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SECTION I 
SCOPE, SPECIFIC TECHNICAL REQUIREMENTS AND QUANTITIES 

 
1.0 SCOPE 

 
This technical specification covers the requirements of design, manufacture and assembly , 
testing at manufacturer’s works, packing and dispatch of Substation Automation System  at 
Hazira Station complete with accessories as listed below. Testing and Commissioning of all 
SAS equipments including Protective relays shall be done by the OEM Engineer along with 
on site,  training to Customer’s engineers as specified in respective sections. 
The fitments offered shall be of Customer approved make or its subsequent approval from 
Customer shall be bidder’s responsibility, with no commercial implications to BHEL. If any 
of the make offered by the bidder is not acceptable to Customer, the bidder has to supply 
alternate Customer approved make, meeting the specification, with no commercial 
implications to BHEL. 
All auxiliary relays, timers, counters, aux CTs, switches etc required for completeness of the 
scheme & good engineering are deemed to be included in the offer and no claim whatsoever 
shall be entertained at contract stage.  
  
In case of any conflict between the technical details mentioned in this section and the 
remaining sections of this document, then Section-1 shall prevail and is to be considered 
as binding requirement. 
 
1.1  The equipment is required for the following Project. 
  
Name of customer    : ONGC 
 
Consultant : FITCHNER CONSULTING ENGINEERS INDIA PVT LTD 
 
Name of the Project : 66KV GIS FOR 51MW CCPP AT HAZIRA UNIT , GUJARAT 
                                       
Refer Section - 3 for Project Details and General Specifications. 
 
2.0  SPECIFIC TECHNICAL PARTICULARS   
     

A)  The electrical control & monitoring of 66kV, 11kV & 415V system will be through  
SAS . 
 

I. Substation Automation system (SAS) function for 66kV system shall consist of 
following:- 

a) Bay controller units (BCU) for each 66kV GIS. 
b) Fully dual redundant communication bus. 
c) SAS I/O Cabinets, marshalling panels. 
d) Transducers for transmitting electrical analog quantities (Voltage, Current,  
     active & reactive Power, frequency etc.) 
e) All necessary Remote Terminal units (RTU), HMI, engineering work stations at      
    the GIS control room. 
f) One Remote HMI at Central control room along with connectivity and printers.     
    Remote HMI shall also be duplicated at new GIS control room. The new SAS     
    system shall have provision to communicate with the proposed plant SCADA      
    system of ONGC and also with the new DCS system for the new power plant. 
g) All required printers, scanners and consumables like paper, toners, and printer   
     ribbons shall be supplied. 
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Refer the 66 kV GIS SAS configuration Dwg No: 10-5111168-E-204 for Further 
details.  

 
II. Following functions are envisaged from SAS for 11kV System :  

 
a) 11kV switchboards shall be controlled (closing & tripping) from remote (SAS)      

only under service conditions. Only test closing shall be possible from 
switchgear Level. Breaker signals, protection relay operated condition and 
necessary current, voltage and power signals shall be routed to SAS . 

b) Display of summated power consumption of individual 11kV Aux. feeders of  
the CCPP. 

c) The proposed SAS shall have provision to interface with clients existing  
SCADA for monitoring of existing plant electrical system. 

 
III. Following functions are envisaged from SAS for 415V System :  
 
a) All 415V Power Control Centres ( PCC) / Emergency Motor Control Centre ( MCC) 

Breakers shall be controlled from SAS/ DCS. 
b) Local / Remote selector switch shall be provided in switchboard. Remote selection 

shall enable starting from DCS / SAS  
c)  DG Set Control from SAS:   

- Manual control of engine speed and generator voltage shall be provided through  
      Raise / lower control from SAS.  
- When DG Sets are in Auto-Main Failure Mode of Operation: This shall be 

effective in auto position of Auto / manual selector switch located in control 
panel. The generator set shall normally be at rest. Upon failure of plant normal 
supply, an impulse shall be extended from DCS / SAS. Upon receipt of this 
impulse, generator set shall be started automatically and voltage brought to rated 
speed and generator voltage brought to rated value.  

- Stopping of the generator set in all cases for a normal shut down shall only be 
done manually by means of push button in either local control panel or 
automatically through the SAS / DCS. 

 
IV. SAS shall be interfaced to DCS through redundant communication link. 

 
V.  The Substation Automation System (SAS) shall have provision for interfacing with 

remote RLDC (Regional Load Dispatch Centre) through suitable gateways with 
adequate number of ports along with modems at substation level. 

 
VI.  Generator Remote Automation System Control Facilities through SAS:  

 Refer annexureto Section-II for details. 
 

VII. Please refer the key protection SLD attached along with annexures to Section-II 
for Protection requirments of the project. 

 
3.0   TECHNICAL QUALIFYING REQUIREMENTS: 
 
The manufacturer whose Control, Relay & Protection System (Control & protection 
Intelligent Electronic Devices (IEDs)), and Sub-station Automation are offered should have 
designed, manufactured, tested, installed and commissioned Control, Relay & Protection 
system along with Sub-station Automation System which must be in satisfactory operation 
for atleast 2 (two) years on the date of bid opening.  
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4.0  TRAINING : 
 

Please refer attached annexure to Section-II  for details on training.   
 
Note: Charges for Tutorials & other training materials for the trainees shall also 
be included in the price quoted by the bidder. 

 
 
 

5.0  Pre-commissioning Tests , Commissioning  
 
 Please refer Annexure to Section-II for details.  
 

The respective dates of commencement of erection, pre-commissioning, 
commissioning and trial –run activity by BHEL will be intimated to the equipment 
manufacturer from time to time  , so that arrangements for supervising the activity can 
be made accordingly by the manufacturer .  

 
 
6.0 BILL OF QUANTITY: 
 

S. No. Description  Unit Total 
Quantity  

1. Control & Relay Panel for GTG-3 66kV Bay  Set 1 

2. Control & Relay Panel for GTG-4 66kV Bay Set 1 

3. Control & Relay Panel for Incomer-1 66kV Bay  Set 1 

4. Control & Relay Panel for ST-1 66kV Bay Set 1 
 

5. Control & Relay Panel for Bus Coupler 66kV Bay Set 1 

6. Control & Relay Panel for ST-2 66kV Bay Set 1 
 

7. Control & Relay Panel for STG-1 66kV Bay Set 1 

8, Control & Relay Panel for Incomer-2 66kV Bay Set 1 

9. Control & Relay Panel for Existing Grid Transformer 
GT-1 66kV Bay Set 1 

 

10. Control & Relay Panel for Existing Grid Transformer 
GT-2 66kV Bay Set 1 

11. Control & Relay Panel for Spare Transformer Feeder 
66kV Bay Set 1 

12 Bus Bar Protection Panel ( Numerical ) 
 Set 1 

 

13 BCU for controlling & monitoring of Auxiliary System 
for 66kV GIS  Set 1 

14 
 Islanding Scheme for 66kV GIS Set 1 
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15 Energy Management System Set 1 

16 Load Shedding System Set 1 

17 
 
 
 
 

Substation Automation System ( SAS) :  
a) Station HMI ( Including all necessary softwares) 

as per Technical Specification requirement. 
b) Industrial Grade station Server ( Dual redundant 

along with necessary softwares) as per technical 
Specification requirement . 

c) Disturbance recorder work station ( including 
necessary softwares) as per technical 
specification requirement. 

d) A3/A4 colour laser Printer as per technical 
specification requirement 

e) Video Copier at control room 
f) Dot matrix printer as per technical specification 

requirement. 
g) Bay level Ethernet Switches as per technical 

specification requirement. 
h) Station Level Ethernet Switches as per technical 

specification requirement. 
i) Armoured Fibre Optic cable system for SAS   
j) Gateway to RLDC /SLDC along with required 

cables as per technical Specification. 
k) Necessary hardware and software for interface 

with RLDC/SLDC 
l) Gateway to Plant DCS as per technical 

Specification 
m) Gateway to Existing Plant SCADA as per 

technical Specification 
n) Gateway for existing 11kV system  
o) Time synchronization equipments ( GPS) along 

with master synchronizing clock , slave clocks 
and all necessary interfaces and connecting 
cables / wires. 

p) Inverter/UPS -working on station battery back-
up.  

q) Furniture - Necessary elegant and ergonomic 
furniture required for server, operator console 
table ,Desk with drawers and chairs, printer 
table. 

Lot 1 

18 

Services :  ( 66kV Bay Wise) :- 
Supervision of Testing and Commissioning of 
protection relays and complete Substation automation 
system at site. Scope shall be as follows : 
a) Testing & commissioning of main protection relays      
     and Numerical Busbar protection including Relay       
     parameterization and configuration . 
b)  Testing & commissioning of SAS system including    
      termination of  network/optical cables (complete      
      with all end  connectors, tees etc as required) . 

Lot   11 
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c) For network/optical cables which are in the bidder's  
     scope, the laying of cables shall be in BHEL scope.  
     However, Optical cable will be laid under bidder's  
     supervision. Splicing and Termination shall be in  
     bidder's scope. 
 

d) Site acceptance Tests(SAT) as per Technical 
Specification. 
 

e) Arranging all necessary tools , tackles and 
equipment for protection and communication 
testing including automatic relay test kit shall be 
bidder’s responsibility.  

 

19 Services: Testing & Commissioning of remote HMI at 
RLDC/SLDC Lot 1 

20 Services: Training Charges Lot 1 

21 MANDATORY SPARES   

21.1 SAS   

21.1 a) All modules in SAS ( 10% of each type and range , 
Subject to Minimum of 2Nos ) Lot 1 

21.1 b) All computers and peripherals in SAS (10% of each 
type and range , Subject to Minimum of 2Nos ) Lot  1 

21.1 c) All components in SAS (10% of each type and range , 
Subject to Minimum of 2Nos ) Lot 1 

21.2 66kV Control & Relay Panel   

21.2 a) Push Button of each type ( min 10% of Installed 
quantity or 2 Nos whichever is greater )  Lot 1 

21.2 b) Local/Remote selector switch ( min 10% of Installed 
quantity or 2 Nos whichever is greater ) Lot 1 

21.2 c) Voltmeter selection switch of each type No. 1 

21.2 d) Indicating lamp of each type ( min 30% of Installed 
quantity or 2 Nos. whichever is greater)  Lot 1 

21.2 e) Fuses of each rating  No. 10 

21.2 f) Auxiliary relays of each type ( 20% of installed quantity 
or 2 Nos. whichever is greater)  Lot 1 

21.2 g) Test Terminal Blocks for meters  No. 2 

21.2 h) Test Terminal Blocks for relays No. 2 

 
Note:  i) If any additional item as per the specification for Substation Automation System is     
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   required to be supplied for completion of the system over and above the items          
  indicated above, the same shall be indicated clearly in the offer. Otherwise, the same   
  shall be deemed to be included in the offer.  
 

            ii)  Proper sizing of inverter to be done by bidder, which shall be approved by      
                  PGCIL / BHEL. 
 

iii) The scope for relay setting shall be as follows: 
 

a) Conducting the relay setting calculations and determination of the 
recommended relay settings shall be in bidder’s scope. The relay settings shall 
be submitted in the OEM’s format alongwith supporting calculations for 
approval of Customer during contract stage. 

 
b) Co-ordination with the customer for all the inputs pertaining to protection  
     relay settings shall be in BHEL scope. 

 
iv)  Necessary site visits for collecting inputs for interfacing with the existing sub- 

      station are included in the bidder’s scope for this tender. 
 
v) Necessary software and hardware is required to up/ down load the data (DR 

data, Relay configuration data etc) to/ from relay from/to personal computer 
installed in the substation. The price for the same is deemed to be included in 
the offered price. No claim shall be entertained on account of hardware/ 
software at contract stage.  

 
vi) Wherever bidder offers any spare in lieu of the same being “Built-in feature” 

of any relay/ fitment or the same being “Not applicable” is subject to 
approval by Customer. No price implication will be entertained by BHEL at 
contract stage if any separate item is insisted by customer to meet the 
contract requirement. 

 
vii)  Bidder to note that the GTP, Make & type of fitments, Bill of material of the 

offered Control & Relay Panels and their mandatory spares are subject to 
Customer approval at the contract stage. No price implications will be 
entertained by BHEL at contract stage. 

               
7.0 TYPE TESTING, INSPECTION, TESTING & INSPECTION CERTIFICATE 

The equipments supplied shall be type tested as per type tests specified in relevant 
standards. 
The type testing requirements shall be in line with details specified in Annexure to 
Section II  of this technical specification. 

 
 8.0     DEVIATIONS : 
 

The bidder shall list all the deviation from the specification separately. Offers without 
specific deviation will be deemed to be totally in compliance with the specification 
and NO DEVIATION on any account will be entertained at a later date. 
 

