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REFERENCE REPORTS

(1) Preliminary Report on Task Order N° 20, August 1998
(1)  Substation Preventive Maintenance Manual, August 1998

(m) System Efficiency Improvement Trammng Project, Scope of Work,
Implementation Approach, and Schedule of Training Activities, August 1998

INTRODUCTION

The United States Agency for International Development (USAID) approved for
HVPNL, a System Efficiency Improvement Traiming Project International Resources
Group (IRG) has now provided this traming to the selected participants (about 85
engmeers) from HVPNL HVPNL assigned Mr K D Dogra, as a Project Co-ordiator
to work with the IRG Tramning Team

TRAINING PROGRAM

The tramnmg program was structured to provide the tramnees with the necessary tools
and knowledge to design, operate and mamntain a more reliable, safer, and more
efficient electrical system

HVPNL had three tramning centers that were used as venues for the classroom training
Three groups of approximately 10 trainees each were selected for traiming from each
of the three centers Selected switchyards were used to provide on-the-job traiming for
each of the 9 groups See Appendix VII Appendix VI was used as an inspection
check list for the walkdowns done at the switchyards

S DAY SEMINAR

Each group of trainees had to attend a 5-day seminar consisting of four & hour days of
lectures, one 4 hour night of thermo-vision scanning, and one 8 hour walk-down of a
switchyard

For details of the seminar and complete coverage of the classroom lectures see
Appendices 1 11 and III

WALK DOWNS & THERMO-VISION SCANS

Appendix IV contains the results of the walkdowns at the switchyards and the might
scanning at these same switchyards Note that scanning could not be done at the first
three switchyards due to the unavailability of a thermo-vision scanner at the ime A
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scanner was rented for group 1A however to give them a feel for the “hot spots”
identified at Pinjore substation No scanner images however were made available
from the renter

OBSERVATIONS AND RECOMMENDATIONS

6.1 SWITCHYARDS

611 POWER TRANSFORMERS
6111 Foundations

Observations

In nearly all existing installations (except at Hissar 220 kV swyd), the transformer
foundation consisted of two concrete support phinths with steel reinforcement with 1
sections bridging the two plinths This design does not provide for

(a) Containment of the o1l duning a tank rupture
Or, (b) Quenching of surface flames on burming o1l that has spilled out

Recommendations

Modemn practice requires transformers to be installed on a concrete ‘pan’, with the
bottom sloped, to a drain point where spilled o1l could be then pumped to an off-site
location The pan or shallow open tank should be designed to catch all the spilled o1l
and 60% volume of the tank should be equal to the total volume of o1l in the
transformer

The balance 40% volume of the open tank should be filled with crushed granite rock
This helps to break up any surface flames on the o1l and quenches the fire as the oil,

seeps below the crushed rock

6112 Overvoltage Protection

Observations

On all transformers, the overhead bus terminating at transformers should have surge
arresters on both the HV and LV sides of the transformer In some instances these
arresters have not been 1nstalled (eg Pinjore switchyard)

Recommendations

All power transformers connected to overhead buses or exposed bus should have
surge arresters nstalled on both the HV and LV sides of the transformer The arresters
must be co-ordinated with the BIL of the transformer windings, must be located as
close to the transformer bushings as possible, and must be station class, and have a
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metallic ground connection (via the ground grid 1s O K ) to the transformer grounded
neutrals, and the tank

6113 Protective Relaying

Observations

In some cases (eg Babyal switchyard) the transformer high side breaker 1s non
functional electrically and also the blue phase has been jumpered out This means that
when the transformer differential relay operates, and calls on the high side breaker to
open, the breaker being non-functional cannot 1solate the faulty transformer This
could eventually result in a fire and the total destruction of this expensive transformer

Recommendations

In each case where a breaker 1s jumpered out or 1s non-functional the transformer
protective relay zone must be adjusted to overlap healthy breakers and the tripping
times should be comparable to differential relaying, and isolation of the faulty

transformers should be complete from both HV and LV sides

6114 [Fire Protection

Observations

When transformers are mounted side by side, sometimes the mimimum distance
achieved between transformers 1s insufficient to prevent the spread of the fire from the
faulty transformer to a healthy transformer

Also transformers located close to walls of the control building have insufficient
distance to the walls to prevent the fire spreading to the building

The only fire protection provided on the larger power transformers 1s a portable CO,
cylinder type extinguisher and about 5 small buckets filled with fine loose sand

Recommendations
Transformers located side by side should be seperated by a fire wall

Transformers close to building walls should have the walls designed for a 2 hour fire
rating

A better, and automatic fire extinguishing system should be provided, particularly on
the large, more expensive and more important transformers This should consist of a
piped ‘mulsifyr’ system utihzing a nng of smoke and hcat detectors located at
strategic ponts around the transformer

14
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In the absence of automatic fire protection equipment due to say, economic reasons, 1t
1s imperative that fast protective relaying with adequate reliable backup relaying be
provided

6115 Mamntenance

(Observations

O1l levels may be low, o1l leaks are evident at cooling radiator gaskets and sampling
valves, and at tank cover gaskets

Silica gel breathers have pink crystals
In some instances, o1l cups on the breathers are missing

Temperature 1ndicators 1 some cases are not operating correctly (WTI reads lower
than OTI) (e g Madhanpur switchyard)

One ncident was reported by a trainee of IR levels on a transformer reading lower
than the manufacturer’s recommendations

Thermo-vision scans may show unusual conditions such as local heating, blocked
radiators, restricted o1l flows, insufficient or mefficient cooling, low o1l levels

Q1l testing of sampling may show low dielectric strength
Fan controls m the transformer control cabinets have been left on the “manual”
position This could overheat a fully loaded transformer since 1t 1s deprived of 1t’s

cooling

Recommendations

e The O&M manuals for each and every transformer must be made available at each
switchyard Periodic maintenance as recommended by the manufacturer must be
carmed out religiously, nigorously, and promptly All maintenance procedures
should be followed throughout the life of the transformer and all maintenance
logs must be maintained for reference

o Transformer fan controls should be left in the ‘auto’ position to enable the
transformer to get adequate cooling during heavy loading conditions

6 1.2 LIGHTNING ARRESTERS

6121 Inclusion in circuits

Observations

Lightmng arresters are missing on
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(1) On some transformers where overhead lines or buses terminate on transformer
bushings

(1) On some cable to overhead line interfaces

And (1) At the open circuited ends of some HV overhead lines

Recommendations

The appropnate hightning arrester (1 € station or distribution class) must be inserted at
the mterface of all equipment of a particular impedance when connected to equipment
of a different impedance
eg at the interface of transformer/OH line,

at the interface of cable/OH hine,

at the interface of Open Isolator/OH line

The arresters must be placed as close as possible to the equipment 1t 1s protecting
This has not been the case at Babyal, where the 66 kV arresters could have been
placed closer to the transformer, and 1n place of the bus support insulators

6122 Grounding
Observations

HV hghtning arresters are ‘grounded’ via the leakage current ammeter/surge counter
black box The ground connection thru’ the black box cannot be seen and may be
‘open’ which means there 1s no overvoltage protection

Also 1n nearly all switchyards, mild steel bars are used for grounding This bar may be
corroded either above or below ground level which would again defeat the required
grounding of the lightning arrester

Recommendations

Venfy the continuity of the ground bar thru’ the black box Venfy the continuity of
the ground bar all the way to and including the ground gnd

6123 Monuoring

Observations

. In possibly 90% of all switchyards the HV hghtning arrester monitoring
ctrcunts are defective They are corroded, unreadable, and/or non operational As such
the leakage current flowing thru the arrester 1s not known Only a limited leakage
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current 15 permissible thru’ the arrester and when the limt has been exceeded
(ammeter needle goes from green scale to red scale) the arrester MOV discs are
exhausted and the arrester has to be replaced

Recommendations

A calibrated, functioning leakage current monitor must be connected 1n the arrester
ground circuit 1n place of the defective monutor and the actual leakage current present
must be determined If leakage current exceeds the it then the arrester must be
determined If leakage current exceeds the hmut, then the arrester must be replaced, as
the protective capacity of the arrester has been exhausted

6124 Mamntenance
Observations
. No maintenance logs are kept on lightning arresters As such a false sense of
security 1s achieved, since equipment provided with an “arrester” may 1n fact have no
overvoltage protection

Recommendations

Maintain logs of arrester leakage currents, ground connection resistances, number of
surge counter operations, and calibraion of leakage current ammeters

6125 Connections
Observations
In one switchyard (eg Beer swyd) 132 LV side arresters at 132 kV - 33 kV
transformer) the arresters had been incorrectly connected The leakage current monitor
had been shorted out of the ground circuit It was also questionable whether the

arrester base was 1n fact grounded!

Recommendations

Each arrester must be correctly installed with the monitor included in the ground
circuit and the arrester base grounded through the monitor

613 CIRCUIT BREAKERS

6131 Manual Control
Observations

At Beer and Hisar 220 kV switchyards there were 132 kV SF6 breakers that had
electrical control both locally at the breaker and remotely n the control building
However there was no manual control at the breaker In the event of an emergency, 1f
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the electrical power 1s not available at the breaker (which 1s quite a likely occurrence)
the breaker cannot be tnpped manually at the breaker This 1s a dangerous situation

Recommendations

HVPNL should specify on all breakers, that manual, mechanical controls should be
provided at the breaker

6132 Inclusion in Incoming Circuits

Observations

In some switchyards (e g Beer and Nilokhert) the main mcoming HV line connects
directly onto the HV bus 1n the switchyard without having an 1solating incoming
circuit breaker

There are some disadvantages to this Firstly, to cut off power to the switchyard the
remote switchyard breaker has to be opened (by manual communication)

Secondly, the HV bus differential relay has to i1solate the bus 1n the event of a bus
fault How 1s thus to be accomplished without a local breaker? If there are no HV bus
differential relays how does the distance relaying on the incoming line at the remote
station cover the HV bus zone? There are no satisfactory answers to these questions

Recommendations

The above questions indicate many disadvantages to not having an incoming HV
circuit breaker The relaying and operation of the system has to be looked at closely
and must be designed to give safe and efficient operation of the system

6133 Shorting out of Phases

Observations

At more than one switchyard (e g Babyal) circuit breaker, phases have been shorted
out At Babyal, the incoming circuit breaker 1s a 3, individual pole, ganged breaker
The pole of the blue phase was non-functional and as such had been jumpered across
Also, 1t was determined later that the control switch had been disconnected, the reason
being that the electrical charging motor was defective and the breaker (red and yellow
phases) had no electrical circuits

Leaving a breaker in this condition on a live circuit 1s a safety hazard, and provides a
false sense of secunity Losses are also increased due to the connectors and contact
resistances (I°R losses), unnecessarly bemng left in the circuit Protective relaying 1s
jeopardized because of a non-functioning breaker and the fact that the blue phase

circuit cannot be opened, and the protective zones may not have been revised

Recommendations

18
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The relaying zones must be re-arranged to give overlapping protection and tripping
circuits must be re-connected to trip functional breakers that will 1solate any fault,
completely Some flexibility will defimtely be lost due to the reconnections and
therefore the faulty breaker must be removed and replaced as soon as possible A log
should be kept at each switchyard to order needed replacement equipment and this
should be intimated to HVPNL management on an ‘as needed’ basis

Leaving the faunlty breaker in place with no revision to the protective system could
result mn a power transformer fault developing mto a major transformer fire and
ultimately destroymg the transformer with danger to human lives (See Reference
Reports for the concermn of HVPNL Chairman n regard to the recent 5 large power
transformer fires that occurred 1n 1998)

6134 Operation Counters

Observations

Very little, or no, attention 1s being paid to circuit breaker operation counters In some
cases the counters have not been maintained and operating personnel don’t even know
where to locate these counters

Recommendations

The counters are located in the outdoor breaker control cabinets They should be
peniodically checked for correct operation, and their gearings should be hightly oiled
Manufacturers O&M manuals must be made available for operating staff at the
switchyard and the switchyard SSE must prepare a maintenance procedure for each
breaker based on the O&M manual requirements These procedures should be
followed and logs kept of the maintenance performed on each and every circuit
breaker The maintenance intervals are tied very closely to the digits of the operation
counters, just like mileage ntervals 1n an automobile

6135 Mantenance
QObservations

. There are many 1tems which need to be checked for proper maintenance of the
circuit breakers Some of these are

o Operation Counters

. Pressures, where applicable
. O1l levels, where applicable
. Vaccuum, where applicable
. Contact resistance

19
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. Overheating due to hugh contact resistance
. Other 1items indicated in O&M manuals
Recommendations

The manufacturer of the equipment 1s the best source for determining how the breaker
1s to be maintained Therefore the O&M manuals must be available at the switchyard
for the SSE in-charge to be able to formulate a maintenance procedure Periodic
thermo-vision scans of the breaker will help detect overheating or hot spots due to
high contact resistance Functioning operation counters are required for determining
routine maintenance mtervals Correctly functiomng gages help determine the
maintenance of required levels, pressures, and vacuums

614 OVERHEAD SHIELD WIRES
6141 Swichyards
QObservations

All switchyards have overhead shield wires but over time, some masts have been
removed, some shield wires have been removed, and also shield wires have been re-
routed The net result 1s that m nearly every switchyard there 1s not 100 per cent
coverage of the bus and equipment by the shield wires when a 30 degree coverage
angle with the vertical 1s considered There are many “open’ unprotected areas within
the switchyards

Recommendations

Each switchyard must be looked at from a ‘coverage’ aspect and additional overhead
shield wires should be installed to achieve the coverage of all switchyard equipment
within the ‘30 degree cone’

The shield wire 1s regular GS wire, and 1n most cases the masts on the gantry towers
are already 1n place, so the achievement of 100 per cent shielding 1s not an expensive
cost item It 1s however very good and cheap msurance for protection of the
switchyard equipment from direct hghtming strokes

615 GROUNDING

6151 Useof mildsteel ground bars

Observations

20
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For economic reasons and to deter pilferage, mild steel 1s used as the ground bus
matenial, 1n heu of copper As long as the correct cross sectional area, resistivity, etc
was considered i the grounding calculations there 1s no harm mn this However 1t must
be borne 1n mund that mild steel corrodes easily and much faster than copper As such
the effectiveness of the ground connections, ground leads, and ground grid must be
checked frequently and periodically to ensure that ‘corrosion’ has not open circuited
any ground connections

Recommendations

Frequently check the continmty of all external grounding leads Also, frequently
check the ground gnid resistance from mdividual 1solated ground leads at various
equipment locations The measured ground gnid resistance in every case should be the
same, since every lead 1s connected to the same ground grnid If the readings at
different locations 1n the switchyard differ, then this imphies an 1solation or “break™ in
the ground gnd caused by corrosion of the mild steel This should be venfied and the
ground gnd then needs to be corrected

6152 Crushed Rock
Observations

All switchyards were designed with the “crushed rock concept” used n the grounding
calculations Over time, this crushed rock has sunk below the soil, or weeds and
grasses have grown through 1t’s interstices Any of the above would destroy the high
resistance properties required of the crushed rock layer, and thus defeat the purpose of
the crushed rock surface

Recommendations

The crushed rock surface layer must be maintained throughout the life of the
switchyard As such, all crushed rock surfaces must be free of weeds, and grasses, and
when crushed rock surfaces are sparse, fresh crushed rock layer must be created by
adding fresh crushed rocks to the depth required

6133 Ground Grid

Observations

As indicated above, the use of mild steel bars for the switchyard ground gnid requires
more surveillance to venfy that the ground gnd below the surface 1s intact and not
detenorating, or deteriorated

Recommendations
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Ground gnid resistance must be measured from differing locations 1n the switchyard to
venfy that the gnid has the same, 1dentical resistance from wherever 1t 1s measured
Also the resistance value should be recorded

Periodic Logs should be kept of the measuring locations and measured value, so that
the quality of the ground gnid 1s momitored and venfied, and the gnd 1s maintamed

