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ELECTRICAL SUBSTATION DESIGN AND ENGINEERING

ABSTRACT

The electrical power substation in power generation plant, transmission or
distribution also consist apart of very important in electric power engineering. The
objective of carrying out this research are to provide overview of electrical substation,
reference and guides to the design information.

To provide some useful information from initial concept of design, data
extraction, calculation, material selection, automation, operation method, protection
devices and etc. Besides, this research also contain of most recent technology
development which related to industry practice, requirement and standards.

During design of an Electrical Substation, some aspects must be taken into
consideration:

e Low capital cost

e Reliability of the facilities

e Low operating cost

e High Efficiency

e Simplicity of design

o Reserve capacity for future expansion
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CHAPTER 1

INTRODUCTION

1.1 Background

To design and construct a new electrical substations or expansions of current
electrical project are very common practice in several industries. However, not many of the
employees are familiar and understand of the complete process to design and construct to
successfully complete the projects. This chapter will attempt to provide some basic
understanding and knowledge for the process.

There are few main/ major types of electrical substations:

a. The electrical substation in switchyard of a power generation plant. The electrical
facilities are connected from the generator to the grid. This generator switchyards is
a large installations and normally is by the plant engineer to do the engineering and
construction.

b. The substation at customer station. This substation main function as an incoming
power supply to the particular business. The technical specification and requirement
will depends to the customer requirements.

c. Another type of substation is to receive a big capacity of power from transmission
line and transfer the power to distribution stations. This substation must be reliable
and integrity.

d. The forth type of substation is electrical distribution substation, this is very common

in customer or industry. This normally will located near to the load center.
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1.2 Problem Statement

To develop, creating or modification of electric substation, some planning process
IS necessary. The considering issue in design of electrical substation are includes of load
increase, the power system stability, reliability and capacity as well as to determine of the
future expansion or improvement in the substation facilities.

The equipment selection, layout, engineering, available site, size and location will
be evaluate in the budget consideration and justification. In the engineering and
construction of electric substation must identify the nature and future development
requirement. The budgeting process will provide an overview of cost and the resources
requirement. The details design will develop accurate cost and realistic schedule. Besides,
the consideration of the user requirement, the development and the preference into the

design criteria.

1.3 Aims and Objectives

The aims of undergoing this research are to identify of electrical material and
equipment selection. The area or location has been selected, the final design can be develop
with the layout and drawing for construction and commissioning purposes, the flow as
shown in figure 1.1.

The objectives of performing this research is to identify and determine the different
types of electrical equipment and other material to be prepared in order to have the concept

and requirement for electrical substation and further with bidding process.
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Structure of the Research Report

This research report consists of five main chapters:

1)

2)

3)

4)

5)

Chapter 1: Introduction

To brief background of the research, the problem statement as the needs to carry out
this research, the aims and objectives of this research are stated.

Chapter 2: Literature review

The information and function of the substation design and electrical equipment. To
identify the different types of substation design, equipment and discussion.
Chapter 3: Methodology

In this chapter, the engineering specification, data collection and customer
requirement, load study and safety factor for the requirement will be identified and
discussed.

Chapter 4 (Results and Discussions).

In this chapter, the substation design drawing will generate the concept and
modelled by using Autocad software. The results and analyzed and discussed.
Chapter 5 (Conclusion and Recommendations).

In this chapter, the conclusion of engineering design and requirement obtained from

the research. Some recommendations are also given.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Start from power generation plan, transmission, and distribution to customer, the
voltage need to step up and step down several times in several of power substations.

To ensures the efficiency of power transmission and minimize the power loses, this
project is to design a 275kV/33kV primary substation as main intake of incoming power
from transmission line and 33kV/6.6kV secondary substations for the distribution system
to meet the consumer requirement at the required voltage level. This chapter will be talking
about the type of substation and the key equipment:

2.1.1 Gas Insulated Substations
2.1.1.1 Current Transformer
2.1.1.2 Voltage Transformer
2.1.1.3 Disconnect Switches
2.1.1.4 Ground Switches

2.1.2 Air Insulated Substations
2.1.2.1 Single Bus System
2.1.2.2 Double Bus, Double Breaker System
2.1.2.3 Main and Transfer Bus System
2.1.2.4 Double bus, Single Breaker System
2.1.2.5 Ring Bus System

2.1.3 Substation Switching Equipment and Requirement
2.1.3.1 Ambient Conditions and Requirements
2.1.3.2 Vacuum Circuit Breaker
2.1.3.3 Gas Circuit Breakers
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2.2.1 Gas Insulated Substations

The Gas Insulated Substation is use of Sulphur Hexafluoride (SFeg) as the insulation
and interruption medium for the high voltage conductors, circuit breaker, switches and
instrument transformers located in the enclosures. The conventional Air Insulated
Substations requires large area air insulation to do and where the SFe can make it in a very
small area. Therefore the GIS can many times smaller size than AIS, GIS mostly use where
the space is limited or expensive. The parts or components in GIS are more reliable because
of protected from deterioration which is seal in enclosure and not exposure to ambient

conditions such as moisture, dust, contamination and etc. compare with AlS.

Key

© Circuit breaker

@ Disconnector (isolator)

© Earthing(grounding) switch
© Current transformer

© Cable sealing end chamber

@ Gas barrier o
@ Supporting insulator

© Main busbar

[ Live parts

B (nsulators

[ISFg gas

I Current transformer

[ Enclosures

MAIN BUS
OPTION

Figure 2.1.1 Single Phase Type with enclosure of GIS
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Circuit breaker
Disconnector (isolator)
Earthing (grounding) switch
Current transformer
Voltage (potential) transformer
Cable-sealing-end chamber
Gas barrier
Supporting insulator
Main busbar
Reserve busbar
S Live parts

Insulators

SF¢ gas
R Current transformer
s Enclosures

Figure 2.1.2 Three Phase Type with enclosure of GIS

2.2.1.1 Current Transformer
The normal ring types of CTs will install either inside or outside of GIS enclosure

and the single turn as primary side of the CT. The CT is shielded inside the enclosure from
the high voltage conductor electric field. For the case of the CTs outside of the enclosure,

the enclosure must provide an insulating joint in order the currents has shunted from the

CT.

GAS SEAL FOR GIS ENCLOSURE

Silicone Rubber Sealant From “O” Ring Out “O’-ring is primary seal
Flange
AIR KA Silicone rubber
q : Enclosure  sealantis backup

seal and protects

[
S SEE xoﬂng 5 “O”-ring and flange

surfaces

Insulation Spacer

Figure 2.1.3 Gas seal type of GIS enclosure
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Insuiator

Enclosure SFs gas

Current transformer Primary conductor

Figure 2.1.4 Current Transformer for GIS

2.2.1.2 Voltage Transformer

The inductive type of Voltage Transformer, the primary winding will located in
enclosure with SF6 and supported by insulation materials. The electric field will shielded
between of the primary and secondary winding to prevent of transient voltage. The VT
should easily removable type or provide disconnect switch or link to allow GIS high voltage

testing purposes.

___——Insulator

__——Enclosure

Primary
conductor

Terminal box

Figure 2.1.5 Voltage Transformer for GIS
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2.2.1.3 Isolator or Disconnect Switches

For the Isolator or Disconnect Switches, the insulating operating rod will activate
the moving contact to open and close a gap between the contacts. The contact shield will
provide the appropriate electric field distribution or dissipation to reduce the surface
stress. The movement is much slower compare with circuit breaker, so the disconnect

switch only applicable and to interrupt at low capacitive or small inductive currents.

INSULAT8R

SHIELD
HV CBNNECTIGN
CNTACT ) CBNTACT FINGER
HBLDER —
L]
HV CBNNECTISN S MBVING CBNTACT
CBNTACT FINGER
INSULATING RED
INSULATER 2l
I | I
SHIELD ke i L

Figure 2.1.6 Disconnect switches for GIS

2.2.1.4 Ground Switch

Ground switches to be closed during installation and maintenance, it is operate by
motorize or manually to open and close between the high voltage conductor with the body
or enclosure. The ground switch mainly as function to discharge the residual or trapped
capacitive or inductive current from the connected line. A measuring function also

applicable for contact resistance test by using two ground switches.
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INSULATING
__— MOUNTING RING

GROUNDING SWITCH

INSULATING SPACER

M / CONDUCTOR

ENCLOSURE

Figure 2.1.7 Ground Switches for GIS

R (A
A

_L VvV N~ mV: Voltmeter

= A: Ammeter

T R: Resistor

I @)
Ground Switch Ground Switch
[._—.I/ (Earthing Switch) [..j (Earthing Switch)
—_—— L_I__._
_..._.—._‘;\__:\ .}-/I—-—-—-—-—-—

Disconnect Switch
{Disconnector)

I

 Circuit Breaker

~ —~ |

Disconnect Switch
(Disconnector)

O O]

Figure 2.1.8 Contact resistance measuring by using ground switch
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2.2.2 Air Insulated Substations

The Substation or switchyard reliability affected by few factors, which the bus
arrangement and switching devices. Besides, the switchyard buses and switching devices
or equipment type, reliability and arrangement also will affected the maintenance,

performance, protection system, substation investment and operating cost.

2.2.2.1 Single Bus System

The Single Bus System arrangement is connected directly of the main bus to the bus.
This type arrangement reliability is very low, when a single failure of the bus or any circuit
will caused the entire system power outage.

This arrangement is not recommended to apply in heavy load or high availability
requirement area. The reliability can be improved by using more bustie breaker to reduce

the bus failure.

AN /

Figure 2.2.1 Single Bus System

Two separate breaker in each circuit will increase and provides higher level of the
system reliability, with additional of two separate buses arrangement so if one bus having
failure will not impact to another line. This arrangement allows various option to the
operation and very useful for any breakdown or maintenance of the bus or breaker without

interruption to the circuit.

2.2.2.2 Double Bus, Double Breaker System

This double bus, double breaker system arrangement is a higher cost arrangement,
since the reliability with adding additional equipment in line and a larger area requires for
the substation.
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Figure 2.2.2 Double bus, double breaker System

2.2.2.3 Main and Transfer Bus System

The Main and Transfer Bus arrangement system is connected a main bus and a
transfer/reserve bus. This arrangement also can avoid of circuit de-energizing during
maintenance. When it is necessary, the bustie can be closed and the circuit breaker can off
for out of service or maintenance purposes. Each circuit have different type of
configuration, so the special relay setting required to be used to operating in this
arrangement.

This arrangement will be higher investment cost compare with single bus

arrangement system, but this will increase and provide more flexibility and reliability to the

system.
Main Bus
/ /
mE .
N s [ .
([ (

Transfer Bus

Figure 2.2.3 Main and Transfer Bus System
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2.2.2.4 Double Bus, Single Breaker

The Double bus, single breaker system arrangement is connected the two busses
with each line circuit breaker and a bustie. This arrangement the operation in either circuit
of bus will not affect to the system, however any of the breaker failure will caused the entire
system outage. This arrangement is consider as low reliability arrangement.

This arrangement is easy do the maintenance at the bus area, but for breaker and

switches maintenance required outage of entire system.

(o]

:

Figure 2.2.4 Double bus, Single Breaker System

2.2.2.5 Ring Bus System

In the arrangement of a Ring Bus System, all the arrangement of the breaker will in
a ring type circuits. On a failure of a circuit, the two adjacent breakers will trip and the rest
of the system will remained energized.

When maintenance of circuit breaker, without interruption of the circuit. The
breaker able to shut down and take out for service and maintenance, the other breaker
maintained in service to continue the system operation. However, the expansion of the

circuit is limited.
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—
L\ E
Figure 2.2.5 Ring Bus

An electrical substation or switchyard planning, the main consideration parameter
as discussed: reliability, cost and the available space.
As a summary that the highly reliability arrangement are Double bus and Ring Bus,

however the required available area are greater since more component are needed.

2.2.3 Substation Switching Equipment and Requirement

For an electrical substation design also required to consider about the safe, reliability
and performance of the operation and maintenance with meet the user requirement. The
switching equipment is include and consider to provide of system isolation, on load

switching, off load switching and occurs of any fault current interruption conditions.

2.2.3.1 Ambient Conditions and Requirements
The air insulated electrical equipment normally is rated at -40°C to +40°C, if the
altitudes above 1000meters will derating due to the air density decrease then the dielectric

strength also reduced.

A circuit breaker function is a capable device to carry the current flow and to break
of the designed current capacity in specified normal and abnormal circuit conditions.
The circuit breaker normally can are classified follow by the interruption medium

to be used.
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e Air magnetic type circuit breaker
e Oil type circuit breaker

e Air Blast type circuit breaker

e Vacuum type circuit breaker

e SF® gas type circuit breaker

2.2.3.2 Vacuum Circuit Breaker
The common and widely use is Vacuum Circuit Breaker and Gas Circuit Breaker.
Vacuum circuit breaker moving contact is enclosed in a cylinder with high vacuum.

Vacuum Breaker is small size and significant space saving compare to air magnetic type.

2.2.3.3 Gas Circuit Breaker

The gas circuit breaker normally use of SF6 as the interruption medium. The breaker
operates typically in pressurized of 6-7 atmospheres for the arc interruption. The gas
dielectric strength reduces significantly at low pressures condition, when the event of low

gas density monitoring system will block the operation.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

In this chapter, based on sample of load given to study the load, requirement for the
engineering to design the electrical substation types and the electrical equipment to be
applied. The priority is given to the reliability engineering design for substation and
electrical equipment in high power system.

This chapter covers:
1) Project Pathway
2) Engineering Specification
3) Data Collection and Customer Requirement
4) Load Study and Safety Factor

5) Evaluate and Analysis the results
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Project Pathway

=]

A

~

Literature Review

1) Find out different types of Electrical Substation

2) Find out the Engineering requirement to design an
Electrical Substation.

3) Find out the electrical equipment requirement to
design an electrical substation.

- J

4 )

Methodology

1) Engineering Specifications
2) Data collection and customer requirement.
3) Electrical equipment selection

- J

A

4 )

Results and Discussion

1) Propose of the electrical equipment and capacity.

2) Justification based on load study and the safety
factor.

3) Evaluate and analyze the results

- J

Conclusion

1) Conclude the results of the research
2) Provide recommendations

30
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3.3 Engineering Specification
Engineering specifications shall consideration of the backgrounds and application
for equipment and systems such as:
e Power Distribution System
e Protection Philosophy
e Variable speed drives
e Emergency power systems

e Communication System

These specifications will include all information and requirement to perform the
design in a consistent way. The specification will at least include:
e Site conditions specification for electrical
e General power supply system
e Distribution system concept, including voltage level, number of load
centers and the short circuit levels.
e Substation construction requirement
e Description of the main equipment and systems
e Basic replay protection system
e Functional design consideration in relation the application for as much as
possible standard components, economical designs and maintenance.

e Applicable codes ad standards

3.3.1 Statutory Requirements
e Malaysian Uniform Building By Laws.
e Malaysian Electricity Supply Act-447.
e Relevant Malaysia Occupational Safety and Health requirement
e Requirements of TNB and ST.
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3.3.2 Electrical System Design Philosophy
e Personnel and equipment safety of operation and maintenance
e System Service and Functional Reliability
e Ease and convenient of maintenance
o Facilities for limited addition in future loads
e Convenience of operation
e Maximum standardization of equipment and materials
e Maximum interchangeability of equipment
e Minimum fire risk

o Effective utilization of electrical energy

3.3.3 Electrical Loads and Electricity Consumption
All the components of the electrical systems shall be designed and sized to
the maximum applied load, which under the most severe conditions in operating
conditions, for example: one transformer out of service on a two incomer & one
bus coupler system.
The worse conditions for a distribution system can be calculated as:
e 100% of the normal continuous running load +
e 30% of the intermittent and standby +
e 10% of the spare load.

3.3.4 Voltage and frequency variation AC system
The following maximum variations in supply shall considered for
equipment:
Voltage : +10%

Frequency + 5%

3.3.5 System Voltages and Frequency
Voltage selection is based upon economic considerations, taking the
following factors into account:
e Size and location of loads

e Provision of future extension
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e Short Circuit level

e Auvailability of switchgear with suitable current rating and
rupturing capacity.

e Possibility of keeping the number of different voltage levels to a

minimum.

