed _

Is id ‘ Text ~ | 1d of isolator to join tables in GIS
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6. APFC

" Table 5.6 APFC Field Details

FIELD NAME DATA DESCRIPTION
TYPE
APFC_ASSETNO Text Primary key, Unique code to identify every
' APFC

SS ID Text Code of substation at which the APFC is
installed

TX_ASSETNO Text Asset No of transformer with which the

| APFC is associated
_ RTD VOLTAGE(V) Number Voltage rating of APFC

RTD Kvar Number Rated kVAR

COST OF CAPACITOR | Number Purchase cost of capacitors in Rs

BANK

MAKE Text Manufacturer’s Name

YR _MANUFAC Number Year of manufacture

CB_ASSETNO Text Asset No of Circuit Breaker with which the
APFC is associated

Apfc_id Text Id of APFC to join two tables in GIS

- 3.2 REPRESENTATION OF DATA IN ARCVIEW
The tables of collected data are spatially represented in ESRI’s Arcview 3.2a. MS

Access tables are imported into Arcview with the help of SQL connect facility. These

. imported tables are then converted into individual themes in different views.

In this project the IIT Roorkee network is represented in one View.

~This view consists of following themes

Substation----point data

Cablel1kV---line data
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Individual themes for outgoing 400V lines from every substation----line data

Background road map of IIT Roorkee---line data

All substation layouts are represented in distinct views. Each substation View has got

following themes.

Outgoing feeder/Incoming feeder---line data
Transformer---point data

Circuit Breaker---point data

Isolator---point data

APFC---point data

Earth switch---point data

Current Transformer---point data

Relays—point data

~Main view of IITR network is connected with all other views containing individual
substation layouts with the Hot Link facility. Using avenue, different views of Arcview
are linked together. Avenue script is also written to connect the Visual Basic.
application to edit the “.DBF” files and also to open the individual details of assets in

excel sheet.
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5.3 WORKING OF THE GIS PROJECT

When the project is started with the help of Arcview 3.2a the screen as shown below

appears.
& ArcView Gis 3.2a I e ' ' (- )]

.Ele Edt !lewilheme _&nalsis  Gurface Eran‘ucs Window _ Help

T?EIIEIE] [EEEY @& @

Manushp 2 — 1
- l

IITR NETWORK

DATABASE_CONNECT

EDIT_DATA

-

Follows a hot ink in the active themes ) jj

g : A o _
Taistart | @ IRWORK-tkr... « & ArcviswGis3za | B Window [ unteted- part (;f‘"@ s:22Pm

Fig 5.1 Main Menu of arc view project

Click on “IITR NETWORK?” to view the next screen. The screen glven below appears

& ArcView GIS 3 2a
Eis Edt Yiew JTheme Analysis Sufsce Graphics ggq?w Help

2GS TR
&2 IITRNETWORK

—
o] Subststionshp -
u

of Cabletikv.shp

ﬂ O_vipshp

ﬂ 3_msflatshp
o

il 2_v4|l.sh
T

o 1/2\_}»5» L

ﬂ 11_st.np.shp 'j A dpl.ll'i

T¥start. ’ - Microsof... Arcihew GIS 3.2 ¥ untitled - pas ) @A) siasPi
\.J . i _ o XS .
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This screen contains all the 11kV cables, 400V lines and substations.

The attribute table of substation is as glven below

£ ArcView GIS 3.2a
e E& Jable Field Widow Hep

So1 Govindpuri 33.000000 11.000000 1000.000000 2.000000 9300 [~
S02 WAL 11.800000 0.433000 1360.000000 2.000000 0.600
s03 MS Flats 11.000000 - 0.433000 1260.000000 2.000000 0.400
S04 Vigyan Kuni 11.000000 0.433000 2230000000 3.000000 0.500
S05 Wind Tunnel 11.000000 0.433000 1260.000000 2000000 0.700
S08 Earthquake 11.000000 0.433000 630.000000 1.000000 0.320
07 Cautiey - 11.000000 433000 000.000000 2.000000 0.450
08 High Vokage 11.000000 433000 130.000000 2.000000 0.650
03 VIP 11.000000 433000 600.000000 2000600 1.100
10 Raiendra 11.000000 0.433000 1260.060000 2.000000 0.700
511 STEP 11,000000 0.433000 1280.000000 2.000000 0.650
512 Liiary 11,000300 0,433000 1600.000000 2.000000 0.300

r_;_.Jl start ) Z§ NTRWORK - Microsof...  £1 Arcview G15.3.2a f # untitled - Paint

& ArcView GIS 3.7a
ﬂs Edi Taoble Fijuid Window Help

(I=INEA| --.@-.@-.@.