6154 Mantenance
Observations

Deterioration of grounding and ground resistances below the designed values
throughout the entire ife of the switchyard cannot be allowed This includes or
mvolves checking

. Ground connections of

- all equipment casings

- O/H shield wires

- Power transformer neutrals

- Lightming Arresters

- Marshalling kiosks & cabinet enclosures
- Structures

- Cable armonng, sheaths

\d Ground Gnd, physical
d Crushed Rock Layer

d Ground gnd resistance

. Weed control

. Pernodic logs
Recommendations

All the above grounding parameters must be maintamned, monitored, and controlled
over the entire Iifetime of the switchyard Anything less would cause an unsafe
operating scenario with subsequent loss of human life

616 MV CABLES
6161 Potheads and Stress Cones
Observations

3 Ph connection of 3 bare conductors to (1) 3/C cable 1s accomplished by a 3-ph
Pothead with the stress cones on each phase as a part of the manufactured 3 ph

pothead As such the phase-phase spacing at the top of the stress cones 1s
predetermined and maintained fixed by the pothead manufacturer
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When however, 3 ph connection of 3 bare conductors to (3) - 1/C cables 1s to be
accomplished, 3 individual stress cones are used As such the ph-ph spacing at the top
of the stress cones 1s not fixed, but must be maintamed to be greater than but not less
than the mmmimum ph-ph separation required for that voitage class This spacing must
be ensured by the HVPNL staff during the installation of the cable to overhead jumper
connections At Babyal, the 11 KV transformer bushings were connected by overhead
jumpers to (3) - 1/C cables via individual stress cones The separation of the stress
cones at the top ends was not controlled and the yellow and blue phase cones were
very close together

Recommendations

Whenever single phase stress cones are used - always mantain the mmimum ph-ph
spacing for the voltage class of the cable, at the top of the stress cones (which are at
line potential) by means of wooden spacer blocks located at the bottom of the stress
cones (which are at ground potential)

6162 Installation
QObservations

In nearly all switchyards, the 11 kV side of the power transformers are connected by
MV cables to the indoor metal-clad 11 kV switchgear The MV cables used are
armored PILC 1n the older 1nstallations and XLPE 1n the newer 1nstallations In almost
every case however, the cables which are meant for direct bunial type installation are
just laid exposed on the ground of the switchyard They are an obstacle hazard to
vehicular traffic and human traffic and are subject to mechanical damage It shows
also very poor housekeeping qualities

Recommendations

All MV cables from switchyard to indoor switchgear must be direct bunied, 1f that 1s
what they were designed for Snaking the cables haphazzardly along the ground
surface 1s totally unacceptable and shows poor work practices, apart from the fact that
1t exposes them to mechanical damage, which could result in unsafe situations

6163 Sheaths or armoring

Observations

23



HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

The lead sheath of a PILC Cable or shield of a MV Power Cable (solid dielectric type)
must be grounded at one pomnt only Armoring of cables however, not meant for stress
control are mherently grounded along their entire length

Recommendations

Venfy 1n all cases that the stress control shield or sheaths of MV cables are only
grounded at one end

6164 QOvervoltage protection, reflected waves

Observations

Where there 1s a discontinuity i mmpedance values (such as at an overhead line to
cable interface) high reflected waves or surges could result These could damage the
msulation of the cable 1f the magnitude of these waves was higher than the nsulation
level of the cable In some instances surge arresters have not been nstalled at this
mnterface

Recommendations

Install surge arresters at all cable to overhead line interfaces An exception to this
requirement 1s 1f the overhead hine consists of only short jumper connections (such as
from a transformer bushing to cable connection at the transformer tank) then the surge
arresters may be omuitted since the chance of direct surges on these short exposed
Jumpers 1s relatively small

617 CONTROL CABLES
(600 V CLASS)

6171 Ultra-Violet Deterioration

QObservations

Control cables from circuit breakers current transformers, voltage transformers,
1solators etc runming from the control cabinets in the switchyard into the concrete
cable trenches, 1n most mstances run exposed These cables have PVC insulation, and
not been run 1n conduit, are exposed to the sunlight PVC deteriorates when exposed
to ultraviolet light and this causes discoloration and cracking of the mnsulation which
leads to premature failure of the cables

Recommendations

Cables should be protected from direct exposure to sunhight Future modifications to
switchyard or new installations should specify running these cables out of the trench
and nto the control cabinets via conduit

6172 Installation
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QObservations

. Control cables 1n the switchyards are designed to be run in covered concrete
cable trenches at the surface of the switchyard

When cables have been replaced or added they have very often been run outside the
trenches, over the lips of open trenches where the covers have been removed, over
sharp edges of trenches or cabinets, and bending radu have been reduced below
mimmum, with tight loops m cables In general poor nstallation practices have been
followed

Recommendations

Quality control of cable mstallations should be maintained Cables should be run n
the trenches which were provided for them They should enter the trenches via
conduits located on the side walls of the trench Bending radu of cables should not be
less than about 13 times the O D of the cable All cable trench covers should be
replaced No tight loops should be left in cables and cables should not be run over
sharp edges or concrete lips

618 HVISOLATING SWITCHES

6181 Awxthary Contacts

Observations

In all instances whether the Isolators were electrically or manually operated, auxihary
contacts were wired back to the control panels 1n the switchgear building for status
indicating lights, nterlocking, and semaphore indication These auxihary contacts
were mounted m small control boxes mounted to the supporting steel structures of the
Isolator These boxes were corroded, had missing gaskets, could not close tightly to
seal against the weather, and as such the auxiliary contact banks were corroded,
terminals were corroded, and 1in some instances non-operational due to extensive
corrosion

Recommendations

Boxes should be rust proofed, gaskets should be replaced and or renewed, closing
mechamisms should be n place, and the auxihiary contacts bank itself cleaned, or
replaced Cables entering the box should be through conduits with glands and all
openings or spaces should be sealed to prevent ingress of moisture and/or insects

lizaids, etc
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6182 Thermo-vision Scans

Observations

Thermo-vision scans taken of the 1solating switches showed, in some cases,
overheating at the jaws due to the blades not seating properly 1n the jaws or due to
misalignment In one mstance (Karnal switchyard) there was continuous visible arcing
at the jaw end of an 1solating switch

Recommendations
Perniodic thermo-vision scanning of the Isolator switches will help detect any hot spots
due to high contact resistance at the jaw ends of these switches These hot spots

should be noted, investigated, and corrected as soon as possible

6183 Qut-of-plumb installations

Observations
In some switchyards (e g Beer) the ‘vertical’ mnsulating columns of Isolator switches
were badly ‘out-of plumb’ This indicates sloppy erection practices and could result in

high contact resistance, and thus higher losses, due to bad alignment of the blade and
jaws -

619 STEEL STRUCTURES

6191 Panung vs Gahamzing

Observations

It was obvious to visually see the difference between ‘painted’ structures and
‘galvamized’ structures All the painted structures had lost their paint a long time ago
and were badly corroded The galvamzed structures held up a lot better with time
Some galvanized structures had permitted the use of ‘black’ bolts and these bolts were
very badly corroded while the structure itself was intact Conversely ‘pamnted’
structures using galvanized lots had the structures corroded while the bolts were all in
tact

Recommendations

On all future jobs, galvanized structures with galvamzed bolts should be specified A
cost evaluation should confirm this choice as replacement of rusted structures could
be cost prohibitive

6192 Bolts vs Welding
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Observations

In the switchyards where ganged single pole SF6 breakers were used, the hinkage
between poles for simultaneous operation of all 3-poles 1s critical The manufacturer
therefore specifies and supplies welded structures

On welded structures the steel structure ground connection need only be made from
the base of the structure to the ground gnd In bolted structures however the
connection to ground from the mounted equipment should be a metallic bar runmng
from the equipment to the ground grid with no rehance on the ‘bolted’ structure to
carry the ground current

Recommendations

Bolted structures must have continuous metallic ground conductor from the
equipment mounted on the structure to the ground gnid with no reliance placed on the
‘bolted’ connection to carry ground current

6193 Bolts, Corrosion

Observations

Bolts used with galvamzed steel structures were corroded while the structural steel
showed no signs of rusting

Recommendations

Either galvamzed bolts were not specified, or the contractor was not supervised
closely enough to prevent him from using ‘black’ bolts 1n lieu of galvamzed bolts

Galvanized bolts must always be used with galvanized steel structures

6110 OUTDOOR CABINETS & MARSHALLING KIOSKS

61101 Gashets

Observations
In nearly all the switchyards visited, the weather sealing gaskets had hardened had

lost their resihence, were badly cracked, or were missing n strips  As a result they
did not form a continuous seal around the doors of cabinets to seal out the weather

Recommendations

Suitable gasketting matenial should be purchased n rolls, gaskets cut to length, and
apphed with a surtable adhesive along the lip of the door opening Replaced gaskets
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should be checked periodically for phability and resihence and should be replaced
agam when needed Gaskets should not be allowed to deteriorate beyond their
effectiveness

61102 Corrosion

Observations

Many of the outdoor cabinets and kiosks are very badly corroded as are the hinges and
doors The paint 1s peeling and the inside bottom plates are also corroded due to
leakage of water into the cabinets through faulty gaskets

Recommendations

Cleaning and painting with an anti-rust (rust mhibitor) paint to stop further corrosion
1s recommended

61103  Cable Entry

Observations
Holes punched 1n the bottom plate of the cabinets allow cables to enter the cabinet

Cables enter through the holes which may or may not have bushings Unused holes
are left open Cable connectors may or may not be ning-tongue type

Recommendations

Unused holes should be sealed All cables should enter the holes and all holes should
be furmished with bushings After the cables are passed through the bushing, the
bushing should be sealed with a mastic to eliminate the open space between cables of
the same bushing

On new 1nstallations the cables should be run 1n conduit to the bottom of the cabinet
and the conduit should enter the cabinet at a gland The gland should be sealed with
mastic after the cables are installed All cable connectors should be specified to be of
the ring-tongue type This gives a positive, reliable, vibration fee, connection

6111 CABLE TRENCHES
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61111 Covers
Observations
The trenches with covers are well designed But in many nstances, covers are broken,
covers are not 1n place, or covers cannot be put in place because cables have been
exiting the trench over the lip of the trench
Recommendations
Replacement covers can be cast 1n place, as was seen at one of the switchyards All
broken and mussing covers should be replaced Cables entering over the lips of

trenches should be properly routed through conduit sleeves on the wall side of the
trench, allowing the top covers to be inserted to cover the trench
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6112 CONNECTORS
61121 Thermo-vision scans

Observations

Thermo-vision scanning of the switchyard at peak load conditions pointed out hot
spots and overheating, particularly at connectors Once these ‘hot spots’ were
determined the cause was or should be investigated

Hot-spots are a result of high 'R losses due to high contact resistance in the
connector In many cases bolts were missing, bolts were corroded, connectors were
incorrectly applied, connectors were the wrong size, and/or connectors were not bi-
metallic when they should have been

Recommendations

To reduce the contact resistance of a connector the following should be considered -

(1) Metals being connected Is bi-metal connector required?

() Configuration of conductors being connected
(1)  Ampacity or size of connector

(1v)  Fasteners to obtain the required contact pressures for low resistance
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After considering the above requirements, choose the correct connector for the
apphication and once 1nstalled take thermo-vision scans agamn and be satisfied that the
hot-spot has now been eliminated

Pertodically re-scan the connectors to ensure that no corrosion 1s building up or that
contact resistance 1s not increasing

6113 JUMPERS
61131 Installations
Observations

In many mstances the wrong configuration connector was used with a jumpereg a
horizontal jumper between a CT and a breaker had a vertical connector on the CT and
a honzontal connector on the breaker Since the honzontal spacing between the CT
and breaker was limted the yjumper had to take off vertically from the CT with a very
sharp bend 1n 1t to bring 1t mto the honzontal plane to connect with the horizontal
connector on the breaker Limited horizontal spacing resuited 1n a very sharp bend 1n
the jumper, way less than the mmimum bending radius of the jumper cable This
damages the cable Also when making tight bends in jumpers the stands on short
lengths of cable tend to ‘open’ out, again resulting 1n hot spots

Recommendations

Use the correct connectors for the configuration of conductors to be connected Do not
shave strands off the jumper to fit the connector The connector should fit the jumper

6114 MY CAPACITORS & CAPACITOR BANKS

61141 Fuses

Observations

By design, individual capacitors in the banks are individually fused In many
nstances however, fuse wires have meited and have not been replaced, which means
that the ‘available’ capacity has been depleted by the opened fuse units

Recommendations

1t



HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

Correctly fuse all the units 1n the bank so that the full potential of the capacitor bank 1s
available and maintain the replacement of all fuses

61142 [solating Circuit Breakers

Observations

In some switchyards the circuit breaker connecting the capacitor bank was defective
and out of service As such the capacitor banks could not be utilized at all

Recommendations

The HVPNL operating staff must have access to breaker spare parts and or
replacement circuit breakers Any needed spares or equipment should be hsted as such
in the “Needed Equipment logs™ which must be updated by the SSE and sent 1n as
needed to HVPNL management The needed breaker should be repaired or replaced
on a hugh prionty basis so that the crippled capacitor bank could be put back n service
as soon as possible

61143 Switching Control

QObservations

Capacitor banks at present are located only at select switchyards Switching of the
banks 1s done purely on a manual basis guided by operator judgment or some type of
prior verbal instructions given to the operator Not all associated power factor meters,
voltmeters, and ammeters were operational

Recommendations
Consistent, wrntten operating nstructions should be given to each operating
switchyard that contains capacitor banks Instructions should be placed on a chart and

be available 1n the control rooms at the capacitor bank breaker for any operator to be
able to follow

The operator must be given the information that enables him to decide when and how
to switch the banks on and off

All associated indicating instruments must be made functional and accurate Power
factor meters, voltmeters and ammeters must be calibrated and functional
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61144 Surge Protection

Observations
Capacitor banks like distnbution transformers need to have lightmng arresters for

surge protection These have not always been provided

Recommendations

All capacitor banks must have lightning arrester mounted as close to the capacitor
bank as possible At the switchyards, station class arresters must be used

6115 MV METAL-CLAD SWITCHGEAR & CONTROL PANELS

61151 Ciwrant Breakers

Observations

. Operation counters on the circuit breakers are not being utilized by the O&M
staff of HVPNL

. Mechanical Targets or Flags on a number of circuit breakers are either

damaged, missing, bent, or non operational

. The electrical charging circuits of a complete line-up of switchgear breakers
(Beer switchyard) are non-operational Each breaker has to be charged
manually with a charging handle

. The SCMVA or mterrupting capacity of the 11 KV breakers (at Beer
switchyard) are not shown on the nameplate How does one determine the
adequacy of this switchgear to withstand or interrupt faults?