3.3.6 Special Power System Design Consideration
Overall plant safety during main power failure, separate power supply
system will be designed. These systems will supply critical consumers in
the plant. The special power supply system will also be used for power
consumers which are critical for start-up and safety such as:
e Emergency lighting
e UPS System / Battery Charger

3.3.7 Power Factor Improvement
Capacitor banks for overall power system power factor improvement shall
be provided and it shall ne through automatic KVAR controlled. Power
factor shall be corrected on the given board shall not be less than 0.95 at

maximum opening load.
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MC-I020ML-21 & | Slectric Holst In CT-1050ML-13 41500 - - - - - - -
MC-102oML-21 & | Slecie Hotst in CT-1050ML-13 41500 - - - - - - -
MC-I020ML-21 & |DOS Pumg- CT-1050ML-19 41500 041 [ o085 | 03o 138 o8
MC-1020ML-21 & | Potshie Water Pump = 1 - YARD AND PELLET 41500 - - - - - - -
MC-102oML 21 & | Sleciieal Hols? for Potabes Water Pump House 41500 - - - - - - -
MC-IDOML-21 & |Sewage Liting Pump = 1_In Lifing Station - 2 41500 - - - - - - -
MC-020ML-21 & | Ouinoing Feeder for TrEnstomer Cooling Fans for TF-1020ML-22 41500 - - - - - - -
MC-1020ML-21 & | Ouigoing Feeder for OLTC of TF-1020ML-22 41500 oz 1.18 100 | 1m ez 1.18 oEE
MC-0zeML21 & | Dutgoing Faeder Tor Awsdlany Supply of 5.6k Panel QO-1020ML-21 41.00 £.20 11.75 1m0 | 100 530 11.76 0.8
MC-I020ML-21 & | Oultgoing Feeder for Battsry Charger - Float Mods 41500 1363 2588 20| 1m 1283 258 o8
MC-020ML-21 & | Ouinoing Feeder for Battery Charger - Eoost Mode 41500 - - - - - o8
MC-90zeML-21 & | Cuitgoing feeder for UPS - Mommaly Supoly 41500 263 2588 Zzp0| 100 1263 2528 oes
MC-I020ML-21 & | Ouinoing Feeder for ACDE Panel -Q0-1020ML-24 41500 .48 9.1 00| 1m 2500 1548 2541 o8
MC-I020ML-21 & | Ouitnoing Feeder for 240V NON UPS pansl QO-1020ML-23 41500 E B soa | 1mo 5o 310 a8 o8
MC-1029ML-21 & | Ouigoing Feeder for HVAC Load 41500 | 1zmss z529 | om| 1m0 20000 23539 OES
MC-0zeML-21 & | Ouigoing feeder for Lighting Transfommes TL-1020ML-21 41500 1487 25235 24000 | 100 24000 2E2 3 oes
MC-I020ML-21 & | Ouinoing Feeder 2 1 for Future MCC MC-1020ML-22 41500 - - - - BD0A - - o8
MC-1020ML-21 & | Pump motor for brake at motor-1 41500 - - - 110 - - -
MC-I0zeML-21 & | Pump mokor for braka at motoe-2 £15.00 - - - - 110 - - -
MC-10zeML-21 & |DOS Pumg - CT-10S0ML-15 41500 - - - - 0ss - - -
MC-I020ML-21 & |DOS Pumg- CT-1050ML-19 41500 - - - - FES - - -
MC-1029ML-21 & |DOS Pumgp - CT-1020ML-17 41500 - - - - [ES - - -
MC-10zeML-21 & |DOS Pumg - CT-1010ML-18 41500 - - - - 0ss - - -
MC-I02OML-21 & | SlecTic Hotst In CT-1010ML-13 41500 - - - - .00 - - -
MC-102ML-21 & | Slectic Hotst n CT-1020ML-1T 41500 - - - - 17.00 - - -
TOTAL A04.82 e BEZ B8 102486 408 44 TTE 36 .85
MC-1020ML-21 B
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YARD SUBSTATION - SE-1020ML-02

PRUIRED POWER |/ FEATURES OF PROJH RATING POWER
PAMEL TAG DESCRIPTION Vi) WAL Ty ™ FD ] TVAT T FP
MC-10MML-H B _|Lubricaton Syetem for CT-10506L-15 41500 os=E 1.06 om0 | 1o fES 0.3 1.6 oEs
MC-10HML-H B _|Magnetic Separator for TR-1020ML-06 41500 1853 3535 3000 | 100 30.00 1538 FE] o8
MC-1020ML-H B _[Movanle Head for TR-1020ML-D5 41500 1858 3538 3000 | 1o 30.00 1558 FE) oEE
MIC-1020ML-H B _[Lubrication system for CT-1050ML-18 41500 oE4 1.58 135 [ 1m0 138 [T 158 oEE
MC-102ML B _|Overnand Magnetc Extractor for TR-1020ML-D5 41500 1858 3538 ao00 | 100 30.00 1558 FE) o8
MC-102ML-H B_|Movanis Head for TR-1020ML-03 41500 1253 3535 30 [ 1o 30.00 1238 3538 oEs
WC-1020ML-2 B |Lubrication System head-7 for TR-1020ML-09 41500 ons 048 ois | 1o 1S s o8 oEs
MC-102ML-21 B_|Winch for TR-1040ML-05 41500 - - - - 2850 - -
MC-10HML-2 B_|Movanle Head for TR-10400ML-05 41500 1858 3523 3000 | 1o 3000 1558 3538 oS
MC-1020ML-H B _[Lubrication System head-1 for TR-1010ML-54 41500 ons g ois| 1m Lis [ g o8
MC-1020ML-3 B_[Lubricaton System Tal-1 for TR-1020ML-06 41500 ons g ois| 1m Lis [ g o8
MCAZML B _[Winch for TR-1010ML-54 41500 - - - - 2850 - -
MC-102ML-1 B_|Lubricabion System Tal-2 for TR-1020ML-08 41500 oos ois owis | 1o L1s s [*RT oEs
MC-102ML-1 B_|Winch for TR-1020ML-05 41500 - - - 100 2850 - - oEs
MC-1020ML-21 B_[Potzbie Watsr Pump # 2- Yand And Pelet 41500 205 388 33| o 11.00 582 1254 oEs
MC-1IMMLH B |Sewage Lifting Pumo # 2 in Lifing Station - 3 21500 135 265 235 | o 750 485 e oS
MC-1020ML-H B_|Outgoing Fesder for Transfomer Cooling Fans for TF-1020ML-21 415.00 - - - - 110 - - o8
MC-1020ML- B_|Outgoing Feeder for OLTC of TF-1020ML-21 415.00 oz 118 100 [ 100 S 34 547 o8
MIC-1020ML-1 B_|Outgoing feeder for LIPS - Redundam SUgoly 415.00 =30 1768 1500 [ 100 1500 230 1752 o8
MC-102ML-H B | Outgoing feeder for LIPS - Siatic By-Dass SUpply SUply 41500 - - - - - - - o8
MC-1020ML-21 B _|Ougining feeder for HVAC Loads of CWA 41500 - - - - 1500 - - OES
MC-1020ML-H B _|Outgoing feeder for Lighting Transfommer TL-1020ML-22 41500 | 14274 223 | omo| 1m0 24000 1874 28238 oEE
MC-1020ML-21 B |Ouigoing Faedar £ 2 for Fulure MCC MC-1020ML-22 41500 - - - - BOOA - -
WC1BIML3 B | Pump mokor for braks 3t mobor-1 41500 - - - - 110 - -
MC-103ML-3 B_|Pump motor for braks af motor-2 41500 - - - - 110 - -
MC-102ML-H B_|Pump motor for oraks at motor-3 41500 - - - - 110 - -
MC-102ML-1 B_|Pump motor for braks af moboe-1 41500 - - - - 110 - -
MC-1020ML-2 B _[Pump motor for braks at mokor-2 41500 - - - - 110 - -
MC-1020ML-21 B _[Pump motor for braks at mator-1 41500 - - - - 110 - -
MC-1020ML-H B _[Pump motor for braks at mokor-2 41500 - - - - 110 - -
WCARIML3 B | Pump motor for braks 3t motor-1 41500 - - - - 110 - -
MC-102ML-21 B_|Pump motor for braks af moioe-2 41500 - - - - 110 - -
MC-102ML-21 B_|Pump motor for braks af moioe-1 41500 - - - - 110 - -
MC-102ML-21 B_|Pump motor for braks af motor-2 41500 - - - - 110 - -
MC-102ML- B | Pump motor for braks af moboe-1 21500 - - - - 110 - -
MC-100ML- B_|Reversibie B2l Sipoer® 1 [Head end) for TR-1020ML-D5 415.00 oiE [ oz | 1o 0= s oS o8
MC-1020ML-H B_|Reversibie Bl Stipoer® 2 [Head end) for TR-1020ML-D5 415.00 oiE [ oz | 1o 0= s oS o8
MC-10MML-H B _|Revarsibie B Siipoer® 1 [Head end) for TR-1020ML-03 41500 i 08 ozs| im 0= o1 oS o8
MC-1820ML-21 B |Reversible Baf Stripoer # 2 (Head end) for TR-1020ML-039 41500 ois 0z oz | 1m s s oz OES
MC-1020ML-21 B _|Movale Head Imterocking device # 1 for TR-1020ML-D5 41500 034 0ES oss | 1m [ES [ET & OES
MC-1020ML-H B _|Movanle Head Interocking device # 2 for TR-1020ML-05 41500 o34 0 oss | 1o FES e o0& oEE
WC1E0ML B |Movadie Head Interocking gevics 2 1 %or TR-1020ML-03 41500 034 0EE oss| 1m0 fES 034 o o8
MC-10ML-H B_|Movanis Head Imenocking fevice 2 2 for TR-1020ML-03 41500 o34 0ES oss | 1o FES [ET] o&s oEs
MC-10ML-H B_|Movanis Head Imenocking fevice 2 1 for TR-1040ML-05 41500 o34 0ES oss | 1o FES [ET] o&s oEs
MC-10HML- B_|Movadle Head inienocking device # 2 for TR-10400L-05 41500 o34 0Es oss| 1m0 FES 034 o&s oS
MIC-1020ML-H B _[Diverier Gate for TR-1010ML-13-M4 41500 310 .8 soo0 | 100 5o 310 52 o8
MC-100ML-H B _[Sieciic Holst in CT-1010ML-13 41500 - - - - 17.00 - -
MC-1020ML-H B _[Sieciic Holst In CT-1050ML-13 41500 - - - - 17.00 - -

TOTAL 282 68 mear | e 5BE.56 2730 618,00 [
TFanemeL-zs  |MOC Feed 4462 552E3 1,004 55 a05.44 oEs
TFanemeL2s  [MOEC Feed 25258 ariTn sa3se ar3a0 s12.00 oS