9.0  MANUFACTURING QUALITY PLAN: 
 

Bidder has to follow ONGC approved Manufacturing Quality Plan , SAT /FAT 
procedure  at contract stage. 
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10.0 DRAWINGS and SCHEME  
The documentation requirements detailed under Section-III shall be submitted to 
BHEL at various stages of contract. Softcopy of the drawings and schemes are to be 
submitted at contract stage. Preparation of AS- BUILT drawings is also in the scope 
of the bidder. 
 

11.0    DOCUMENTS REQUIRED WITH OFFER  
a)   Clause-wise confirmation/ comments. 
b)    Bill of Material. 
c)    Un-priced schedule as per BOQ at clause 6.0 
d)    Filled up Guaranteed Technical Particulars 
e)    Catalogue and Technical Leaflets for the offered Equipments 

 
 
12.0    Documents being submitted as Annexure to Section-II  
 

a) SLD of 66kV GIS 
b) Key Protection SLD 
c) SCADA Architecture  
d) Generator Remote Automation System Control 
e) SAS Write-up 
f) Electrical Control Philosophy 
g) SAS-Plant Control Interface  
h) 11kV SLD( New) 
i) 11kV SLD ( Existing) 
j) Other technical requirement Annexure. 
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VOLUME - III

SUB-SECTION - 3.6.3
66kV INDOOR GIS

SUBSTATION AUTOMATION SYSTEM (SAS) & PROTECTION

1.0.0 SCOPE

1.1.1 The scope includes design engineering, software development, manufacturing, testing at works, 
supply, delivery, erection, configuring, on site testing and commissioning of a modern state of 
the art microprocessor based Substation automation system (SAS) associated with the new 
CCCPP. 66kV GIS and the station auxiliary electrical power HV & LV distribution switchgear 
circuits. 

1.1.2 The SAS system shall provide controls and acquire real time data from the various circuits of 
the HV and LV electrical power system and present readily understood information to the 
electrical substation control engineer. 

1.1.3 All elements of the SAS system shall be based on a real time multitasking operating system. 
The system shall be user friendly and allow easy access for maintenance, testing and repair. 

1.1.4 The SAS system shall be based on a distributed architecture and all components shall be of 
approved and reliable design with highest attainable attributes for uniformity, interoperability and 
interchangeability. The design shall be modular to facilitate easy maintenance, fault diagnosis 
and repair of components and to support installation and incremental expansion. It shall be 
possible to alter, extend or upgrade any element of the substation by simple addition of 
hardware with necessary software augmentation and configuration. SAS shall be based on 
integrated automation solution which shall not just be limited to usual control and monitoring but 
shall be based on incorporation of features offering solution to serve as aid to operator in terms 
of automatic operation of normal functions and the other repeated security checked sequential 
switching, supply restoration after fault location and segregation of healthy and faulted sections.

1.1.5 Dual redundant servers with requisite software (MASTER STATION) connected by redundant 
communication links to distributed microprocessor based dual redundant Remote Terminal 
Units (RTU’s – one for 66 kV GIS and other for the plant auxiliaries) with controllers for 
performing the required SAS functions including data collection, monitoring, operation, control, 
load shedding, events recording, energy management system for the 66 kV GIS, New CCCPP
station auxiliary power distribution HV & LV circuits and existing three nos. GTGs, existing load 
connected to existing 11kV switchgear.

1.1.6 New SAS system shall have energy management & load shedding modules. For energy 
management purpose  all the parameters of the existing gas turbine generator ( GTG-1,2 & 3) 
shall also be considered and for load shedding purpose all the existing & new 11kV switchgear 
outgoing plant feeders control & monitoring are to be considered in the SAS system. Any 
modifications/additions in the existing system for achieving this requirement like contact 
multiplication, providing digital multifunctional meters in the existing feeders (GTG-1, GTG-2, 
GTG-3, Grid transformer-1 & grid transformer-2) necessary cabling etc shall be considered in 
EPC contractor’s scope. Logic to be adopted for load shedding purpose & feeders for load 
shedding shall be identified in consultation with ONGC during detailed engineering.

1.1.7 HMI at various locations in the form of dual Operator Console, Supervisory Console and each of 
their associated furniture’s (desk with drawers and chair), plus Engineering Workstations 
(EWS). The consoles shall be PC based complete with colour monitors, industrial 
grade CPU, key board, mouse and printer. 
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1.1.8 The Engineering Work Station (EWS) shall be provided as one laptop PC that can be shared for 
use at each of the adjacent RTUs associated with the 66 kV GIS network along with a fixed 
EWS for all RTU.

1.1.9 Control Room Printers and Control room Video Copier.

1.1.10 Dual redundant distributed RTU for the GIS. The RTUs shall be designed as special purpose 
computers/controllers comprising control and data acquisition functions, analogue to digital 
converters (ADC), digital to analogue converters (DAC), and digital inputs (status) and output 
(controls). The RTU outputs shall be controlled by software’s that shall be resident in the RTU 
as well as via remote command from the SAS system Master Computer. The RTU shall be 
complete with I/O module interface, interposing relays, I/O cards, processing units and 
communication processors as required.

1.1.11 Redundant Fibre optic links between SAS servers and various RTUs.

1.1.12 Clock and GPS satellite clock module with cable and antenna for time synchronization of the 
SAS.

1.1.13 SAS I/O or Marshalling Rack as required.

1.1.14 All control, protection cables and optical fiber / ethernet cable as a communication medium 
between the Numerical protection / control units, RTUs and the central components.

1.1.15 All software for functional completeness and integrity.

1.1.16 All special tools and tackles as required.

1.1.17 All necessary testing/diagnostic tools (including software) for comprehensive system (hardware 
and software) testing. On line and off line debugging aids shall be provided for software testing.

1.1.18 All necessary transducers, interposing relays, switches and indicators mounted in the 
interfacing cabinets to meet the requirements, including all other necessary hardware to make 
the system functionally complete in all respects.

1.1.19 The SAS shall utilize all features of the IEC 61850 standards that shall include:
a) Data Modelling -- Complete functionality of the substation shall be modelled into different 

standard logical nodes which can be grouped under different logical devices with logical 
nodes for data/functions related to the logical device (LLN0) and physical device (LPHD) 
and other functions as appropriate. 

b) Reporting Schemes -- Various reporting schemes (BRCB & URCB) for reporting data from 
server through a server-client relationship which shall be triggered based on pre-defined 
trigger conditions. 

c) Fast Transfer of events – Use of Generic Substation Event (GSE) for fast transfer of event 
data for a peer-to-peer communication mode, which is subdivided into GOOSE & GSSE. 

d) Setting Groups – Use of the Setting Group Control Blocks (SGCB) defined to handle the 
setting groups so that user can switch to any active group according to the requirement. 

e) Sampled Data Transfer – Adoption of schemes defined to handle transfer of sampled 
values using Sampled Value Control blocks (SVCB).

f) Commands -- Various command types shall be supported by IEC 61850 which include 
direct & SBO commands with normal and enhanced securities. 
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g) Data Storage — Adoption of SCL (Substation Configuration Language) for complete 
storage of configured data of the substation in specific formats.

2.0.0 LIST OF CONTROLS SIGNALS

In general the SAS interface with the switchgear circuits for the SAS control and data acquisition
shall include the following that shall be wired to RTU’s as minimum. However during detailed 
engg. it can be reworked.

2.1.0 Controls

� Control i.e. Trip or Close of circuit breaker of each of the 66 kV incoming + 66kV outgoing +
bus coupler and outgoing transformer circuits, 11HV Switchgear incomer + outgoing +  
buscoupler, Black start DG breaker + LV PMCC incomer + Outgoing + bus coupler & All LV 
MCCs incomer + Outgoing + bus coupler circuits.

� Control i.e. Trip or Close of disconnectors of each of the 66 kV circuits.

� Raise or Lower taps of each transformer with on load tap changers.

� Resetting of electrically reset type trip relays, as applicable.

2.2.0 Circuit Wise Alarms And Annunciation

� Main protection trip.

� Back-up protection trip (over current, earth fault, connected to one common alarm 

circuit).

� Transformer Urgent trip (All Buchholz, Winding Temperature High, Oil Temperature 

High, Pressure Relief, Low Oil Level URGENT TRIP ALARMS)-Applicable only for 

transformers.

� Transformer Non-Urgent trip (All Buchholz, Winding Temperature High, Oil 

Temperature High, Pressure Relief, Low Oil Level ALARMS)-Applicable only for 

transformers.

� Auto relcose initiated (Applicable for Overhead lines where applicable only).

� Auto relcose lockout. (Applicable for Overhead lines where applicable only).

� Circuit breaker inoperative.

� Circuit breaker fail protection.

� Trip circuit 1 & 2 fail.

� VT fail (where applicable).

� Protection or SAS communication channel fail.

� Intertrip receive and send.

� Switchgear 110V DC supplies fail.

� SAS fail.

� Space for 5 future alarms.
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2.3.0 General Alarms and Annunciation

� Main busbar protection trip. 

� Transfer busbar protection trip.

� Busbar protections fail.

� LV AC supply to battery charger fail & LV AC supply fail.

� Alarm DC supply fail & Battery alarm.

� Under frequency  scheme operated.

� Space for 5 future alarms.

“ON / OFF” INDICATIONS FOR: -

� Circuit breaker.

� Busbar disconnectors.

� Line disconnectors.

� Line earth switches.

� CP or SAS / supervisory control in service.

� Local or remote i.e. CP control in service

� Line fault locator fault location indication.

FOR EACH TRANSFORMER

� Control selection ( “master / follower” )

� Control selection ( “supervisory / remote” )

� Tap change in progress

� Tap change incomplete alarm

� Tap changer out-or-step

� Tap position indication (“Potential free” contacts on multi position stepping switch)

� Space for 5 future alarms or indications.

3.0.0 GIS CONTROL AND MONITORING LEVELS

� The GIS control and monitoring system shall allow for three levels of Human Machine 
Interface (HMI). The number of levels includes GIS level, substation level (control 
room) and SAS level. Provision shall be made for future implementation of a higher 
level of monitoring from grid/load dispatch control centre via SAS.

� In all cases, however, only one control point shall be capable of carrying out the control 
functions at any given time but it shall be possible to view the CCCPP GIS/station 
auxiliary power distribution system status, metering indications, control targets and 
other parameters from any of the control levels.
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� Selection between bay or substation control shall be from the bay control point on an 
individual equipment basis. Selection between station or SAS control shall be from the 
station control panel location on a per circuit basis.  

� The substation operator shall control and monitor the performance of the 
GIS/substation using the SAS system. However under emergency it shall be possible to 
open or trip circuit from the control panels (CP) irrespective of the SAS or CP mode of 
operation. All bay level monitoring shall be affected from SAS irrespective of the 
selection of any of the three levels of control.

� A GIS control and relay room to be established at appropriate location in the steam 
turbine generator control building shall accommodate protective relay panels, control 
panels, and the SAS panels. All SAS servers, printers shall be in this room.

� The SAS and the relay rooms will be air-conditioned. Additional space shall be provided 
in the electrical room for accommodating future extension of GIS. However, all the 
equipment shall be designed for successful trouble free continuous operation even if air 
conditioning system fails.

� The details of station control level HMI/Mimic/Alarm Annuciation shall be as specified in 
appropriate sections of this specification.

4.0.0 SAS EQUIPMENT ENCLOSURE

� The SAS equipment shall be installed in sheet steel cabinets. The equipment shall be 
rack mounted. The thickness of sheet steel shall be 1.6 mm (RITTAL Make). Enclosure 
material shall be cold rolled sheet steel. Cabinets shall be complete with all internal 
wiring and connections. 

� All cables, wiring, lugs and terminals in the cabinets shall be tagged or identified with 
labels as per approved drawings of manufacturer. Wires shall be terminated using 
crimping type copper cable lugs. Wires shall be ferruled and colour coded. Terminals in 
cabinet shall be clip on type and shall be mounted on DIN Rail. DIN rail shall have a 
mechanical locking mechanism for holding terminals firmly at both ends of terminal 
strip. For termination of electronic wiring appropriate type of terminals with suitable 
markings shall be provided. 

� Cabinet shall be naturally ventilated type. Each cabinet shall be provided with 
thermostatically controlled anti-condensation heaters and illumination lamp.  However if 
enclosure cooling fans are employed then these shall be with replaceable filter units.

� All equipment in cabinets shall be clearly identified by means of nameplates as per 
approved drawings and documents.

� Enclosures shall have a degree of protection not less than IP 42. The degree of 
protection shall be in accordance with IEC 60529.