Recommendations
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. Maintenance on the breakers must be performed as required in the O&M
manuals, according to the number of operations performed as read on the
counters

. All mechanical targets must be repaired or replaced to give proper indication
of breaker status

. The breaker control circuits must be trouble-shot and the faulty non operation

of the electrical charging circuit must be corrected
. SCMVA of the breakers must be traced back to supplier and purchase order

and must be shown on the breaker nameplate This 1s a standard requirement
of switchgear

61152 Control Equipment

Observations

. Ammeters Many mstruments are not working and confidence cannot be
gamned whether a breaker 1s closed or not, just from taking the ammeter
reading

. Power factor meters These are used to switch on or off the capacitor banks,

but many of these mstruments are not working Also a defective meter does
not register zero, but instead registers anywhere on the power factor scale
such as 0 9 lag, giving one the false impression that 1t 1s reading accurately’

. Current Transformers All locations have multiratio CT’s but CT ratios were
not available and what ratio was actually connected was not available As such
there 1s no way to determme what amps or power the circuit 1s taking by
looking at the dual range ammeters or energy meters

. Indicating hights Nearly every breaker has associated with 1t five colored
indicating lights as follows -

Red - Breaker Closed
Green - Breaker open

Blue - Springs charged
Amber - Protective Trip
White - Tnp circuit Healthy

In nearly every switchyard the majonity of these hights were not functioming At
Babyal switchyard not a single indicating light was functioning
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Lack of correctly operating indicating lights, ammeters, and breaker targets,
sometimes all on the same circuit, makes the operation of the switchgear “operator

unfriendly”

As an example, at Babyal switchyard

®

()

On one 11kV feeder

e Breaker hghts were burnt out
e Feeder ammeter was defective
¢ Breaker ammeter target was missing

Yet the breaker was “closed” and the circuit was ENERGIZED

On an adjoming 11 kV feeder

e The red light was off Breaker hights were burnt out

e Ammeter had a slight positive reading (It could have been zero error)

e Breaker target said “OFF”

Yet the breaker was “ON” and the circuit was ENERGIZED

Recommendations

All defective ammeters and power factor meters must be replaced HVPNL
management must set up a system whereby faulty mmstruments must be
replaced, and repaired 1f possible

A lot of progress has been made with depicting available CT ratios on each
panel and underliming the connected ratio The HVPNL trainee’s were quick to
see and appreciate the need for this

Indicating hights still seem to be a problem 1n that bulbs are not available or
money to purchase bulbs 1s not available Whatever the reason, 1t 1s of
paramount importance that HVPNL management offer guidance to the

switchyard SSE’s how these bulbs are to be obtained, as operating a system
with no indicating lights could lead to dangerous, unsafe situations

6116 MIMIC BUS & HV CONTROL/RELAY PANELS

61161 Mnuc Bus
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Observations

. Mimic buses m the various switchyards did not seem to comply with an
assigned color code for the various voltage levels Also 1n some switchyards
(eg Pinjore) the same voltage level bus had different colors, one portion was
pink, the other portion was purple

. The mimic has configuration did not follow the actual switchyard physical
configuration

(1) Double buses were shown when only a single bus existed (e g
Nilokhen switchyard)

(n) Incoming circuits where no imncoming breaker was used, were not
depicted at all on mimic buses (eg Beer switchyard)

() Outgomng and Incoming circuits were not depicted with “arrows”
pomnting 1n the appropnate direction of power flow, or, were
pomting 1n the wrong direction (e g 132/33 kV bus at Beer
switchyard)

(1) Mimic buses continued along the length of the panels did not line
up Some panels had the buses at the top and others showed the
same bus at the middle level on the adjacent panel (e g Nilochen
switchyard)

Recommendations

. The mimic buses must have specific colors corresponding to their voltage
levels, as per an HVPNL formulated standard

. The mimic bus must be an exact and accurate representation of the physical
bus arrangement 1n the switchyard

61162 Semaphores

Observations

In 90 per cent of the switchyards reviewed, the semaphores on the mimic bus of the
control panels were non-operational In double bus installations with selectable
1solators for a transformer or feeder circuit, the 1solator semaphores were 1n the ‘open’
position, the breaker semaphore was in the ‘open’ position and yet the breakher red

indicating light was “ON” indicating the circuit was ‘alive’ The circuit could only be
alive 1f either one or both of the 1solator semaphores were closed, and the breaker

semaphore was 1n the ‘closed’ position
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The purpose of the mimic bus and semaphores 1s defeated 1f 1t does not depict to the
operator the current status of his equipment At one switchyard (Beer, 132 kV) the
semaphore was functional but 1t had been wired incorrectly It depicted ‘open’ when
actually the 1solator was closed and vice versa. This 1s a dangerous situation

Recommendations

All semaphores must be made functional and must be correctly wired

61163 Indicating lights

Observations

As with switchgear control panels, here too mdicating lights were non-functional due
to burnt out bulbs not beng replaced

Recommendations
All mmdicating light bulbs must be replaced immediately on bumm out Stocks of bulbs
must be made available to each and every switchyard It appeared that some SSE’s

had better and faster access to spare bulbs, whereas others had absolutely no way of
obtamng spare bulbs (eg Babyal) The policy should be uniform throughout HVPNL

61164 [ndicating Instruments
Observations
Many ammeters, and some voltmeters too are non-functional
Recommendations
All non-functioning instruments should be replaced immediately The defective
mnstruments should be returned to an HVPNL test facility for repair and re-calibration
and returned to stock

61165 Cover Plates

Observations

In some 1nstances provision had been made for future relay installations, or cutouts for
relays/instruments/switches have been left ‘open’ because the onginal openings now
did not fit the replacement used Metal cover plates had not been used to cover any
openings In one instance (Nilokher) a piece of paper had been pasted over the
opening but subsequently a hole had been poked into the paper cover thereby tearing
the paper and defeating 1ts purpose as a ‘cover’

Recommendations
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All ‘openngs’ or ‘cutouts’ 1n panels must be covered with metal plates to prevent
entry of insects, lizards, geckos, rodents, etc 1nto the panels

6117 STATION BATTERY

61171 Fuses
Observations

Not all switchyard battenies had fuse protection at the battery terminals Surpnsingly,
this was the case 1n newer, larger, more recent switchyards such as Pehowa, whereas
1n some older, smaller switchyards such as Babyal, new porcelain fuse holders/fuses
had been mstalled

Recommendations

The protection of the battery cables from the battery to the charger/dist cabinet 1s
essenttal As such suitably sized, wall mounted porcelain fuse holders with
withdrawable fuses must be provided at the leads from the battery In the event of a
cable fault, these fuses would protect the battery from discharging into the fault and
eventually destroying 1itself

61172 Cell Monitoring

Observations

The battery 1s the ‘heart’ of the entire switchyard and must be maintained at all costs
Further, replacement batteries are expensive and have long ‘lead times’ before they
can be made available It 1s crucial that the battery condition be monitored and
checked 1n order to prevent any catastrophic, sudden failures To achieve this the
following must be done -

. Specific gravity checks on each cell must be performed on at least a weekly
basis
. Penodically the batteries must be examined for physical damage to the cells,

containers, racks, connections, etc
. Cell voltage checks under load conditions must be performed regularly
. Battery fuses must be checked to ensure they are not ‘blown’

. Other O & M manual required checks

Recommendations
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All the above checks that are mandatory must be kept 1n a log so that any deterioration
of the battery can be monitored and timely corrective action can be taken to ensure
that the switchyard has a healthy battery at all times

61173 Battery room exhaust Fan

Observations

Lead acid battenies off gas hydrogen which 1s a flammable gas As such all battery
rooms are provided with exhaust fans In some switchyards, the exhaust fans were
mussing from their location (eg Beer), while in nearly 100 per cent of the others the
exhaust fan was turned off

Also 1n one switchyard, the battery room was being utilised to prepare tea, using an
open hot plate, to boil the water This particular location did not even have an exhaust
fan

Recommendations

All battery rooms should be provided with exhaust fans and the exhaust fans should
be running 100 per cent of the time

61174 Eyewash & shower

Observations

Battery acid spillage 1s a common occurrence mn any battery room and OSHA
requirements 1n the USA have mandatory requirements for an eye wash station and
body shower facilities to be provided All switchyard battery rooms have No wash
facilities

Recommendations
The absence of eye wash stations and showers 1s probably due to economic

constraints However some type of wash facilities must be provided 1n a battery room
This could be satisfied by one of the following -

. Portable eye wash station
. Buckets of water filled with water at all times being available in the room
. A hose connection to a water pipe from outside with water available at all

times from the hose, and control of the water from 1nside the battery room

61173 Baittery Grounds

Observations

There was an mteresting phenomena that was present at the Madhuban switchyard
battery It i1s important to single out for comment because 1t 1s a very senous situation
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Using a voltage test light, connecting to the negative terminal on the battery caused
the bulb to glow Connecting to the positive terminal caused no glow

The second noticeable scenario was that when the charger was switched off the output
voltage of the battery dropped from 220 Vdc zero 1n a few seconds, indicating the
battery could not hold a chanre and was completely depleted

Recommendations

The ‘glow’, ‘no-glow’ scenario seems to indicate a ground on the positive lead of the
battery, since all healthy HVPNL’s batteries are floating, with no mtentional ground
on them

The second scenario is a lot more disturbing since 1t indicates a ‘dead’ battery which
probably could never get charged due to a ground on the positive and a high resistance

ground on the negative

In this station 1f ac supply to the charger ever fails during, before, or after a fault, the
station has no protection at all, since the battery output voltage 1s zero!

This station should be thoroughly mvestigated and suitable corrections made to
alleviate the situation

6118 SWITCHYARD MAINTENANCE

61181 Mantenance Logs
Observations

Maintenance logs are not being kept on a standardised or comprehensive basis for
each switchyard It 1s left up to the individual SSE’s to prepare, 1f at all, theirr own
logs See Appendix IX where a very commendable effort had been made by the SSE
of Nilokher1 Switchyard to formulate a comprehensive maintenance program for his
switchyard

Recommendations

HVPNL management must lay out umform, standardised requirements for the
preparation of all logs that must be kept at each switchyard, outlining the penodicity
and the i1items to be checked, measured verified noted, etc

61182 Mantenance Schedule
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Observations

Again, the only visible effort that mantenance schedules were m existence at any
switchyard was the exiubit shown m Appendix IX to this report

The maintenance of equipment 1s unique to the manufacturer and as such generic
schedules cannot be prepared for each type of equipment The schedules must be
based on the O&M manuals supplied by the specific manufacturer of the specific
equipment The manufacturer knows his equipment best

Recommendations

O&M manuals for every piece of equipment in the switchyard on must be available at
the substation to the SSE of that particular switchyard

HVPNL needs to 1ssue maintenance schedules for each switchyard based on the O&M
manuals of the manufacturers who supplied equipment for that particular switchyard

Incorporated 1nto these schedules should be HVPNL’s standard practices and
procedures, together with “Indian” and *“Local” practices

These schedules should be then maintained at each switchyard and peniodic or daily

logs prepared, performed and kept for future reference to determine the full operating
and performance history of each piece of equipment

61183 Spares/Replacements

Observations

There appears to be no formulated policy or procedures m place at HVPNL for
switchyard SSE’s to report, obtain, and mstall needed replacements and/or spare parts

Needs may be for daily expendable 1tems, like bulbs, major 1items, like HV circuit
breakers, and long lead 1tems, like ‘station’ batteries

Recommendations
It 1s mmperative that procedures are set up to do this, as many installations are

operating in very unsafe conditions due to the lack of spares, replacement parts, and
even replacement equipment (eg HV circuit breakers, at Babyal switchyard)

6119 SAFETY

61191 Temporary Sutuations
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QObservations

Safety 1n some 1nstances 1s sacrificed due to the fact that the situation 1s ‘temporary’

Recommendations

‘Temporary situations’ 1s no excuse for the adoption of unsafe practices Murphy’s
law states, “If something can go wrong, 1t will” and this 1s usually the case Safety
must be observed 1n all, and each and every nstance

61192 Safe Practices

(Observations

Switchyard personnel have no wntten standardised safety procedures to
follow

‘Tagging’ of equipment removed from service appears to be ‘optional’

Authonzation for shutdowns appears to be at an engineers individual
discretion He 1s not held accountable to a Manager

Outgoing feeders at H structures are not 1dentified with the metal-clad breakers
that control them 1in the control building

MV cables connecting metal-clad breaker to the H-pole overhead lines are not
“capacitive discharged” when outages are taken on feeder lines

No ground chains are used to mitially ground a feeder before working on 1t
Rehlance 1s placed on the circut breaker being opened

A “ground connection” 1s made to the overhead line, by the lineman
connecting a ground lead to the line with his bare hands The assumption here
1s that the correct breaker has been opened and racked out to 1solate the line
and that the MV cable has discharged 1tself over a penod of time (allowing
about 10 minutes), and that there 1s no backfeed down the line from the remote
end These are a lot of assumptions'!!

Lineman don’t use safety belts

Faultsman don’t use gloves when operating with hot sticks

Proper lifting tackle 1s not used when hfting heavy loads or when in
preecarious positions or locations

42



HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

. No head protection or foot protection 1s observed (or eye protection, or ear
protection, 1n special instances )

. No cordoning off or taping off of HV work areas or test areas, 1s observed

. Tagging of equipment 1s not mandatonly observed

. Work permit 1ssuance 1s not observed

. Flashhights or battery lanterns are not available at switchyards for emergency

operations during outages

. Wash water facilities are not available 1n battery rooms

Recommendations

Safe practices must always be observed and especially during -

¢«  Construction

*  Planned outages

¢ ‘temporary’ situations
*  emergency situations

*  mamtenance operations
* Testing

e Switching

*  Normal operations

*  Switchyard Walkdowns

“Safety” never has an off day and live circuits and voltages must always be treated
with respect

Safety equipment must be used at all imes such as grounding chains, Iinesman s
belts, rubber gloves, etc

Safety procedures, specified in wnting by HVPNL management must be followed at
all imes This 1s mandatory and not optional

Safety equipment must be furmshed by HVPNL management to all personnel
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Logs must be kept of all planned outages, fault outages, and tripping out of circuit
breakers for whatever reason Here again, excellent records in chart form had been
prepared and maintamed by SSE at Nilokhen switchyard

62 DISTRIBUTION SUBSTATIONS

621 DISTRIBUTION TRANSFORMERS

6211 Fuses

Observations

. In theory HVPNL protect their distribution transformers with fuses on the HV
and LV sides In practice however a “wire strand” is used for the HV side
fusing and a cable “wire strand” 1s used for the LV side fusing Both of these
“fuses” are uncontroiled and have unknown melting characteristics, and wire
strand s1ze selection 1s up to the indrvidual lineman or engineer

» No attempt 1s made to co-ordinate the HV “fuse” characteristic with the
“Inrush current curve of the Transformers” or with the “Thermal Withstand
current curve of the Transformer™

. The “fuse” charactenistic curve 1s totally unknown, and 1n practice 1if the
transformer inrush current blows the *“‘fuse” then a larger size “fuse” wire 1s
selected, until 1t can withstand the transformer mrush current without blowing

. Simularly on the LV side one or two stands of the multi-stranded L'V cable are
used as “fuses” This selection 1s purely arbitrary and the “fuses” may not
protect the transformer thermally Over sizing these “fuses could also destroy
the transformer thermally

Recommendations

HVPNL design department must examine and be responsible for the selection co-
ordination, and specification of all fusing to be used on distnibution transformers of all
s1zes

Incorrect and haphazardly chosen *“fuses’ by the operations staff has resulted 1n
thermal bum out of way too many distribution transformers See principles of co-
ordination that must be observed as outlined in Appendix II Investment 1in correct
fusing and their application will help offset the expenditure on replacement of burnt
out transformers and the building of more and more repair facilities which are being
overloaded with work

The proper co-ordmation of fuses with *Inrush™ and “Thermal withstand™ curves
cannot be overstressed enough It 1s of pnme importance n reducing transformer
failures See also Appendix VIII
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6212 Overvoltage Protection

QObservations

On many distribution transformer 1nstallations, ightning arresters are not mstalled, or
are not connected, or are non-operational

Recommendations

It 1s mandatory that every distnibution transformer substation be provided with healthy
hightming arresters on every phase, and that they be connected properly into the circuit
at the interface of the transformer HV bushings with the overhead line

Grounding connections of the lightming arresters must have a metallic connection to
the transformer tank and neutral (see lecture notes 1n Appendix II)

Lightmng arresters must be checked periodically for operability, and venfication that
they have not been exhausted by excessive discharges Absence of lightning arresters
at distribution transformers could lead to overvoltage failures

6213 Repair Facilities

Observations

A repair crew 1n Karnal was observed where ‘repairing’ a distribution transformer
whose leads had burnt out The transformer windings and core had been untanked by
hanging a block and tackle from a tree branch and suspending the coils/core outside
and above the tank The broken (burnt out) lead was apparent The broken connection
was ‘repaired’ by twisting the two broken ends together and the transformer was then
re-tanked No copper brazing was utilized No o1l integrity checks were carried out
when the transformer was re-tanked