a0-1020ML-21 A& [import siociyard f=ed conveyor- Molor = 1 &,500.00 B00.00 235 80 34118 oS
Q0-1020ML-21 & [import sinciyyard feed conveyor- Molor # 2 &,500.00 B00.00 235 80 34118 oS
GO-1020ML-21 & |import stockyard %eed conveyor- Molor & 3 6,500.00 BO0O0 295 50 oS
QD-1020ML-21 A |North and Senged Sinter Recialm Conveyor - Motor # 1 £,500.00 £30.00 3044 0.85
GD-1020ML-21 A |Morth and Bienged Sinter Recialm Convewaor - Motor# 2 £,500.00 630.00 304 085
GD-1020ML-21 A |Reclalmer for 2Y-10206ML-06 & Fv-1040ML-04 £,500.00 1,800.00 1,11554 085
QO-1020ML-21 & |Sended Stockpile Reversinie Conveyor - Maotor # 1 iForwar Drive Feeter) £,500.00 §30.00 38044 o8
QD-1020ML-21 A |Siended Stockplie Reversioie Conveyor - Mobor # 1 (Rewverse Drive Feader) £,500.00 - - - - - - - o08s
YARD SUBSTATION - SE-1020ML-02
[QUIRED POWER | FEATURES OF PROJH RATING POWER
PANEL TAG DESCRIPTION (V] WAL R T FD T WA I P
a-1020ML-21 A |Slenged Siockplie Reversinie Conveyor - Motor # 2 (Forsard Drive Fesger) §50000 | zEnE3 szmes | 4mzen| oTs £30.00 38044 TALIE o.EE
QD-1020ML-21 A |Sended Stockplle Reversinie Convevor - Motor # 2 [Reverse Dolve Feager) £,500.00 - - - - - - - n.es
al-1020ML-21 & | Stacker Cum Reclalmer for FY-1040ML-04 & Eafer Siociplle2 650000 | s18sz| 45567 | 13zson| oso| zesooo| aseraz| 3aimes oEs
TF-A020ML-25 _ |MCC Feed 650000 | 40452 7ea il | BErEs 1,004 0844 oS
TOTAL 417577 | 7.EPeE3 | erives 1028486 | 821645 | 1178838 085
QO-1020ML-21 B [ North and Sienged Sinter Reciaim Conveyar - Motor = 1 jForward Dnve Feeger) | sso000 | 2sme3 E G £30.00 33044 74118 oS
QD-1020ML-21 B |North and Slenged Sinter Reciaim Conveyor - Motor # 1 (Reverss Diive Fesger) | £500.00 - - - - - o.es
@0-1020ML-21 B [Morth and Siended Sinter Recaim Conveyor - Motor # 1 (Forward Dnive Feeder) | ssooon | 2mres szsgs | arzen| ors 53000 33044 4118 oEs
@D-1020ML-21 B |North and Blended Sinter Reciaim Conveyor - Molor # 2 (Reverse Drive Feader) | s,50000 - - - - - 0.Bs
QO-1020ML-21 B | Siacker Cum Reciaimer for PY-10400L-04 & Earfer Stocipile-2 550000 | 81583 | 45567 | 3o oso| zesooo| sseran o
@D-1020ML-21 B [MNorth Sinter Reciaim Conveyor - Molor # 1 (Forwand Drive Fesder) 650000 | 2mmE3 szzes | sm2sn| ars £30.00 33044 o
@0-1020ML-21 B [MNorth Sinter Reclaim Conveyor - Molor # 1 (Reverse Drive Feeder) £,500.00 - - - 53000 33044 oEs
@0-1020ML-21 B | North Sinter Reciaim Conveyor - Molor # 2 (Forwand Drive Fesder) 650000 |  23mE3 szzes | a7zen| aovs £30.00 38044 oEs
QO-1020ML-21 B | North Sintsr Rssiaim COnveyor - Molor = 2 (Reverse Drive Feeder) £,500.00 - - - - £3000 38044 o
@0-1020ML-21 B |Siacker Cum Reclaimer for PY-1020ML-DS & Earfer Stockpile1 650000 | s1msz| ssseer | 13z oso| zesam | asera o
@D0-1020ML-21 B |Slending Cross Conveyor - Motor # 1 650000 | 234D 2198 | w=oo| ors s00.00 302 87 oEs
@0-1020ML-21 B |Slending Cross Conveyor - Motor # 2 6,50000 | 234D 2198 | wmsoo| ors S00.00 30287 oEs
QO-1020ML-21 B | Temporary import Sockvard Faed CoMveyor - Motor 1 650000 | 234D 4198 | wzmo| o7 0000 302 87 o
@0-1020ML-21 B [Ouigning Feeder for Distributlon Transformer TF-10RIML-24 650000 | 2s2ss azaa7 | amivo =33 s 7340 51200 o
TOTAL 377088 | 718847 | B.0ELTD 1108686 | 9.830.30 | 12.80800 a5
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YARD SUBSTATION - SE-1020ML-03
T REGIRED FOWER T TEATORES OF PROJECT | TETING FOWER
PAMEL TAG | DESCRIPTION T [ WA ] WA | W] o |—|—|—|rw e L
WC-1020ML 03 &
Reversiie Belt Siripper & 4 [Tall end) for TR-1040ML404 41500 0is 0.3 azs 100 azs 5 038 [T
Reversinie Belt Stripper # 3 (Tall end) for TR-1040ML-04 4500 a5 -] az= .00 az= s 025 [
[Winch sor TR-1020kL-05 41500 - - - 2830 - -
MC-10ZOML O3 & brication System Tall-1 for TR-1040ML-04 4500 [T 0.3 ais 1.00 ais [ og [
MCI0Z0ML O3 A& |WInch for TH-1020W_-02 41500 - - - - N - -
MC-I0zeML-05 4 |Sewage Lifting Pump# 1 In Lifng Siation -1 41500 133 285 235 0.30 750 455 582 &5
MC-1020ML03 & | Ouigoing Feedsr for Transfomer Cooling Fans for TF-1020ML-32 41500 - - - 1.00 110 - - [
MC-rzaML-0s & | Curbgoing Feeder for SLTC of TR-1020ML-32 41500 1.00 1.00 550 341 547 &5
MC-020ML03 4 | Oulgoing Fiaedss for Awslary Suppiy of 66KV Pansl O0-1020ML-03 41500 .00 1.00 .00 =] 1178 [
mc-iozom s 4 [Owlgoing Feeder for Sattery Charger - Fioat hode 41500 =o 1.00 2o 1353 2588 [
MC-020ML 02 4| Oulgoing Fedss for Bafiery Charger - Boost Mods 41500 - 1.00 - - -
MC-0zon s 8 |Ouigoing feader for LIPS - Nommaly Suppiy 41500 2000 1.00 15.00 5,30 1T65 055
MC-iezomL 3 4 [ Outgoing feager for UPS - Stabc Bysnass Supaty 41500 - 1.00 - - -
MC-iozoML0s A [Oulgoing Faedsr for CCR UPS -1(20 KWA- Nommaly Suppi 41500 2o 1.0 00 1238 2383 [
MCADZOMLOS A | Dulgoing Feeder for CCR UPS 120 KWA) Siabic Bypass SUpply HEm - 1m0 - - -
MC0zom 03 4 |Ouinoing Feedss for CCR URS -2 (30 KVAF Redundart Supply 41500 2w 100 20 - - [
MC-102oML03 4 |Ouigoing Feeder for Inssumentation Lab UPS -2(15 KVA} Redundant Supply H5.00 2000 1.00 000 [
MC-020ML02 4 | Disibusion Panal for HWAC Loads In CCR- Q0-0040ML-5 41500 2000 1.00 2000 s
MG 10Z0ML 05 & Teader for Warshouse DS - G0-5010M-05 41500 20000 100 20000 0Es
MCI0Z0ML 03 & | Oulgoing Fee0ss for VAL I0ad Tor warenouse DE-1 41500 20100 100 20100 [
MC-rzeM 03 & | Curbgoing Feeder for WAC load for wanchouse DE-2 41500 a000 1.00 2000 &5
MCADZOMLO2 A |HVAC Load 41500 000 1.00 000 [
MC-0zom 03 & | Ouigoing Feedssr for Douls Girer Crans 30°5T In Worshoo 41500 - 100 000 - - [
MCA0Z0ML 03 4 |Lubricabion System Talk-2 for TR-1020ML06 41500 n1s 1.00 nis [ nE [
MG 10Z0ML 05 & Feeder for ACDS Pansl -QD-1000M-31 41500 15000 1.00 15000 2% 17547 [
MC-1020M 05 4 |Ouigoing Fegder for 240V MON UPS panel Q0-1020M.-32 41500 .00 1.00 .00 520 1176 [
MC-1020ML03 4| Ouigoing Teader for Lighting Transiomner TL-1020ML-3 1 41500 14878 28235 |  a000 1.00 23000 14874 28235 [
mc-iozene 03 4 |Lubrication System Tall-1 for TR-1020MLA0E 41500 oo 015 015 1.00 015 i) R} OEs
TOTAL 1847 B84z  gen0 [E3 EHAT BER3E 0ET
MC-1020ML 42 8
MC-1020ML03 B |Comraizan Lubncaton System for TR-1020ML-08 41500 ) 178 150 1.00 150 [ 178 [
mc-iozamLpr 8 |Lubrcation System HeadH1 for TR-10200ML-08 41500 ooy 018 ois 1.00 o1s o.0% o8 0Es
MC-1BZ0ML D3 B | LUbncabon Sysiem Reas2 for Th-1020ML08 AEm [ 0% niE 100 niE [ [EE] [
MC-1020ML03 8 |Lubrication System Tall-1 for TR-1020ML7 41500 o 013 n1s 1.00 018 00w [ET] Dis
MC-1B20MLD2 B |Winch for TR-1020M.-07 41500 - - - - a0 - -
MC-1030ML01 B brication System Tall-1 for TR-1020ML-09 41500 o 013 n1s 100 n1s 00w [ET) [
MC-1S20MLB3 B brication System Tail-2 for TR-1020ML-09 4500 [T 0.3 ais 1.00 ais [ og [
MC-1020MLD3E | WInch for TH- 1020W-03 41500 - - - - N - -
Mo igzMLe B [Sevage LIting Pumg # 2 In LITENG Staten -1 41500 - - - - 750 - -
MC-1020ML03 8| Ouigoing Feedss for Transfomer Cooling Fane for TF-1020ML-31 41500 - - - 1.00 - - - [
M- iezamL-es B | Curdgoing Feeder fior SLTC of TR-1020ML-31 41500 062 118 1.00 1.00 1.00 il 148 &5
MC-1020ML02 8 | Oulgoing fesder for UPS - Redundant Supply 41500 530 1755 1500 1.00 1500 530 178 [
mc-1ezamLe B | Oulgoing Feeder for CCR UPS -1{20 kWAL Fedundant Suppéy 41500 - - - 1.00 - - - [
MC-1820ML02 8 | Ouigoing Faedss for CCR UPS 220 KWAL- Nommaly Supply 41500 - - - 1.00 - - - [
MC-10Z0ML- B Feeder for CCR UPS -2 (20 KA Stafc Sy 41500 - - - 1.00 1500 - - 0Es
MC-1BZ0ML D38 | DUigoing Feess for seumentaon Lab UPS -2/15 kWA Nomaly Suppry AEm [FER] [ %500 100 500 530 [ [
MC1EzML OB | Cutgoing Feeder for Insrumentation Lab UPS -2(15 kWA Static 5vpass Suppiy 41500 - - - 1.00 - - - s
MC-1020ML03 8 | Ouigoing Fiaedss for Doule Gimer Crana Workshoo & Warshouss 41500 - 0000 1.00 10000 - - [
mc-1azomLp1 8 |Lubncation System Tal-2 for TR-1020ML-T 41500 013 n1s 100 n1s ) [ET] Dis
MC-1820ML03 B |Ouigoing feader for Lighting Transfommer TL-1020ML-32 4500 28 24000 1.00 22000 148,74 235 [
MC-1820ML02 8 | Pump mobor for brEke at motor-1 41500 - - - 1.00 110 - -
MCSSIMLIG B | Durp motor for brake 3t motor-2 41500 - - - - 1.0 - -
MC-1020ML01 B |Reversine Belf Snipoer = 3 (Tall end) for TR-1020ML-06 41500 0is [ 0z 1.0 S 0is [ [
MC-1ezomL-p3 B |Revessiie Belt Siriooer # 4 (Tall end) for TR- 102006 41500 o5 o9 0zs 1.00 0z 015 023 &S5
MC1B20MLD3 B |Reversinie Belf Snipper = 3 (Tall end) for TR-1020ML-0% 41500 015 0.3 0 1.00 0z [ [T [
mc-igzoML-p2 B |Revessioie Belt Siripper # 4 (Tall end) for TR-1020ML-05 H15.00 o5 [E] nzs 1.00 [ 015 [Fo] [
MC-1020ML03 8 |Lubncation System Tal-3 for TR-1020ML-09 41500 ) 013 n1s 1.00 n1s [T R [
TOTAL 17806 30|  3TaEs 45635 T4 3200 118
TFAD2MLES WL Fesn BE EXE S ST E=ES [
YARD SUBSTATION - SE-1020ML-03
REGUIRED POWER T FEATURES OF PROJELT RETIHG POWER
PAHEL TAG DESCRIFTION ) VAT o o T WA WA
TE-0Z0ML-34 MCC Feed 1Mt 373,00 45528 115 2300 116
QD-1020ML403 & | Stacker Machine for P¥-1020ML-05 and PY-1020ML-06 50000 s 53876 71330 ] 1.000.00 197847 05
QD-1020ML-03 A [Dutneoing Fasder for Distioution Transfomer TF-1020M.-33 5500.00 51547 S26.42 | eenan 313 Sg0.35 [
TOTAL BE1BL 182588 | 157400 186106 298682 [T
QD-1020ML03 B |Norih and South Simer Stacking Conveyor - Motor = 1 £500.00 33001 73000 83539 Dis
GD-1020ML-03 B |Norih and South Sinter Stacking Conveyor - Motor £ 2 5,500,000 =001 TI0.00 83529 055
QD-1020ML03 B [Duitnoing Feedar for Distrioution Transfomer TF-1020ML-34 EE00.00 17015 - 45525 3300 118
TOTAL B 187826 188358 [T
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YARD SUBSTATION - SE-1040ML-01

REQUIRED POWER | FEATURES OF PROJECT RATING POWER
PANEL TAG DESCRIPTION Vi) KT T T | e k—”‘_ Py | FP
wc-10a0mL11 &
OML-1Z FET) (R 015 10 FET) e oegl
11 FET) (R 015 100 FET) ooe| oes
11 FET) (R 015 100 FET) ooe| oes
FET) (R 100 FET) ooe| oes
ML-03 - - 100 - - -
.41 130 135 [
Fiteration Unft Pump # 1 [PD-S000ML-01) 1334 030 2548 o0ss
Fiteration Unit Pump # 2 (PD-4000ML-01) - - - - - - -
Bridge Crane (ECT) In pump howss for SW-2, E0-4000ML-04 - - 100 - - -
MC- 10400011 A |SW-1 (PD-4000ML-03) Pump # 1 31.76 030 55.78 10s.88 08s
MC-140L 11 & [SW-1 [PD-4000ML-03) Pumgp # 2 - - - - - - -
MC-10408L-11 A |Brigge Crane (E0T) In pump house for RW-1 (ED-4000ML-05) - - - - - - -
MC-1049mL11 & |Brioge Crane (E0T) In Pump house for RW-2 (ED-2000ML-0E) - - - -
MC-1040M1L11 & | Dust Suppression puma # 1 In Recreuation Water Pump House (PD-2000ML-01) 1384 2250 130 B23a| o2
MC-10408L11 A |Water Truck Fling Station Pump # 1 In Recirculation Water Pump House (PD-4000ML-01) - - - - - -
MC04IML A1 A # 837 15.88 13.50 130 EorT) oEs
MC04IML A1 A 141 120 130 228 [
MC-10408L-11 & |Bridge Crane (E0T) In Pump House for Recircuiation Water (ED-4000ML-01) - - - - - - -
MC-10408L11 & |WOTKENop and Warehouss Pump #1 In Stom Water Pump House(ED-2000ML-02) 205 188 330 130 582 224 | oes
MC-18408L 11 & |Hoze down and LRIty Pump # 1 In Storm Watsr Pumg House{ED-4000ML-02) - - - - - - -
MC-10408L-11 A | Make up water #1 for Recirculation water Pond In Storm Water Pump House{ED-4000ML-0Z) 34 6.7 030 1384 2647 o0ss
MC-1040ML11 4| Sumersile Sump Pump In Storm Water Pump House(ED-4000ML-02) 141 120 130 228 a71| oes
MC-104080 11 & |Bridge Crane {E0T) Storm Water Pumg House [E0-4000ML-02) - - - - - -
MC-104080111 & | Fire Fignting Service Jokey Pump # 1 3.35 6.35 540 0.30 11.18 o&s
MC-104080.11 & |Fire Fignting Service Maln Pump # 1 2045 38.82 33.00 0.30 §B.17 085
MC-1049mL11 & |Outgoing Feader for Satiery Charging for Dissel Driven Firs Fighting Pump SA-4080ML-05 1.55 284 .50 ERT [
MC-1040ML11 & |SUmp Pump # 1_In Fire Water Pump House 141 130 228 [
MC-1040M1L11 & |Brioge Crane (E0T)-for Fire Water Pump House (ED-2030ML-O1) - - - - - - -
MC-1040ML11 & | Sewage LITing Pumo # 1 In Lifing Stason -3 138 282 225 130 455 s81| oes
MC-1040ML11 & | Sewage LITing Puma # 1 In Lifing Stason -4 - - - - - - -
MC-1040ML11 4| Oulgoing Feager for WTP 130
MC-1040ML11 & |Raln Water Transfer Sump - PZ4-07 130
Outgoing Feeder # 1 for Cathodic Protection System 100
Flash Mixer Agiator (Ouigoing Feeder 2 1 for Filteration Unit) 100
MC 10408111 & |Outgoing Feader for 240V NON UPS pane| Q0-1040ML-05 100
MC-1040ML11 & |Oul Feager for Satiery Charger - Ficat Moge 100
MCAGIML 1 A_| OUlgoing FESger for Sanery Charger - 005t Mode - - - - - -
MC-104IMLA1 & |Oul Teeder for UPS - Normaly Su 2000 100 1000 520
MCAGIMLA1 A_| OUlgoing FES0er Tor Transtomer Doc-lrg Fans for TF-1020ML-11 550 100 55 321
MC-1040ML11 A_| Oulgoing Feager for OLTC of Tr-1040ML-11 [ 100 100 152
MC-104IMLA1 A |Oul Teeder for Lighting Transtormer TL-1040ML-11 2:0.00 100 25000 1Es8s
MC-10408L11 & |DDS Pumg - CT-1010ML03 ¥ . 055 1.0 [ 034
ToTAL 338.07 84388 64711 120136 67827
wc-10a0ML11 8
MC-10408L-11 B _[Lubricaton System head-1 for TR-1010ML-12 003 D18 015 140 003 nig| o0&
Winch for TR-1010ML-55 - - - - - - -
MC-10408L-11 B |Winch for TR-1010ML-12 - - - - - - -
MC-1040ML 118 _|DDS Pumg- CT-1010ML-18 .41 0.7E 155 130 135 288 | oes
3178 130 ns88 ==
3178 130 ns88 25
upressian puma 7 2 In Recrouation Water Pump House (PO-2000MLDT 1 - - - - - - -
Wiater Truck Fillng Station Pump #2 In Regircuiation Water Pumg House (AD-4000ML-01) 102 1.4 155 130 3.41 £a7| s
and Warehouse Pump #2 In Storm Water Pump House{ED-S000ML-02) - - - - - -
135 158 220 100 135 285 | oes
YARD SUBSTATION - SE-1040ML-01
PANEL TAG DESCRIFTION REQINRED POWER /| FEATURES OF :‘RDJKEWCT FO = RATING POWER P
MC-1040ML 118 | Hoee down and Uity Pump # 2 In Storm Water Pumg House/ED-4000ML-02) 250 130 1500 530
MC-04smL 118 |Fire Fignting Service Jokey Pump # 2 520 130 1500 1115
MC-1040ML 118 |Fire Fignting Service Main Pump 2 33.00 130 11000 5817
MCA040ML 118 | Sewage LITing Pumg # 2 In LMting Saton -3 - 750 -
MCA040ML11 B | Sewage LITing Pump # 2 In LIMing Staton -4 225 130
MC-043ML 118 | Oulgoing Fesger for STR 300 130
MC-1848ML118_| Oulgoing Feager = 2 for Cathodic Protection System 3200 1.0 3200 13,83
MC-104081 11 B |Outnoing feeder for UPS - Redundant Supoiy 2200 1.00 2200 13.53
MCAMIMLA1E |Ou Teeder for UPS - Stalic Gypass Sup - - - -
MC-A040ML 11 B_|Oulgoing Teedsr for Ligntng Transtormer TL-1040ML-1 100 [EE]
MC-1040ML 118 | Oulgoing Feager for ACDE Fanel - Q0-1040ML-04 1.0 5235
MC-A040ML 118 | PUME motor for brake at moior-1 - - - - -
MCA04IML 118 - - - - -
MCA04IML 118 - - -
WC1swuL T 5 |lecHical Aoist 1 1 Mantznancs Troley Fatfom 1.0 - - [
MCA04IML 118 |DDS Pumg- CT-1010ML-18 130 034 oes| o
TOTAL 27848 530,68 487.88 111840 48808 84718 | oss
TF-1040ML-13_ |MCC Feed 338.07 54368 120135 [
TF-A040ML-14 |MCC Feed EErT) 53058 1.118.40 [
[wcansomL 1z &
MC-1040801 12 A |Movabie Head Interiocking device # 2 for TR-1050ML-10 034 065 0.55 100 0.34 D.65
10444 ovable Head Interiocking device # 1 for TR-1050ML-10 03¢ 065 055 100 0.34 D.65
10420 LubricaZon System taik-1 for TR-1050ML-22 FET) (R 015 1.0 FET) (X
10420 _.n:n" System (a2 for TR-1050ML-22 FET) (R 015 1.0 FET) (X
10420 m for CT-1050MLL05 155 24 105 1.0 155 124
MC-1040ML 12 A l'.’lrc1 Tor TR-1050ML-10 - 1.0 - -
MC-040ML 12 A |Movable Head Motor - TR-10S0ML-10 18.58 30.00 1.0 18.58 [
MC-1040ML-12 A |Elecic Holst # 1 In 10S0ML-03 - - - - -
MC-18408L12 A |Flectic Holst # 2 In 1050ML-08 - - - - - - -
MC-1040ML-12 A |Elecic Holst # 3 In 10S0ML-03 - - - - - - -
MC-1040ML-12 A |Elecic Holst # 4 In 10S0ML-03 - - - - - - -
MC-1040ML-12 A |Elecic Holst # S In 10S0ML-03 - - - - - - -
MC-1040ML12 A |DDS Pump - CT-1050ML08 .41 T8 130 135
MC-04sML 12 A |DDS Pump - CT-1050ML-02 .41 130 135
MC-1040ML 12 A 135 1.0 135
2220 100 2220
MC-1s40ML12 & |VAC ozdkr.qmcﬂn Custom Buliding {ED.3005ML.01) 18.83 1.00 3200 13.83
MC-104081-12 & |Outgoing Feager for Awdiary Supply of 6.6k Panel Q0- 1040ML-01 620 1000 1.00 10.00 620
MC-1049M112 A | Oulgoing Feager for Transformer Cooing Fans for TF-1040ML-12 3.41 550 1.0 s50 3.41
MCAGIMLAZ A_|Oulgoing Fesger for OLTC of TF-1040ML-12 152 [ 100 100 152
MC-104081L 12 & ubrication System head-1 for TR-1010ML-55 0.09 0.15 100 015 009
MC-1040M1L 12 A | PUTE motor for brake at motor-1 - - - - 110 - - -
MC-1040ML 12 A | PUME motor for brake 3t - - - - 110 - - -
Purmp motor for brake at - - - - 110 - - -
Purmp motor for brake at - - - - 110 - - -
sasmL12 & [DOS Pump - CT-1050ML08 - - - - [ - - -
MC-04sML 12 A |DDS Pump - CT-1050ML-02 - - - - [ - - -
TOTAL | 28485 64073 458.82 170 64436 | 036
[
[wcaaomLz 8
MC-1040ML 12 B_|LUDrIC30n System head-1 for TR-1050ML-11 I 21500 | .08 | .18 | .15 | .00 | ois | .08 | 0.8 nes
MC-1040ML-12 B_|Winch for TR-1050ML-11 Il - - | - | - 2220 | - | - | -
MC-1040ML12 B_| LubricaZon System Talk3 for TR-10S0ML-22 I 003 | 0.8 | 0.5 | 100 | oas | 003 | ooe|  oas