� The floor shall not be considered as forming a part of the enclosure.
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5.0.0 HARDWARE AND SOFTWARE

5.1.0 Hardware

� The system shall be designed such that the failure or removal of a single component 
shall not result in inadvertent operation of the GIS switching devices.

� The SAS shall be provided with self supervision features. The system offered shall 
provide reliable, safe and efficient operation of the substation plant items at all times with 
an availability figure of 99.98 percent.

� The design in so far as concerns capacity and expandability, shall meet the following 
requirements:-

� Equipped capacity: - the equipment as initially supplied and installed shall be capable of 
performing all functions to the stated capacity. A further 10% spare capacity shall be 
supplied and installed.

� Extension capacity: - the equipment as initially supplied and installed shall be capable of
25% extension of all functions simply by addition of plug-in modules for which all 
necessary wiring shall be provided. The design shall allow expansion, modification and 
testing with the minimum of disruption.

� Terminations: - all input/output cables shall be terminated within the cubicle on terminal 
blocks which incorporate removable links.

5.2.0 Software

� The software shall be of modular construction and developed using structured design 
techniques, where possible standard library software modules shall be utilised.

� The software shall be pre-programmed and verified by simulation before despatch. 
There shall be facilities for on board re-programming.  Reprogramming shall be carried 
out using a portable engineering PC.

� The programming language shall be graphical / user-friendly. The control programmes 
shall be modular in structure.

� The software shall guide the user, step-by-step, through each sequence by identifying, 
preferably via a visual technique on the workstation, the remaining valid entries.

5.3.0 SAS Functionality 66kV System Control: - P & Q & Voltage Load Flow Monitoring & 
Analysis, Status Monitor/Control.

These shall include:-

� Bus Voltage & Angle, Branch P & Q Load Flow Monitoring & Analysis.

� Fault Analysis.

� State Estimation From Real Time Measurements.

� Real Time Online study Mode (PAS i.e. Power Application Software) based on data 
originating from the network that will be utilized with results directly relate to actual 
situation & Offline Mode Analysis.

� Status Monitoring & Metering.

� Status Change & Violations Monitoring.
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� Circuit Mode Monitoring Local, Remote Or Supervisory.

� 66 kV Electrical System Circuit Control.

� Contingency Analysis To Identify Overload & Load shedding/ Overload Monitoring.

� Each Branch Load Management With Demand Side Load Control.

� For each feeder variables such as bus voltage, transformer tap position and loading, 
voltage regulator status, feeder/transformer/branch amperage, loading, losses and 
voltage drops, cumulative voltage drops.

� Grid & Generator transformer & station transformer load management using data from 
transformer monitoring equipment to assess short term overload capability of 
transformers during emergences to allow evaluation of load balancing/allocation between 
transformers.

SAS Main System Functions:

These shall include:-

� HMI as per specification.

� Network Control & Monitoring as per specification.

� Disturbance Data Processing For Pre & Post Fault Analysis.

� Energy Accounting.

� Historical Data processing.

� Intelligent Alarm Management.

� Enhanced Information-Safety/ Permit To Work Tagging.

� Enhanced Presentation Of Network With Topology Network Colouring.

� Supervisory Control-Interlocking/Seq Switching / Select Before Operate.

� Advanced Monitoring-AVR, Governor & Relay Parameter Sets Handling For 
Checking/Changing/Uploading Or Downloading.

� Hand Dressing Or Manual Updating.

� Others As Per Spec,

SAS Communication Functions:

These shall have standardization with openness of Interfaces & Protocols with data rate, speed 
and band width suitable for data exchanges between,

Retrieving Data & Downloading Set Points/Data To All Circuit Numerical Control & Protection 
Devices,

� Retrieving Data & Downloading Set Points/Data to all Governors,

� Retrieving Data & Downloading Set Points/Data to all AVR’s,

� Retrieving Data & Downloading Set Points/Data to all Transformer Tap Changer,

Controllers Retrieving Data & Downloading Set Points/Data to all  RTUs,

� Retrieving Data & Downloading Set Points/Data to all  RIO’s,
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6.0.0 COMMUNICATION NETWORK

6.1.0 General

The physical media for the communication bus can be Ethernet cable (electrical) or fibre optic 
cable or a combination of both, based on the distances between various nodes.  Procedure of 
data transmission, error control and recovery shall be as per acceptable standards. Connectors 
and splices as possible shall be used. Connectors shall only be used to connect equipment in 
patch panels.

6.2.0 Printers

Each workstation shall be provided with high performance hard copy Laser-jet colour printer 
along with additional black and white dot matrix type of robust construction suitable for 
continuous duty utilizing fanfold paper. The dot matrix printers shall support a minimum print 
carriage width of 80 columns with a minimum resolution of 360 dpi.

The devices shall contain off-line self-test systems that provide the capability of adjustment and 
maintenance without interfering with the remainder of the computer system.

Printer consumables shall be readily available.

The printing shall have a redundant facility, and in the event of a failure, the design should 
enable a switchover to a standby printer, both automatic and manual. The switchover shall 
provide both audible and visual alarms on the HMI’s.

6.3.0 Digital and Analogue Annunciators

Standalone digital and analogue annunciators with a sufficient number of inputs (at least 64 
windows) shall be provided for acquisition for general station alarms of the conventional type 
(e.g. fire fighting equipment operated, station ac/dc supply failure, HVAC failure, non-numerical 
devices, etc.), and for measuring transformer oil and winding temp, station outdoor and indoor 
temperature, dc system loads etc. the annunciators shall have the ability to time-stamp all the 
events with a resolution of 1 ms and shall be suitably integrated into the SAS system.

6.4.0 Global Positioning System (GPS) Receiver

GPS satellite receiver modules in redundant configuration with optical ports shall be provided 
with antenna cable. The module shall provide time synchronization of the SAS and protection 
equipment in order to guarantee a system wide accuracy of time related data of better than 1ms 
and also shall have facility for extending the GPS synchronization to other internal equipment 
clocks.

6.5.0 Substation Clock

A substation clock system shall be provided to update the substation control system with 
accurate date/time information.  Updating shall take place automatically at start up and regularly 
thereafter to ensure that the error between the substation clock time and the substation control 
system does not exceed 1 ms. The equipment shall be supplied with sufficient outputs of the 
correct type to meet these operating requirements.

The clock system shall ensure connectivity to global time references such as GPS satellite 
receivers. The system shall receive UTC GPS time signals to provide accurate date/time 
information to maintain the crystal controlled.
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7.0.0 ISLANDING SCHEME

Islanding scheme shall be provided for the entire 66kV GIS as below :

The grid isolation relay shall operate based on either or all of the following principles:

� Multistage under frequency unit with adjustable time delay features.

� Multistage under voltage unit with adjustable time delay features.

� Voltage vector shift and / or rate change of frequency (df/dt) feature.

System shall have a separate dedicated islanding trip relay for each of the EHV breaker 
including future bays as per switchyard SLD.

The grid isolation relay shall be fast acting and shall be unaffected by harmonics.

System shall employ two out of three channels for high reliability. 

Each of the three channels of islanding scheme shall be independent from each other, starting 
from the VT measuring core, control cables, DC supplies, under frequency or df / dt measuring 
relay, etc. till the islanding trip relay of the breaker. 

Separately fused 110V DC supplies shall be employed.
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All the protection shall be set for normal operation of the plant and the settings will not be altered 
during start-up.  To this extent the contractor shall provide suitable protections on the start-up 
system output to protect the generator, CTs, VTs, etc. and cut off the start-up system in the event of 
operation of these protections. 
 

4.7.0 Generator Neutral Earthing 
 

Generator Neutral Earthing shall be non effectively earthed through a distribution transformer with 
its secondary winding loaded with a suitable resistance.    

 
4.8.0 Insulation Level 
 

The generator windings shall withstand voltages as per IEC.  Surge arrestors of suitable rating and 
surge capacitors shall be provided for the surge protection of the generator. 

 
4.9.0 Generator Remote Automation System Control Facilities 
  

In addition to local controls of features stated below, each turbine driven generator set shall have 
features for interface with remote generator control/monitoring and remote automation system such 
as  SAS / DCS. 

 
These shall include:- 

 
 Local / Remote or Auto selection switch with their status indication to remote system 

 Initiation of remote generator auto synchronizing. 

 Remote automatic and/or manual changeover of generating operating mode along with their 
remote status indication such as those associated with:- 

 Generator excitation / AVR control in either of the Voltage Control or Power Factor or Mvar 
control mode. 

 Generator Speed control in either of the droop or isochronous or isochronous load sharing 
or isochronous base load operation. 

 
 Remote automatic and / or manual generator voltage and frequency control:- 

 Generator power reference setting/Speed raise and lower control 

 Generator voltage raise and lower control 

 Generator load acceptance and reduction rate change 
 Remote automatic and/or manual equal or unequal load allocation/sharing between sets as 

required 
 

 Remote annunciation of all generator fault and alarm signals 
 

 Remote transfer of generator capability diagram and generator operating point on the capability 
curve for mimicking of generation capability and operating point at the HMI of the remote 
automation system 
 

Generator and the generator control system supplier shall:- 
 

alex
Highlight

alex
Text Box

alex
Text Box
ANNEXURE-IV



FICHTNER Consulting Engineers ( India ) Private Limited. 

 

Subject Doc. No. Rev. Vol. / Sec. 

BID PACKAGE FOR  
COMBINED CYCLE CAPTIVE POWER 
PLANT AT HAZIRA PLANT, GUJARAT                        

5111168-ME-SPC-100-001 R1 

III   /  3.2 

Sheet No. 
381

  
 

5111168-ME-SPC-100-001-Sec-3.2-Gen and Aux APK / ELEC 11-06-2012 

FO
R

M
T9

-P
 R

EV
-A

  (
M

U
M

) 

 Include and list all analogue inputs, analogue outputs, digital inputs, digital outputs, transducer 
input / outputs, pulse control inputs required and incorporated by them for remote automation 
system control. 
 

 Furnish details of communication protocol and access address of all analogue inputs, analogue 
outputs, digital inputs, digital outputs,  transducer input / outputs, pulse control inputs as 
required for interface by the remote automation system supplier. 

 
5.0.0 TESTS 
 
5.1.0 Tests on Generator 
 
5.1.1 The turbine generator and accessories covered against this specification shall be subjected to tests 

by the Vendor during manufacture, as also during erection and commissioning. Before any 
equipment / plant is packed or dispatched from the Vendor’s or his Sub-Vendor’s works, all tests 
called for shall be carried out in the presence of the Purchaser’s representative. 

 
5.1.2 Only type tested machine shall be supplied. Type test reports as per IEC- 60034, of similar rating 

and type of Generator shall be submitted.   
 
 The generator shall be subjected to routine tests as per latest IS / IEC.  In addition to the above 

routine test, following type tests shall be carried out as per latest IS 5422. 
 

• High voltage test 
• Insulation resistance test 
• Overload test 
• Temperature rise test 
• Determination of efficiency by separation of losses method. 
• Vibration test 
• Zero sequence impedance measurement test 
• Total Harmonic Distortion test 
• Generator rotor balancing 
• Measurement of negative phase sequence reactance. 
• Instantaneous short circuit test & determination of transient & sub transient reactance’s & time 

constants. 
• Measurement of DC resistance of stator & rotor windings. 
• Phase sequence. 
• Impedance of the rotor windings. 

5.1.3 The following Routine Mechanical tests shall be carried out on each generator as a minimum: 
 

• Mechanical inspection. 
• Measurement of bearing vibrations. 
• Over speed test. 
• Pressure tests on machine housings. 
• Rotor balance. 
• Material tests on rotor during manufacture to establish physical and chemical properties as well 

as non-destructive tests. 
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Substation Automation System 

This document aims to explain the Functional design of Sub‐Station Automation system ( SAS ) 
proposed for the project.  

I. Introduction  
The scope shall comprise of design , engineering , software development , manufacturing, 
testing  at  works  ,  supply  ,  delivery  ,  erection  ,  configuring  ,  on  site  testing  and 
commissioning of Sub‐station Automation system associated with the CCCPP , 66kV GIS 
and  the  station  auxiliary  electrical  power  HV &  LV  distribution  switchgear  .  The  SAS 
confirms to the IEC 61850 standards and shall be based on a decentralized architecture.  
 

II. System Design  
 
Control & Monitoring Levels ( Refer SCADA architecture 10‐5111168‐E‐204,)  
The control & monitoring of the GIS shall be structured into three levels‐   
a. GIS Level  ( Through GIS LCC) 
b. Substation Level ( Through BCU)  
c. SAS Level   ( Through HMI)  

   II .1        GIS Level  

• At GIS level, the Local Control Cubicle (LCC) located on the GIS shall provide the 
Bay Control & Indication functions like control & status indications. 