Recommendations

Firstly, twisted connections give rise to high I'R losses so the efficiency of the
“repared” transformer 1s greatly reduced This could also lead to a “hot spot” within
the transformer and on heavy loads could cause another burn out of the connection

A proper reparr under controlled conditions should have been carried out Connections
should be done, such as use of brazing, in making copper to copper connections The
ongmal mtegrity and electncal parameters of the transformer must be maintamed even
after the repair Oi1l contamination after untanking 1s also a factor to be considered

Also with reference to Section 6211 proper fusing of distribution transformers
would result 1n less burn out of unmits and thereby less importance would need to be
placed on adding more repair facilities

6214 Mamntenance
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Observations

Distribution transformers, since they are generally pole mounted on H-frames above
ground, don’t recelive any maintenance checks This 1s due to their location being
inconvement for ready accessibility

Regular checking of o1l levels, silica gel replacement, or o1l withstand tests on
samplings are not carried out routinely Thermo-vision scanning of the transformers
perodically for overloading conditions 1s not carmmed out either

Recommendations

Transformers must be monitored periodically for overload conditions and changed
when load conditions demand 1t Turming a “blind eye” to overloading will not correct
the situation and this wall eventually lead to transformer burn out

Maintenance as required by the manufacturer i the O&M manuals must be observed
Periodic o1l level checks, silica gel replacement when saturated, and voltage withstand
tests on o1l samples, must be carmed out Correct, efficient repair of transformers 1s
mandatory

622 LIGHTNING ARRESTERS

6221 Connections in Circuit

Observations
. Lightning arresters are not always connected at the interfaces of
(1) distribution transformers with overhead lines
(n) cables with overhead lines
(1) capacitors with overhead lines
] Lightning arresters are not always connected to ground correctly See lecture

notes 1n Appendix II

. On distribution circunts distribution class arresters need to be used

. No checks are done to ensure lightning arresters are not exhausted and are
cffective and healthy

Recommendations
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Dastribution class arresters must be used at all interfaces of

(1) Distribution transformers with overhead Iines
(1) Cables with overhead lines
(1) Distribution line capacitors with overhead lines

The ground connection of lightning arresters must have a metallic connection
also to the transformer tank, and the transformer neutrals This metallic
connection could be below ground level

Maintenance logs must be kept on all lightning arresters so that they are
replaced when they are exhausted or cease to be effective

62.3 FUSES
6231 IType

Observations

Bare wires, sized arbitranly by the faultsman or engineer, are used in lieu of
fuses that have predictable characteristic curves

The only co-ordination done 1s to put a large enough wire stand in lieu of the
fuse to enable the transformer to draw inrush current without blowing the
“fuse”

“Fuses™ are 1solated for replacement by the use of a manually operated line
disconnect switch upstream of the “fuse”

Replacement “fuses” are arbitrarily selected at the discretion of the faultsman
or engineer and have no theoretical basis

Recommendations

L 4

HVPNL’s meter and relay design group should pre-select the correct fuses to
use with each size of distnbution transformer This information must be
distributed to all distribution engineers and faultsman These standardized
fuses must then be purchased and stocked as standard items to be drawn or by
the distribution engineers when required

The use of ‘D’ type (1 € Drop-out-type) fuses are recommended in place of the
open wire fuses/isolating switch combination Most 1solating switches 1n-
service are inoperative anyway The proposed D fuses provide the 1solating
means built into the fuse holder and 1s a more economic and maintenance free
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device This should be considered on all new distribution substations as a
design requirement by HVPNL

Replacements for the standardized fuses selected must be available to all
HVPNL Distribution Engineers and Fauitsmen

624 ISOLATING SWITCH
6241 Functionality

Observations

Many Isolating switches are badly corroded, have linkages missing, and have
misaligned contacts

Switches are not padlocked out and are open to vandalism or misoperation by
unqualified personnel

Switches are used to 1solate the distribution transformers for replacement of
fuses

Also sometimes these switches are used 1n a feeder circuit to dump 3-phase
loads 1n the event of overloads occurring 1n a feeder during certain periods of
the day or mght In dumping the 3-phase loads the switches are wired to pick
up all the single phase loads existing on 2 phases only This 1s done to
alleviate the 3 phase overloading on the feeder (HVPNL policy)

Recommendations

The 1solating switches must be properly mamtamned and must be padlocked to
prevent unauthorized operation by unquahified personnel

As an option, on new 1nstallations ‘D’ fuses are recommended to replace the
open fuse/1solating switch combination

The policy of alleviating 3-ph overloads by picking up single phase loads on 2
phases onto 1-phase should be abolished, the practice leads to highly
unbalanced loads and this leads to higher I’'R losses since unbalance currents
flow back through the neutral wire (See lecture notes in Appendix 11} Other
means should be designed to prevent 3-ph overloads on feeders

625 CONNECTORS
6251 Wire Wraps

(Observations
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HVPNL uses manufactured connectors 1 all therr 220 kV, 132 kV, 66 kV and 33 kV
switchyards and substations At 11 kV no connectors are used Instead, all
connections are made by “wire wraps” (1e connecting two conductors together by
wrapping a bmding wire around the two conductors which are positioned side by
side ) Thermo-vision scans taken at might indicate that all wire wraps produce “hot-
spots”, many m excess of 120°C Some connectors were actually burning (visible
arcing) during periods of heavy loads

Recommendations

The pnime purpose of a connector 1s to provide an electrically continuous path from
one conductor to the connected conductor, with the lowest possible resistance and
therefore with the lowest I’R losses

With “wire wraps” the contact resistance 1s high and also cannot be controlled or
predicted As such, wire wraps should be replaced with manufactured connectors that
are correctly designed for the application they are to be used in See lecture notes 1n
Appendix II for correct selection of connectors

6.26 OVERHEAD SHIELD WIRE
6261 Installation
Observations

HVPNL practice 1s not to nstall overhead shield (or ground) wires above the
distribution lines (11 kV & 33 kV)

However, all HV Tower lines (66 kV, 132 kV, & 220 kV) and Switchyards contain
the overhead shield wires

Recommendations
On distrnibution substations therefore where there 1s no overhead shield wire reliance 1s
placed on the lightning arresters at the substation to take care of any surges or direct

stokes coming down the line

627 OPERATING PRACTICES

6271 Unbalanced loading

Observations

On many 3-ph hnes the loading 1s unbalanced and this 1s compounded further by
having 1-ph lines radiating out from the ends of 3-ph feeders Not much effort 1s put
mto trying to balance the loading on these feeders, under normal operation Close
balancing would reduce the losses
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Recommendations

Unbalanced circuits lead to currents flowing in the neutral conductor and this
increases the losses Line loadings must be analyzed and balancing of phase loadings
must be adjusted to be within 10 per cent

6272  3-phto2-ph connections
Observations & Recommendations
In this regard, see the relevant paragraphs in Section 6 24 1 This switching which
dumps 3-ph loads helps to alleviate the problem of overloading but in domng so

mtroduces the problem of unbalanced loads which increase the losses

6273 Overloaded Transformers

Observations

No monitoring of transformer loads 1s carried out on a routine basis Many
distribution transformers are overloaded as are LV cables Thermo-vision scans depict
this

Recommendations
Overloaded transformers should be replaced with those of hgher capacity and/or

loads should be re-arranged amongst the transformers available to keep all
transformers within therr full load Iimits

628 CONSTRUCTION PRACTICES

6281 Stays on H-Poles

Observations

. In many mstances the turnbuckles on stays have not been tightened and the H-
frames lean 1nto the tensioned lines

N In some 1nstances, at angle poles the stays have not been positioned correctly

to bisect the angle of pull Thus, the poles again lean into the tensioned lines
Recommendations

All stays must be correctly tightened and tensioned, and stays must be correctly
located and positioned

6282  Grounding
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Observations

Not too much attention has been paid to observing correct grounding practices and
achieving low resistance grounds at the individual distribution substations

Recommendations

Ground gnd resistance must be reduced to less than 1 ohm by drniving one or more
ground rods as required, or running a larger ground mat

All equipment required to be grounded must be connected to this ground mat See
lecture notes 1 Appendix II

6283 Isolation on LV side

Observations

No means of 1solating the LV circuits at the transformer have been provided It 1s
HVPNL practice to connect the LV cable to the LV bushings of the transformer by a
single or double strand wire fuse The open wire fuse 1s mounted on a wooden board
which 1s strapped to one leg of the H-frame structure at anywhere from 3 ft to 5 ft
above the ground These are bare, open wires operating at a voltage of 415V 3 ph, 60
Hz To replace these LV “fuses” one has to operate the HV side manual 1solating
switch The 415V wires are bare, exposed, at low height with no warming boards,
danger boards, barriers or enclosures, around them They are within easy reach even
of children, or ammals too, 1n certain locations In one instance this 415V exposed
circuit was at the base of an H-pole 1 the comer of a playing field and the H-frame
acted as the goal posts for the kids playing socce! (1n Nilokhen area)

Recommendations

This practice of exposing 415V bare conductors within approximately 4 ft off the
ground 1s highly dangerous The conductors should not be exposed, should be
inaccessible to human touch, and should have a safe means of 1solating the LV circuit
Thus the LV cables from the transformer should be brought into a ground mounted
feeder pillar which should contain porcelain fuse holders/fuses nside 1t Access nto
the feeder pillar should be only through a front door which 1s lockable Only HVPNL
personnel should have the keys for access, and the feeder pillar should be vandal
proof No exposed bare, live, metal should be accessible throughout the LV circuits

629 SAFE PRACTICES

629! Transformer LV Connections

Observations & Recommendations

This s covered 1n Section 6 2 8 3 above
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6292  Anti-climbing guards & Danger Plates

Observations

In 99 per cent of the cases no antichmbing guards, danger plates, or fencing had been
provided at Distribution Transformer substations
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Recommendations

This 1s even more sigmficant in lieu of the fact that 415V exposed, live circuits are
accessible and within reach 3 to 5 feet from the ground

Anti-chimbing guards, danger plates, and fencing must be provided at all accessible
substations Human hfe must be protected

63 DISTRIBUTION LINES
63 1 CONDUCTOR SIZES

63 1 1 Load Growth

Observations

Planning, design and construction of distribution lines does not appear to be well
planned or standardized

Recommendations
The distribution system planning computer program (DPA/G) which was
demonstrated by IRG to the trainees presents a well planned standardized method of

planning distribution systems and their expansion

A complementary copy of this software will be presented to HVPNL by USAID, and
IRG personnel will instruct HVPNL on the implementation of this program

632 CAPACITOR PLACEMENT

6321 On Overhead Lines

Observations

At present no capacitor placement 1s made on overhead lines The only capacitor
banks provided are at the switchyards themselves where they can be manually
switched to improved power factor at the station bus

Recommendations

The DPA/G program selects the opttmum locations and sizes of the capacitor banks
required to improve voltage and power factor, and reduced losses

HVPNL Planning Dept should utilize this program for all future designs and
planning

6322 Switching
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Observations

Presently no capacitor banks are installed on overhead lines However, when they are,
thought has to be given on how they are to be switched on and off as the load varies
and the power factor vanes

Recommendations

Switching should probably be based on a timer which 1s set to switch the capacitors
on and off depending on the load profile at the node where the capacitors are to be
mstalled

633 OPERATING PRACTICES
6331 3 phto2phSwitching
Observations & Recommendations
This has aiready been covered under section 6 2 4 1

6332 Overloaded Circuits

Observations

Presently hand calculations applied to a pre-selected line/load configuration indicates
whether circuits are overloaded This 1s a laborious method of proceeding with design
or re-design and 1s very mefficient

Recommendations
Using the DPA computer program, a click of the mouse gives all the cntical
parameters for selected changes in the system configuration Hence optimum design

can be achieved and selected 1n a matter of mimnutes Circuits can be redesigned so that
no overloading occurs
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634 OVERHEAD SHIELD WIRE

6341 HVPNL Practice

Observations

HVPNL practice 1s not to run an overhead shield wire with MV circuits  Instead,
HVPNL has a double wire cradle guard running under the lines to draw high ground
currents in the event of a broken phase conductor touching the cradle guard This 1s to
ensure the fast tripping of the circuit breaker or fuse to 1solate the fauity circuit

Recommendations

Of much more benefit, 1s to run the overhead shield wire (for surge protection) and
eliminate the cradle guard (The chances that the broken conductor makes contact
with the cradle guard are remote)

Running an overhead shield wire would entail the mounting of an angle 1ron on the
pole, at a sufficient height so as to give complete coverage to all 3 phase conductors
when a 30 degree angle of coverage with the vertical 1s considered The shield wire
would be affixed to the top of this angle iron mast Reuse of one wire of the 2-wire
cradle guard would provide additional economes

635 CONSTRUCTION PRACTICES

6351 Stays on Poles

Observations & Recommendations
Missing or incorrectly placed stays - This 1s also covered 1n Section 6 2 8 1
636 SAFE PRACTICES

6361 Ground Chains

6362 Lineman’s belts

6363 Procedures for Planned outages

Observations & Recommendations

The above three sections have been covered and included in Section61 19

70 ON GOING IMPROVEMENTS

71 BY HVPNL
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It 1s envisaged that the HVPNL tramnees who have benefited from this program
will go on to tramn their subordinate personnel, utihzing the same lecture notes
presented to them at this semmar With this 1n mind eight (8) copies of each of
the lecture notes as attached in Appendices I, II and III were left at each of the
three traimning centres — viz Panchkula, Karnal, and Hissar

72 EQUIPMENT GIFTED BY USAID

In order to spread this training to benefit all of HVPNL, arrangements are
bemg made to leave one copy of the software package DPA - Distnibution
Planning Analysis, and one thermo-vision scanning camera, with HVPNL for
use by HVPNL personnel 1n further training

These tools can also be used 1n actual design and maintenance, thus improving
the efficiency of the HVPNL electrical system USAID wvia IRg wiil gift these
items to HVPNL (C/o Mr R K Jain) for safe custody and on-going usage

73 LOSS SAVINGS OPPORTUNITIES

It 1s estimated that HVPNL’s T & D system energy losses total to 31 4 percent
of the total energy produced, or 3993 GWh Techmical and commercial losses
both contribute significantly to this total This System Efficiency Traiming
Project has focused on the loss savings opportunities available through loss
saving measures including correction of “hot spots™ and many other measures
The table below 1ndicates how much of the losses from each system
component are can be reduced by this and other measures
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Losses from sach component of the HVPNL System with loss savings opportunities from each

As a percent of total Losses

Possible Reduction
Contribution as
a percent of
System Component total losses |GWH of losses|Correction of Hot spots | Other Measures
% GWH % GWH
Generaton & Transmission 33 1318 0 0 0 0
HV Substations (66 kV and above) 3 120 2 2 1 1
MV Substations (33 kV and 11 kV) 8 319 5 16 5 16
11 kV distnbution lines 11 439 5 22 10 44
Distnbution Transformer
Substations 20 799 25 200 25 200
415 Lines (LT) 25 998 25 250 25 250
Total 100 3993 480 510
Total Loss Savings Opportunities (GWH) 1000
25 0%

It 1s estimated that approximately 25 0 % or 1000 GWh of the present energy losses can be

saved by ngorously implementing the measures outlined 1n this traming project
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APPENDIX - 1

INTRODUCTION

(Lecture Notes)