38

YARD SUBSTATION - SE-1040ML-01
REGUIRED POWER | FEATURES OF PROJECT RATING POWER
FANEL TAG DESCRIPTION ) | W | kA | o | - AT A FP
Eleciic Holst # 1 In 1050ML-03 41500 - - - 1200 - -
2 I 1050ML-03 41500 1200 - -
3 In 1050ML-09 415.00 1zo0 -
4 In 1050ML-09 415.00 1zo0 -
L) § In 10S0ML-09 415.00 1zo0 -
Eleciic Holst # £ In 1050ML-03 41500 1200 -
Vdinch for TR-105OML-22 41500 - X - -
Lubricaton GE‘._@I“ head for TR-1050ML-24 415.00 003 .18 0.15 100 o1s 003 .18 oss
Pumg modor for brake at motor-1 415.00 - - 110 - -
MCI0ML128 [MH QUZ! Load 415.00 210.71 400.00 3£0.00 100 34000 210.71 400.00 oss
TOTAL 210.88 400.53 34045 ATOEE 210.88 400.53 0%
TFADSIML-AE | MICC Fasd 5073 cas32| nes
TF-1040ML-18 MCC Faed 400.53 400.53 oss
[QD-1040ML-01 &
GD-1o40ML 01 A [Impon Jgg COnVeyor- Motor # 1 6,600.00 oss
GD-1o40ML 01 A [Impon Jgg COnVeyor- Motor # 2 6,600.00 oss
GD-1o40ML 01 A [Impon Jgg COnVeyor- Motor # 3 6,600.00 oss
ElE:ﬂCOI"ﬂ?EI’MD’DI’ﬁ 4 6,600.00 oss
GD-1040ML 01 A [Impon Cross. Ctﬂl‘gﬂ 6,600.00 oss
@D-1040M1 01 & _|RWi-1 (FO-4D00ML-J5) Pump # 1 £,600.00
G0-10408L 01 & |FVi-1 (PO-400DMLS £,600.00 -
@D 1040ML 01 A [RW-2 (PO-4000ML-L 6,600.00 oss
@D 1040ML 01 A [RW-2 (PO-4000ML-L 6,600.00 -
GD-1340ML01 A& | RW-2 (FO-4D00ML0E) Pump # 3 £.500.00
@D-1040ML 01 A& |Oul Feader # 1 for Sampling System Transformer 6,600.00 oss
@D-10408L 01 A& |Ouf Feader for Distribution Transformer TF-1040ML-13 6,600.00 oss
Cutgoing Feader for Distibution Transformer TF-1040ML-15 £,500.00 [T
085
Q0-1040ML-01 B
GO-1040ML-01 B GI‘O“IE'U ElE:ﬂ COnveyor- Motor # 1 6,600.00 oss
GI‘O“IE'U ElE:ﬂ COnveyor- Motor # 2 6,600.00 oss
GO-1040ML-01 B GI‘O“IE'U ElE:ﬂ COnveyor- Motor # 3 6,600.00 oss
GD-1040ML-01 B |Export Conveyor 6,600.00 085
G0-1040ML-018_|RW-1 (FO-4D00ML-35) Pump # 3 £,600.00
GD-1040ML-01 B [RW-1 (PO-40000 6,600.00 - - . -
GD-1040ML-01 B[R PO-4000! 6,600.00 392 33400 0.84 40000 247.30 47055 oss
GD-1040ML-01 B [RW-2 (PO-40000 6,600.00 - - 20 - -
GD-1040ML-01 B[R PO-4000! 6,600.00 -
GD-1040ML-01 B |RW-2 (PD-4000ML-0€) Pump # 5 (Futura) 6,600.00 -
GD-1040ML-01 8 [Impor slmqam Tead conveyor- Motor # 1 6,600.00 07s oss
QOA04IMLO1E | Of Feater = 2 for Samping System Transformer £,600.00 [T
GO-1040ML-01 B Duw g Feader for Distribution Transformer TF-1040ML-14 6,600.00 111840 oss
GOD-1040ML-01 B Duw g Feader for Distribution Transformer TF-1040ML-15 6,600.00 47055 oss
TOTAL 4,456.78 TA4E 86 085
PORT SUBSTATION - SE-3020ML-01
REGUIRED POWER | FEATURES OF PROJECT RATING POWER
PANEL TAG DESCRIPTION FD FP
V) | KVAr [ KVA | [ KW [ kWA | VA
[MC-3020ML-11 2
MC-3020ML-11 & |Lubrication System in TR-1010ML-10 415.00 102 194 165 1.00 165 184 0.8s
MC-3020ML-11 & | Lubrication System head-2 for TR-1010ML-10 415.00 0.o3 [ §l:] 0.15| .00 015 ois [1E:
MC-3020ML-11 & |Magnefic Separator for TR-1010ML-10 415.00 1659 3529 30.00| 100 30.00 3529 .85
MC-3020ML-11 & |Electric Host # 1 in CT-10100ML-01 415.00 - - - - 1200 - - -
MC-3020ML-11 A& | Electric Hoist# 2 in CT-1010ML-01 415.00 - - - 1200 - - -
MGC-3020ML-11 A& | Electric Hoist # 3 in CT-1010ML-01 415.00 - - - 1200 - - -
MC-3020ML-11 & |Electric Host #4 in CT-1010ML-01 415.00 - - - 1200 - - -
MC-3020ML-11 A& | Electric Hoist# 5 in CT-1010ML-01 415.00 - - - 1200 - - -
MC-3020ML-11 A& | Electric Hoist# 8 in CT-1010ML-01 415.00 - - - 17.00 - - -
MC-3020ML-11 & | Electric Hoist# 7 in CT-1010ML-01 415.00 - - - 17.00 - - -
MC-3020ML-11 & [Electric Host # 3 in CT-1010ML-01 415.00 - - - 1200 - - -
MC-3020ML-11 & | Quick Release Hook# 1 415.00 - - - 18.50 - - -
MC-3020ML-11 & | Quick Release Hook# 2 415.00 - - - 18.50 - - -
MC-3020ML-11 2 [Quick Release Hook # 3 41500 - - - 18.50 - - -
MC-3020ML-11 & |Maintenance Trolley In MAT - Feeder £ 1 415.00 - - - - - -
MC-3020ML-11 & |Maintenance Trolley In MAT - Feeder 2 415.00 - - - - - -
MC-3020ML-11 & | Maintenance Trofey In MAT - Feeder£3 415.00 - - - - - -
MC-3020ML-11 & |Rain Waber Transfer Pump - PZ2402 415.00 10.23 941 16.50 | 0.30 .08 B4 [1E:
MGC-3020ML-11 & | Rain Waber Transfier Pump - PZ2403 415.00 - - - - - -
MC-3020ML-11 & | Rain Waber Transfier Pump - PZ2404 415.00 - - - - - -
MC-3020ML-11 & |Rain Water Transfer Pump - PZ2405 415.00 - - - - - -
MGC-3020ML-11 & | Rain Waber Transfier Pump - PZ2406 415.00 - - - - - - -
MC-3020ML-11 & | Rain Waber Transfier Pump - PZ2407 415.00 13.84 25| oA\ 452K 5324 .85
MC-3020ML-11 2 Oﬂim Feeder# 1 fior Cathodic Protection 3@ 415.00 1283 32.00| 100 19.83 JES Q.85
MC-3020ML-11 & | Ouigoing Fesder # 2 for Cathodic Protection System 415.00 1883 3200| 100 1883 3TES [1E:
MC-3020ML-11 & |HVAC Load 415.00 6157 100.00 | 1.00 375.00 23240 44118 .85
MC-3020ML-11 2 ing Fesder for B Cl - Float Mode 415.00 1363 2.00| 100 200 363 25.88 Q.85
MC-3020ML-11 & | Ouigoing Fesder for Battery Charger - Boost Mode 415.00 - - - - - - - -
MC-3020ML-11 & | Ouigaing feeder for LIPS - Redundant Suppéy 415.00 £.20 11.76 10.00 | 1.00 10.00 620 11.76 .85
MC-3020ML-11 & | Ouigoing Feeder for Transformer Cooling Fans for TF-3020ML-12 415.00 341 64T 5.50| 1.00 550 341 54T 085S
MC-3020ML-11 2 Oﬂim Feeder for OLTC of TF-30200L-12 415.00 nE2 118 1.00| 1.00 1.00 o0&z 118 Q.85
MC-3020ML-11 & | Ouigoing Feader # 1 fior Future MCC MC-3020ML-13 415.00 - - - - E00A - - -
MC-3020ML-11 2 CHEiE] Feeder for ACDB Panel - QD-3020ML-14 415.00 6157 11758 100.00 | 1.00 100.00 £1.97 1765 [1E:)
MC-3020ML-11 2 Oﬂim Feeder for 2400 NON UPS panel QD-3020ML-13 415.00 620 11.76 10.00 | 1.00 10.00 6.20 11.76 Q.85
TOTAL 23755 45034 8330 1.150.60 46437 B85S 0.8s
MC-3020ML-11 B
MC-3020ML-11 B | Spilape conveyor 415.00 135 220| 100 220 1.36 258 .85
MC-3020ML-11 B ﬁpllagew'heﬂ' 415.00 1.3 220| 100 220 1.3 59 Q.85
MC-3020ML-11 B |DDS Purmg in - CT-1010ML-01 415.00 13 22| 100 220 1.3 a5 Q.85
MC-3020ML-11 B | Quick Release Hook # 4 415.00 - - - - 18.50 - - -
MIC-3020ML-11 B | Quick Release 5 415.00 - - - 18.50 - - -
MC-3020ML-11 B [Qu g 415.00 - - - 18.50 - - -
MC-3020ML-11 B | Ouw 7 415.00 - - - - 18.50 - - -
MC-3020ML-11 B |Rain Waber Pump - PZ3H01 415.00 10.23 194 165.50 | 0.3 55.00 3409 B4T1 [1E:)
MC-3020ML-11 B | Rain Water Transfer Pump - PZ302 415.00 - - - - 45.00 - - -
MC-3020ML-11 B |Rain Water Transfer Pump - PZ3-03 415.00 - - - 45.00 - - -
MC-3020ML-11 B |Rain Waber Transfer Pump - PZ3H04 415.00 - - - 45.00 - - -
MC-3020ML-11 B |Fain Water Transfer Pump - PZ4-01 415.00 - - - 75.00 - - -
MC-3020ML-11 B |Rain Water Transfer Pump - P74-03 415.00 - - - - 45.00 - - -
MC-3020ML-11 B |Rain Waber Transfer Pump - PZ405 415.00 10.23 16.50 | 0.30 55.00 .08 BT [1E:
MC-3020ML-11 B Oﬂim Feeder# 3 for Cathedic Protection 3@ 415.00 1283 32.00| 100 320 19.83 JES Q.85
MC-3020ML-11 B OiiIEiE; Feeder#4 for Cathodic Protection 3@ 415.00 1283 3200] 100 320 19.83 JEs Q.85
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PORT SUBSTATION - SE-3020ML-01
REGUIRED POWER ! FEATURES OF PROJECT RATING POWER
PANEL TAG DESCRIPTION Vil P A P FD o A WA FP
MIC-3020ML-11 B | Ouigoing Feeder # 5 for Cathodic Protection Systern 415.00 18,83 3758 3200 | 10D 32.00 1883 3TES 0.ES
MC-3020ML-11 B | Outpoing feeder for UPS - Normaly Supply 415.00 1363 25.38 200 1.0 2200 1363 2568 0.ES
MIC-3020ML-11 B | Ougoing feeder for UPS - Static Bypass Supply 41500 - - - 1.00 - - - 0.ES
MIC-3020ML-11 B | Cuigoing Fesder for Audiany Supply of 8.8k Panel QD-3020ML-11 415.00 E20 11.76 10.00 | 1.00 10.00 6.20 11.76 0.ES
MIC-3020ML-11 B | Outgoing Feeder # 2 fior Future MCC MC-3020ML-13 A15.00 - - - - 2004 - - -
NAC-S020ML- Pump motor for brake at motor-1 415.00 - - - - 110 - - -
MIC-3020ML-11 B | Pump mtor for brake st molor-2 415.00 - - - - 1.10 - - -
MC-3020ML-11 B | Pump modtor for brake at motor-2 415.00 - - - - 1.10 - - -
MIC-3020ML-11 B | Pump mtor for brake st motor-4 415.00 - - - - 1.10 - - -
MIC-Z020ML-11 B | Pump medor for brake at motor-1 415.00 - - - - 1.10 - - -
MC-3020ML-11 B |Pump motor for brake 3t motor-2 415.00 - - - - 110 - - -
MIC-3020ML-11 B | Pump modor for brake 3t molor-3 415.00 - - - - 110 - - -
MC-3020ML-11 B | Pump modor for brake at motor-1 415.00 - - - - 1.10 - - -
MIC-3020ML-11 B | Pump modor for brake at molor-2 415.00 - - - - 110 - - -
MIC-3020ML-11 B | Pump motor for brake st motor-1 415.00 - - - - 1.10 - - -
MC-3020ML-11 B |DDE Pump in - CT-1010MLO1 415.00 038 065 0.55| 1.00 .55 0.34 (3 L.ES
MIC-3020ML-11 B |Electric Host £ 1in TR-10108L-10 415.00 - - - - 17.00 - - -
MIC-3020ML-11 B | Electric Hoist # 2 in TR-10108ML-10 415.00 - - - - 17.00 - - -
TOTAL 10d.21 157.82 188.15 B13.15 151.83 28841 085
TF-3020ML-13 | MCC Feed 415.00 237.55 45094 3.3 1.190.80 LB4.37 B81.53 0.ES
TF-3020ML-14  |MCC Feed 415.00 10421 15732 163.15 £19.15 151.83 28841 0ES
MC-3020ML-12 &
MC-3020ML-12 & |Lubrication System for CT-1010ML-01 415.00 102 134 165 | 100 165 102 184 0.BS
MC-3020ML-12 & M‘Etc Separstor for TR-1050ML-22 415.00 1859 3529 30.00 | 1.00 .00 18.59 3529 0.ES
MC-3020ML-12 & [Lubrication System head-1 for TR-3030ML-01 415.00 0os 0B 0.15 | .00 ais 008 ois 0.BS
MC-3020ML-12 & |Lubrication System head-2 for TR-3000ML-01 415.00 oos 01E 0.15| 1.0 a1s 0o o1s 0.ES
MC-3020ML-1Z & | Electric Hoist in TR-3020ML-01 415.00 - - - - 1200 - - -
MC-3020ML-12 & |Electric Host in TR-30300L-01 415.00 - - - - 17.00 - - -