• Each 66kV GIS LCC shall have a Mimic diagram of the associated bay as well as a 
Local/Remote Selector Switch (Local‐GIS LCC & Remote‐BCU/SAS). In local Mode 
following operations shall be possible from LCC‐ 
a. Control of the Circuit breaker. 
b. Open/Close of associated bay Disconnectors. 
c. Open/Close of associated bay Earth switches. 

• A window type alarm annunciation shall be provided on the LCC of each Bay for 
annunciation of abnormal conditions.  

• In case of generator feeder remote operation is envisaged from SAS/GCP.  

II .2       Substation Level (Through BCU)  

• Control & Monitoring at Sub‐Station Level shall be through Bay Control Units 
and respective bay protection functions shall be through Bay Protection Units 
(BPU).  

 
• At bay Level, the BCUs shall obtain Digital inputs for status indication & analog 

Outputs ( Current & Voltage )   and also facilitate the issue of command through 
digital outputs. Each BCU shall have an SLD of the respective Bay, on its screen.  

• Each bay control unit is independent of the other and its functioning is not 
affected by any fault occurring in any of the other bay control units of the 
station.  

• The bay level IEDs shall be located in the GIS control room. The selection 
between Substation Level or SAS level control shall be from each BCU.  
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• The data exchange among bay level IEDs shall be realized using IEC‐61850 
protocol with redundant managed Switched Ethernet communication protocol. 
The communication shall be made in a fault tolerant ring in redundant mode , 
excluding the links between individual bay IEDs to switch wherein the redundant 
connections are not envisaged . It shall be such that failure of one set of fibre 
shall not affect the normal operation of the SAS. 

•  In addition to BCUs for 66kV GIS , necessary BCUs shall be provided for the 
Plant Auxiliaries for control & monitoring purposes. Location of the same shall 
be either at the GIS control Building or at Plant Central Control room.  

 

II.3       SAS Level (Through HMI) 

• Station level comprises of control & monitoring operation by HMI PC located in 
the main control room through Bay Control Unit when embedded L/R switch (on 
BCU) is in Remote mode.  

• At this level the entire station shall be controlled and supervised from the 
station HMI. 

• Clear control priorities shall prevent operation of a single switch at the same 
time from more than one of the various control Levels. The priority shall always 
be on the lowest enabled control level. 

•  This level also contains the station oriented functions which cannot be realised 
at bay level/local level of control eg. Alarm list or event list related to the entire 
station, gateway for communication with remote control centres.   

• An animated single line diagram of the electrical substation allow displaying the 
status of different equipments with their associated measurements and 
statuses. The position of each switchgear, e.g. circuit breaker, isolator, earth 
switch, transformer tap changer etc, shall be supervised continuously. Every 
detected change of position shall be immediately displayed in the single line 
diagram (SLD) on the station HMI screen, recorded in the event list, and a hard 
copy printout of the corresponding event (if configured for logging) shall be 
produced in the Dot Matrix printer. Alarms shall be initiated in case of 
spontaneous position changes. 

 

III   Functional Description  

  SAS functionality shall cater to following systems– 

• 66kV GIS System  
• 11kV System 
• 415V System 

III.1  66kV GIS System  

     When the control is in SAS mode following functions are envisaged– 
 

• For 66kV Line Incomers , STR‐1 , STR‐2 & Bus Coupler – 
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a) Manual synchronization is envisaged at Bay / Station Level through BCU / HMI of 
SAS respectively. 

b) Tripping of the Circuit breakers. 
c) Open/close of associated isolator /earth switches  
d) Raise/Lower taps of the Station transformer. 

 
• For GTG‐3, GTG‐4 & STG‐1–  

a) Auto‐synch. of the 66kV generator  breakers.  
b) Dead‐bus synch. Of the 66kV generator breakers. 
c) Tripping of the generator breakers. 
d) Open/close of associated isolator /earth switches  
e) Raise/Lower taps of the Generator transformer. 
f) Remote changeover of generating operating mode along with their      
    remote status indications such as those associated with – 

(i) Generator excitation/AVR control in either of the Voltage control or     
Power   factor or MVAR control mode. 

(ii) Generator speed control in either of the droop or isochronous or  
isochronous load sharing or isochronous base load operation. 

    g) Remote generator voltage and frequency control‐ 

      (i)  Generator power reference setting /speed raise and lower control. 

      (ii)   Generator voltage raise and lower control. 

(iii) Generator load acceptance and reduction rate change.  
 

• For Existing grid Transformers – 
a) Manual synch. of grid transformers. 
b) Dead‐bus synch. of grid transformers. 
c) Tripping of the circuit breakers. 
d) Open/close of associated isolator /earth switches 

 
• Monitoring function of SAS  : 

a) Status Indications of each breaker / isolator /earth switch  
b) Tap Position indication for transformers wit OLTC. 
c) Indication of respective bay Current / Voltage and MW,MVAR & MVA values . 
d) Indication of Bus voltage and frequency. 
e) Alarm/ fault / discrepancy indication & annunciation. 

 
 
 

• Protection Functions :  
a) Protection functions in line with Key protection SLD Doc. No. TB‐3‐383‐510‐007 

shall be interfaced with SAS.  
• System Control Functions : 

a) Branch P&Q Load flow monitoring & analysis.  
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b) Fault analysis. 
c) State estimation from Real time measurements. 
d) Real time Online study mode ( PAS ,ie Power Application software ) based on 

data originating from the network that will be utilized with results directly 
related to actual situation and Offline mode analysis.  

e)  Contingency analysis to identify overload & load shedding /overload 
monitoring.  

f) Each branch Load management with demand side load control. 
g) Grid , Generator Transformer & Station Transformer Load management using 

data from transformer monitoring equipment to assess short term overload 
capability of transformers during emergencies to allow evaluation of load 
balancing /allocation between transformers. 

h) Islanding Scheme for 66kV GIS based on either or all of the following principles – 
(i) under frequency  
(ii) under voltage  
(iii) Voltage Vector shift and /or rate of change of frequency ( df/dt) 

i) BCU shall be provided for the 66kV GIS for control & monitoring of the Auxiliary 
requirement of the 66kV GIS ie,  415V ACDB , 220V/110VDCDB , Battery & 
battery Chargers.  

III.2  11kV System 

• 11kV Switchboard is fed from two incomers ie, two No. 66/11kV Station 
Transformer(STR‐1&STR‐2). SAS shall have provision to control ie, Tripping of 11kV 
Switchgear incomer /outgoing /bus‐coupler under service conditions and closing of 
the 11kV Incomers , Buscouplers , all outgoing feeders except motor outgoing 
feeders.  

•   Control & Monitoring of existing 11kV Switchgear incomer & outgoing feeder shall 
be considered in SAS.  

• SAS shall have provision to indicate the measured outputs of digital multi function 
meters provided in the  existing & new 11kV feeders/bus. 

• The tri‐vector meter outputs of GRP shall be indicated in SAS . 
• The proposed SAS shall have provision to interface with clients existing SCADA for 

monitoring of existing plant electrical system. 

III.3   415V System  

The functions envisaged in SAS are‐ 

• 415V PMCC : 
a)  Opening of all 415V PMCC  breakers. 
b) Closing of all incomers and buscouplers in independent mode in service position.  
c) Closing of all outgoing breakers except motor outgoing breakers . ( closing of  

motor outgoing breakers shall be from DCS in line with drive control 
philosophy). 

d) Status/alarm  indications . 
e) Metering /Voltage /current indication. 
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• 415V MCC :  
a) MCC incomer & buscoupler control & monitoring is envisaged from SAS. 

• 415V DG Set : 
a) When DG sets are selected for standby, AMF operation shall be scheduled from 

SAS. 
b) On failure of Plant normal supply an impulse shall be extended from SAS, Upon 

receipt of this impulse the genset shall be started automatically, brought to 
rated speed and generator voltage brought to rated value.  

• Synchronization facility shall be provided for DG incomer, EPMCC incomers and bus 
couplers from SAS. 

 
 

 



This Drawing is printed from Engineering Digital Archive System (EDAS).
Therefore signatures are not essentially required.
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Legends: 
 
CCCPP  : Combined Cycle Captive Power Plant 
GCP  : Generator Control Panel 
GIS  : Gas Insulated Substation 
GRP  : Generator Relay Panel 
GTG  : Gas Turbine Generator 
GTG#xx TR  : Gas Turbine Generator Transformer 
SAS  : Substation Automation System  
STG  : Steam Turbine Generator 
STG#xx TR  : Steam Turbine Generator Transformer 
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1. OBJECTIVE 

 

The document provides guidelines for Operation and Control philosophy of Plant 

electrical systems. It also covers annunciation, metering, control and indication of 

plant electrical systems. 

 

2. REFERENCE DOCUMENTS 

 

1. ONGC Contract specification Section 3.2, 3.3, 3.6.1 & 3.6.3. 

2. BHEL Key Single Line Diagram (1-381-21-02259 rev 00) 

3. ONGC contract 66kV system SLD (00-5111168-E-203 Rev-B) 

4. BHEL 11kV Switchboard SLD (1-381-21-02884 rev 00) 

5. BHEL PMCC & EPMCC Switchboard SLD (1-381-21-02885 rev 00) 

 

3. GENERAL 

                                               

The power plant electrical system is designed to meet the electrical power 

requirements of combined cycle power plant. 

 

The power plant consists of 1 no. of New GTG (viz. GTG#4) having a capacity of 

36.1MW, 1 no of STG (viz. STG-1) having a capacity of 22.1MW and 1 nos. of Existing 

GTG (viz. GTG#3) having a capacity of 25MW and  provided with complete electrical 

system catering to the power requirements of the refinery. 

 

Evacuation is done through 66kV GIS Switchboards. 66kV GIS Switchboard is fed from 

GTG#4 TR, STG#1 TR, GTG#3 TR (for existing GTG#3) through 11/69 kV Generator 

transformers.  

 

The CCCPP 66KV GIS also hooked up with 66KV Ichhapore GEB substation through 

outdoor transmission lines and 11kV MRSS switchboard (existing) via Existing Grid 

transformers (69/11kV, 25/31MVA). 

 

Synchronization facility for GTG#4, STG-1 are envisaged from respective GCP control 

panel and from SAS system. Further, synchronization for GTG#3 (existing), Grid 

Incomers (connected to Ichhapore substation), Tie line incomers (connected to MRSS 

substation) and Bus coupler is envisaged from SAS. 

 

Further downstream distribution to CCCPP Auxiliaries is done through 11kV CCCPP 

Aux. switchgear, 415V PMCC & EPMCC. Power supply to 11kV CCCPP Aux. switchgear 

is fed from 66 kV GIS through Station transformers (STR-1 & 2) whereas power supply 

to 415V PMCC & EPMCC switchgear is fed from 11kV Aux. Switchboard through LV. 

Distribution transformers. 

 

Emergency power for safe shutdown of CPP and power required for Black start of GTG 

is envisaged from 415V Black start cum Emergency DG set. 415V DG set connected to 

415V EPMCC.  
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4. GENERATORS AND 66kV INDOOR GIS 

 

The control and monitoring of Generators is envisaged from hard wired Generator 

Control Panel (GCP) as well as from SAS which will be located in CPP control room. The 

control and monitoring of complete 66kV GIS is envisaged from SAS.  

 

66kV Indoor GIS is having following sources of supply: 

 

(i) Incomer from existing GTG#3 through a GTG#3 TR of 11/69kV rating. 

(ii) Incomer from GTG#4 through a GTG#4 TR of 11/69kV rating. 

(iii) Incomer from STG#1 through a STG#1 TR of 11/69kV rating. 

(iv) 2Nos direct Incomers from 66kV Ichhapore GEB sub station. 

(v) 2Nos tile lines from Existing MRSS substation via transformer 11/69kV rating. 

  

4.1. Control functions 
 

 Auto/Manual Synchronization of GTG#3, GTG#4, STG#1, DG set, Tie-Line 

Incomers, Grid Incomers, Bus coupler etc.  

 ON/OFF control of all incomers, outgoing feeders and bus couplers of 66 kV GIS. 

 Tap changer control of GTG#3 Trafo., GTG#4 Trafo., STG#1 Trafo. & Station 

transformers 

 Voltage and frequency control of all Generators. 

 Automatic synchronizing device with inputs to governor and excitation control of 

selected generator(s) for automatic synchronization of the selected breakers. 

 Auto/Manual Synchronization facility with complete with Double voltmeters, 

Double frequency meters, synchroscope, check synchronizing relay with guard 

relay, auto-synchronizer relay and necessary selector switches with synchro-

permissive indication lamp etc. to complete the synchronizing scheme 

considered in generator control panel 

 All other controls, as required for control/synchronization of generators, namely, 

field breaker control, etc. 

 Independent close (for incomer1/incomer2/bus coupler) of 11kV Aux. 

switchboard of CCCPP. 