Dot 12selected [ [z [@)]

:!'-;’..: Attributes of Substation.shp

¥
:
i

9.500000 1.410700 1 6.000000 77.8940G0 29861000} Outdoor o
0.600000 0.085500 2 6.000000 77.832200 29.863600 ] Outdoor
0.400000 0.057000 2 8.000020 77.691400 29.853100 Indoor
0.900000 0.128250 2 11.000000 77.895700 29.862400 | Outdoor
). 700000 0.085750 2 5.000000 77.899800 29.862500 | Outdoor
320000 0.045600 F .000000 77.800800 29.866200| Indoor
450000 0.084125 y 5.000000 77.837800 29.870300 | Qutdoor
.650000 0.092625 2 5.000000 77.860300 29.867300 | Dutdoor
1mcm 0.155750 2 7.000000 77.897700 29.864400 Qutdoor
0.700000 0.083790 2 6.000000 77.895800 29,870300} Outdoor
0.650600 0.032625 2 6.000000 77.831600 29857500 | Outdoor
0.300000 0.042750 2 1.0000C0 77.895000 29.8652001 Indoor

‘!} start: ot ] IITRWORK - Microsof... &2 ArcView G153.2a r L‘ tntitled - Paint

Fig 5.3 Attribute table of Substatlons



Attribute table of Cable 11kV is as glven below

& Archev_v GIS 3.2a

Eﬂe Ecﬂ labb Fleid HMDW Hep

56 Wind Tunnel Eathquake srgg £50.000000 165.000000 1 i
T3] Rajendra Bh Govindpu 1500.650000 165.000000 3 i}
5] MS Flats STEP 600.000000 185.000000 3 14
187 [ High Vokage Cautley Bhawon 550.000000 165.000000 i 1
168 Earthquake Engg High Vokage 300000000 185.000000 1 14
1412 Vigyan Kury Librasy 500,000000 165.000000 ; 1
(32 Liray - ~ VP 500.000000 85.000000 11
L13-10 STEP Flajendia Bhawan 650.000000 85.000000 il
L2- WRL MS Flats 120060000 85.000000 1
L7- Caulley Govindpui 1500.000000 20 1 1
X ViP Govindpun £50.000000 165.000000 2 3
05 Govindpurt Wind Tunnel 750.000000 120.000000 1 11
12 Govindpu WL . 500.000000 120.000000 3 11
04 Govindpur Vigyan Karg 300.000000 120.000000 ) K]

i.ls:an.” " ] ) ITRWORK -Micr... | &2 Arciew GIS 5.2 [ L;ntitled-Paint’ [ /G hindustan serona... (‘f_‘f &) si5tem
Fig 5.4 Attribute table of Cablel 1kV
Any spatial query can be made for e.g. if we want to look for all substations having

capacity less than 1260 kVA we have to perform the following things

| Convest to 3D Shapefie...

sladikv.sl Corneart Gad to T
Espor ta Vadke

“Ipshp Convest to Gnd...

-/ Save Data Set .,

w.shp EdRL .
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st.shp Pemave Bredsppipa Label
Lomriet Uverlapprg Lebels CHl-0

*shp
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nsflatshp

X . Sedect By Thema...

alshp Craate Buffers...

Ve Clear Selected Feates

Jibshp Edi Thems Exprassion..,

stap.shp '||

meayBuiduluwbdlmuw%abgcdwm

| i rrrrwork - .. ——
Fig 5.5 Method to select the Qlicry application
Select Query from drop down of Theme or press Ctrl+Q
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Small query window as shown below appears. When the query is made the selected

area is shown in yellow color.

[ e Valus CEE) Gipe)
?S&”Lf‘fv] -] [=] Mk B Scale 111016 TSR
= put_ = = 1
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ey 0 : ] |
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. —_— Y S SN
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ﬂ &5 _wtshp . \b\\ . \
<R %
il 3_msflatshp ' ‘: < | J
— N : A
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N R ya ind Tunnel
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o 11_stepshp 'vi j dpuri

a1
a0

C/IBL) s

{

Y [ITRWORK - Microscf..,

i‘gi'st'art ) ’ § untitled - Paint

42 Arcview GIS 3.28

Fig 5.6 Making a Query in Substation view

As the Hot Link indicator is clicked on any of the substation the individual layout view
of that substation appears. For e.g. if Hot Link indicator is clicked on Vigyan kunj.
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The substation details of Vigyan kunj appear as shown below.
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Fig 5.7 Layout of Vigyan kunj substation in a different view
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Different kind of query can be made in this view '
For e.g. if we want to the transformers whose year of manufacture is 2005 it can be
done in the following manner.