MC-3020ML-12 & [Winch for TR-3020ML-01 415.00 - - - - 28.50 - - -
MC-3020ML-12 & |Maintenance Troliey In MAT - Fesder £ 1 41500 - - - - - - - -
MC-3020ML-12 & |Maintenance Troliey In MAT - Feeder£2 415.00 - - - - - - - -
MC-3020ML-12 & | Maintenance Trofey in MAT - Feeder 23 415.00 - - - - - - - -
MC-3020ML-1Z 2 | Quick Release Hook # 8 415.00 - - - - 18.50 - - -
MC-3020ML-12 & | Quick Release Hook # 9 415.00 - - - - 18.50 - - -
MC-3020ML-12 & | Quick Rlelease Hook # 10 415.00 - - - - 18.50 - - -
MC-3020ML-1Z & | Ouigoing Feeder #  for Cathodic Protection System 415.00 3200 | 100 3200 18.83 3765 .65
MC-3020ML-12 & | Ouigoing Feeder # 7 for Cathodic Protection Systern 415.00 3200 | 10D 32.00 1883 3TES 0.ES
MC-3020ML-12 & O_mEig; Feeder # B for Cathodic Protection System 415.00 3200 100 3200 19.83 JEs 0.ES
MC-3020ML-12 & | Distribution Paned for HVAC Lead For Port Office 415.00 X.00| 100 .00 1238 35 0.BS
MC-3020ML-12 & [HVAC Load For Control Building 415.00 150.00 | 1.00 150.00 5296 17647 0.ES
MC-3020ML-1Z & | Outgoing Feeder for Transformer Coaling Fans for TF-3020ML-11 415.00 550] 1.00 5.50 3.41 6.47 065
MC-3020ML-12 A& | Ouigoing Feeder for OLTC of TF-3020ML-11 415.00 1.00 | 100 1.00 062 118 0.BS
TOTAL 18868 358,18 445 A17.45 188.58 RN | 085
[MC-3020ML-12 B
MC-3020ML-12 B | Electric Hoist # 2 in Mairtenance Trolley Flatiorm 415.00 - - 3.00| 100 3.00 - - 0.ES
MIC-3020ML-12 B | Spllage Conveyor 415.00 .36 2 23| 100 230 1.36 a5a 0.BS
MIC-3020ML-12 B §pllage Conveyor 415.00 138 2 220 | 1.0 220 1.36 59 0.ES
MIC-3020ML-12 B | Spllage Conveyor 415.00 1.35 258 23| 100 230 1.36 a5a 0.BS
MIC-3020ML-12 B | Lubrication System For TR-30G0ML-03 415.00 Lo 0B 0.15 | 100 ais 008 ois 0.ES
MC-3020ML-12 B | Quick Release Hook # 11 415.00 - - - - 18.50 - - -
MC-3020ML-12 B | Quick Release Hook # 12 415.00 - - - - 18.50 - - -
PORT SUBSTATION - SE-3020ML-01
REQUIRED POWER ! FEATURES OF PROJECT RATING POWER
PANEL TAG DESCRIPTION Vnl) A KA P FD o A WA P
MC-3020ML-12 B | Quick Release Hook # 13 415.00 - - - - 18.50 - - -
MC-3020ML-12 B O_I.I‘IEiLl; Feeder# 0 for Cathodic Protection 3@1 415.00 1883 32.0d| 100 200 19.83 ITES 0.8s
MC-3020ML-12 B | Ouigeing Feeder# 10 for Cathodic Protection System 415.00 18.53 . 32.00| 100 3200 1883 3765 0.8s
MC-3020ML-12 B O_anig;faeoer'tr UEE Transformer TL-3020ML-01 415.00 13634 20882 22000 | 1.00 220.00 136.34 255.82 0.8s
TOTAL 18013 34206 TS 4925 180.13 34208 0.8s
TF-3020ML-15  [MCC Feed 415.00 183.68 3ISE1E 30445 417.45 1B5.66 358.18 0.8s
TF-3020ML-16 [MCC Feed 415.00 180.13 34206 23.75 4925 1B0.12 H2.06 .86
| GD-3020ML-11 &
‘@D-3020ML-11 & | Import Berth COmlgE Motor # 1 5,600.00 23283 S55.88 47280 | 0TS £30.00 T41.18 0.8s
@D-3020ML-11 & |Import Berth Conveyor Moior # 2 6,600.00 B3 556.88 47250 | 0TS £30.00 74118 0.8s
‘@D-3020ML-11 A |Import Berth CGmlgE Motor # 3 5,600.00 23283 55588 47250| 075 £30.00 T41.18 0.8s
GD-1040ML-01 & |Import Jetty conveyor- Motor # 4 6,600.00 328.45 62353 600.00 | 075 500.00 541.16 0.85
‘@D-3020ML-11 A | Parallel Ship Loader 6,600.00 551.57 1.047.06 £30.00 1,270.00 148412 0.85
‘QD-3020ML-11 & | Ouigeing Feeder for Distrioution Transfomer TF-3020ML-13 6,600.00 237.55 45034 38330 - 1,190.80 B&1.53 0.85
‘@D-3020ML-11 & | Ouigeing Feeder for Distribution Transfomner TF-3020ML-15 6,600.00 18013 34206 2375 - 34835 34206 0.85
TOTAL 2176.26 4131.24 3.584.55 S.500.05 SBsa 087
| GD-3020ML-12 A
@D-3020ML-11 & | Export Ccnu'eﬂ Muotor # 1 6.600.00 3300 53250| 075 710.00 44002 B35.29 0.8s
QO-3020ML-11 & | Export CCHUEMMW#Z &,600.00 33 S32.80| 0TS T10.00 44002 B35.29 0.8s
@D-3020ML-11 & | Export Conveyor Maobor # 3 6,600.00 3300 53250 | 075 710.00 44002 B35.29 085
‘QO-3020ML-11 & | Parallel S“iE Loader Feed Ccmleg Motor# 1 &,600.00 23583 47735 £00.00 H9.87 55824 0.8s
‘@D-3020ML-11 & |Parallel Ship Loader Feed Conveyor Motor # 2 6,600.00 583 477.35 500.00 30887 5552 0.8s
@D-3020ML-11 & | Expart Conveyor 6,600.00 9295 15000 | 075 200.00 12395 2329 0.8s
@D-3020ML-11 4 | Ouigeing Feeder fior Distribution Transfomner TF-2020ML-14 6,600.00 1082 188.15 417.45 151.83 e 0 0.8s
@D-3020ML-11 A& | Ouigaing Feeder for Distribution Transfomer TF-2020ML-18 6,600.00 180.13 34206 233.75 4325 1E0.15 4206 0.86
TOTAL 195807 3718.94 318410 40870 239587 454812 0.85
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PORT SUBSTATION - SE-3020ML-02
PANEL TAG DESCRIPTION EQUIRED POWER / FEATURES OF PROJE] RATING POWER [ =
[ vop) [ wvAar | kva | kW | [ ww KVAr KVA |
MC-3020ML-02
MC-3020ML-02 A | Lubrication System1 at Tail end in TR-1010ML-10 415.00 0.0 0.18 015 [ 1.00 0.15 0.08 0.18 0.85
MC-3020ML-02 A | Lubrication System for TR-1010ML-18 415.00 0.0 0.18 015 [ 1.00 0.15 0.08 0.18 es
MC-3020ML-02 A | Take up winch for TR-1010ML-10 415.00 - - 2850 | 1.00 28.50 - 0.85
MC-3020ML-02 A | Spillage Conveyor 415.00 1.36 250 220 ( 1.00 220 1.38 258 0.85
MC-3020ML-02 A | Quick Release Hook # 14 415.00 - - - 18.50 -
MC-2020ML-02 A | Quick Release Hook # 15 415.00 - - - 18.50 -
MC-3020ML-02 A | Quick Release Hook # 18 415.00 - - - 18.50 -
MC-3020ML-02 A | Quick Release Hook # 17 415.00 - - - 18.50 -
MC-3020ML-02 A | Quick Release Hook # 12 415.00 - - - 18.50 -
MC-3020ML-02 A | Quick Release Hook # 10 415.00 - - - 18.50 -
MC-3020ML-02 A | Quick Release Hook # 20 415.00 - - - 18.50 -
MC-3020ML-02 A | Quick Release Hook # 21 415.00 - - - 18.50 -
MC-3020ML-02 A | Quick Release Hook # 22 415.00 - - - 18.50 -
MC-3020ML-02 A | Quick Release Hook # 23 415.00 - - - 18.50 -
MC-3020ML-02 A | Quick Release Hook # 24 415.00 - - - 18.50 -
MC-3020ML-02 A | Quick Release Hook # 25 415.00 - - - 18.50 -
MC-3020ML-02 A | Quick Release Hook # 26 415.00 - - - 18.50 -
MC-3020ML-02 A | Quick Release Hook # 27 415.00 - - - 18.50 -
MC-2020ML-02 A | Quick Release Hook # 28 415.00 - - - 18.50 -
MC-3020ML-02 A | Quick Release Hook # 29 415.00 - - - 18.50 -
MC-3020ML-02 A | Rain Water Transfer Pump - PZ1-01 415.00 - - - 75.00 -
MC-3020ML-02 A | Rain Water Transfer Pump - PZ1-02 415.00 - - - 75.00 -
MC-3020ML-02 A | Rain Water Transfer Pump - P21-03 415.00 - - - - 75.00 - -
MC-3020ML-02 A | Rain Water Transfer Pump - PZ1-04 415.00 1284 26,47 2250 | 0D.30 75.00 4643 0.85
MC-3020ML-02 A | Outgoing Feeder # 1 for Cathodic Protection System 415.00 12.83 37.65 3200 | 1.00 32.00 19.83 0.85
MC-3020ML-02 A | Outgoing Feeder # 2 for Cathodic Protection System 415.00 12.83 37.65 3200 | 1.00 3200 19.83 0.85
MC-3020ML-02 A | Outgoing Feeder for Transformer Cooling Fans for TF-3020ML-21 415.00 - - 100 1.00 1.00 - 0.85
MC-3020ML-02 A | Outgoing Feeder for OLTC of TF-3020ML-21 415.00 341 547 550 ( 1.00 5.5 34 647 0.85
MC-3020ML-02 A | Outgoing Feeder for Transformer Cooling Fans for TF-3020ML-22 415.00 - - 1.00| 100 1.00 - - 0.85
MC-3020ML-02 A | Outgoing Feeder for OLTC of TF-3020ML-22 415.00 341 547 550 ( 1.00 5.50 34 647 0.85
MC-3020ML-02 A | Outgoing Feeder for Auxdiary Supply of 5.8kV Panel QD-3020ML-02 415.00 620 11.78 10,00 | 1.00 10.00 6.20 11.78 0.85
MC-3020ML-02 A | Qutgoing Feeder for Battery Charger - Float Mode 415.00 13.63 26.88 200 100 2200 13.63 2588 0.85
MC-3020ML-02 A | Outgoing Feeder for Battery Charger - Boost Mode 415.00 - - - - - - - 0.85
MC-3020ML-02 A | Outgoing feader for UPS - Normaly Supply 415.00 620 11.76 10,00 [ 1.00 10.00 6.20 11.78 0.85
MC-3020ML-02 A | Outgoing feeder for UPS - Redundant Supply 415.00 - - - - - - 0.85
MC-3020ML-02 A | Dutgoing feeder for UPS - Static By-pass supply Supply 415.00 - - - - - - - 0.85
MC-3020ML-02 A | Outgoing feeder for Lighting Transformer TL-3020ML-02 415.00 61.87 100.00 | 1.00 240.00 148.74 23235 0.85
MC-3020ML-02 A | Outgoing Feeder for ACDE Panel - QD-3020ML-21 415.00 12.58 3000 | 1.00 30.00 18.59 3529 0.85
MC-3020ML-02 A | Outgoing Feeder for NON UPS Panel - QD-3020ML-22 415.00 620 10,00 | 1.00 10.00 6.20 11.78 0.85
MC-3020ML-02 A | HVAC Load 415.00 620 1000 ) 1.00 10.00 6.20 11.78 0.85
MC-3020ML-02 A | Lubrication System at Tail-2 end in TR-1010ML-10 415.00 0.09 015 [ 1.00 0.15 0.08 0.18 0.85
TOTAL 181.06 4 32265 1.036.15 30038 57018 0.94
(G0-3020ML-02 A
PORT SUBSTATION - SE-3020ML-02
PANEL TAG DESCRIPTION EQUIRED POWER / FEATURES OF PROJE! D RATING POWER .
Vn(V) KVAr KVA kW kW kVAr
Q0-3020ML02 A | Import Ship Grab Unloader 6,600.00 180880 360471 3.064.00 3.870.00 248038 0.85
QD-3020ML-02 A |Import Ship Grab Unloader G60000| 1.80800| 360471 ( 308400 307000 | 248030 | 0.85
TOTAL 379779 | T.200.41 6.128.00 794000 | 492077 934118 0.85
| GD-3020ML02 B
QD-3020ML-02 B |Import Ship Grab Unloader G60000| 180500 360471 308400 307000 | 246030 457050 0.85
GD-3020ML-02 B | Distribution Transformer - TF-3020ML-23 6,600.00 181.08 3T 32265 1.035.15 300.38 570.18 0.85
TOTAL 207985| 354841 | 338665 500645 | 276074 | 524078 0.85

3.5

Load study and safety factor

From the data collection and the total load study, assuming the main inductive load

Power Factor is 0.85 and the load safety factor is 0.77. To consideration of the power

system reliability, the load arrangement at upstream will maximize the balance and the total

load is able cater by each other side.

3.6

Evaluate and analyse the results

Following is the summary of loading of Power and Distribution transformers of

different substations.