 

4.2. Monitoring functions 

 Voltage of 66 KV incomers and buses. 

 Current of each phase of 66 KV incomers, Tie lines and bus couplers. 

 Line and field voltage of each generator. 

 Field current of each generator. 

 Frequency of each generator. 

 Power factor of each generator incomer. 

 MW, MVAR & MVA of each generator incomer, outgoing feeders of 66KV GIS & 

incomers from switchyard. 

 MWH, MVARH of each generator incomer, incomers from switchyard & Tie lines 

 Voltage and frequency recorder of each bus. 

 Null voltmeter of each generator. 

 Tap position indicator for generator transformers & STRs. 
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4.3. Audio-Visual Annunciation Functions 

 Operating and fault status of all protective relays and trip alarm of steam/gas 

turbine generators. 

 Complete trip and non-trip alarm annunciation for all transformers including 

alarm of OLTC. 

 Annunciation of all protective relays and trip alarms of all major electrical 

equipment’s in CPP i.e. DC System 

 AŶŶuŶĐiatioŶs of GI“ as per ŵaŶufaĐturer’s reĐoŵŵeŶdatioŶ ǁill ďe proǀided iŶ 
SAS. 
 

4.4. Control and Operation Philosophy 

 

Each 66 kV GIS LCC (Local Control Cabinet) is provided with local/remote selector 

switch. (Local-GIS LCC, Remote-SAS). In case of Generator feeder remote operation 

facility is envisaged either from SAS or GCP. 

 

i. When selector switch is selected in local mode, controls will be done from 66kV 

GIS LCC. 

Following operations are possible from GIS when selector switch is in local mode. 

 Close of all incomers and bus couplers breakers in feeder/bus earthing mode. 

 Close of all outgoing breakers in feeder earthing mode. 

 Open of all breakers. 

 Close & Open of isolators & earth switches of all incomers, bus couplers and 

outgoing feeders. 
 

ii. When selector switch is selected in remote mode, all the controls will be 

transferred to GCP for GTG#4 & STG-1 breakers. For GTG#3, Grid incomers, Tie-

feeders and outgoing feeders, controls will be transferred to SAS. 

Further, based on selector switch at GCP, control of GTG#4 & STG#1 will be 

possible either from GCP or from SAS or from Mark Vi(GTG-4). 
 

a. For GTG#4 & STG -1 feeders:  

When selector switch at GIS is selected in remote mode, controls will be 

transferred to GCP. 
 

Hard wired GCP is provided with the following major selector switch for 

operation of Generators. 
 

SW-1  4 position control selector switch (OFF /GCP/Mark-VI/SAS) for GTG#4 

& 3-position selector switch (GCP/OFF/SAS) for STG-1. 

SW-2  4 position synchronizing selector switch (OFF/Dead bus/Manual 

Synchronizing/Auto synchronizing) for STG#1 generator breaker & 3-

position selector switch (OFF/Dead bus/Manual Synchronizing) for 

GTG#4 generator breaker. 
 

When selector switch SW-1 in GCP is selected in GCP mode, following 

operations are envisaged from GCP (GTG#4 & STG-1): 

 Close of Generator incomers breakers on dead bus condition in service mode. 

(Breakers dead bus closing to be checked on either side). 

 Auto and Manual Synchronization for STG Generator breaker and manual 

synchronization for GTG#4 generator breaker in service mode. 

 Open of Generator breakers. 
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When selector SW-1 in GCP is selected in Mark-VI mode, controls of 66kV 

GTG#4 breaker is transferred to MARK-VI (GTG#4). Following operations are 

possible from MARK-VI:- 

 Auto Synchronization GTG#4 Generator breaker in service mode. 

 Open of Generator breaker. 

 

When selector switch SW-1 in GTG#4 & STG#1 GCP is selected in SAS mode, 

controls of 66kV Generator breakers are transferred to Substation Automation 

System (SAS). 

Following operations are possible from SAS: 

 Close of Generator incomers on dead bus condition in service mode (breakers 

dead bus closing to be checked on either side). 

 Auto Synchronization of Generator incomer breakers in service mode. 

 Open of Generator breakers. 

 Close & Open of isolators associated with generator incomers. 

  

As part of SAS, Auto/OFF/Dead bus selector switch shall be provided for carrying 

out auto synchronization & dead bus closing. 

 

In addition to the control functions as specified above for GTG-4 & STG-1, following 

operations are also envisaged from SAS:- 

 

 Remote manual changeover of generating operating mode along with their 

remote status indication as per below: 

 

 Generator excitation / AVR control in either of the Voltage Control or 

Power Factor or MVAR control mode. 

 Generator Speed control in either of the droop or isochronous or 

isochronous load sharing or isochronous base load operation. 

 

 Remote  Generator voltage and frequency control 

 

 Generator power reference setting/Speed raise and lower control 

 Generator voltage raise and lower control 

 Generator load acceptance and reduction rate change 

 

 Remote automatic and/or manual equal or unequal load allocation/sharing 

between sets as required 

 Remote transfer of generator capability diagram and generator operating point on 

the capability curve for mimicking of generation capability and operating point at 

the HMI of the remote automation system. 

 

b. For other 66kV grid incomers, Tie-line incomers, Bus couplers and outgoing 

feeders. 

When selector switch in GIS is selected in remote mode, controls are transferred 

to Substation Automation System (SAS): 

 

 Following selector switches are part of SAS 
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i. Auto/Manual/OFF/Dead bus synchronizing selector switch for Grid 

Incomers, Tie Line Incomers & Bus coupler. 

ii. OFF/GTG-4/STG-1/GTG-3/ALL Generator selector switch for Grid Incomers 

Bus coupler and Tie Line Incomers. 

iii. Auto/OFF/Dead bus synchronizing selector switch for GTG#3. 

 

Following operations are possible from SAS: 

 Close of Grid incomers, tie lines, GTG#3 incomer and bus coupler breakers on 

dead bus condition in service mode. 

 Auto Synchronization of GTG#3 incomer in service mode. 

 Manual synchronization of all Grid incomers, tie lines, bus coupler breakers in 

service mode. 

 Close of all outgoing breakers in service mode. 

 Open of all breakers. 

 Close & Open of isolators. 

 

5. 11kV Aux. SWITCH BOARD  

 

11kV switchgear is connected with two incomers fed from 66kV GIS through two 

nos.66kV/11.5kV Station Transformers. 

  

5.1. Control Scheme 

All metering, control and indication will be provided on the switchgear panel. The 

control scheme is described in brief as follows.  

   

Normal operating condition 

 

i. 11kV switchgear shall be normally operated with two incomer breakers ON 

& the bus coupler OFF. Necessary  auto  changeover  scheme  and  manual  

change  over  scheme is  be  provided  with necessary control, indications 

and interlocks. Momentary paralleling facility with check synchronizing relay 

shall also be provided in the manual change over scheme. 

ii. Auto/Independent (Dead bus closing)/Manual (Momentary paralleling) 

Selector Switch is provided on the switchboard & normally kept in Auto 

Position for Auto Changeover. 

iii. The switchgear is provided with automatic in phase (microprocessor based 

fast bus transfer scheme, FBTS) and manual live changeover scheme for 

emergency and planned changeover of supply from one source to the other 

and vice versa. 

 

5.1.1. 11KV Switchgear Auto Transfer: 
 

The Auto Transfer have three modes and operate sequentially i.e Fast 

Transfer, In Phase Transfer, Slow Transfer. 
 

Fast Transfer 
 

The bus voltage and incoming source voltage should be monitored on a 

continuous basis for magnitude and phase angle to ensure that transfer 
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operation is carried out under conditions conducive  to  fast  bus transfer  as  

per  high  speed  sync-check  supervision  and  ANSI  C50.41 (1982) criterion.  

  

In Phase Transfer  

 

The  breaker  power  contacts  shall  close  when  the  decaying  and  drifting  

bus  voltage synchronizes  with  the  incoming  source  voltage  within  

acceptable  voltage  and  frequency parameters.    The  Bus  transfer  system  

shall  continuously  process  the  bus  voltage  and  the drifting  phase  angle  

dynamics  to  determine  in  real-time  the  exact  moment  of  sending  a 

command to the breaker-closing coil to achieve the above.  

  

Slow Transfer  

    

The breaker power contacts shall close when the falling bus voltage shall 

reach an acceptable safe value.  The auxiliary drives are selectively tripped 

simultaneously to limit the transformer inrush current. 

 

 When Incomer 1 or 2 fails, the respective unhealthy incomer is tripped 

through under voltage and a timer.  

 Bus coupler will close automatically by sensing healthy voltage of healthy 

incomer.  

 Auto changeover is blocked if any incomer trips due to fault or both the 

incomers simultaneously experience under-voltage. 

Necessary protection interlocks will also be realized in the switchboard 

 

5.1.2. Independent operation 

 

In independent mode either of incomer 1 or incomer2 or bus coupler can be 

closed in dead bus condition after ensuring relevant bus under voltage. 

 

5.1.3. Manual operation (Momentary Paralleling Transfer) 

 

This  is  a  ͞Make  ďefore  Break͟  traŶsfer  for  a  ǀery  short  duratioŶ  of  the  
order  of  few  cycles where, under supervision of the bus voltage and 

incoming source voltage for magnitude and phase  angle,  the  new  source  

breaker  is  closed  before  opening  the  old  source    breaker.  Normally  not  

recommended  for  unplanned  transfers  and  auto/protective  transfers  

from  the system safety consideration 

 

It is possible to take either of incomer1/incomer2/bus coupler for 

maintenance and bring it back to the normal operating condition by 

momentary paralleling. 

 

In Manual mode either of incomer1 or incomer2 or bus coupler can be closed 

through contacts of check sync relay.  

 

PT selection switch & Trip selector switch shall be provided on the 

switchboard. 
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5.2. Controls  

 

11 kV Switchgear has one local/remote control selector switch. 

 

(i) When selector switch is selected in local mode, controls will be done from 11 

KV Switchgear.  
 

Following operations are possible from Switchgear: 

 

 Close of all incomers, bus coupler and outgoing breakers in test position. 

 Close of all incomer in independent and manual mode in service position. 

 Close of bus coupler breaker on auto, independent and manual mode in 

service and test position. 

 Close of all outgoing breakers in test position. 

 Open of all breakers. 

 

(ii) When selector switch is selected in remote mode, controls are transferred to 

SAS.  

 

Following operations are possible from SAS: 

 Close of all incomers and bus couplers on independent mode only in 

service position. 

 Close of all outgoing breakers except motor outgoing breakers in service 

position. 

 Open of incomers, bus coupler and outgoing breakers. 
 

5.3. Annunciation/Indications 

The following contacts for remote indication of breaker are provided on SAS. 

 

Indications: 

 Close 

 Open 

 Service 

 Ready to close (L/R in Remote, Breaker in service, Breaker Spring charged 

ready,  Trip circuit healthy, control supply healthy, 86 not operated) 

 

Annunciations 

 86 operated 

 Under voltage trip  

 Trip circuit unhealthy  

 DC control supply-1 or 2 fail (common for switchgear) 

 Transformer trouble (only for Transformer outgoing feeder). 

 Incomer Line PT & Bus PT MCB OFF 

 Numerical relay faulty 

 
5.4. Metering 

 

The following metering is provided on the switchboard and same shall be 

monitored in SAS through Soft link. 
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(i) Incomer/ Transformer feeder/ Plant feeder/Motor feeder 

 Voltage, Current, Frequency, Power factor, Power, Energy through MFM 

(ii) Bus coupler 

 Ammeter 

 Bus voltage 

 

6. TAP CHANGER CONTROL PHILOSOPHY FOR OLTC TRANSFORMERS. 

 

Tap changer control (Raise/Lower) of Generator transformers (GTG#3, GTG#4 & 

STG#1) Station Transformers (STs) will be done from Transformer Local or from RTCC 

panel located in control room  or from SAS. 

 

Local/Remote selection is located on OLTC (Transformer local), when the selection is 

made in Local, tap changer control of Transformers is possible from OLTC. When the 

selection is made in Remote, controls are transferred to RTCC panel. Further, based on 

selection made at RTCC (i.e. RTCC/SAS selector switch as part of RTCC), the tap 

changer controls are possible either from RTCC or SAS. 

 

7. 415V PMCC  
 

415V PMCC is connected with two incomers fed from 11kV switchboard through 

two nos.11/0.433kV Station Transformers. 

 
All metering, control and indication will be provided on the switchgear panel. The 

control scheme is described in brief as follows. 