Ilg INTERNATIONAL RESOURCES GROUP

INDIA

SEPTEMBER 1998 — DECEMBER 1998

Appendix I



HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

=5 ll{g INTERNATIONAL RESOURCES GROUP
7T (IRG)
PRESENTATION
INTRODUCTION
TO THE
HARYANA VIDYUT PRASARAN NIGAM LTD
1998
| 1094 20f %4
i TRAINERS
‘lEllE’
BURTHEPPONSTALL  HV SWITCHYARDS
& MV SWITCHGEAR
PAULLAVIGNE MV &LTDISTRIBUTION
LINES
Jof94 40f9%4
SYSTEM EFFICIENCY
= IRS FIVE DAY SEMINAR
w DAY 1 MORNING INTRODUCTION
AFTERNOON SWITCHYARDS
D [0) S RDS
ACKNOWLEDGEMENT AY2  MORNING SWITCHYARI
ALL PHOTOGRAPHS USED IN DAYZ  UETNE TNIRARED SCANNDG IPUTERS
THIS PRESENTATION HAVE
BEEN PROVIDED BY MR LOUIS DAY WALK DOWN OF SUBSTATION
COM F DISTRI N
RODRIGUEZ OF IRG DAY S LNFSUTER ANALYSIS OF DI BUTIO
AWARD OF CERTIFICATES

Sof94l
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BACKGROUND
RECENT TRANSFORMER FAILURES

FIVE LARGE POWER TRANSFORMERS HAVE FAILED
IN THE LAST FEW MONTHS

+ 1 - AT THE BABYAL 5/8
2 - AT THE HISSAR §/S

* 1 - AT THE PANIPATS/S

+ 1 - AT THE RHOTAK S/S

Tof 94

PARTIAL LISTING OF
SUBSTATIONS VISITED
BHORE KARNAL
MADANPUR BABYAL
PINJORE HISSAR 220 kV
- HTM HISSAR KAITHAL
SHAHABAD PEHOWA

8of 94

LS

P I = I

= R | | = IRS

WHAT CAN [ DO “A HUNGRY MAN
TO IMPROVE THE
SYSTEM? ASKS FOR FISH

TO FILL HIS STOMACH ”

ﬁ !BS THIS SEMINAR ATTEMPTS
TO GIVE YOU THE TOOLS
TO HELP YOU ANALYZE

“TEACH HIM HOW
TO FISH &
HE WILL NEVER
GO HUNGRY”

YOUR SYSTEMS &
SITUATIONS AND
IMPLEMENT THOSE
IMPROVEMENTS

120f94
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POWER SUPPLY
REQUIREMENTS & CONSIDERATIONS

RELIABLE

SERVES CUSTOMER NEEDS (kVA VOLTS & Hz)

NO OVERLOADING

SPARE CAPACITY FOR FUTURE GROWTH

SWITCHING FLEXIBILITY REDUNDANCY & BACK UP

RELIABLE CO-ORDINATED RELAY PROTECTION
CO-ORDINATED OVERVOLTAGE PROTECTION
* EFFICIENT MOMENTARY FAULT PROTECTION (FOLIAGE CONTROL)
. SAFE AUTO RECLOSERS
MAINTENANCE OF EQUIPMENT AT PEAK LEVELS
ECONOMIC TRAINED SYSTEM OPERATORS
ECONOMIC DESIGNS
SUFFICIENT EMERGENCY CAPACITY
MINIMUM VOLTAGE
130f94 RESTORATION TIMES 14 0f 94
EFFICIENT EFFICIENT
* MAINTAIN VOLTAGE & FREQUENCY (CONTINUATION)
. IMPROVE POWER FACTOR
REDUCE LOSSES {MAINTAIN 95% AT TIME OF SYSTEM PEAK)
— I OPERATING LOSSES BALANCED LOADING
LOW VOLTAGE (WITHIN 10 PERCENT)
UNBALANCED LOADS IMPROVE VOLTAGE REGULATION
- Il DESIGN LOSSES + LOCATE TRANSFORMERS AT CENTERS OF
OPTIMIZED DESIGN LOADS
CORRECT CONNECTORS + ADEQUATELY SIZED TRANSFORMERS
« ECONOMICS

MAINTENANCE OF EQUIPMENT AT

ADEQUATELY SIZED CONDUCTORS
« CONVERT 1 PHASE TO 3 PHASE TO

PEAK LEVELS CONTD 150f94 IMPROVE BALANC[NG 16 0f 94
SAFE ECONOMICS
PROTECTIVE RELAYING MUST ALLOW

PROPER GROUNDING
OVERVOLTAGE PROTECTION

OPERATOR FRIENDLY CONTROL &
ANNUNCIATION

GLOBAL STANDARD SPECIFIED SAFE RELIABLE
EQUIPMENT

MAINTEMANCE OF EQUIPMENT AT PEAK LEVELS
WRITTEN SAFETY OPERATING PROCEDURES

ECONOMIC CONSIDERATIONS SHOULD NOT
COMPROMISE SAFETY
170f4

+ SAFE DESIGN
* SWITCHING FLEXIBILITY
EXPANSION FLEXIBILITY FOR GROWTH
EFFICIENCY
RELIABILITY
PLACEMENT OF CAPACITORS

18 of 94
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EQUIPMENT

(WITH REGARD TO RELIABLE SAFE
EFFICIENT OPERATION)

R RS

HYPN

SURGE ARRESTERS SURGE ARRESTERS

CIRCUIT BREAKERS

FUSES

BATTERIES

RELAY AND CONTROL PANELS

CAPACITORS

HOT SPOTS
1901 % T 0of%4
FUNCTION OF
SURGES OR TRANSIENTS SURGE ARRESTERS

LARGE OVERVOLTAGES THAT DEVELOP SURGE ARRESTERS PERFORM A
SUDDENLY ON ELECTRIC TRANSMISSION TWO FOLD FUNCTION

AND DISTRIBUTION SYSTEM ARE

REFERRED TO AS SURGES” OR
TRANSIENTS

THESE ARE CAUSED BY LIGHTNING

STROKES OR BY CIRCUIT SWITCHING

OPERATIONS

1of%4

I PROVIDE A POINT IN THE CIRCUIT AT
WHICH THE OVERVOLTAGE IMPULSE CAN
PASS TO GROUND WITHOUT DAMAGE TO
INSULATION OF EQUIPMENT

2 PREVENT ANY SUBSEQUENT FLOW OF
POWER CURRENT TO GROUND BY PLACING
A HIGH IMPEDANCE IN THE CIRCUIT AFTER
THE EXCESS VOLTAGE IS RELIEVED
~2af%

CORRECT
APPLICATION OF
SURGE ARRESTERS

SA S MUST BE INSTALLED AT THE INTERFACE
OF TWO IMPIRRICALLY DIFFERENT
IMPEDANCES IN A CIRCUIT

Ep (I) W here O/H line termnates in a cable
(1) Where O/H fine termmates on a transtormer

(111) On tong O/H hines at the open circurted end.

1of94

es IRS

W HVEN -

EXAMPLES OF
DEFFICIENT INSTALLATIONS

40f0%4
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<)

e~

SYSTEM SURGE PROTECTION QPERATION

SA s ACT AS ASAFETY VALVE TO
BYPASS OVERVOLTAGES TO GROUND
AND THEREBY PREVENT THE
PUNCTURING OF THE INSULATION OF
EQUIPMENT ON THE LINE WHICH
MAY HAVE A BIL VALUE LESS THAN
THE SURGE ON THE LINE

==
RFFTP

HVYPN

CIRCUIT BREAKERS

300f 94
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CIRCUIT BREAKERS
- GENERAL -

HAS A MECHANISM THAT
MECHANICALLY HYDRAULICALLY
OR PNEUMATICALLY OPERATES A
SET OF CONTACTS TO OPEN OR
CLOSE AN ELECTRICAL CIRCUIT
INSULATING OIL AIR COMPRESSED
AIR VACUUM OR SF6 GAS IS USED
AS AN ARC-INTERRUPTING MEDIUM

310f 94

$ B kS

wye HVPN

CIRCUIT BREAKERS

OPERATION COUNTERS

3 of 94

BRAKER AND SURJRIINRESTERS COUNTERS
MUST BE READ A LYZED AS NEEDED

CIRCUIT BREAKERS

» EXAMPLES OF DEFECTIVE
INSTALLATIONS

Jaofo4

T -
PEHOWA S S
BREAKER DAMAGED
AND CAPACITORS O S

Appendix I Page 6
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

370694

» CORRECT INSTALLATION AT
DISTRIBUTION TRANSFORMER

18 of 94

— - kS

FUSES

EXAMPLES OF DEFECTIVE/INCORRECT
INSTALLATIONS

IRS

FAILED TRANSFORMERS AT
AN HVPNL REPAIR WORKSHOP

T of;

Appendix | Page 7
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

S B &S

W HVYEPN
AUXILIARIES
440f94 1
STATION BATTERIES = IRS

STATION BATTERIES SUPPLY ENERGY TO
OPERATE PROTECTION EQUIPMENT SUCH
AS BREAKERS AND OTHER CONTROL,
ALARM AND INDICATING EQUIPMENT
THE STATION BATTERIES ARE A SOURCE
TO OPERATE DC CONTROL SYSTEMS
EQUIPMENT DURING SYSTEM
DISTURBANCES AND OUTAGES

450f94 |

TYPICAL STATION BATTERY INSTALLATION

460194 |

RELAY & CONTROL
PANELS

PURPOSE

CONTROL PANELS INSTALLED WITHIN THE CONTROL
BUILDING OF A SWITCHYARD PROVIDE MOUNTING FOR
MIMIC BUS RELAYS METERS INDICATING
INSTRUMENTS INDICATING LIGHTS CONTROL
SWITCHES TEST SWITCHES AND OTHER CONTROL
DEVICES

480l %4

Appendix I Page 8



HVPNL SY STEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

CAPACITORS
CAPACITORS PROPERLY LOCATED ON THE

POWER SYSTEM PROVIDE SIGNIFICANT
ECONOMIC AND TECHNICAL BENEFITS TO SEB

THEY RELEASE

- TRANSMISSION CAPACITY
- DISTRIBUTION CAPACITY
REDUCE ENERGY LOSSES

- GENERATION CAPACTTY

REDUCE VOLTAGE DROPS AND THEREFORE
IMPROVE VOLTAGE REGULATION

INCREASE REVENUES
DEFER CAPITAL INVESTMENTS

50 of 94

L

ol L
o .
R JL

P A

=
TP

CAPACITORS

—

49 of 94

Appendix I Page 9

(¥



HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

~<ptn

e~ RUIBSY

==
i

“HOT SPOTS”

60 of 94
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

EXAMPLES OF INFRA-RED SCANS
OF EQUIPMENT USING A
THERMO-VISION SCAN CAMERA

6l of 941

OCKMISER ATLOADSIDE e - |1
X R
N -

\
Y

- W ‘

et

. Al
eozeypgC T
gy T

x

[N/ RN A £ N S

T

& 8 8 2 8 8

oy vt it Dube 8757 Thee 21444800 Siehm Morme
T ave OF K ‘mirel asmpir gOW Qroureing (L Cor wdercch and 1

COverhealing at secendary N - ~
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

WHAT CAN WE DO ABOUT IT?

HOW TO LIMIT CATASTROPHIC
FAILURES REDUCE SYSTEM OUTAGES AND
IMPROVE EFFICIENCY OF SUPPLY

PLAN AHEAD

PERIODICALLY MONITOR PERFORMANCE AND
OPERATION OF ALL EQUIPMENT

ESTABLISH & IMPLEMENT PREVENTATIVE
MAINTENANCE PROGRAMS

HAVE ACCESS TO & ASSURE AVAILABLITY OF
SPARE PARTS

CONTINUED 68 of 94

CONTINUATION
HOW TO LIMIT CATASTROPHIC
FAILURES REDUCE SYSTEM OUTAGES AND
IMPROVE EFFICIENCY OF SUPPLY

HAVE ACCESS TO & ASSURE AVAILABILITY OF
SPARE PARTS

MAINTAIN & MONITOR ALL EQUIPMENT LOGS
REQUIRED BY MAINTENANCE SCHEDULES
PERFORM ALL ROUTING MAINTENANCE
REQUIRED BY MANUFACTURERS OF EQUIPMENT
AS LOADS & RETICULATION OF LINES CHANGE,
MONITOR THE EFFECTS ON VOLTAGE &
RELOCATE OR INSTALL CAPACITORS AS NEEDED

6%of 94

PLANNING AHEAD

PERFORM VOLTAGE SURVEYS

PERFORM LOAD SURVEYS ON
FEEDERS

+ PERFORM TRANSFORMER LOAD
SURVEYS

TAKE POWER FACTOR
MEASUREMENTS PERIODICALLY
PARTICULARLY AT CAPACITOR
LOCATIONS T00f94

MAINTENANCE

UPKEEP OF DAILY OPERATING LOGS

UPKEEP OF PERIODIC MAINTENANCE LOGS

UPKEEP OF OUTAGE REPORTING LOGS

UPKEEP OF DEFECTIVE EQUIPMENT REPORTING LOGS
OBSERVE PROVIDED INSTRUCTIONS FOR SWITCHING
CAPACTTOR BANKS

OBSER\V E PROVIDED INSTRUCTIONS FOR CORRECTING
OUT OF TOLERANCE VOLTAGES & FREQUENCY
RIGOROUSLY CARRY QUT ROUTINE MAINTENANCE ON
ALL EQUIPMENT AS REQUIRED BY THE MANUFACTURERS
O&M MANUALS

Thof4

PERIODIC MAINTENANCE
LOGS

BATTERY SPECIFIC GRAVITY CHECKS

GROUND GRID RESISTANCE CHECKS

OIL LEVEL CHECKS IN TRANSFORMERS BREAKERS ETC
CHECKS ON TEMPERATURE GAUGES ON TRANSFORMERS
CHECKS ON OPERATION COUNTERS ON SURGE ARRESTERS
AND CTRCUIT BREAKERS

TREE TRIMMING & FOLIAGE CONTROL CHECKS ON ALL
LINES

WEED CONTROL CHECKS N SWITCHYARD

THERMO VISION SCANS OF ALL SWITCHYARD AND
DISTRIBUTION LINE EQUIPMENT Tof94

Appendix I Page 12
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=

SPARE PARTS
&
REPLACEMENTS

o 730f84!

SUGGESTED (PARTIAL LISTING)
SPARE PARTS & EQUIPMENT TO
BE STOCKED

DISTRIBUTION TRANSFORMERS OF COMMONLY USED VA &
YOLTAGE RATIOS

AT LEAST ONE METAL-CLAD CIRCUIT BREAKER OF EACH
AMPACITY RATING PER SWITCHYARD

STATION TYPE LIGHTNING ARRESTERS
DISTRIBUTION TYPE LIGHTNING ARRESTERS

TRIP & CLOSE OOILS FOR OUTDOOR HV BREAKERS & ALSO FOR
INDOOR METAL-CLAD CIRCUIT BREAKERS.

MV CAPACITORS

FUSES AND FUSE CUTOUTS

BULBS FOR INDICATING LIGHTS
OVERCURRENT PHASE & GROUND RELAYS

OTHER SPARE PARTS OR COMPONENTS RECOM|
EQUIPMENT MANUFACTURERS ‘m_

CORRECT
INSTALLATIONS

750f94|

1 7T of M

L

= =z RS

SAFE
CONSTRUCTION PRACTICES

T7s0f94
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SAFETY CLOTHING

HARD HAT
RUBBER GLOVES
EYE PROTECTION
STEEL TOE BOOTS
LINEMAN S BELT

790194

SAFETY EQUIPMENT

GROUNDING CHAINS
HOT STICKS
CABLE GROUNDING SPIKES

GROUND CARTS FOR METAL-CLAD
SWITCHGEAR

80 of 94

= |
= IRE
EXAMPLE OF POOR SAFETY
PRACTICES
von otrwey S1ofos | T B of94
= = I
= B IRS
EXAMPLES OF HALO
AMMETER INSTALLATION

B40f 94

Appendix I Page 14
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= B g

HYPN

EXAMPLES OF REPLACEMENT
EQUIPMENT INSTALLATION

B6 of 94

EXm

O&M P

IMPLEMENT ACTIONS AS DERIVED
TROMTHE S &S ST IDIE§
LA EXAMPLES OF BAD

INSTALLATIONS

" B8 of9a

Appendix I Page 15
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T

RS

HVEPN

CHANGE-OUTS
AT SUBSTATIONS, IN
PROGRESS

i

Appendix I Page 16
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APPENDIX - 11

SWITCHYARDS

(Lecture Notes)

llg INTERNATIONAL RESOURCES GROUP

INDIA

SEPTEMBER 1998 - DECEMBER 1998
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= RS = = RS
R R HVPN
SUBSTATION EFFICIENCY A PROTECTION
IMPROVEMENT A 1 PROTECTION
TRAINING A 2RELAYING
A 3 SHORT CIRCUIT MVA & FAULT
A PROTECTION CURRENT

B SYSTEM LOSSES
C OVERVOLTAGE PROTECTION
D GROUNDING

1 fy?