Distribution Transformer 6.6kV / 415V:
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EQUIPMENT NOMINAL DEMANDED LF (%)
TAG POWER (KVA) LOAD (KVA)
TF-1020ML-23 2000 76811 38.41
TF-1020ML-24 2000 498 .47 24 .92
TF-1020ML-33 1600 086.12 61.63
TF-1020ML-34 1600 323.00 2019
TF-1040ML-13 2000 643.66 32.18
TF-1040ML-14 2000 530.56 26.53
TF-1040ML-15 2000 540.73 27.04
TF-1040ML-16 2000 40053 2003
TF-3020ML-13 1600 450.94 28.18
TF-3020ML-14 1600 197 .82 12.36
TF-3020ML-15 1600 358.18 22.39
TF-3020ML-16 1600 342 .06 21.38
TF-3020ML-23 1000 343.71 34 .37
Power Transformer 275/33kV & 33/6.6kV:
EQUIPMENT NOMINAL DEMANDED | LF (%) | SECONDARY SUBSTATION [TOTAL LOAD
TAG POWER (MVA) | LOAD (MVA) TAG MW
ONAN _ ONAF ~
TF-T020ML 21 30725 793 38.63 T0.39
TF-1020ML-22 20125 7.16 35.79 SE-1020ML-02 11.17
TF-1020ML-31 5378 T8 3898 705
TF-1020ML32 638 1,58 26,01 SE-1020ML-03 188
TF-1040ML-11 1620 5.00 074 747
|- 04om12 16120 446 36.65 SE-1040ML-01 705
TF-3020ML-11 T2 713 e 550
TF-3020ML-12 1012 372 37.19 SE-3020ML-01 210
TF-3020ML21 25070 721 5768 791
TF-3020ML-22 12,5116 3.95 31.50 SE-3020ML-02 5.01
TF-0050ML-01 40/50 26.19 65.47 33.26
TF-0050ML-02 20550 2086 5214 SE-0050ML-01 29.20
TOTAL 20550 1704 94.00 75.27
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

In this chapter, the power system in substations is apply in the drawing with
Autocad software. The design and protection system is applied into the single line

diagram drawing. This chapter covers:

1) Power distribution system

2) 275/34.5kV Power Transformer

3) 6.6/0.433kV Distribution Transformer
4) Various types of HV circuit breaker
5) Various types of protection relay

6) Protection relay function application

4.2 Main Substation

Two 275kV power supply intake from TNB transmission line, two incomer
receiver of 275kV at main substation. Two 40/50MVA 275/34.5kV power transformer
to step down the voltage to 33kV. This design includes of the overall power factor
correction system located at 33kV busbar as well.

33kV power distribution to each secondary substation by two feeder faron
33kV bus A and B each. A bustie apply at between of 33kV bus A and B to enable to

make load transformer during maintenance, breakdown or shutdown.
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Figure 4.1: SLD of Main Substation Power Distribution by Autocad

4.3 Secondary Substations

This power system consists of total 5 numbers if secondary substation which
is located near to the load. All of them also receives two incomer HV 33kV from main
substation, then step down the voltage to 6.6kV which is suit to the major load
equipment.

In the secondary substation consists of individual HV equipment feeder and

distribution transformer to step down the voltage to 415V for LV application.

4.3.1 Secondary Substation 01

Figure 4.2: SLD of Secondary Substation 01 Power Distribution by Autocad
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4.3.2 Secondary Substation 02
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Figure 4.3: SLD of Secondary Substation 02 Power Distribution by Autocad
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4.3.3 Secondary Substation 03
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Figure 4.4: SLD of Secondary Substation 03 Power Distribution by Autocad

4.3.4 Secondary Substation 301
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Figure 4.4: SLD of Secondary Substation 301 Power Distribution by Autocad
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4.3.5 Secondary Substation 302
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Figure 4.5: SLD of Secondary Substation 302 Power Distribution by Autocad

4.4 Conclusion

Main substation will be fed by two Power transformers with independent
operation. In the event of failure of one power transformer, the other is capable of
feeding the loads of both the transformers.

Each secondary substation will be fed by two distribution transformers with
independent operation. It was not planned operation of the two transformers in parallel.
In the event of failure of one distribution transformer, the other is capable of supplying

the load of both the transformers.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

51 Introduction

After acquiring all the results and undergo analysis, the conclusion is drawn. This
chapter covers:
1) Conclusion

2) Recommendations

5.2 Conclusion

As a conclusion, to design of a new electrical substation require to consider the
main factor that includes the load increase, power system stability and reliability,
operation designed capacity and determine the future expansion possibilities.

The material and equipment selection and engineering design are critical which
will direct impact to the overall substation performance and reliability. Therefore, this

step is a must and required adequate time and preparation in order to achieve the target.
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5.3 Recommendations

This research focused on the engineering study and identifying the types, effect,
prevention and protection method for electrical substation. Engineering requirement
some standards is used to verify the feasibility of the applicable method. Therefore, in
real life, need to refer and compare with existing substation to get the actual data for
the suitable requirement and location to be applied.

Thus, more advanced software can be utilized to obtain the more accurate
results to verify the feasibility of the equipment and protection method. This will
provide the most accurate results, which may prove or counter check on the planning

to be wrong.
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APPENDIX A: IEC 60076-1

60076-1 © IEC:1993+A1:1999 =-7-

2)

3)

4)

5)

6)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER TRANSFORMERS -

Part 1: General

FOREWORD

The IEC {International Electrotechnical Commission) is a worldwide organization for standardization comprising
gll national electrotechnical committees (IEC National Committees). The object of the IEC is to promote
international co-operation on all gquestions concerning standardization in the electrical and electronic figlds. To
this end and in addition to other activities, the |EC publishes International Standards. Their preparation is
entrusted to technical committees;, any IEC National Committee interested in the subject dealt with may
participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. The I|EC collaborates closely with the International
Organization for Standardization (1S0) in accordance with conditions determined by agreement between the
two organizations,

The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has representation
from all interested National Committees.

The documents produced have the form of recommendations for international use and are published in the form
of standards, technical specifications, technical reports or guides and they are accepted by the Mational
Committees in that sense.

In order to promote international unification, IEC National Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards, Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
egquipment declared to be in conformity with one of its standards.

Attention is drawn to the possibility that some of the elements of this International Standard may be the subject
of patent rights. The |IEC shall not be held responsible for identifying any or all such patent rights,

This International Standard has been prepared by IEC by technical committee 14: Power
transformers.

This consolidated version of IEC 60076-1 is based on the second edition (1993) [documents
14(CQO)75 and 14(CO)77], its amendment 1 (1999) [documents 14/344/FDIS and 14/345/RVD]
and its corrigendum of June 1997.

It bears the edition number 2.1.

A

vertical line in the margin shows where the base publication has been modified by

amendment 1.

IEC 60076 consists of the following parts, under the general title: Power transformers.

Part 1:1993, General.

Part 2:1993, Temperature rise.

Part 3:1980, Insulation levels and dielectric tests.
Part 5:1976, Ability to withstand short circuit.

Annexes A and E form an integral part of this standard.

Annexes B, C, D and F are for information only.

52



53

60076-1 © IEC:1993+A1:1999 -8-

POWER TRANSFORMERS -

Part 1: General

1 Scope and service conditions

1.1 Scope

This part of International Standard IEC 60076 applies to three-phase and single-phase power
transformers (including auto-transformers) with the exception of certain categories of small
and special transformers such as:

single-phase transformers with rated power less than 1 kVA and three-phase transformers
less than 5 kKVA,;

— instrument transformers;

— transformers for static convertors;

— traction transformers mounted on rolling stock;
— starting transformers;

— testing transformers;

- welding transformers.

When IEC standards do not exist for such categories of transformers, this part of IEC 60076
may still be applicable either as a whole or in part.

For those categories of power transformers and reactors which have their own IEC standards,
this part is applicable only to the extent in which it is specifically called up by cross-reference
in the other standard.”

At several places in this part it is specified or recommended that an 'agreement' shall be
reached concerning alternative or additional technical solutions or procedures. Such
agreement is to be made between the manufacturer and the purchaser. The matters should
preferably be raised at an early stage and the agreements included in the contract
specification.

1.2 Service conditions
1.2.1 Normal service conditions

This part of IEC 60076 gives detailed requirements for transformers for use under the
following conditions:
a) Altitude
A height above sea-level not exceeding 1 000 m (3 300 ft).
b) Temperature of ambient air and cooling medium

A temperature of ambient air not below —-25 *C and not above +40 °C. For water-cooled
transformers, a temperature of cooling water at the inlet not exceeding +25 °C.

Such standards exist for dry-type transformers (IEC 60726), for reactors in general (|IEC 60288), for traction
transformers and reactors (IEC 60310), and are under preparation for static convertor transformers,
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Further limitations, with regard to cooling are given for:
— oil-immersed transformers in IEC 60076-2;
— dry-type transformers in IEC 60726.

c) Wave shape of supply voltage

A supply voltage of which the wave shape is approximately sinusoidal.

NOTE This requirement is normally not critical in public supply systems but may have to be considered in
installations with considerable convertor loading. In such cases there is a conventional rule that the
deformation shall neither exceed 5 % total harmonic content nor 1 % even harmonic content. Also note
the importance of current harmonics for load loss and temperature rise.

d) Symmetry of three-phase supply voltage

For three-phase ftransformers, a set of three-phase supply voltages which are
approximately symmetrical.

e) Installation environment

An environment with a pollution rate (see IEC 60137 and IEC 60815) that does not require
special consideration regarding the external insulation of transformer bushings or of the
transformer itself.

An environment not exposed to seismic disturbance which would otherwise require special
consideration in the design. (This is assumed to be the case when the ground acceleration
level a, is below 2 m/s.)”

1.2.2 Provision for unusual service conditions

Any unusual service conditions which may lead to special consideration in the design of a
transformer shall be stated in the enquiry and the order. These may be factors such as high
altitude, extreme high or low temperature, tropical humidity, seismic activity, severe
contamination, unusual voltage or load current wave shapes and intermittent loading. They
may also concern conditions for shipment, storage and installation, such as weight or space
limitations (see annex A).

Supplementary rules for rating and testing are given in other publications for:

— Temperature rise and cooling in high ambient temperature or at high altitude: IEC 60076-2
for oil-immersed transformers, and |IEC 60726 for dry-type transformers.

— External insulation at high altitude: |IEC 60076-3 and IEC 60076-3-1 for oil-immersed
transformers, and IEC 60726 for dry-type transformers.

2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this part of IEC 60076. At the time of publication, the editions
indicated were valid. All normative documents are subject to revision, and parties to agree-
ments based on this part of IEC 60076 are encouraged to investigate the possibility of
applying the most recent edition of the normative documents indicated below. Members of IEC
and IS0 maintain registers of currently valid International Standards.



55

60076-1 @ IEC:1993+A1:1999 -13 -

|IEC 60050(421):1990, International Electrotechnical Vocabulary — Chapter 421: Power
transformers and reactors

IEC 60068-3-3:1991, Environmental testing — Part 3: Guidance. Seismic test methods for
eqguipments

|IEC 60076-2:1993, Power transformers — Part 2: Temperature rise
IEC 60076-3:1980, Power transformers — Part 3. Insulation levels and dielectric tests

IEC 60076-3-1:1987, Power transformers — Part 3: Insulation levels and dielectric tests.
External clearances in air

IEC B0076-5:1976, Power transformers — Part 5. Ability to withstand short circuit

IEC 80137:1984, Bushings for alternating voltages above 1 000 V

IEC 60354:1991, Leading guide for oil-immersed power transformers

IEC 60529:1989, Degrees of protection provided by enclosures (IP Code)

|IEC 60551:1987, Determination of transformer and reactor sound levels

IEC 60606:1978, Application guide for power transformers

IEC 60726:1982, Dry-type power transformers

IEC 60815:1986, Guide for the selection of insulators in respect of polluted conditions
IEC 60905:1987, Loading guide for dry-type power transformers

IS0 3:1973, Preferred numbers — Series of preferred numbers

ISO 9001:1987, Quality systems — Model for quality assurance in design/development,
production, installation and servicing

3 Definitions

For the purpose of this part of IEC 60076, the following definitions shall apply. Other terms
use the meanings ascribed to them in the International Electrotechnical Vocabulary (IEV).

3.1 General

3141

power transformer

a static piece of apparatus with two or more windings which, by electromagnetic induction,
transforms a system of alternating voltage and current into another system of voltage and
current usually of different values and at the same frequency for the purpose of transmitting
electrical power [IEV 421-01-01, modified]
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APPENDIX B: TNB ELECTRICITY SUPPLY APPLICATION HANDBOOK

1.0

TR R

TENAGA NASIONAL BERHAD ELECTRICITY SYSTEM
Introduction

The Tenaga Nasional Berhad (TNB), a public listed company registered under Companies
Act 1965, is charged with the following responsibilities:

¢ To generate, transmit, distribute and sell energy to consumer throughout Peninsular
Malaysia.

e To plan, install, operate and maintain electricity installation for the generation,
transmission and distribution of electricity.

To achieve the above objectives, the company owns and operate power plants and the
National Grid and installed for this purpose are consumer service centres, call management
centres, substations and administrative offices throughout Peninsular Malaysia. TNB’s core
activities are in generation. transmission and distribution of electricity which are being
handled by 3 Divisions :

¢  (Generation Division
e Transmission Division
¢  Distribution Division

Distribution Division

Distribution Division supplies electricity in strict accordance with the provisions of the TNB
Licence, Electricity Supply Act 1990, the Licensee Supply Regulations 1990 and the
Electricity Regulations 1994 (and all amendments thereto). Distribution Division is divided
into 2 main regional operational areas where operational efficiency is further enhanced
through the creation of 2 main regional areas, headed by the respective Senior General
Managers which covers :

Area States

Selangor, Wilayah Persekutuan, Putrajaya/Cyberjaya,
Negeri Sembilan, Melaka and Johor

Perlis, Kedah, Pulau Pinang, Perak,

Pahang, Terengganu and Kelantan

Region 1

Region 2

The States are comprised of main jurisdiction areas under the care of Area Managers. Some
areas have smaller jurisdiction areas and are managed by Branch Managers and Small Branch
Managers. All district offices (areas and branches) have one or more Pusat Khidmat
Pelanggan under their jurisdiction.

Pusat Khidmat Pelanggan provides functions pertaining to Application for Electricity Supply.
Billing & Collection, Upgrading of Services and other consumer related activities.
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The technical aspects of the operations of the areas include planning. designing, construction,
and system operation and maintenance that delivers electricity supply to the Consumer.

The support departments at the Distribution headquarters include Finance, Asset
Management, Human Resource Management, Materials Management, Metering Services,
Revenue Maximisation, Strategic Management and Organisational Development and
Consumer Services and Marketing.

Pusat Khidmat Pelanggan

Pusat Khidmat Pelanggan is TNB’s Service and Advisory Centre. It provides TNB’s
consumers with Consumer Service. There are numerous Pusat Khidmat Pelanggan centres
throughout Peninsular Malaysia at your service. For complete information on Pusat Khidmat
Pelanggan centres throughout Peninsular Malaysia can be obtain via TNB website
(www.tnb.com.my). This list is subject to changes and may be reviewed from time to time.

Pusat Khidmat Pelanggan is where TNB as a caring and friendly utility touches base with its
consumers. At Pusat Khidmat Pelanggan, you may experience directly our value-added
services which we have specially made available to you. our valued consumers. Services
provided at Pusat Khidmat Pelanggan include:

i) One stop payment counter for all electricity and other utility bills.

. Payment can be made by cash. cheque, credit card or debit card.

= You can also make amangements to have vyour electricity bills paid
through banks or ATM cards.

. TNB, being a caring company, shall facilitate and make special arrangement
on case to case basis for the payment of bills for elderly and handicapped
consumers.

h) Electricity supply application

= At Pusat Khidmat Pelanggan, we offer you advice on all matters pertaining to
your electricity supply application.

. For wiring purposes in vour premise, you may choose from a varied selection

of contractors from our directory of registered electrical contractors.

c) Inquiries pertaining to billing and other related services.
. Pusat Khidmat Pelanggan shall provide clarification on any billing inquiries
and it related services to consumers.
. Appointments can be made to have the meter read in case the premises are
locked during working hours.
. Testing of meters can be carried out if consumers suspect that the meter is

faulty. Consumers are required to submit written application for meter to be
tested. A fee will be charge for such testing.
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Electrical System

Voltages

The transmission voltage networks are 500kV, 275kV and 132kV, whilst the distribution
voltages are 33kV, 11kV and 400/230 Volts. However, in the case of certain parts of Johor &
Perak the distribution voltages may include 22kV and 6.6kV.