 

7.1. Control scheme 
 

Normal operating condition 

 

i) 415V switchgear shall be normally operated with two incomer breakers ON & 

the bus coupler OFF. Necessary  auto  changeover  scheme  and  manual  

change  over  scheme is  be  provided  with necessary control, indications and 

interlocks. Momentary paralleling facility with check synchronizing relay shall 

also be provided in the manual change over scheme. 

ii) Auto/Independent (Dead bus closing)/Manual (Momentary paralleling) 

Selector Switch is provided on the switchboard & normally kept in Auto 

Position for Auto Changeover. 

 

7.1.1. Auto changeover 

 

 When Incomer 1 or 2 fails, the respective unhealthy incomer is tripped 

through under voltage and a timer.  

 Bus coupler will close automatically by sensing healthy voltage of healthy 

incomer. 

 Auto changeover is blocked if any incomer trips due to fault or both the 

incomers simultaneously experience under-voltage. 

 Necessary protection interlocks will also be realized in the switchboard. 
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7.1.2. Independent operation 

In independent mode either of incomer 1 or incomer2 or bus coupler can be 

closed in dead bus condition after ensuring relevant bus under voltage. 

 

7.1.3. Manual operation 

It is possible to take either of incomer1/incomer2/bus coupler for 

maintenance and bring it back to the normal operating condition by 

momentary paralleling. 

 

In Manual mode either of incomer1 or incomer2 or bus coupler can be closed 

through contacts of check sync relay. 

 

Trip selector switch shall be provided on the switchboard. 

 

7.2. Controls 

 

415V PMCC Switchgear breaker feeders shall have one local/remote control 

selector switch. 

 

(i) When selector switch is selected in LOCAL mode, controls will be done from 

415V PMCC Switchgear.  

 

Following operations are possible from Switchgear: 

 Close of all incomers, bus coupler and outgoing breakers in test position. 

 Close of all incomers on independent and manual mode in service position 

 Close of bus coupler breaker on auto, independent and manual mode in 

service & test position. 

 Close of all outgoing breakers in test and service position. 

 Open of all breakers. 

  

(ii) When selector switch is selected in REMOTE mode, controls are transferred to 

SAS.  

 Following operations are possible from SAS: 

 Close of all incomers and bus couplers on independent mode only in 

service position. 

 Close of all outgoing breakers except motor outgoing breakers in service 

position. (L/R Switch is part of Switch board) 

 Open of all breakers. 

 

Control of all outgoing motor feeder shall be provide from DCS inline with drive 

control philosophy. 
 

For Operation EPMCC switchgear refer Cl.10 as part of DG control philosophy. 

 

7.3. Annunciation/Indications 
 

The following contacts for remote indication are provided in SAS. 

Indications: 

 Close 

 Open 
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 Service 

 Ready to close (L/R in Remote, Breaker in service, Breaker Spring charged 

ready,  Trip circuit healthy, control supply healthy, 86 not operated) 

 

Annunciations 

 86 operated 

 Under voltage trip  

 Trip circuit unhealthy  

 DC control supply-1 or 2 fail (common for switchgear) 

 Transformer trouble (only for Transformer outgoing feeder). 

 Incomer Line PT & Bus PT MCB OFF 

 Numerical relay faulty (NR healthy signal-invert signal) 

 

7.4. Metering 

 

The following metering is provided on the switchboard and same shall be monitored in 

SAS through Soft link Incomer 

 Voltage, Current, Frequency, Power factor, Power, Energy through MFM 

(i) Bus coupler 

 Ammeter 

 Bus voltage 

(ii) Plant feeder  

 KWH meter* 

 Ammeter* 

*For ACB feeders, KWH and Current measurement is part of Numerical 

relays. 

8. 415V MCC AND DBs 

 

MCC: 

 MCC incomer & buscoupler control & monitoring shall be provided in SAS. 

 Control of all outgoing motor feeder shall be provide from DCS as per drive 

control philosophy. For Non-motor feeders all applicable control and 

monitoring are provided on the switchgear only 

DB: 

All applicable control and monitoring are provided on the switchgear only. 

 

9. OPERATING PHILOSOPHY IN VARIOUS CONDITIONS 

 

9.1. Normal Operation 

 

DuriŶg Ŷorŵal operatioŶ all the geŶerators ;“TG & GTG’sͿ shall operate iŶ parallel 
among themselves and also with grid. In case of outage of any GTG or STG, power 

drawn from grid shall increase to meet the generation short fall. 

 

9.2. Black Start Condition 

 

The plant will be started manually with power supply from 415V DG set. 
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During Black start, DG is sized to cater following loads. 

 Black start of GTG#4. 

 All critical loads of CPP like DC, UPS, emergency lighting etc. 

 

9.3. Emergency Condition (Blackout Condition) 

  

When there is a blackout of CPP due to outage of all generators & grid, 415V DG 

sets shall start automatically by sensing the simultaneous under voltage on 415V 

buses.  

 

In emergency condition, 415V will start automatically to fed below loads 

 EŵergeŶĐy shutdoǁŶ loads of GTG’s, “TG.  
 Emergency CPP loads like DC, UPS, AC emergency lighting. 

 

10. DG OPERATING PHILOSOPHY  
 

 DG AMF breaker is in always NC mode. 

 

Location of DG selector switches as follows 

 

 DG ͞AUTO/MANUAL͟ selector switch shall be located in SAS. (Default 

position of selector switch is in AUTO mode) 

 DG ͞LOCAL / REMOTE͟ selector switch shall be located in DG AMF panel. 

 Dead Bus/Manual synch/Auto Sych. Selector switch part of AMF panel.  

 Dead Bus/Auto Synch Selector switch part of SAS panel. 

 MAINS INCOMER-1/INCOMER-2/OFF selector switch in SAS. 

 

10.1. BLACK START OPERATION:   

 

In this condition auxiliary power supply is not available in complete CPP of Refinery 

complex. Thus, auxiliary power supply for starting of GTG#4 will be arranged from 

Black Start cum Emergency DG set which will be connected 415V EPMCC. 415V DG 

start / stop operation shall be performed either from AMF panel (local) or from SAS. 

 

 Engine can be started/stopped either from DG AMF panel or from SAS as per 

following philosophy: 

 

A. Control from DG AMF Panel: 

 

 ͞AUTO /MANUAL͟ selector switch on SAS panel is in MANUAL position.  

 ͞LOCAL / REMOTE͟ seleĐtor sǁitĐh is seleĐted iŶ ͞LOCAL͟ position, Engine 

can be started from DG AMF panel by pressing the engine start push button. 

 

Operation of DG incomer breaker: 

 

 Local/Remote selector at 415V EPMCC Incomer breaker shall be selected for 

Remote. 

 Dead Bus/Manual synch/Auto Sych. (part of AMF panel) Shall be selected for 

Dead bus. 
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 Once the voltage and speed of DG is built up (Voltage >80% and Engine speed 

reached to rated speed), close command will be issued to 415V EPMCC panel 

DG incomer breaker from AMF panel via TNC switch. 

 

B. Control from SAS: 

 

 ͞AUTO /MANUAL͟ selector switch on SAS panel is in MANUAL Position. 

 ͞LOCAL / REMOTE͟ seleĐtor sǁitĐh is seleĐted iŶ ͞REMOTE͟ position, Engine 

can be started from SAS for remote operation. 

 

Operation of DG incomer breaker: 

 

 Breaker Local/Remote selector at 415V EPMCC Incomer breaker shall be 

selected for Remote. 

 Dead Bus/Auto Syn. (part of SAS) Selector switch shall be selected for Dead 

bus. 

 Once the voltage and speed of DG is built up (Voltage >80% and Engine speed 

reached to rated speed), manual close command from SAS will be issued to 

415V EPMCC panel DG incomer breaker. 

 

During Black start, DG is sized to cater following loads. 

 Black start of GTG#4. 

 All critical loads of CPP like DC, UPS, emergency lighting etc. 

 

10.2. EMERGENCY BLACK OUT OPERATION:   

 

When there is a blackout of CPP due to outage of all generators & grid, 415V DG 

sets shall start automatically by sensing the simultaneous under voltage on 415V 

buses.  

 

  In emergency condition, 415V DG will start automatically to fed below loads 

 EŵergeŶĐy shutdoǁŶ loads of GTG’s, “TG.  
 Emergency CPP loads like DC, UPS, AC emergency lighting. 

 

During Blackout condition, DG will be started automatically subject following 

conditions are met: 

 

 ͞AUTO /MANUAL͟ selector switch on SAS shall be selected on AUTO mode.  

 Under voltage on both the buses of 415V EPMCC has been sensed. One potential 

free contact confirming the blackout condition will be wired to AMF panel from 

415 EPMCC.  

 Once above conditions are met, 415V DG will start automatically irrespective of 

Local/Remote selector switch position in AMF panel. Once the voltage and 

speed of DG is built up (Voltage >80% and Engine speed reached to rated speed), 

415V EPMCC DG incomer breaker  shall be closed automatically on dead bus, 

provided there is no bus fault and AMF condition persists in EPMCC 

 If 415V EPMCC Incomer is fails to close on AUTO, provision shall be made to 

close the same manually from DG AMF panel or from SAS. 
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10.3. Restoration of normal supply to Normal cum Emergency switchgear  

 

 DG Local/Remote mode selector switch is selected in Remote mode (SAS). 

 

 Local/Remote selector switch at 415V Incomer breaker shall be selected for 

Remote 

 Synchronizing mode selector switch Dead Bus/Auto Syn. (located in SAS) is 

selected for Auto Syn. Synchronization selector switch selection on  for Mains 

Incomer-1/Incomer-2/OFF (located in SAS) depending on the breaker to be 

synchronized. 

 Based on above selection either Incomer-1 or Incomer-2 will be closed from 

SAS after getting permissive signal from synchronizing relay. Here the voltage 

and frequency of the DG will be adjusted from SAS. 

 415V DG Breaker at 415V EPMCC will be opened manually from SAS after 

unloading the DG set. 

 Annunciation will be provided in SAS panel when DG is in parallel with grid 

beyond a preset time delay. (10 Minutes) 

 

10.4. Testing and Loading of DG  

 

Testing of DG envisaged from DG AMF panel  

 

 ͞AUTO /MANUAL͟ selector switch on SAS shall be selected for Manual mode. 

 DG Local/Remote selector switch is selected in Local mode. DG will be started 

manually from DG AMF panel. 

 

Operation DG incomer breaker from DG AMF panel. 
 

 Local/Remote selector switch at 415V Incomer breaker shall be selected for 

Remote 

 Off/Dead Bus/Manual synch/Auto Sych. (part of AMF panel) Shall be 

selected for either Auto or Manual synchronisation. 

 After voltage build up DG incomer breaker will be closed from AMF panel 

through TNC switch during Manual mode or command will be issued 

automatically in Auto mode. 

 A pre-set value of Power shall be delivered to the EMCC Bus by the DG. 

 After testing, the DG may be unloaded and DG Breaker shell be tripped from 

AMF Panel and DG shall be stopped. 
 