A 4 TRANSFORMER INRUSH & THERMAL
WITHSTAND CURVES

A 5 FUSE CHARACTERISTICS
A 6 PRINCIPLES OF CO-ORDIMATION
A 7 BREAKER CONTROL SCHEMATICS

I
= RS

A 1 PROTECTIVE ZONES

INCORRECT & CORRECT

T e

o o
APPLICATIONS s )
gt iy
7 417

27 e g
- - - \ !
' ]

PR

?' - t—] = |,_T L_/l

ssa e 1 11
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= B K8
e —

HVPN

A2 RELAYING

OVERCURRENT (PHASE AND
GROUND FAULTS)

DIFFERENTIAL (TRANSFORMERS
BUSSES)

« RESTRICTED EARTH FAULTS
+ MISC XFMR RELAYING

o ey

PE -~ PN
- ;1_ Aok ma

i i & -
-1 = I' -}‘ = o
";‘) | <4 +
\ Cal QUCARER
. e e oy - o
e P -
-~ 1 3 (3 -3 A

DIFFERENTIAL
v —
- @ VoL
Ty * I
=t =
Condsions for external (ault Lo LY E

87 Relay does not operate for external faults

——
N5,
Conditions for external fault

87 Relav does not operate for external faults

LI A
Three phase differential connection
— 11',/_ —
'u—:_fi*“ n oamo | T
i ——ai: Beudnana ._1."1ﬁ1
= Py
+<4 U Ly
$
s I (T~
4
o T
[Toe LI
s-
. — =
“"j S By
Therefore 87 relav on A phase sees an mtemnal
fault on the A Phase [T

Differential CT connection for Transformers

Y Y transtormers must have (T s connected in
DD
Y D transformers must have CT s connected in
DY
D Y wansformers must have CT s connected in
YD

D D transformers must have CT s connected m
YY

RESTRICTID FARTHFAULT

[eo.
:%; - e

ll.’u- 3 l "’

]

N
¥} [ [ 4
=1 y
X I -
-
T i i e o s e bt

B7EF relay will operate for mternal ground faults

{3
3

.
@

T
="
Ny et

{
1.--’:-/I -

e -

P p— (I}

A timed S1EF relay will operate for ground faults on the svstem

APPENDIX II Page 2




HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

MISCELLANEOUS TRANSFORMER
RELAYING

Buchholz relav A combmation of gas accemmisnos and pressure telay  Onlv
apphcable 1 conservator tvpe ransformers m which the tank 1s comgletety
fifled wrth otk

SEE FIG 176
{next page)

Pressure Relief Devices Relicves nunot and senous tternal pressures Alanms
and atso tnps

Sudden Pressure Device  Trps out transformey for sedden pressurc

Gas Detecuo  Retay  Buchholz tvpe

Combustible Gas Relay Samples gas

Laquad Temperature indicators  Alarms and trps

W mdmg Temperature (Thermal) Relavs 197 o
Transiomer mpedance
v (Ohmx and p u values)
e - PRI EE
(Mia
wanag M [
Assume infinnie bus on rarsformer high side.
Therefore SCMVA  max 3 phasc fault current on
\ s secondary sude. and
A 3 SHORT CIRCUIT MVA & FAULT i
]
CURRENT TR
Sencs _nd Parallcl SCMV A 5
P @
1 / 7 [
henes
Fyuivalent SCMVA = (SCMVA1 x SCMVA )
(SCMVA:+SCMVA)
f analle] § Lo
x el 2‘ |
Equnvalent SCMVA = (SCMVAL + SCMVA2) f..".",} - W z":} =
c g Senes »%# :‘:' } a0 conde [
——
wuld o~ } ros Eemm Equry SCMVA=200  100=300 My 4
I‘H r (e F o)
o [ i ol
u - 1t 7
-

bEul savAlLABLE COPY

APPENDIX Il Page 3
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l
== RS
W —

A 4 TRANSFORMER INRUSH &

THERMAL WITHSTAND CURVES

19 of 9T

Transformer Inrush Current
R lc of thumh
There are two crmical points on the cunve
(1t 2! for0 1l secs
{ 125 x 1 for 0 OF secs
The compicie transfoemer mnush curve 1 as abulaed below

I, N fall load amps)

Time (secs) | lnrush Fac!or}

Transformer thermal damage curve -
(Ie=XFMR full load amps)

Tame Damage Eactor
&0 478
30 67
10 13
5 143
‘4 166
1 2
25

Tvpical Charactenstics
SEE FIG 7A3

{on next page) 1oy

100-300 2
10 3
1 6
ol 12
OOl 25 N AT
CHL L™ T L]
CU g l_lllli [H]
9

==
= = IRg

HYFN

A 5 FUSE CHARACTERISTICS

BEST AVAILABLE COPY

Fuse Tyvpes
k fastspeed tspeed rany  6~8)
T-slow speed (soced rano 10~13)
Speed ratio = Min_melt current at 0 1 secs
M n meit current at 200 or 600 secs
t se Charactenst cs
SEE FIG 3A3
(on next page)
(a) Fast links (k tvpe) remone fauhs from svstem 1o less ume & co-
ordinate better w th the m erse relays
(b) Slow hinks ha ¢ a greater withstand capability to wans em and nrush
currents and co-ordinate better with each other over a wade range of
wrents

APPENDIX II Page 4
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B RS

A 6 PRINCIPLES OF CO-
ORDINATION

of 97 ¢ of 47

Typical Co-ordination Curves -

SEE FIG 25A3
(on next page)

NOTE

The difference 1n ordinates between curves at all
values of current must be greater then 0 3 secs for

good co-ordmation
L7 R AN

= l
Selective Operanon of Overcurrent Devices W —

HYPHN

A 7 BREAKER CONTROL
SCHEMATIC

BEST AVAILABLE COPY
APPENDIX II Page 5
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JU

8 in lulnl‘ j,g
r

B SYSTEM LOSSES

crnssn v TR
wav s | et ]| coor Coonr :2'
' - B | PILFERAGE & METERING
. T LOSSES
Lﬂ_; ; ) B 2 (ELECTRICAL) TECHNICAL
- LOSSES
{IXP) BREAKER _CONTRDL_ACHEMSTIC.
3tofy? H97
l
= RS
W —
Pilferage Losses

B 1 PILFERAGE & METERING

LOSSES

1) lllegal apped connections.
{(n) Losses could be as high as 20% or more

(n1} Non metered crrcurts

Metenng Losses
(1} Innacurate meters
{n) Incorrectly connected meters
() Incorrectly read meters
(1v) Incorrect metenmng constants used

mam
= IRS
B 2 TECHINICAL LOSSES

« TRANSFORMER LOSSES
» CONDUCTOR LOSSES
+ CONNECTOR LOSSES

Hv?

« TRANSFORMER LOSSES
(a) IRON LOSSES

These are constant for a coustast pplied voltage  These losses can be reduced
by speaifying Sow loss transformers o ome of ender  Econommc analysis must
be performed 1 determme ecomovme break even pomat. Lower loss
ransformers have bigher mtial coss

Howzver higher load [actors could bang m higher mcome and therefor  flset
the “no load™ lotscs which are presewt whether  £mw supphies Joad or not.

(b) COPPER LOSSES

Thes are the | R Josses  Theredore fo the same load the lower resistane wll
grve nsc 1 bowet losses  There are coonomac and wechokaltrad s 10
counicract the  eduction of resmiance  Larger conducton mean lower loises
but more costty wansformers

Rod cod impedance means & gher SCMVA s and therefore hugher interrup ing
capacity swikchgear ( the v ofy7

BEST AVAILABLE COPY

APPENDIX II Page 6
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

{a) FAN AND/OR OIL PUMP LOSSES

Additional cooling of the transformer allows
more MVA capacity to be loaded onto the
transformer Running the fans or o1l pumps
for cooling adds these losses to the total
losses of the transformer The efficiency of
the transformer 1s increased 1f these
auxthary losses could be kept to a minimum
MVA out of the transformer and stili
keeping within the allowable temperature

CONDUCTOR LOSSES

Canductors in a substaton consst of phase wires, busses. jumpers. neutral
wires and ground wires  Again, FR losses generated m conductors are
carsed by the curment camnied. and by the resisance of the conductor

] R 15 tnchrectly prop i to the cross section of
the condu and also dependent on the matenal whether it
be copper alummun or ACSR. Copper losses are inherent 1 all
condk bt cognck should be opurmally sized so that
emperature ruses when camymg maxnmum load curvent are within the
prescribed standards.

{2) Jumper wires that are undersized for the loads wall have higher
Tesistances and therefare hugher PR losses

(b} Feeders. if overioaded. carry more current thatn they are designed for
and therefore have lugher PR losses

{c WNormally necutral conductors in balanced 3-phase system wall carry
zero current. Unbalances in the 3-phases wail cause the unbalanced
current to flow m the neutral and therefore produce BR losses

rises {d) Ground wares could also currents 1n unbalanced systems and give
37of9T cary
nscto IR losses. Wl y?
—
TNNTLTOR 108N S |
W) HIMITALIL CONNHTORY -
e et e e e m e =
When scxdic mamsture pertrates the tricriace of o desmsla mrtals  “baoery eflecs crosted s ewadcs

‘winchs proady { the motals. This causcy 8 tugh resistance comncction o
devehn over e
[hsuwtelar ewtals sumahi always be commecicd with the appropnase te-metal conocosar

11

- CETEARA TR
W CONFHR ATIN

( onnociors should he chosen i have the proper configuraticn 1o s the shane of the
cnnduckns temng connecied

hffcrent confi guratnns
() Lable W cable - wedge conneckrs.

|SEF TEST
LATA W LR Lo

EXT PAUF)

{- a1 & ofy?

-— - 1437

{n) Cable 1o cable —- parallel groove clamps

(SEE NEXT PAGE)

{1n) Cable to stud connector

(1% ) Snail clamps — strain conductor 10 yumper

L ssng incorrect configurations causes gher contact
resistance and therefore higher | R Losses

BEST AVAILABLE COPY
APPENDIX II Page 7
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{c)SIZE

Connectors should be s12¢d to have the same cross-sectional areas 10
mutch those of the conde they wre g

1f incorrectly sized. higher contact resistances resuitmg would cause

tugher IR losses

{d) FASTENERS

Bolts used m bolted must be compatibie with the metais of the
or cise the ¢l fytc effect will corrode the bolts resutung m

an meffective fastener and thereby increasing the contact resistance
b and cond Wedges used i wedge type
connectors must be comrectly applied so that the designed clamping
pressure 15 achieved  Insufficient clamping pressure wiil result m

d contact and therefore lagher IR losses wall occur st
the connection
430l 97 soly?
— e
- -
— am
= _ -
—t L
=
PP S Cumtrast
g «
= -
Cnebestz it e
ne Puf I Catlc o s l A,
Vo=t == o e [
MRt g T ~
— :_,.1-._.%1 | f -
[l g - 4
—= = e
LS IS
iy s gan -
_.“{-"' = X !
Epeianall [
- =1 = ~i=] L2
L
- A
sSoly? et W s MM emr RN B S
- —— oot trress ot sl
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- hie :1 erheatme st conmactor -
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Frpare ovetheann | L4
B witen bl
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|

Ovisheetms 8 AVR
bypres cmitth

B
.

. Camem
: " x
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s -
Ceglmenu 1 AVR “ -
- (haternz g e i
~a Revhre trmal L
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a -
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- K
-, n

|

]
!

B
S
1

4
!
1
{
i
"
2,
]

- ae

- mm

= I 4 Bg
" B 3 SAMPLE CALCULATION
- OF LOSS SAVINGS

-

B 5Iflﬂl of 97
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o=
L

RS

B 4 VOLTAGE CONSIDERATIONS

CAPACITORS
AUTOMATIC VOLTAGE REGULATORS

Wt Snpuetue

e L

X
28

n
Thetoloss sopacsm sopoove p.L. el meba e

0t il bt
[ Alen, anpecysms Svwr wury b S lnaess §

1009 Rtk
Wled Som dw L& e -
S
R L e oot 86 L Job g o0t
:— 4T R E| e (&
\' 4 ) Y b
I
L {a <)
Lk 5.
%, &
z Nom e aly
olv? Aol ¥7
Companing the two above AUTOMATIC VOLTAGE REGULATORS
Automatic voltage regulators keep the voltage near
Therefore With Capacitors nominal voltage when increased current loads m hine
For the same Vi V, ts less resistances cause bigger voltage drops (1€ 1Z drops)
le Forthe V. v These larger loads therefore deliver reduced voltages for
¢ Forthe same V,, Vg is greater the receiving ends of the line
le Q&wﬁ—bo.i“’———x—-’w} For say constant kVA loads when voltage goes down
the current goes up and therefore the 1 R losses on hne
Also angle &y 1s smaller "
AVR s maintain the voltage at nominai preset values for
Therefore Cos dy, 15 larger and closer ta umitv varving load currents  AVR s themselves however have
1 e Capacuors improve the power factor and winding copper losses and 1ron losses
adjust 1t closer to umty for a lagging load. ol 97 ehof ¥
BEST AVAILABLE COPY
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=
i

RS

NVN

C OVERVOLTAGE PROTECTION

C 1 LIGHTNING ARRESTERS

C 2 APPLICATION OF LIGHTNING ARRESTERS IN
SYSTEM

C 3 INSTALLATION OF LIGHTNING ARRESTERS IN
STSTEM

C 4 LIGHTNING SHIELD WIRES

C 5 ROD GAPS

C 6 ARRESTER GROUNDING

C 7 APPLICATION TO CAPACITOR BANKS -
5

OVFRVOR TAL E PROTRCTION
eneral

Ovennitages a¢ caused b bightang, of senchung Aapes  Lighteng prves R 1o tagh.
boitage transersts. gt 1s therefore desipned for  hughey than nonmal volkage
withstand called “HIL or “Basic fnaulation \ dtage Level™

BiL however en, axxt be bugh enaagh 10 with<tand voltages 23 igh &y thowe 2seecased wath
tranaenl overvolages

¢ FLIGHTNTC ARRESTFRS

Tyres

{ ) Deentunon

1 0kV They have the ghest ciacharge wltge o requercments fof fremare rebel
(b} intermedsatc

1N kN Better than | class Lrmaed pressse rebel
freyuzrements.

() ~auon

3-AR4k\V  Lowes descharpe voltage (| 2llow  iowes descharge voitage @0 appear agoss
apgEnent) { od presare redwf capabday

6ol 97

o — MV heve
Fovetes oflbreeary amd wprered saargind of protecten MOV Srvesters ove tnads ap fo mrtel  Sasde dhacs whack am
Daghly s baar Mo sortes Jup bo wmed brorass dhars prermat saly brer ekagt vertvot M eprieng SeHages. sad

o aatetupt ptrer ol survat when Folage suduset I8 syviom Semenl velnga

TAPPLK ATKWN OF LA TN SYKTEM
MOUY  Met cuniesues spevang veliage
b_-!LL 108
1732
Where | 05 u atypical max cont voltage operstmg faceor

=1 = —
=1 =1 - Tomee — ]
C I Iv Ter [& _Jw J=_J&i]
P I R
o N I I A
- - oy

The for design are sciected by the wahty
Majory of arrestens msed on dustribution syticmns are distribution class
Dutribution arresters arc wsed o6 | -ph of 3-ph transformers below 1300 kVA.
typrcally

However where areniers are 0 be located on et poles 10 protect cable connecied

equpment. of IR sebstations 1 Protect Larger equipmeat. micrmediate of cvea
station Class acresters must be nsed.