Supply Frequencey

The supply frequency is 50Hz + 1%.

Power Factor

Consumers are required to maintain their load power factor to a minimum of 0.85 for voltage
level less than 132kV and 0.90 for voltage level 132kV and above.

Earthing System

Medium Voltage (6.6 kV up to 33kV) and High Voltage (66kV and above)

¢ 3 phase configuration

¢ solidly earthed or impedance earthed

¢ overhead lines and underground cable are used extensively for medium and high voltage

Low Voltage 400/230V

¢ 3 phase 4 wire system

¢ neutral point solidly earthed mixture of overhead lines. underground cables and aerial
insulated cables

Short Circuit Ratings

All equipment proposed to be installed and connected to TNB supply must comply with the
following short circuit ratings:

System Short circuit rating
i. 500KV SOKA, 1s
40 kA, 3s
ii. 275kV (50kA . 1s for substation adjacent to Power
Station, or within 500kV substation)
31.5 kA, 3s
iii. 132kV (40KkA, 3s for substation adjacent to Power
Station, or within 500/275kV substation)
iv. 33kV 25kA, 3s
V. 22kV 20kA, 3s
vi. 11kV 20kA, 3s
vii. 6.6kV 20KkA, 3s
viii. 400/230 V 31.5 kA, 3s
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Note: Establishment of new supply system may require the construction of a new sub
station/substations and its related ancillaries.

Supply Application for Streetlight can be categorize as follows based on TNB's prevailing
policies and guidelines:

e Application made by the local authority/government department
* Application by developer
e Application by individual

For any supply involving co-generating., a separate licence need to be obtained from the
relevant governing authority.

Consumers Standby Supply

Standby generator(s) may be used by the applicant at their premises, subject to compliance
with the relevant laws. The generators shall remain a separate system from TNB distribution
system and the applicant shall declare to TNB on the safe installation of the generator(s).

This may be used in place of TNB's supply source through a suitable, approved changeover
facility. The Energy Commission and other relevant authorities govern the usage of
generators and standby supply.

Alternative Source of Supply

A large consumer may require an altemative source of supply. TNB will provide such
alternative supply at an additional cost fully bome by the consumer.

Provision Of Tem porary Supply

Application for a Temporary Supply means the electricity supply required is for a non-
permanent installation intended for a limited time. When a consumer is requesting for a
permanent supply, but a planned supply source is not available at that point of time and
temporary connection from another source of supply is constructed. the case is not considered
as a Temporary Supply.

Examples of Temporary Supply are, but not limited to, festivals or exhibition sites, circuses
and construction sites (inclusive of the worker's quarters).

Tariff for Temporary Supply shall be determined based on the usage of the Temporary Supply
premise. For example, Tariff A is for the worker's quarters on construction site, Tariff B, C1
or C2 for construction site, festivals, exhibitions or circuses. A surcharge of 33% of the total
bill, shall be charged monthly through out the Temporary Supply term.
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The consumer is responsible to construct the respective infrastructure and TNB shall charge
the costof connection and termination of cables. However in isolated cases where the
consumer does not have the ability and resources to construct the infrastructure, TNB may
provide such service and hence the Connection Charge shall be revised accordingly to include
the overall cost of constructing and dismantling. The Connection Charge monies however
shall be refunded based on the net book value amount of the retumed installations after the
Temporary Supply has been dismantled.

Single Tenant Premises

If the supply is for a single tenant only then the entire supply will be metered at the
applicant’s incoming switchboard. The consumption will be charged at the appropriate tariff
rates.

Multi Tenanted Premises

(a) Commercial Premises (excluding shoplots)

Multi tenanted commercial premises except shop lots shall be given bulk supply. It shall be
the responsibility of the owner / developer of the multi tenanted commercial premises to
obtain independent distribution license from Energy Commission.

(b) Domestic Premises

Multi tenanted domestic premises, the owner/ developer / Joint Management Committee shall
have the option of taking supply via bulk supply or individual supply to landlord and tenants.
If on bulk supply it shall be the responsibility of the owner / developer of the multi tenanted
commercial premises to obtain independent distribution license from Energy Commission.

(c) Shop Lots
Shop lots shall be given individual supply.

The design, nstallation and operating of such electrical systems shall comply with
requirements of all the relevant authorities including the Energy Commission’s and TNB's.

Turnkey Projects

In certain cases, the applicant may apply to undertake the planning and installation of the
electrical systems (including overhead lines, switchgears, cables. according to TNB's
specifications and requirements) with the assistance of Electrical Consultant Engineer(s) and
Electrical Contractor(s). Under the “turnkey” concept the applicant will then hand over the
entire electrical system to TNB. TNB shall have the absolute discretion in deciding whether
the turnkey project to be carried out by the applicant.
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1.0 PLANNING AND DESIGN CRITERIA

TNB refers to Grid Code and Distribution Code in developing the connection system

or supply infrastructure needs which are included in this section. It is available at the

Energy Commission’s office.

L1 STEADY-STATE SUPPLY VOLTAGE PERFORMANCE

(a) Steady-State Voltage Fluctuation under Nomal Condition
Under normal condition, when all circuit elements are in service, the distribution network
including the points before the consumer metering must be planned to be maintained as is

Table 1-1 below:-

Table 1-1: Steady -state voltage level fluctuation limits under normal conditions

Voltage Level % Variation
400V and 230V 6% & +10%
6.6kV, 11kV, 22kV, 33kV +/- 5%
132kV dan 275kV 5% & +10%
SO0KV 5% & +5%
(b) Steady-State Voltage Fluctuation under Contingency Condition

Under contingency condition, when one or more circuit elements are on outage, the power
frequency steady-state voltage at all points in the distributor’s distribution system including
the points before the consumer metering must be planned to be maintained as follows:

Table 1-2: Steady-State Voltage Fluctuation Limits under Contingency Condition

Voltage level % wariation
400V and 230V +/- 10%
6.6kV, 11kV, 22kV,33kV +10 & -10%
132kV & 275kV +/- 10%
SO00kV -10% & +5%

1.2 SUPPLY SECURITY LEVEL

Supply security of a distribution system network defines the availability of supply to consumers
following the occurrence of supply interruption. Systems and necessary network management
infrastructure may be designed to meet any of the standardized security level definitions currently
adopted by TNB as indicated in Table 1-3.
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1.2.1  Adopted Security Level Definitions For TNB Distribution System

Table 1-3: Security Levels for Distribution Network

Security Level Average Restoration Period
Level 1 Less than 5 seconds
Level 2 Less than 15 minutes
Level 3 Less than 4 hours
Level 4 Less than 24 hours

1.2.2  Supply Security Level to Consumers

In accordance to Guarateed Service Level (GSL), for supplies to consumers at voltage levels of 11kV,
22kV and 33kV, large part of the network are generally designed to facilitate an average supply
restoration of less than 4 hours (Security Level 3). In some instances where alternative feedback
source is not available consumers at voltage levels of 11kV, 22kV and 33kV may have supply
restoration time of 12 hours.

For supplies at 230V and 400V, the restoration period may vary bevond 4 hours (Security Level 4)
depending on the type of network fault.

Time to restore electricity supply following major incident on grid or transmission system except due
to natural disaster, and causing partial blackout, restoration time shall be within 8 hours and for total
blackout situation it shall be within 18 hours.

1.2.3  Request for Higher Supply Security Level

However, TNB can design the supply scheme to meet higher security level requirement of individual

consumer or group of consumers. All additional costs involved in providing the higher security level

shall be borne fully by the consumer.

1.3 POWER QUALITY

1.3.1  Power Quality Requirement

1.3.1.1 TNB supplies electricity by the altemating current (ac) system with system frequency of 50
Hz with specified regulated voltage levels. The ranges of voltage regulations available are
explained in section 2.1 of this guideline.

1.3.1.2 TNB shall supply electricity to the main incoming terminals or point of common couplings

(PCC) between the consumers and TNB with voltage sag performance as indicated in
standards IEC 61000-2-4 and IEC/TR 61000-2-8.
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TNB does not guarantee that the electricity supply will not be interrupted or its frequency and
voltage will not fluctuate outside the ranges stated in section 2.1. The reliability of the supply
system is evaluated by the Supply Average Interruption Duration Index (SAIDI). And the
duration of supply restoration will be dependent upon the determined security levels as stated
in section 2.2.

The supply voltage and frequency may fluctuate for short duration outside the voltage ranges

stated in section 2.1 due to the following:-

a) When TNB takes the necessary action for safety reasons,

b) When TNB carries out eritical maintenance and repairs on the network components,

¢) When matters outside the control of TNB i.e. external influences, are the causes of the
supply problem; and

d) Other circumstances that cause supply to be interrupted or cause voltage and frequency

to fluctuate.

The consumer shall ensure that all equipment to be connected to TNB supply system is
compatible with the frequency and voltage to be supplied.

Requirements of Consumer’s Equipment

TNB specifies requirement that the consumer’s must comply with in order to limit the impact
of the potential short duration voltage and frequency fluctuations.

The requirements are:-

Table 1-4: TNB Power Quality Requirements
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Fluctuation

Severity (Py)

Absolute Long

Type OF Indices Acceptable permissible values at Reference
Disturbance point of common coupling (PCC) Document
1% - Frequent starting/switching
and/or disconnection of load.
. : 3 % - Infrequent single starting/ UK’s Engineering
v ol?age Step AV % switching or disconnection of Load | Recommendation
Change . )
—onee in two hours or more hours. P28
6 % - Starting/switching once or
twice a vear.
Absolute Short | 10 (at 132kV and below)
. Term Flicker . . .
Voltage 0.8 (Above 132kV) UK’s Engineering

Recommendation

Voltage %

and Flicker . 0.8 (at 132kV and below) P28
Term Flicker . -
Severity (P,) | 0.6 (Above 132kV)
.| 5% at <400 Volt
Total Harmonic 0 g 0 Enei .
Harmonic Distortion 4% at 11kV to 22kV ~ngineering
, . 2 . Recommendation
Distortion Voltage 3% at 313kV ER GS/4
(THDV) % ’ .
3% at 132kV
v Negative Phase UK’s Engineering
/oltage o . R
; Sequence 2% for 1 minute Recommendation
Unbalance

29
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1.3.2.3 It is the responsibility of the consumer to ensure that his/her voltage sensitive equipment is
able to function continuously through unanticipated voltage sags, caused when the system is
subject to external interference such as lightning, 3™ party cable damage, other consumer’s
equipment fault, TNB equipment fault etc.

1.3.2.4 The consumer must select modern equipment that is able to ride through many of these
voltage sags. Consumers should ask their equipment manufacturers whether their equipment
can function properly during the voltage sag conditions illustrated in the European Standard
EN 50160, IEC Standard 61000-2-2 and IEC Standard IEC 61000-2-4. If the equipment
does not have any immunity to voltage sags, then the consumer should request from the
manufacturers on measures to immune the equipment against voltage sags.

1.3.2.5 The recommended standards to refer for evaluating equipments’ sensitivities and identifying
immunity solutions to voltage sags, short interruption and voltage variations are 1EC
Standard 61000-4-11 and IEC Standard 61000-4-34,

1.3.2.6 Guidelines on some immunity measures against voltage sags can be referred to TNB Power
Quality Guidebook at http:/www.tnb.com.my/tnb/con_quality.htm

1.3.3  Declaration to Power Quality Requirement

1.3.3.1 The consumer is required to declare his equipment compatibility and compliance with regards
to the required power quality standard using the Power Quality Compliance Declaration
Form in Appendix 8.

1.4 SHORT-CIRCUIT LEVELS

TNB network are design and operated in order to remain within the limits of short-circuit levels as in
Item 1.4.5 of Supply Application Section. TNB equipment design is specified to the same Short
Circuit rating. Consumer’s equipment at the point of interface or part of the interconnection design
shall also comply with the minimum Short Circuit rating. TNB may provide indicative or prospective
fault level in terms of X/R at the interface point with consumer, if so required for detailed installation
design.

1.5 PROTECTION REQUIREMENTS

1.5.1 Basic Requirements

In all cases, the basic requirement is that the consumer’s arrangements for protection at the connection
point, including types of equipment and protection settings. shall comply with TNB practices, and be
as TNB specifies during the application for supply process. This is especially critical for MV and HV
CONSUMmeErs.

1.5.2 Specific Requirements

Consumers shall take into consideration the following specific protection practices of TNB in
designing their installation:



(a)

(b)

(c)

(d)

1.5.3 Protection System Evaluation Process
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Maximum clearance times (from fault current inception to fault clearing) must be within the
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limits established by TNB in their short circuit rating policy.

Auto-reclosing or sequential switching features may be used on TNB's distribution system.
TNB will provide details on the operating sequence utilised for the supplies on the proposed
installation so the consumer can plan for this in the design and protection of his facility.

On some of TNB's distribution systems, certain types of faults may cause disconnection of

one phase only of a three-phase supply.

The following additional protection features are recommended to consumers with special

requirements:

i. For voltage sensitive consumer, it is advisable to install over/under voltage

protection scheme.

ii. Consumer intending to have more than 1 incoming feeder shall take into
consideration supply option with Automatic Transfer Scheme (ATS). However, all
technical requirements shall be discussed and agreed by both TNB and consumer.

All costs and installation work are to be bome by consumer.

Consumer's installation to supplied at 11kV and above shall provide the appropriate and matching
protection scheme to support the desired operation of the designed supply scheme. The reliability of

the equipment, protective devices and protection systems being deployed at the consumer connection

or interface points may effect the reliability of TNB's supply system.

Submission of schematic of
installation indicating proposed
protection schemes for incoming
points

L J

Review of installations
protection scheme and design of
supply scheme to consumer

|

Consumer advised on required
changes to maich planned
supply schemes

Figure 1-1 above illustrates the steps involved in the evaluation of protection schemes.

¥

Submission of device
specifications & test results

b

Submission of Protection
Coordination Studies of internal
installation & proposed setting

Y

TNB performed integrated
protection coordination studies
& confim setting

l

Witness testing and
verification at site before
commissioning
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3.2 Substation Categories, Type & Design

321

Note:

Sub-Station Categories
Transmission Main Intake (Pencawang Masuk Utama-PMU)

Transmission Main Intake is the interconnection point of 132kV or 275kV to the distribution
network. The standard voltage transformations provided at the PMU are as follows: -

- 275/132kV

- 132/33kV

- 132/11kV

Main Distribution Sub-Station { Pencawang Pembahagian Utama- PPU)

Main Distribution Sub-station is normally applicable to 33kV for interconnecting 33kV
networks with 11kV networks. It provides capacity injection into 11kV network through a
standardized transformation of 33/11kV.

Main Switching Station (Stesyen Suis Utama- SSU)

SSU at 33kV, 22kV and 11kV are established to serve the following function:-

To supply a dedicated bulk consumer ( 33kV. 22kV. 11kV)

To provide bulk capacity injection or transfer from a PMU/PPU to a load center for further
localized distribution.

Distribution Sub-station (Pencawang Elektrik — P/E)

Distribution sub-stations are capacity injection points from 11kV, 22kV and sometimes 33kV
systems to the low voltage network (400V, 230V), Typical capacity ratings are 1000kV A,
T50kVA, 500kVA and 300kVA.

Service cable from the TNB 33 and 11 kV substation (whereby the metering room is within

TNB’s control area) to the consumer substation shall be laid and maintain by TNB if the service cable
is within 30 metres. For service cable above 30 meters shall be laid and maintain by the consumer.

Conventional Substation

Conventional substation designs are of indoor type (equipment housed in a permanent building) and
out-door type (ground-mounted or pole-mounted). Standardized M & E design of SSU 11kV and
11/0. 4kV sub-station is available at TNB offices.