 

11. ANNEXURE –I 

Control and monitoring facilities provided for each electrical system on various panels 

viz. SAS, GCP, Switchgear in tabular form (in line with this document) is indicated in 

this annexure. 
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Location : GIS Control room Location :GTG/STG GCP in CCCPP control room, DG GCP/AMF in DG Control room Location : CPP Substation Switchgear Room

Synchronisation Control Metering Annunciation Indication Remarks Synchronisation Control Metering Annunciation Indication Remarks Sync BKR Metering Protections Indication Remarks

Voltage control

V, A,F,PF,

MW,MVA,

MVAR , MWH   

Fault status of trips & 

alarms of GTG

PF/MVAR

ON/OFF
Voltage control

V, A,F,PF,

MW,MVA,

MVAR         

Fault status of trips 

& alarms of GTG
PF/MVAR ON/OFF

Speed control

Group Alarm for 

Generator 

temperatures

AVR Ch-1/2 in service Speed control Exciter V,A

Group Alarm for 

Generator 

temperatures

AVR Ch-1/2 in 

service

PF, MVAR Regulation AVR in local, reset
Exciter Field 

breaker control
Null voltmeter AVR in local, reset

AVR Auto/Manual SS Exciter CB ON,OFF
PF, MVAR 

Regulation
Trivector meter

Temperature 

Scanner

ISO/droop Mode ISO/droop Mode
AVR 

Auto/Manual SS
Exciter CB ON,OFF

Voltage control

V, A,F,PF,

MW,MVA,

MVAR , MWH   

Fault status of trips & 

alarms of GTG

PF/MVAR

ON/OFF

Speed control

Group Alarm for 

Generator 

temperatures

AVR Ch-1/2 in service

PF, MVAR Regulation AVR in local, reset

AVR Auto/Manual SS Exciter CB ON,OFF

ISO/droop Mode ISO/droop Mode

DG Start
V,A,F,PF,MW, 

MAR,MVAR
DG Tripped on fault DG ON DG Start

V, A,F,PF,

MW,MVA,

MVAR         

Alarm/ Trip fault 

status of DG
DG ON

DG Stop DG failed to start DG OFF DG Stop DG Tripped on fault DG OFF

Voltage Rise DG Parallel with grid AMF BKR ON Voltage Rise DG failed to start
AUTO/ MANUALlSS 

in AUTO mode

Voltage Lower DG AMF BKR OPEN AMF BKR OFF Voltage Lower
AUTO/ MANUAL SS 

in MANUAL mode

Speed Rise 

DG Local/Remote SS 

in

Local mode

Speed Rise 

Speed Lower

DG Local/Remote SS 

in

Remote mode

Speed Lower

DG AUTO/ MANUAL SS L/R switch

Tap Raise
TAP Changer 

Incomplete

TAP control SS in SAS 

mode

Windg. Temp. High 

Alarm & trip

Tap change In 

progress

Windg. Temp. High 

Alarm & trip

Tap Lower
TAP Changer out of 

STEP

TAP Changer in 

progress

Oil Temp. High 

Alarm & trip

Oil Temp. High Alarm 

& trip
Windg. Temp. High 

Alarm & trip
TPI (4-20mA Analog) Bucholz Alarm & trip Bucholz Alarm & trip

Oil Temp. High Alarm & 

trip

PRV trip,Oil Surge 

Trip, MOG alarm

PRV trip,Oil Surge 

Trip, MOG alarm

Bucholz Alarm & trip
Tap changer out of 

step Trip

Tap changer out of 

step Trip

PRV trip, MOG alarm
Tap change 

incomplete Alarm

Tap change 

incomplete Alarm

Tap change In 

progress

Tap Raise
TAP Changer 

Incomplete

TAP control SS in SAS 

mode

Windg. Temp. High 

Alarm & trip

Tap Lower
TAP Changer out of 

STEP

TAP Changer in 

progress

Oil Temp. High Alarm 

& trip

Windg. Temp. High 

Alarm & trip
TPI (4-20mA Analog) Bucholz Alarm & trip

Oil Temp. High Alarm & 

trip

PRV trip,Oil Surge 

Trip, MOG alarm

Bucholz Alarm & trip
Tap changer out of 

step Trip

PRV trip, MOG alarm
Tap change 

incomplete Alarm

Tap change In 

progress

SWITCHBOARDGCP for GTG/STGs,  GCP/AMF PANEL (DG)SAS

NA NA

NANA

NA

"*"Auto & Manual 

Synch facilities are 

provided on GCP.

Sync is done at 

respective Incomer 

CB of 66kV GIS.

NANANA NA

Transformer 

incipient faults

(66kV GIS-For

GTG#3 

transformer)

Auto synch facilities are 

provided on 

SAS(During power 

restoration). Synch is 

done at  EPMCC 

Incomer of 415V 

EPMCC swbd.

Auto Synch facilities are

provided on SAS. 

Sync is done at

respective Incomer CB

of 66kV GIS.

On load Tap changer 

control (OLTC)

GTG#4, STG#1        

BREAKEREQUIPMENT

NA1

S.No.

2 GTG#3 NA

4

STATION AUXILIARY 

TRANSFORMER

(STR#1 & STR#2)

For GTG#3 

transformer only.
NANA

NA

NA

"*" For STG both

Auto & Manual

synchronisation 

facilities are provided

in GCP.For GTG

Auto synchronisation

facility will be

provided as part of

Marks Vi and Manual

synchronisation 

facility will be

provided as part of

GCP.

NA

Auto & Manual synch 

facilities are provided 

on DG AMF panel 

during  routine trail 

run/test operation of 

DG. Synch is done at 

DG incomer CB for 

routine trial run 

operation.

Auto Synch facilities are

provided on SAS. 

Sync is done at

respective Incomer CB

of 66kV GIS.

On load Tap changer 

control (OLTC)

NA

3

GENERATOR 

TRANSFORMER 

(GTG#1TR 

&STG#1TR) 

NA

2

415V BLACK START 

CUM EMERGENCY 

DG

NA NA

NA

NA

NA NA NA NA

NA

Transformer 

incipient faults

(66kV GIS)

NA

NA

NA NA NA NA NANA
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Location : GIS Control room Location :GTG/STG GCP in CCCPP control room, DG GCP/AMF in DG Control room Location : CPP Substation Switchgear Room

Synchronisation Control Metering Annunciation Indication Remarks Synchronisation Control Metering Annunciation Indication Remarks Sync BKR Metering Protections Indication Remarks

SWITCHBOARDGCP for GTG/STGs,  GCP/AMF PANEL (DG)SAS

BREAKEREQUIPMENTS.No.

CB Tripped on fault
CB, ISO-1 & 2 CLOSE

CB Tripped on fault

CB, ISO-1 & 2 

OPEN

Line PT Sec MCB off
CB, ISO-1&2 OPEN Line PTs Sec MCB 

off

CB, ISO-1&2 

CLOSE

Trip circuit unhealthy ESW OPEN, CLOSE
Trip circuit 

unhealthy

ESW OPEN, 

CLOSE

CB RTC,

GIS LCC in REMOTE

CB RTC,

GIS LCC in 

REMOTE

GCP Syn.Selector 

switch in SAS Mode

CB Tripped on fault
CB, ISO-1 & 2 CLOSE

CB Tripped on fault

CB, ISO-1 & 2 

OPEN

Line PT Sec MCB off
CB, ISO-1&2 OPEN Line PTs Sec MCB 

off

CB, ISO-1&2 

CLOSE

Trip circuit unhealthy ESW OPEN, CLOSE
Trip circuit 

unhealthy

ESW OPEN, 

CLOSE

CB RTC,

GIS LCC in REMOTE

CB RTC,

GIS LCC in 

REMOTE

CB Open 

GCP Syn.Selector 

switch in SAS Mode

CB Tripped on fault
CB, ISO-1 & 2 CLOSE

Line PT Sec MCB off
CB, ISO-1&2 OPEN

Trip circuit unhealthy ESW OPEN, CLOSE

1) CB Open

2) Isolator-1, 2 Open

CB RTC,

GIS LCC in REMOTE
CB Open 

CB Tripped on fault
CB, ISO-1 & 2 CLOSE

Line PT Sec MCB off
CB, ISO-1&2 OPEN

Trip circuit unhealthy ESW OPEN, CLOSE

1) CB Open

2) Isolator-1, 2 Open

CB RTC,

GIS LCC in REMOTE
CB Open 

CB Tripped on fault CB, ISO-1 & 2 CLOSE

CB, ISO-1&2 OPEN

Trip circuit unhealthy ESW OPEN, CLOSE

1) CB Open

2) Isolator-1, 2 Open

CB RTC,

GIS LCC in REMOTE
CB Open 

Bus Voltage Bus PT Sec MCB off

Frequency Bus Under voltage

DC Supply-1/2 FAIL

CB Tripped on fault
CB, ISO-1 & 2 ON

Trip circuit unhealthy
CB, ISO-1&2 OFF

ESW ON, OFF

1) CB Open

2) Isolator-1, 2 Open

CB RTC,

GIS LCC in REMOTE
CB Open 

As per respective switchboard SLDNA

A,MW, MVA    

NA

CB close in 

feeder earthing 

& service 

positionNA

NANA NA

66kV GENERATION 

SWBD

GRID I/C & 

Tie Line

V, 

A,F,PF,MW,MV

A,MVAR, MWH

Auto & Manual Synch 

facilities are provided

on GCP.

NANA

1) Manual Synch/ Dead bus

CB Close in service position.

2) Isolator-1, 2 close 

NA NA NA NA

GTG#4 I/C

5

STG I/C

O/G

BUS PT

As per respective switchboard SLD 

CB Close for 

feeder earthing

NA

1) Auto Synch/

Ind/ Man Synch

CB Close in

service position.

2) Isolator-1, 2

close 

NA

V, 

A,F,PF,MW,MV

A,MVAR, MWH   

NA

NA

"OFF/Ind/Auto sync/

Manual Sync"

Selector switch is

mounted on GCP.

Synchro. Check

selector switch

(OFF/GCP/SAS/MAR

K VI) is part of GCP.

Auto & Manual Synch 

facilities are provided

on GCP.

1) Auto Synch/ Dead bus CB

Close in service position.

2) Isolator-1, 2 close 

V, A, MW

Auto Synch facilities are

provided on SAS.

1) Auto Synch/ Dead bus CB

Close in service position.

2) Isolator-1, 2 close 

V, A, MW

Auto Synch facilities are

provided on SAS.

V, A,F,PF,MW

V, A,F,PF,MW

NA

1) CB Close in service

position.

2) Isolator-1, 2 close 

"OFF/Ind/Auto sync"

Selector switch shall

be located  in SAS.

1) Auto Synch/

Ind/ Man Synch

CB Close in

service position.

2) Isolator-1, 2

close 

Auto/Manual Synch

facilities are provided

on SAS.

1) Manual Synch/ Dead bus

CB Close in service position.

2) Isolator-1, 2 close 

"OFF/Ind/Auto sync"

Selector switch shall

be located  in SAS.

Auto/Manual Synch

facilities are provided

on SAS.

BUS 

Couplers

OFF/GTG-4/STG-

1/GTG-3/ALL 

Generator selector

switch located in

SAS

NA

NA

NA

CB Close for 

feeder earthing

As per respective switchboard SLD

NA

NA

NA

CB Close for 

feeder earthing
As per respective switchboard SLD 

CB Close for 

bus earthing

As per respective switchboard SLD

NA

NA

NA

GTG#3 I/C
Auto Synch facilities are

provided on SAS.

1) Auto Synch/ Dead bus CB

Close in service position.

2) Isolator-1, 2 close 
V,A, MW

NA

OFF/GTG-4/STG-

1/GTG-3/ALL (GTG-

3+GTG-4 & STG-1)

Generator selector

switch located in

SAS for Grid

Incomers.

OFF/GTG-1/GTG-

2/ALL (GTG-1 +

GTG-2)  Generator 

CB Close for 

feeder earthing

As per respective switchboard SLD 

NA NA NA NA NA

"OFF/Ind/Auto sync"

Selector switch is in

SAS.

NA NANA NA

1) CB Open

2) Isolator-1, 2 Open

1) CB Open

2) Isolator-1, 2 

Open

CB Open 

1) CB Open

2) Isolator-1, 2 Open

1) CB Open

2) Isolator-1, 2 

Open

NA

NA

As per respective switchboard SLD 

"OFF/Ind/Auto sync/

Manual Sync"

Selector switch is

mounted on GCP.

Synchro. Check

selector switch

(OFF/GCP/SAS) is

part of GCP.

NA

NA

NA NA
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Location : GIS Control room Location :GTG/STG GCP in CCCPP control room, DG GCP/AMF in DG Control room Location : CPP Substation Switchgear Room

Synchronisation Control Metering Annunciation Indication Remarks Synchronisation Control Metering Annunciation Indication Remarks Sync BKR Metering Protections Indication Remarks

SWITCHBOARDGCP for GTG/STGs,  GCP/AMF PANEL (DG)SAS

BREAKEREQUIPMENTS.No.