€1 INSTALLATION OF LA™S IN SYSTEM

Short beads fo protecied equpment.
Arresicr sad p st have metalhe
ground

*On overhead hincs with 2o shield wrres. LA s should be placed w all 3 phases
every 1200 ft and greater tham JOOKV BIL. {with destribution transformers siong
haes and LA 5 on therr HV side this 15 automatically accomplished )
Atoverhead hine 10 cable mterface

Atoverhead line 90 transformer micriace
N of?

= BE [R8
W —

HVYPN

C 4 LIGHTNING SHIELD WIRES
Shield wires intercept most direct hghtning strokes.
Protective coverage afforded 1s 30 degrees with the
vertical

C 5 ROD GAPS

K\ Ncg lmputse F O
Cap acmg (s Artap | Rodtap
12 250 | 260
18 365 | 360
]
24 480 ' 480
| 30 | 600 | 575
| 36 | 660 | 675
od e
Advemtars
Theaper s arve e

| sed smtape
—_
Fromcuss quakt  poms

{ Mcwktn socmme gor pacme woll  Seansed s H racomong
reaken end Wrenviormr? moeated [Mumg orvemrs papement (lesh vvy bre
rxokat 14 mpen

ILABLE COPY
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C 6 ARRESTER GROUNDING
Incorrect
SEEFIG 13B3
(on page after next)

High discharge current flowing through impedance

causes high voltage to be impressed on pnmary

winding Therefore lugh voltage 1s impressed on

primary winding to dary winding and b Tof9?
pnimary winkhing and tank.

W |&! —

HYEFN

SEEFIG 14B3

{on next page)

Connection to a common ground point at the secondary
neutral (and tank) reduces stress (o a small impedance
drop inherent in the arrester

ofy?

Mofy?

Arrester application on a grounded wye transformer

- .
£ .

"bn s e § £ - e
g
a, [ |+ m .
Trnan | =
Y»/
Ghony
Note

All grounds are interconnected. o7

C 7 APPLICATION TO CAPACITOR BANKS

Surge arresters should be used at capacitor banks
regardless of size

For substation banks use staton class arresters

For line banks mounted on poles disbution
class arvesters are adequate

To rmninmze spunous fuse blowmg apply
arresters to source stde of capacitor fuses and
capacitor switches

kalt & 14

=2 52 [
T —

HVPRN

D_GROUNDING

D1 HV SWITCHYARD GROUNDING

D2 GROUNDING OF SWITCHGEAR IN
CONTROL BUILDING

D3 DISTRIBUTION SUBSTATION
GROUNDING

BEST AvAILABLE copy
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D GROUNDING
General
Basic purpose of grounding 1s to
Limmit shock voltages for personai safety
Prevent equipment damage

Personal safety 15 achieved by hrmting shock voltage on
normatly non-current cartying metal parts of equipment.

Equipment damage 1s prevented by providing a low
impedance fault current return path needed for fast operation
of the circuits protective devices

() Properly grounded equipment

SEE NEXT PAGES

The gnd reduces potennal gradients and thereby step and
touch potentials are greativ reduced

When fault occurs, potential along the surface of canth
decreases as shown  Step and touch potenuals are ngh

D1 HV SWITCHYARD GROUNDING

(a) Step and Touch Potentials

[0} Improperlv grounded equnpment

SEE NEXT TWO PAGES

X ofy

The fault curremnt 15 only limuted by Z, and 1s therefore large and operates the
protective equiprmnent to de-enargize the crcuit Theoretcally no cwrent w il
flow through the human body mmpedance Z,,

{b)If Z, 15 small
Cu on th oughthe humanbodh -

mall
Bv ereas g Z, the urrent could be reduced even further
(c ) IfZ, slarge

Current through the human hoih =

Bv ensunng that Z, 1s ery orv large the  aluc of current through
the human bods can be reduced to acceptable [ mts

—Fef—
zZ z z

A
7 +Z +7

s y that the designed aluc of Z,, s
d throughout the ¢ g Iife of the swichyard

BEST AVAILABLE CcoPY

APPENDIX II Page 14
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D 2 GROUNDING OF SWITCHGEAR IN CONTROL
BUILDING

{2) Epaponent (rounds

) Ground fauk recors conchacxy

{a) BQUIPMENT GROUNDS

(round ail nceways

=Ciround swichgear comrod cabeeets, AC and DU
peacis.

«Ground all cable Ways, conduts, s faceeays.

“(sround butideng meci.

*{iroud power cabie amxinag.

Al of the shove 10 te. amded ard e wound prd.
MY CGROUND FALLT RETLRN CONTXUTOR

Nunng  powxd (eit the ground fait rensrs conducios Rt provade & ow

snpedmce path 10 the it cervent 10 renem fom gound {ach smywhere o e

systerty 10 the sowroe of powey  Thes 15 necewary for the 228 operation of the

protective device 1 1 dherefare cascntial thad the ground fuh conduckr be

contouous frons the sowe of power though te acewsys ad dosn o the lond g5 of g7

GROUND FAULT RETURN PATHS

3ol 97

1f ma metathc feson —ve (tafini
Therefore I, ~+0 -
Z shughd om the grounds snd

Therefore |, » small
Faul cusremt © wp beesker |, | = small current.
Therefore breaker sy wot trp

Ifthere a2 dwect snctalhic grond rewrs puth,

Z,-+0

Therciore I, —svery large

Thercfore fauk carrest 1 tp breaker = 4, +, =Very large

{nstall coatmuons ground wire m all power trays. power condunz. snd power

raceways
Ensure that all s metal path from source 1o
the load.
DON T use grousd faull return coRducion a8 & source for equmpment ground. TYPICAL
hibabdd GROUNDING SYSTEM ols?

D3 DISTRIBUTION SUBSTATION
GROUNDING

LU A g

=
P

E TUTORIAL

IRG

BEST AVAILABLE COPY
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DNATLY

==

System Efficiency Improvement Project

Traming Manual
Computer Modeling of Distribution Feeders
For

Daistribution System Planning and Design

Prepared by
International Resources Group
Worhing Under Contract to the

Umited States Agency for International Development

For
Haryana Vidyut Prasaran Nigam Limited

Formerly known as

Haryana State Electricity Board
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October 23, 1998

Tramning Session Participants,
Haryana Vidyut Prasaran Nigam Limited
Haryana State, India

Dear all participants

We would like to welcome you to this tramming session designed to
provide training 1n the area of computer modeling of distribution
feeders

This manual 1s intended to be the primary aid 1n the training class It1s
our hope that 1t will be of use during the traiming session and in your
work afterwards

With the advent of affordable computers and software, electric utility
distribution engineers now have the opportunity to develop more
accurate and detailed models of their systems This can result in more
detailed planning studies and a more efficient system This 1s essential
1n an environment where costs must come down and service to
customers must improve

Thank you for your participation and good luck 1n your continuous
efforts for the people and electric customers of Haryana

Sincerely,

System Efficiency Improvement Traming Team

International Resources Group
United States Agency for International Development

Appendix III Page 2
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Table of Contents

I Overview Presentation
I1 Review of Line Losses and Reactive Compensation
[II  Introduction to PC’s

Windows
Word
Excel

IV Test Case — Udharan Pur Feeder

Feeder HT diagram

LT Diagrams

Activity 1 Drawin Udharan Feeder in DPA/G
Activity 2 Modeling Loads

Activity 3 Runming Load Flow

Activity 4 Obtaming Output from Load Flow
Activity 5 Placing Capacitors

\Y Workshop Modeling Local Feeders

Maternals Needed Feeder HT diagrams, transformer data, load
data, LT diagrams
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I Overview Presentation

This part of the text can be used as part of this traiming program or
used separately The purpose 1s to give engineers and other utility
personnel an overview of why and how computer modeling of
distribution feeders 1s done as well as an opportunity to ask questions on
the topic

o IRS

TP HYPN —

Computer Modeling of
Distribution Feeders

For
Distribution System
Planning
and
Design

Appendix Il Page 4
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Purpose for Doing Computer
Modeling

Facilitates and improves quality of

* Daistribution System Planning
* Short Circuit Studies
 Relay Coordination

* Load Flow analysis

RS

What is needed?

* Distribution System Data
* Hardware IBM-PC Compatible

» Software Loadflow analysis software
~ Stoner PTI PSS/U
- PTI PSS/U
— Cooper Power Systems
— ABB
— Stoner
— Milsoft

Appendix III Page 5
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b

=

= = RS
7771 HVPN -

Distribution System Data Needed

Distribution Feeder HT Lines Conductor
Sizes and Distances

Distribution Transformer Data
Load Data KVA, KW, KVAr, PF
Source Data

RS

Collection of Data

Obtamn or Draw Geographical Diagram of Distnibution
Feeder showing distances of all lines and all connected
load

Appendix III Page 6
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=
== = RS

CREATE DRAWING

Create drawing using the analysis software that accurately
represents the distribution feeder

Geography should be reasonably accurate
Important customers or loads can be included
Important junctions should be shown

A node should be chosen at any wire size change

Small details can be excluded

=
TP

Interconnected Sections

The distnbution feeder model consists of interconnected
sections, the charactenstics of which will be specified by
the engineer

Appendix [II Page
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==
Modeling Loads

Group loads together when many small loads
are close together

Spot loads can be place at the source end or
load of a section

Distnibuted loads are distributed along the
length of a section

1 NAllL

i

RS

Run Load Flow of Base Case

» To confirm that the data that was entered
gives output similar to real life situations

» To calculate electrical characteristics such
as voltages, currents, load flows and losses
of present system

Appendix IIl Page 8
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Modify System and Run Load
Flow to Compare Results
* Problems with existing system often suggest
several solutions

» Changes can be made n the computer
model to compare performance of each
solution

 Confirm that changes do in fact solve
present or future problems

==
T
Summary of Feeder Modeling
Process
* Collect Data
* Draw Feeder
* Model Loads

Run Load Flow of Base Case
Modify System and Run New Model

IRG

Appendix [II Page
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11 Review of Line Losses and Reactive Compensation

In order to review the benefits of compensation for reactive loads, 1 €
installing capacitors to offset inductive loads, we will study a very
simple case showing a highly inductive load fed by a single distribution
line from a single source

In this example the source and load are Y connected with a zero
impedance earth return

For simplicity sake, we will consider this a single phase line and a single
phase load The same tdeas will hold true for three phase lines and more
complicated distnbution circuts

Simplified Diagram of a Distribution Feeder
Single Source - Single Line - Single Load

Distribution

+ Vd - Transformer
Z'Lmt: ‘l / Load

Substation /

Transtormer
V§

Appenaix III Page 10
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Consider the following values for the calculations

Vs, Line to Neutral Voltage at Source (Volts)
Via  Lmne to Neutral Voltage at Load (6350 Volts)
Ziwe Impedance of Lime 6+)3 5 Ohms
V,;  Voltage Drop from Source to Load (Volts)

I Line Current in Amps

S Single Phase Complex Power Delivered to Load
500 kVA at 8 power factor, lagging

A voltage loop equation can be established for our circutt

Vg, =Vt Vi,

]

Where V; =1, Z, ..

VSn = IL ZLme + VLn

Appendix III Page 1!
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The power tniangle represents graphically the equation
S=P+)Q,where S isthe complex power,

P 1s the real power and

Q 1s the reactive power
1n a particular crrcuit

In the given case the load 1s such that
500 kVA =400 kW +5 300 kVar

and can be represented with the following
power trniangle

500 kVA
300 kVar

36 87°

400 kW

Appendix III Page 12
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Providing rated voltage of 6350 volts at the load, the current drawn 1s

J . Sld) Where I * 1s the
L = s complex
VL oad conjugate of I

+ 400 kw+300kVAr Using V4 as

s the reference

L 6350K70°] 7 b

I," =63 0+ j47 2 Amps

sothat I, =63 0— j47.2 Amps

I, =630- ;747 2 Ampsor
78 74| -36 87° |Amps

The real power losses 1n the line,
P, are 2
P, =|I,|'R,
Where R 1s the resistance of the Iine giveninZ, .

So,

P, =(78 74 Amps)*(6 Ohms) or
37 2kW

Appendix III Page 13
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The percent power loss 1s

372

—————0r38 5%
372+400

Of the total real power supplied by the source

Voltage Drop

V, =(78 74 Amps| - 36 87° )(6 95 Ohms| 30 26° ))
V, =547 Volts| -6 61°
V,| = 547 volts o1

8 6%  Of the 6350 volts needed at the load

The voltage needed to mamntan rated voltage at the load 1s
v, =V,+V,
V., =547+|-6 61° |+ 6350 v[ 0° ]
V., =543 36v— ;62 97v+6350
vV =6893 36v- 62 97v
V =6893 651~ 52°]
|V, |= 6893 65 olis

Appendix III Page 14

rﬂ%



HVPNL - SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

Load Flow of Sample Feeder - Base Case

Vi

VLn
6350 Volts
6894 Volts

|- |

Let us examine the effect of placing a capacitor
at the load

Since 300 kVar are absorbed by the load,
lets use a 300 kVAR capacitor

The total power absorbed at the load 1s now

S, =400kw + y300kVar— j300kVar

/ \ \ Reactive Power
Reactive Power “supplied” by

Real Power From Inductive Load Capacitor

S0 =400 4w Representing a umity Power Factor

Appendix III Page 15
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The current 1s now

. 400 kw
[, =—————= ° =
L= 35 |0°J 63 0 Amps|0 J: I[LI 630Amps
And the power losses

P, =(63.04mps)* (6 Ohms) or
23 8kW

The savings 1s APL =372-238 or,
13 4kw.

The percent power loss 1s now

238

— —— 0or56%
23 8+400

Of the total real power supplied by the source

This represents a savings of 13 4kWor29 %

Appendix IIl Page 16
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Voltage drop 1s now
V, =(63A4mps| 0° )(6 950hms| 30 26° |)
v, =437.85/30 26° |
V| = 437 85volts

Thus represents a voltage rise of 109 voltsor 1 7 %
The voltage needed to mamntain rated voltage at the load 1s now
Ve, =V, +V,,
V,, =437 85v{30 26° |+ 63501 0° |
V., =378 19v+ ;224 59v+6350v

V_=6728 19v+ 224 59
V.| = 6731 94volis

Load Flow of Sample Feeder - With Capacitor Added

Vi

j+ sV - l

VSn
6350 Volts
6732 Volts

|- |

Appendix Il Page 17
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I Introduction to PC’s

Many years ago, International Business Machines marketed their
first personal computer, or “PC” This was among the first
computers which were small enough to fit on top of a desk, yet
powerful enough to be useful n business While these first PC’s
are of little value compared to those we use today, 1t was the
begmning of a very important trend mn information technology

Rather than being very secretive about the design of this PC, IBM
allowed other computer manufacturers to build and sell stmilar
computers This 1s why today there are many manufacturers such
as Compagq, Dell and Hewlett Pacard which build computers
similar to the IBM PC

The set of instructions directing the computer to perform certain
functions 1s called a program, software and also apphcations
These are essential for a computer to be productive Without
them the computer can perform almost no useful task

Smce IBM’s competitors build their PC’s so that the same
software will run on their machines as on IBM’s models, these
competitors’ machines are said to be PC-compatible PC-
Compatibles use the same printers, disk drives, cables, and
modems also These devices are called peripherals

The focus of this traming session 1s to learn how to make
computer models of distribution feeders These models will be
build using a type of software for the PC written by Stoner
Electric called Distribution Primary Analysis/Graphics or DPA/G

We will also work to improve the participant’s knowledge of
other programs Windows, Word, and Excel, as necessary
These programs are all products of Microsoft, Inc

Appendix III Page 18
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Windows

Windows 1s a program which 1s designed to make 1t easier to
access other computer programs and associated files It1s a tvpe
of graphical menu

The computer ought to be set up to run Windows automatically
upon power up At this pomt, Windows will display several small
pictures, or icons Each icon represents a computer file, folder or
program Chicking on an 1con allows the user to access that file or
folder or to run that program The mouse pointer can be moved
over the associated icon and a double click will open 1t up

Activities
I “Windows” folder

Double click on the 1con “My Computer”
Choose the C dnive
Find “Windows” 1n the list and double click on 1t

Appendix III Page 19
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Windows 1s also a subdirectory in the computer’s file system

The files 1n the hard disk drive name “C > are grouped into
various subdirectories In each of these subdirectories there can
be some files or some subordinate subdirectories Inside of these
subdirectories we can find again more files and subdirectories
Double clicking on the files or subdirectories will open that file or
subdirectories Double clicking on a program will run that
program Double clicking on the “X” in the upper night corner of
a window will close that window

2 Start Menu

Single-click on the start button at the bottom of the screen The
Start menu will be displayed The start menu allows easy access
to some of the most frequently used programs

3 Calculator Program

Click the Start button on the bottom left of the screen This gives
a list of many programs and options available Choose “Programs”
with a single click Subsequently choose “accessornes” and
“calculator” to run the calculator program Give 1t a try and then
chick the “X” to exit

4 Word

From the Start menu, choose Microsoft Word More time will be
spent on this later “X” to exit

5 Excel

From the Start menu, choose “Programs” and then “Excel” More
time will be spent on this later Click “X” to exit

Appendix [II Page 20
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Word

Microsoft Word 1s a word processing program It allows you to
produce and maintam text documents Once a document 1s typed
1n, changes can be made quite easily to 1t  With a printer, paper
copies can be easily produced and reproduced

ude it Hasnang meanual

Microsof} ts a word processmg program. B atlows you to produce and
- mantan text documents  Once & document 13 typed m, changes can be
made quite easity to t. With & prnter paper copies can be easily

- produced and reprocuced.