Compact Substation

Compact substation 11/0.4kV of S00kVA capacity is encouraged to be installed for new housing
development (domestic consumers only) with the following guideline:
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Compact substation 500kVA to be placed close to the load centre.

Compact substation 500kVA not to be placed at the comners of one development.

Compact substation S00kVA cannot be placed close to each other to ensure efficient load
distribution to the consumers

Compact substation 500kVA is considered as ‘special feature design schemes’ in which
special features cost is charged to the consumer as per Clause 8.0 of Statement Of Connection

Charges 1994/1995.

Appropriate distribution network design to ensure security & restoration time to consumers

will not be affected:

v" If the housing development is more than SMVA, 11kV switching station shall be
provided by the developer within the housing development to support 11kV network
connection to respective distribution substation.

¥ For housing development that is < SMVA, requirement of 11kV switching station
depends on the existing network configuration & constraints,

v A 11KV switching station is able to support a development of maximum 10MVA

only.

Compact substation of bigger capacities has limited application and is to be strictly applied in
selective situations under the following circumstances:-

System reinforcement projects for highly built-up areas where substation land is difficult to

acquire.

Any request to use compact substation for dedicated supply to a single or limited group of low
voltage consumers is subject to TNB approval in accordance to site constraints situation, and to be
considered as “special feature design schemes”.

Land Or Building Size Requirements For Sub-Stations

Table 3-3 : Land and building size requirements for sub-stations
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Substation

Land Size (Average
Dimensions — NOT

Building Size

Category Type . X ! Average
oM M inclusive of Land Set- ( 18
\ Dimensions)
back Requirements)
Transmission Main | Gas Insulated Customized design to

Intake/Pencawang
Masuk Utama (PMU):

(a)132/33/11kV

(b)y 132/33/11kV
(with  capacitor
bank)

Switchgear (GIS)
Without outdoor
switchvard

(a) 60.0m x 80.0m
(b) 140 m x 75m

match land size

building bylaws
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Bvertion Coridils

Transmission Main
Intake/Pencawang

Masuk Utama (PML);

(a) 132/33/11kV

(b) 132/33/11kV
(with capacitor
bank)

Air Insulated

Switchgear (AIS)

With outdoor
switchyard

(a)130.m x 130.0m
(b) 160 m x 150 m

Customized design to
match land size
building bylaws

Main Distribution
Substation (PPU)
(a) 33/11kV

Customized design to
match land size
building by laws

(b) 22/11kV (refer to Buku Panduan
Indoor type 46.0m x 46.0m Piawai Baru

Rekabentuk Pencawang
Elekirik (Jenis
Bangunan) i Bahagian
Pembahagian, TNB)

Main Switching Customized design to

Substation (S5L)) match land size

(a) 33kV building by laws

(b) 22kV(phasing out to (refer to Buku Panduan

33kV) Indoor 30.0m x 30.0m Piawai Baru
Rekabentuk Pencawang
Elekirik (Jenis
Bangunan) Di Bahagian
Pembahagian, TNB)

Main Switching Station .

Conventional

(SSU)
11kV (for LPC)

Stand alone

13.0m x 14.2m

Main Switching Station
(SSL)

1KV (to support 11KV
network connection to
respective distribution
substation (PE).)

Conventional
Stand alone

30.0m x 30.0m

Distribution  Substation
(P/E)

(a) 11/415kV

(b) 22/.415kV

Conventional
Stand alone
(a)Single
chamber

13.6m X 14.8m

(b) Double
chamber

16.6 X 14.8m

Refer to Buku Panduan
Piawai Baru
Rekabentuk Pencawang
Elektrik (Jenis
Bangunan) Di Bahagian
Pembahagian, TNB
Substation  building
colour shall be
blended  with  the
surrounding
environment.

(c) Compact
substation

9.0m x 11.0m

3.0mx 2.0m

(a)

Note: Set-back requirement (subject to respective local authority’s latest requirement) :

JKR : On all Federal and State Routes: 20.1m (66ft) from center of road + 15.0m (50ft) for
service road to substation site.
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(b) Local Authority/City Council/Jabatan Perancang Bandar : 6.1lm (20ft) for building line +
other requirements as requisitioned by Local Authority/City Council/Jabatan Perancang

Bandar.

(c) LLM (Malaysian Highway Authority): As requisitioned by LLM.

The establishment of transmission main intake also requires the allocation and acquisition of right of
way or wayleaves for the transmission lines. Depending on the specific design of each PMU, the
overall right of way or wayleaves requirements may be different.

Developers of large-scale development areas, depending on the estimated demand shall be required to
allocate land for any or a combination of sub-stations categories, wayleaves or right of way for
132kV/275kV lines. These requirements will be specified by TNB upon submission of tentative
layout plans and load estimates for the whole development area.

3.2.3  Tvpeof fire fishting System for the Substations

Attached substation requires installation of fire fighting system by the consumer. The fire fighting
system must be designed to suit the substation and meets the following criteria:

1.
ii.

ii.
iv.

V.

vi.

vi

viii.

i

Shall be a complete system consists of suppression system and alarm and detection system.
Must be certified and tested by certified test agencies (UL, FM, LPCB or equivalent)
Must be verified by Bomba as a total flooding system.

Must be designed to suit and use in sub station

Extinguishing Agent must be clean and residual-free and must not be corrosive on
electrical and electronic equipment.

Environmentally friendly as determined by Kyoto Protocol, Montreal Protocol and EPA
SNAP List/ EPEE

Occupant safe

Must be suitable for extinguishing all Classes of fire (Class A, B, C and E)

Fire fighting system shall be given a warranty of 5 vears from date of commissioning by
installer that covers all of above and in the event of accidental discharge occurs, warantee
shall cover damages on TNB equipment.

Fire fighting system installed at TNB installation shall be approved according to standards given below :-

2,

Suppression system

a. MSISO 14520 - Gases Fire Extinguishing System

b.  NFPA 2001 - Clean Agent Fire Extinguishing System

c. NFPA 2010 - Aerosol System

Alarm and detection system

a. IS0 7240 - Fire Detection and Alarm System

b. NFPA 72 - Standards for Protective Signalling

c. ENS54 - Standardization for All Component Parts of a Fire System
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All maintenance work shall be conducted by the consumer or owner of building based on standard NFPA:
2001 and ISO14520.

Exhaust fan with thermostat control is required to be installed at all attached substations (SSU 11kV and P/E
11/0.4kV) as well.

3.3 Standard And Special Feature Design Schemes

Standard features of supply schemes are categorized as those typical design schemes for individual or
consumer groups or classes. Typical cases are as follows:-

(i) Supply scheme supplying domestic premises is predominantly through overhead systems and
conventional sub-station. A fully underground network and any application of compact sub-
station shall be considered as special features.

(ii) Bulk supply consumers at 11kV and above, are normally supplied via one or two service
cables depending on the MD required. All system will be designed based on Security Level 3
or Security Level 4. If higher security level is required, or another dedicated cable is required
by the consumer, then it shall be considered as special features.

(iii)  Consumers with MSC status or applying for MSC status requiring higher security level, the
installation to meet the higher security level shall be considered as special features.

(iv)  For any special features, consumer is required to bear the cost of equipment, installation and
any related scope of work.
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APPENDIX C: EARTHING SYSTEM STANDARDS

Earthing standards

Installation of a well designed earthing system is
a fundamental requirement for all structures and
electrical systems (at all voltages).

Effective earthing safeguards people from risk of
electric shodk, in that ‘hazardows<ive-parts shall not be
accessible and accessible conductive parts shall not be
hazardous live’, and ensures a low impedance route to
earth for currents in the electrical syste m, under both
normal and fault conditions.

A number of rational and inte rnational sta ndarcs hawve

been published which define earthing systermn design

paramete rs for structures, electrical equipment and

systerns, induding:

® BS57430:2011 Code of practice for protective
earthing of electrical installations

® BS57354:1990 Code of practice for design of high
voltage open terminal stations

® |EEE Std 80:2000 |EEE Guide for safety in AC
substation grounding

® ENATS 41-24 Guidelines for the design,
installation, testing & maintenance of main
earthing syste me in substations

The design, specification, inspection and periodic

testing of earthing systerns should follow the guidance

and recommendations provided by these standards.

BS 7430:2011 - Protective earthing of
electrical installations

British Standard BS 7430 provides guidance on
earthing of general land-based electrical installations
inand around buildings in the UK, including:

® Low voltage installation earthing and
equipotential bonding for general, industrial
andcommercial buildings, locationswith
increased risk, rail systems etc

® Theinterface between low voltage and high
voltage substations

#® Earthing of generators and Uninterruptible Power
Supplies (UPSs) supplying low voltage installations

BS 7430 defines the elements for creating an
appropriate earthing arrangement for a low voltage
installation, including a main earthing terminal,
protective conductors, earthing conductors and
circuit protective conductars, and the use of earth
electrodes to dissipate currents to the general mass
of earth.

Extending the earthing arrangement through the use
of equipotential bonding measures to cover exposed
and conductive metal parts is further recommended to
protect against step and touch voltages, and to remaowve
risk of dangerous sparking.

Five classes of low voltage electrical installation are

defined within the standard - TN-5, TN-C, TN-C-5, TT
and IT.

Performance requirements for earthing these low
voltage installations are defined in the IET Wiring
Regulations, BS 767 1:2008(+A1:2011).

The earthing arrangement should be sufficiently
robust to ensure it lasts the lifetime of the installation,
and be protected from mechanical damage and
corrosion so that it remains capable of carrying the
maxmum expected airrent, under both normal and
fault conditiors.

BS 7430 therefore defines selection parameters for the
eart hing arrange ment, e.g. the size and material for
conductors, earth electrodes etc, and makes clear the
need for careful consideration of site conditions (soil
compaosition and resistivity).

Taking actual measurements at the site is important to
gauge the expected effectiveness of the earthing
arrangement, and guidance is provided for measuring
resistance calculations for earth plates, earth rods, ring
conductor and foundation earth electrodes.

‘Where necessary in high resistivity areas or on rocky
ground, treatment of the soil through use of an earth
electrode backfill is recommended to improve earth
contact resistance.

Substation earthing

BS 7354, IEEE std. 80 and ENA TS 41-24 reference the
requirements for earthing of substations.

The design and specification of an appropriate
earthing arrangement for substatiors is essential to
provide a low impedance path for earth, fault, and
lightning currents to earth, andto protect personnel
onsite from potentially fatal step and touch voltages.

These standards provide guidance on (but not
limited to):

® Maximum permitted step and touch voltages
® Methods for calculating earthing system design

#® Highvoltage earth electrode selection, including
type, material & size

® Switching and busbar arrangement
® Eguipotential bonding
@ Insulation co-ordination

Primary to these standards is limiting earth potential
rise (EPR) under earth fault conditions so that step and
touch potential limits are not exce eded, and earth
resistance remairs as low as possible.

Essentially, use of an earthing grid consisting of
horizontal cross-bonded earthing conductors is
recommended, with additional earth rods where the
site includes low resistivity layers beneath the surface.

These earth rods mitigate seasonal variatiors in earth
arid resistance at the grid’s burial depth.

Furse power earthing solutions have been specfied
for many irstallations worldwide. For more
information, or to discuss a particular requ rement,
please contact us.

Furss, Wiklord Roac) Nettngham, NG2 1ER » Tel: +££ (0)T15 96£ 3700 » Email: ancguin@hirss aam » Web: www furse com I I I I S.‘ —



Technical reference
Earthing standards

Installation of a well designed earnthing system is a
fundamental requiremant for all structures and electrical
systems (at all voltages).

Effective earthing safeguards people from risk of elactric
shock, in that ‘hazardous-live-parts shall not be accessible
and accessible conductive parts shall not be hazardous ve',
and ensures a low impadance route to the general mass of
earth for currents in the electrical system, under both normal
and fault conditions.

A number of national and intermational standards have been

published which define earthing system design parameters for

structures, electrical equipment and systems, including:

- BSEN 50522: Earthing of power installations
exceeding 1kVac

- BS 7430: Code of practice for protective earthing of
electrical installations

- BS 7354: Code of practice for design of high voltage open
terminal stations

- |EEE Std 80: IEEE Guide for safety in AC
substation grounding

- ENATS 41-24 Guidelines for the design, installation, testing
and maintenance of main earthing systems in substations

The design, specification, inspection and pericdic testing
af earthing systems should follow the guidance and
recommendations provided by these standards.

BS 7430: Protective earthing of electrical installations

British Standard BS 7430 provides guidance on earthing of

general land-based electrical installations inand around

buidings in the UK, including:

= Low vaoltage installation earthing and equipotential bonding
for general, industrial and commercial buildings, locations
with increased risk, rall systems etc

= The interface betwean low voltage and high voltage substations

- Earthing of genarators and Uninterruptible Power Supplies
(UPSs) supplying low voltage installations

BS 7430 defines the elements for creating an appropriate
earthing arrangement for a low voltage installation, including a
main earthing termiral, protective conductors, earthing
conductors and circuit protective conductors, and the use of
earth electrodes to dissipate currents tothe general mass

of earth. Extending the earthing arrangement through the use
of equipotential bonding measures to cover exposed and
cond uctive metal parts is further recommended to protect
against step and touch voltages, and to remove risk of
dangerous sparking. Five classes of low voltage electrical
installation are defned within the standard - TN-8, TN-C,
TN-C-8, TT and IT.
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Ferformance requirements for earthing these low voltage
installations are defined in the IET Wiring Regulations,
BS TET1:2008(+A1:2011).

The earthing arrangement should be sufficiently robust to
ensure it lasts the lifetime of the installation, and be protected
from mechanical damage and corrosion so that it emains
capable of carrying the maximum expeacted current, it is
specified for under both normal and fault conditions.

BS 7430 thersfore defines selection parameters for the earth-
ing arrangement, e.g. the size and material for conductors,
earth electrodes ete, and makes clear the need for careful
consideration of site conditions (soil composition and resistivity).

Taking actual measurements at the site is important to gauge
the expected effectiveness of the earthing arrangement,

and guidance is provided for measuring resistance
calculations for earth plates, earth rods, ring conductor and
foundation earth electrodes.

Where necassary in high msistivity areas ar an rocky ground,
treatmant of the soil through use of an earth electrode
backfill is recommendead to improve earth contact resistance,

Substation earthing
BS 7354, |[EEE std. 80 and ENA TS 41-24 mfeence the
requirements for earthing of substations,

The desion and specification of an appropriate earthing

arrangement for substations is essential to provide a low

impedance path for earth fault, and lightning currents, and to

protect personnel on site from potentially fatal step and

touch voltages. These standards provide guidance on (but

not limited o):

= Maximum permitted step and touch voltages

= Methods for calculating earthing system design

= High volttage earth electrode selection, including type,
material and size

~ Switching and busbar arrangement

= Equipotential bonding

= Insulation co-ordination

Primary to these standards is limiting earth potential rise (EPR)
under earth fault conditions so that step and touch potential
limits are not exceeded, and earth resistance remains as

low as possible. Essentially, use of an earthing grid consisting
of horizontal cross-bonded earthing conductors is
recommended, augmented by earth rods where the site
includes low resistivity layers beneath the surface. These earth
rods mitigate seasonal variations in earth grid resistance at
the arid's burial depth.
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ATTACHMENTS
No Descriptions Attachment
s
1.0 IEC 60076 _ TRANSFORMER IEC 60076.pdf
[ FoF |
20 TNB ELECTRICITY SUPPLY /=
‘ APPLICATION HANDBOOK TNB ELECTRICITY
SUPPLY APPLICATION
e
3.0 SLD- LEGEND Legend.pdf
e
3.1 | SLD-MAIN SUBSTATION o
Substation.pdf
e
3.2 | SLD - SECONDARY SUBSTATION 01 con
condary
Substation 01.pdf
e
3.3 | SLD - SECONDARY SUBSTATION 02 cocone
econdary
Substation 02.pdf
e
34 | SLD - SECONDARY SUBSTATION 03 cocone
econdary
Substation 03.pdf
e
3.5 SLD - SECONDARY SUBSTATION 301 S -~
econdary
Substation 301.pdf
e
3.6 SLD - SECONDARY SUBSTATION 302 S -~
econdary

Subdtaion 302.pdf