CB Tripped on fault
CB ON, OFF

Open, Close, Trip

Line PT Sec MCB off CB SERVICE Trip Circuit healthy, 

Trip circuit unhealthy CB RTC DC SUPPLY FAIL

Under voltage trip

Auto/Independent/ 

Manual  selected in 

INDEPENDENT mode

Spring charged

CB Open NR  Unhealthy

Auto/Independent/ 

Manual  selected in 

AUTO mode

CB Open BKR SERVICE/TEST

Upstream Breaker 

ON/OFF

CB Tripped on fault CB ON, OFF Open, Close, Trip

Trip circuit unhealthy CB SERVICE Trip Circuit healthy, 

DC Supply-1 fail CB RTC DC SUPPLY FAIL

DC Supply-2 fail

Auto/Independent/ 

Manual  selected in 

INDEPENDENT mode

Spring charged

CB Open

Auto/Independent/ 

Manual  selected in 

AUTO mode

CB Open BKR SERVICE/TEST

CB Tripped on fault
CB ON, OFF

Open, Close, Trip

Trip circuit unhealthy CB SERVICE Trip Circuit healthy, 

Under voltage trip CB RTC DC SUPPLY FAIL

CB Open NR  Unhealthy Spring charged

CB Open BKR SERVICE/TEST

V Bus PT MCB off PT TEST position PT SERVICE/TEST

R, Y, B Healthy

CB Tripped on fault
CB ON, OFF

Open, Close, Trip

Line PT Sec MCB off CB SERVICE Trip Circuit healthy, 

Trip circuit unhealthy CB RTC Spring charged

Under voltage trip BKR SERVICE/TEST

CB Open NR Unhealthy CB Open R, Y, B Healthy

CB Tripped on fault
CB ON, OFF

Open, Close, Trip

Trip circuit unhealthy CB SERVICE Trip Circuit healthy, 

DC Supply-1 fail CB RTC
DC SUPPLY-1 & 2 

FAIL

DC Supply-2 fail

Auto/Independent/ 

Manual  selected in 

INDEPENDENT mode

Spring charged

CB Open

Auto/Independent/ 

Manual  selected in 

AUTO mode
CB Open BKR SERVICE/TEST

Auto/Ind/Manual SS 

Provided at B/C 

(Common SS for 

SWBD)

B/C NA

NORMAL I/C NA NANA NA NA NA

V, 

A,F,PF,MW,MVA,

MVAR,MWH 

through MFM

As per respective 

switchboard SLD

1) CB Close on 

Auto, Ind & 

Manual mode 

in service 

position

2) CB Close in 

test position

A
As per respective 

switchboard SLD

V, 

A,PF,MW,MVA,M

WH through MFM

As per respective 

switchboard SLD

As per respective 

switchboard SLD
V

1) CB Close on

Ind & Manual

mode in

service 

position

2) CB Close in

test position

Auto/Ind/Manual SS 

Provided at B/C 

(Common SS for 

SWBD)

NA

V, 

A,F,PF,MW,MVA,

MVAR,MWH 

through MFM

As per respective 

switchboard SLD

A
As per respective 

switchboard SLD

NA NA

0.415KV 

PMCC 

(Refer Note 2)
7

CB Close on Independent 

mode in service position

NAA

Auto/ Independent 

(Dead bus closing)/ 

Manual (Momentary 

paralleling) SS 

provided in 

Switchboard

NA

1) CB Close on

Ind & Manual

mode in

service 

position

2) CB Close in

test position
NA

NANA NA

NA NA

NA

NAI/C NA

Auto/ Independent 

(Dead bus closing)/ 

Manual (Momentary 

paralleling) SS 

provided in 

Switchboard

B/C

V, 

A,PF,MW,MVA,

MWH

NA

V, 

A,F,PF,MW,MV

A,MWH

Auto/ Independent 

(Dead bus closing)/ 

Manual (Momentary 

paralleling) SS 

provided in 

Switchboard

NA NA

NA

NA

NA

NA NA

NA

Auto/ Independent 

(Dead bus closing)/ 

Manual (Momentary 

paralleling) SS 

provided in 

Switchboard

Auto/Ind/Manual SS 

Provided at B/C 

(Common SS for 

SWBD)

Auto/Ind/Manual SS 

Provided at B/C 

(Common SS for 

SWBD)

NA

CB Close in 

test  position

A

V, 

A,F,PF,MW,MV

A,MWH

CB Close on Independent 

mode in service position

NA

O/G NA

CB Close on Independent 

mode in service position

CB Close in service position

BUS PT NA

6
11KV 

HT SWGR

CB Close on Independent 

mode in service position

NANA

NA

NA NANA

NA NA

NA NA NA

1) CB Close on 

Auto, Ind & 

Manual mode 

in service 

position

2) CB Close in 

test position

NA
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Location : GIS Control room Location :GTG/STG GCP in CCCPP control room, DG GCP/AMF in DG Control room Location : CPP Substation Switchgear Room

Synchronisation Control Metering Annunciation Indication Remarks Synchronisation Control Metering Annunciation Indication Remarks Sync BKR Metering Protections Indication Remarks

SWITCHBOARDGCP for GTG/STGs,  GCP/AMF PANEL (DG)SAS

BREAKEREQUIPMENTS.No.

CB Tripped on fault
CB ON, OFF

Open, Close, Trip

Line PT Sec MCB off CB SERVICE Trip Circuit healthy, 

Trip circuit unhealthy CB RTC Spring charged

Under voltage trip BKR SERVICE/TEST

CB Open NR  Unhealthy CB Open R, Y, B Healthy

CB Tripped on fault
CB ON, OFF

CB Tripped on fault
CB OPEN

Open, Close, Trip

Line PT Sec MCB off CB SERVICE
Line PTs Sec MCB 

off
CB CLOSE Trip Circuit healthy, 

Trip circuit unhealthy CB RTC CB OPEN
Trip circuit 

unhealthy
CB RTC Spring charged

Under voltage trip BKR SERVICE/TEST

CB Open NR Unhealthy CB Open R, Y, B Healthy

CB Tripped on fault
CB ON, OFF

Open, Close, Trip

Trip circuit unhealthy CB SERVICE Trip Circuit healthy, 

DC Supply-1 fail CB RTC
DC SUPPLY-1 & 2 

FAIL

DC Supply-2 fail

Auto/Independent/ 

Manual  selected in 

INDEPENDENT mode

Spring charged

CB Open

Auto/Independent/ 

Manual  selected in 

AUTO mode
CB Open BKR SERVICE/TEST

CB Tripped on fault
CB ON, OFF

Open, Close, Trip

Trip circuit unhealthy CB SERVICE Trip Circuit healthy, 

NR Unhealthy CB RTC Spring charged

CB Open BKR SERVICE/TEST

CB Open 

BUS & BUS 

PT
NA NA V Bus PT MCB off NA NA NA NA NA NA NA NA V

As per respective 

switchboard SLD

9

0.415kV PMCC & 

EPMCC SWBD (Refer 

Note 2)

Auto & Manual Synch 

facilities are provided 

on AMF Panel.

NA

LOCAL(AMF)/REMO

TE(SAS) Switch shall 

provide in AMF panel

NA

1) CB Close on

Ind mode in

service 

position

2) CB Close in

test position
V, 

A,F,PF,MW,MVA,

MVAR,MWH

B/C NA

CB Close on Independent 

mode in service position

A -- NA NA NA NA NA NA

1) CB Close on 

Auto, Ind & 

Manual mode 

in service 

position

2) CB Close in 

test position

A

NA

CB Close in 

test  position

NORMAL I/C
Auto Synch facilities are 

provided on SAS.

Auto/Ind/Manual SS 

Provided at 

switchboard and will 

be located in 

switchboard

NANA

As per respective 

switchboard SLD

Auto/Ind/Manual SS 

Provided at B/C 

(Common SS for 

SWBD)

0.415KV 

EPMCC 

(Refer Note 2)
8

V, A,PF,KW,KWH 

CB Close in service position

As per respective 

switchboard SLD

CB Close on Auto Syn./ 

Independent mode in service 

position
V, 

A,F,PF,MW,MV

A,MWH

Auto/ Independent 

(Dead bus closing) 

SS provided in SAS.

NA NA NA NA NA NA

1) CB Close on

Ind & Manual

mode in

service 

position

2) CB Close in

test position

V, 

A,F,PF,MW,MVA,

MVAR,MWH

As per respective 

switchboard SLD

As per respective 

switchboard SLD

Dead bus contact 

and AMF signal 

shall be provided to 

AMF panel from 

PMCC

O/G BKR NA
V, A,KW,KVA, 

KWH
NA NA

Auto 

Synch/Manual/ 

Ind CLOSE in 

service position.

Auto.Syn / 

Independent (Dead 

bus closing) SS 

provided in SAS

V, 

A,F,PF,MW,MV

A,MWH

DG  I/C
Auto Synch facilities are 

provided on SAS.

CB Close on Independent 

mode in service position

NA NA
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Location : GIS Control room Location :GTG/STG GCP in CCCPP control room, DG GCP/AMF in DG Control room Location : CPP Substation Switchgear Room

Synchronisation Control Metering Annunciation Indication Remarks Synchronisation Control Metering Annunciation Indication Remarks Sync BKR Metering Protections Indication Remarks

SWITCHBOARDGCP for GTG/STGs,  GCP/AMF PANEL (DG)SAS

BREAKEREQUIPMENTS.No.

CB Tripped on fault
CB ON, OFF

Open, Close, Trip

Line PT Sec MCB off CB SERVICE Trip Circuit healthy, 

Trip circuit unhealthy CB RTC Spring charged

Under voltage trip BKR SERVICE/TEST

CB Open NR Unhealthy CB Open R, Y, B Healthy

CB Tripped on fault
CB ON, OFF

Open, Close, Trip

Trip circuit unhealthy CB SERVICE Trip Circuit healthy, 

DC Supply-1 fail CB RTC Spring charged

DC Supply-2 fail

Auto/Independent/ 

Manual  selected in 

INDEPENDENT mode

BKR SERVICE/TEST

CB Open

Auto/Independent/ 

Manual  selected in 

AUTO mode
CB Open 

BUS & BUS 

PT
NA NA V Bus PT MCB off NA NA NA NA NA NA NA NA V

As per respective 

switchboard SLD
R, Y, B Healthy

NOTES

1 Open, Close, Trip, Trip Circuit healthy, DC Fail(buscoupler), Spring charged LED type indicating lamps provided on switchboard.

2 Only Breaker feeders are covered.

LEGEND:

A - AMMETER 64R - RESTRICTED EARTH FAULT RELAY I/C - INCOMER

V - VOLTMETER 51G - STANDBY EARTHFAULT RELAY B/C - BUSCOUPLER 

MW - MEGAWATT METER 87GT - OVERALL DIFFERENTIAL RELAY B/S - BUS SECTIONISER

MWH - ENERGY METER 80 - CONTROL SUPPLY SUPERVISION RELAY SWBD - SWITCHBOARD

MVA - MEGAVOLTAMP METER 81 - U/F RELAY WITH DF/DT CB - CIRCUIT BREAKER

MVAR - MEGAVAR METER 86 - LOCK RELAY SS - SELECTOR SWITCH

F - FREQUENCY METER 87B - BUS DIFFERENTIAL RELAY ACO - AUTOCHANGEOVER

PF - POWER FACTOR METER 87F - FEEDER DIFFERENTIAL RELAY IND/DB - DEAD BUS

TPI - TAP POSITION INDICATOR 87T - TRAFO DIFFERENTIAL RELAY MAN/MP - MOMENTARY PARALLING

2- TIMER 95 - TRIP CKT SUPERVISION RELAY PTSS - PT SELECTOR SWITCH

25 - CHECK SYNC RELAY 95B - BUS DIFFERENTIAL SUPERVISION RELAY TSS - TRIP SELECTOR SWITCH

27 - UNDER VOLTAGE RELAY 97 - FUSE FAILURE RELAY BKR - BREAKER

50 - INSTANTANEOUS OVER CURRENT RELAY 98 - DEAD BUS RELAY ISO- ISOLATOR

50N - INSTANTANEOUS EARTH FAULT RELAY OFF/IND/ AUTO SYCH/ MAN SYNCH SS - OFF/ INDEPENDENT/ AUTO SYNCHRONIZATION/ MANUAL SYNCHRONIZAT DIST - DISTRIBUTION

51 - IDMT OVRERCURRENT RELAY ESW - EARTH SWITCH O/G - OUTGOING

51N - IDMT EARTH FAULT RELAY SYNC - SYNCHRONISATION

67 - DIRECTIONAL PHASE O/C RELAY CR - CONTROL ROOM

67N - DIRECTIONAL EARTHFAULT RELAY NA - NOT APPLICABLE/ NOT ENVISAGED

As per respective 

switchboard SLD

Auto/Ind/Manual SS 

Provided at B/C 

(Common SS for 

SWBD)

CB Close on Independent 

mode in service position

A

1) CB Close on 

Auto, Ind & 

Manual mode 

in service 

position

2) CB Close in 

test position

As per respective 

switchboard SLD

Auto/Ind/Manual SS 

Provided at B/C 

(Common SS for 

SWBD)

NA

NA

1) CB Close on

Ind & Manual

mode in

service 

position

2) CB Close in

test position

V, 

A,F,PF,MW,MVA,

MVAR,MWH 

through MFM

CB Close on Independent 

mode in service position

NA

Auto/ Independent 

(Dead bus closing)/ 

Manual (Momentary 

paralleling) SS 

provided in 

Switchboard

NA NA NA

NA

NA

NAO/G NANA NA

Auto/ Independent 

(Dead bus closing)/ 

Manual (Momentary 

paralleling) SS 

provided in 

Switchboard

V, 

A,F,PF,MW,MV

A,MWH

NA

B/C

NA NA

NA NA

NA NA

NANA

A

NORMAL I/C NA

0.415KV 

MCC (Refer Note 2)
10

NA

NA

As per respective switchboard SLD
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11Kv SLD (NEW)
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11Kv  SLD(Existing)






































































































alex
Text Box



alex
Text Box



alex
Text Box



alex
Text Box



alex
Text Box



alex
Text Box



alex
Text Box



alex
Text Box



alex
Text Box



alex
Text Box



alex
Text Box














































