The selected features are represented in yellow color.

t 4 TransformervigyankunjsO4.shp
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Fig. 5.8 Making a query about transformers in Vigyan Kunj View
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When the “Edit Data” button is clicked on the main menu. A visual basic main form

appears as shown

) ArcView GIS 3.2 PR
" File Edt View Thems Analpsis Suface Elaphlcs W‘m Heb
e e ey

- I NEIN] .-- -.-.@. -i
NE Scale 1{772647 e

XA s
b Maimmenu

ﬂ Menushp Ml . o = L T g ;
% Main Menu Q
!——Su;:;a—tmm ! ' Cable " Transformer
Cicuit Breaker Isolatar ' APFC
Exit
EDIT_DATA

= 31
_ ] - .3
~ 55 start @ @ [t asmb) [ @ sub_catle [ R arcviewdIs... | w, MainMenu Qs,tz 8:29.AM

Fig'5.9 Main Menu of Visual Basic form to edit the dbf tables

In the above Visual Basic form options are given to edit .dbf files associated with
substation, cable, transformer, circuit breaker, isolator and APFC.

38



If the mouse is clicked on command box named substation, the form as given below
appears. Full table of substation appears inside a grid. As the mouse is clicked on any
of the substation code the details of that substation appears inside the respective text
boxes.

L] Sij-l;_siations

SO1 Govindpuri 2 .
s02 WAHL 11 0.433 1360 2 0.6
503 MS Flats 11 0.433 1260 2 0.4]
S04 Vigyan Kunj 11 . 0.433 2230 3 0.9
805 Wind Tunnel 1 0.433 1260 2 0.7
S06 Earthquake 11 0.433] 630, 1 0.32
S07 Cautley 1 0.433 1000 2 0.45
S08 High Voltage 11 0.433 1130 2 0.65
S09 VIP 11 0.433 1600 2| 1.1
S10 Rajendra 11 0.433 1260 2 0.7
S11 STEP 1 0.433 1260 2 0.65
$12 Library 11 0.433 ' 1600 2) 0.3
[}
Update Refiesh I Back to Main |
. 77.8957
- S04 : Longitude
Substation ID No of Transformers JS

Sub_staﬁun name

- 29.8624
KW Load lo_s Latitude ] }

KVARLoad  |0128%5 _
OUTPUT kv [043 ,2—- ' Type of Substation !Ouldonr

No of Incoming feeders

No of Outgoing feeders n

"2y start e w @ [m@e.

INPUT_kV

Capacity kVA 2230

T

e r————pe i

(“‘}1;;&3 TemiaM

Fig5 .10 Substations dbf file represented on VB form for editing

Options are available in the above form to update the details of any substation.
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Graphs related to circuit breakers and transformers of IIT Roorkee distribution system
are given below. In total there are 155 circuit breakers and 24 transformers.

Representing the Circuit Breakers According to Age

No. of Circuit Breakers

2 3 9 10 30

ﬁge"' in years

-

Fig5.11 Grﬁph of Number of Circuit Breakers Vs Age in years
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Mapﬁfacturer wise distribution of Circuit Breakers
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Fig 5.12 Pie chart distribution of circuit breakers according to manufacturers
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" Representation of Circuit Breakers According to Rated

Current
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Fig 5.13 Graph of Number of Circuit Breakers Vs Rated Current
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Fig 5.14 Graph depicting distribution of Transformers according to Ratings
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No. of Transformers

Transformers Represented Agewise

Age in Years

Fig 5.15 Graph of Number of Transformers Vs Age in years
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CHAPTER - 6
CONCLUSIONS

6.1 CONCLUSIONS
Based on the work performed following conclusions are made:
1. Representing electrical assets on GIS helps in accurate and fast retrieval of
information
2. By interfacing the database like MS Access, Excel etc with GIS software (e.g. Arc
View) the retrieved information can be analyzed and graphs can be drawn to
study the trends which helps in decision making
3. Based on the survey done it is found that A
e Most of the equipment in IIT Roorkee distribution system e.g. cables,
isolator, APFC are new and in proper condition.
e Three transformers and one OCB have crossed their expected life limits.
These transformers and OCB may be replaced to prevent any failure in

future.

6.2 FUTURE WORK

This work can be further applied to bigger network on large scale. The work can be
oriented toward Reliability Centric Maihtenance (RCM).. In the present work Arc
View is kept at the front end. In future works Visual Basic can be kept at the front
end in which the Arc View application is called. This will help in better data analysis

because visual basic is more compatible with different RDBMS.
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