From the Start memz, select Microsoft Word.

Begm typing. Type a sentence or paragraph.

From the menu of the top of the screen, select file (smgle click). Choose
~ “save 85™ Type m a file name such as “sanple word document™ Click
on *OK™ Coantnue tvpmg.

- Now that you have specified the file name, you can just select “save”
from the file meau next time to save your file.

From the file menu, select “prnt peeview”_to see what your file would
N

Activity

From the Start menu, select Microsoft Word

Begin typing Type a sentence or paragraph

From the menu at the top of the screen, select file (single click)
Choose “save as” Type 1n a file name such as “sample word

document” Click on “OK” Continue typing

Now that you have specified the file name, you can just select
“save” from the file menu next time to save your file

From the file menu, select “print preview” to see what your file
would look Iike.

If you have a pninter, select “print” from the file menu Select
“OK” and retrieve page from printer

Appendix III Page 21
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Continue Typing When you are done, save the file one final time
and exit the program with “X” or “exit” from the file menu

Appendix III Page 22
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Excel

Microsoft Excel 1s used to manipulate numerical data Number and text
are organized in rows and columns This can be a very convenient way
to store and display your data

)

NERFHRER AR AREERER e [T

i}

Activity

From the Start menu, choose Programs/Excel Move the cursor around
to the various cells

In Cell Al, type the number 25, which can represent today’s high
temperature

In cell A2, type the number 23, which can represent yesterday’s high
temperature

In cell A3, type the number 31, which can represent the high
temperature from two day’s ago

In Cell AS, type
=(+Al+A2+A3)/3

This will fill cell A5 with the average temperature of the last three days

Appendix III Page 23
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From the file menu Select “save as” Save the file with a name such as
“temperature study”

After any other changes are made, save the file from the file menu

66.,.9%

Exit using “x” or “exit” from the file menu

Appendix II Page 24
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IV~ Test Case — Udharan Pur Feeder

Consider the following HT diagram of our sample feeder, the “Udharan

Pur” feeder
\;Eu
e
i \

T7
T6
NARAS
™ T
e /x
bl i
T9 e T4
» S

T5

K 110

UDHARAN FEEDER 11 kV

LEGEND
3 SWG ACSR SCALE
lem= Skm

6 SWG ACSR

—— p—————

As mentioned earlier, the software which will be used to model this
sample distribution feeder 1s called Distrnibution Primary
Analysis/Graphics, produced by Stoner Electric  Screens from this
software are shown so the user will know 1in what format the user must
prepare and enter the data

Appendix III Page 25
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LT Diagrams
In order to study the load on the Udharan feeder, we can look at

the LT diagrams, 1f available, for each distribution transformer on the
feeder The following pages contain such diagrams

Appendix HlI Page 26
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UDHARAN FEEDER
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Activity 1 Drawing Feeder Model mn DPA/G

Each participant will begin to model the feeder using the
DPA/G software

ey

Tl

T4

wallas
T
T5
l‘( Ti0
UDHARAN FEEDER 11 kV

LEGEND

3 SWG ACSR SCALE
fem= 5km

6 SWG ACSR
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The following step by step procedure will help to get started with the
DPA/G software During the course of following this procedure the user
can learn about other options and functions of the software by choosing
those options of interest from the menu

Start by double-clicking on the “Shortcut to DPA/G” 1con on the
desktop

Click on “OK”

On the EDIT menu, choose SKETCH

Click on “Feeder” and “Create New” to create a new feeder
Click on “OK, Sketch”

Give the name of the feeder, such as “Udharan-pdl”

Place the mouse at the coordinates (8 8,1) on the sketch screen

With the mouse, draw the first section of the feeder coming out of the
substation

Give the name of the first section, for example 101 Click on “OK”
On the edit menu, SAVE the sketch

On the ZOOM menu, choose OUT CONTROL-Z does the same thing
This will reduce the 1mage of the feeder

Double-click on the name of the first section
Choose CHARACTERISTICS

Confirm the data regarding that first section Make changes where
necessary SAVE and EXIT the Charatenistics Editor EXIT the section
editor

Build can be done later Chick “OK”

On the EDIT menu, SAVE the sketch

Close the Sketch Window
Appendix III Page 38
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On the EDIT menu, choose FEEDER RECORD

Update the fields regarding the new feeder Choose the “sample”
substation, a L-L voltage of 11 kV, with a bus voltage of 415 volts on a
415 volt basis

Click on SAVE

Exit the Update Feeder Record dialog box

On the Config Menu, Choose BUILD

Use the “Selected Feeders” option Select Feeder from the sample
substation

Edit Sketch Use the “EDIT EXISTING FEEDER” option Select
Feeder from the list under those 1n the sample substation Click on “OK,
Sketch”

Add additional sections

SAVE Sketch

Double click on each section and enter the proper distance for each

Appendix III Page 39



HVPNL - SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT
Activity 2 Modeling Loads

The load on each of the transformers on the Udharan Feeder 1s given 1n
Brake Horse Power (bhp), but must be entered into DPA/G as single
phase kw and kvar loads

If E;1s the efficiency of a motor, P, 1s the mechanical power output at
the motor’s rotor in bhp, and P, 1s the electrical power drawn by the
motor, then

P = P—'"x 746 (inkw)
Ef

If P4 1s the single phase electrical power drawn by the motor, then

— {4
Pw—_

3

If S14 1s single phase complex power (in kVA) drawn by the motor and
PF 1s the power factor at which the motor runs, then

P
MANE -15'% (inkVA)

If ¢ 1s the phase angle between the motors phase current and phase
voltage, then

@ = cos™ (PF)

If Q4 1s the single phase reactive power drawn by the load, then

Qo =S,p ® sSn® (nkVAR)

Assuming the motors on the Udharan feeder have an efficiency 1s 8 and
the power factor 1s 8, calculate P4 and Q4 for each transformer
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We can add this data to our model

For each transformer, double click on the section name where this load
ought to be modeled

Click on the “Load” button

Add the loads under the spot load category Indicate 1f this spot load 1s
at the load side, source side or middle of the section
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Activity 3 Running Load Flow

Click on the Analysis menu Choose the type of analysis you would like
to use
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Activity 4 Output from Loadflow
DPA/G provides reports showing voltage on each part of the circut,

current through each branch 1n the circuit, and losses throughout the
circutt

On the analysis menu, choose “balanced analysis” Study the results of
this analysis
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Activity 5 Placing Capacitors

One common function of feeder modeling and loadflow analysis
software 1s to see the effect that adding reactive compensation can have
A 100 KVAR capacitor can be added at the location shown Use the

Change Data option on the Edit menu
‘ l
™
TI
UDHARAN FEEDER 11 kV

LEGEND
3 SWG ACSR SCALE
lcm= Skm

6 SWG ACSR
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\'% Workshop Modeling Local Feeders

Matenals Needed Feeder HT diagrams, transformer data load
data, LT diagrams
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APPENDIX - IV

SWITCHYARD WALKDOWNS
&
THERMO-VISION SCANS

FOR

(1) PINJORE

() BABYAL

() PEHOWA

(1v) KARNAL

) NILOKHERI

(v1) MADHUBAN
(vi1) HISAR 220 KV
(vinn) BEER

(1x) BEER (REPEAT)

(This was an integral part of the Tramning Program)

llzg INTERNATIONAL RESOURCES GROUP

INDIA
SEPTEMBER 1998 - DECEMBER 1998
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Substation Inspections

During the course of the traming program, the following switchyards in Haryana were
inspected with the individual traiming groups The engineer 1n charge of each substation 1s

indicated

Q

Pimnjore
Babyal
Pehowa
Karnal
Nilokhen
Madhuban
Hisar

Beer

Balraj Sheoran

BR.GargAEE

T C GuptaE E Tel 01741-20038 or 01741 - 20041

KL Jawa

C D Pasncha, AE/SSE, 132 kV S/Stn, Nilokhen (Karnal)
Inder Jit Leckma - S S E Tel 257871 (O) 262524 (R)
Ram Dhan AE/SSE

Ram Dhan AE/SSE

Each of the above switchyards were walked-down by the individual traimming groups and the
noted deficiencies were listed as shown on the following sheets

Also thermo-vision scanning was performed at each switchyard except Babyal and Pehowa
At Pinjore, no hard coptes of the scans were made available for this report

Appendix IV
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PINJORE SWITCHYARD

Note Scanmng was done but hard copies were not made available
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Pinjore Substation Deficiencies

Lightning arresters missing on both 132 kV & 66 kV sides of transmission power
transformer

Ground strap on 66 kV CT structure broken

Overgrown weeds on crushed rock surface

Transformer foundations have no catch basins

Overhead shield wire coverage not complete

Hot spots detected on some connections, jumpers, 1solator switch jaws (Note scanning was
performed by BBMB, as a favor to HVPNL, to enable the trainees to get a feel for what the
scanner could do No hard copies of scanned 1mages were furmished )

Pfmeter on 11 kV capacitor bank defective

Only about 18 inches clearance between 132 kV relay panels and block wall Insufficient
space

No M&R diagrams available

Capacitor umts 1n the banks were missing fuses

Semaphores on mimic bus panels were non-operational

Mimuic bus color for same voltage level changes between panels
Many ‘status’ indicating hights were burnt out

Not all ammeters on switchgear panel were functional

Missing and/or unconnected lightming arresters on outgoing 11 kV line H-frame terminal
structures at cable to OH hne interface

11 kV cables in switchyard were lying on ground surface & not trenched
Cable trenches were missing covers

Newly run cables were run along the ground surface and haphazardly entered trenches over
the lip and not through sidewall sleeves

Cable from kiosks or terminal boxes from equipment were exposed ana not run in conduits

PVC cables exposed to sunhight

Appendix IV
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Control cables run on the top of metal wire-ways instead of inside of
CT ratios and actual connected ratios were not indicated on switchgear control panels

Lightning arrester leakage current monitors were corroded and not functional

Appendix IV
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BABYAL SWITCHYARD

Note No scanming was done as contractor had damaged his scanner and it was out for
repairs
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Babyal Substation Deficiencies

One 66 kV line 1s out of service Is one line adequate?
Wave trap 1s on the dead line Is communication adequate?

No hghtning arrester on the 66 kV incoming lines Sphere gaps DO NOT provide adequate
protection

Overhead shield wire 1s needed There are areas of the substation unprotected from direct
lightning stnkes

Auxihiary contacts on 66 kV 1solators are not working Indicators must therefore not be
working

No ground mat under 1solator operating handle
Crushed rock sunk leaving dirt and weeds on the surface
B-phase of line breaker (66 kV) 1s jumpered out

Charging motor not operational 1n 66 kV line breaker, therefore breaker 1s non-automatic
Has protective zone and tnipping been modified accordingly?

Breaker control not working

Improper coordination of arc gaps for lightning protection

Bolt on one particular connector was not the correct matenal and has corroded
Bending radius of jumpers are too small

No rod gaps on breaker 1solator No 05

Open strands on jumper wires

Lightning arresters should be mounted closer to transformer
Lightning arrester surge counter not operational

Transformer tank o1l level indicator not clearly marked

Manufacturer’s O & M manual not on site

Transformer LTC can’t operate under load

Appendix IV
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Improper spacing on 11 kV cables at transformer Stress cones too close

Control cables not properly installed 1n trench

No o1l catch basin for transformer o1l spillage

11 kV PILC cables are leaking o1l at switchgear

Wrong type of bolts on mounting of switch handle on cap bank They have become corroded
Indicating lamps not working throughout the entire control room

CT ratio marked on ammeter not consistent

Power factor runming at 75 leading Meter 1s defective

On breaker, meter shows no load, no hight 1s on, target on breaker not visible Breaker 1s
CLOSED

On another breaker, meter shows no load, no light 1s on, target on breaker shows OPEN while
breaker 1s CLOSED

Semaphore indicator on breaker 1s 1n wrong position, wrong 1ndication
No 11 kV lightning arresters on niser poles

Improper spacing on stress cones at 11 kV side

Appendix IV
Page 8

)



HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

PEHOWA SWITCHYARD

Note No scanming was done The scanner was stll out for repairs
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Pehowa Substation Deficiencies
Crushed rock surface 1s 1 poor shape
Many jumper wires have separated stranding
Many wires with tight bending radius
No shielding on control cable in metening cabinet
Bolts missing on connectors
Covers missing on trenches
11 kV cable laying on ground
Indicating lights 1n transformer control cabinet burnt out
Transformer foundations containment area not large enough, and openings 1n wails
Control cable not properly covered, bent tightly, with rocks piled on top
Winding temperature reading lower than o1l temperature on transformer Defective WTI
Trench cover sitting directly on cables
No lightning arrester on distribution hines
No bottom arm on arcing horns
One transformer has no impedance stamp

Opening for cables on transformer control cabinet not properly sealed Squirrels are nesting
inside

Capacitor bank out of service

Indicator hights on breaker panels not working
No fuse protection on battery cables

Semaphore on control panel not working

CT ratios on 220 kV panel not clearly marked
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KARNAL SWITCHYARD
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Karnal Substation Deficiencies

Covers missing or broken on trenches

33 kV cables exposed (not buried)

Door open on CVT control box

Shield wires not adequate on 220 kV and other areas
Squirrel nest 1n control panel

Crushed rock protection deteriorated or not existent
Lightning arrester should be closer to transformer
Poor stranding on jumper wires

Arcing horns missing on disconnect switch

High loss jumper on 132/33 kV transformer

No stress cone on 11 kV cable

33 kV CT has wrong bolts on connectors and so they are corroded
Bimetal connector needed on CT

Sharp bending radius on connector

Cap bank out of service due to lack of CT

Lightming arrester needed on cap bank

Control House

Semaphores not working
No fuses on station battery cables

66 kV Ladwa Barbain feeder - ammeter not working

132/11 kV T-3 pf meter not working, frequency meter not worhing

11 kV Incoming No IV - power factor meter not working

Appendix IV
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Battery Charger - Ammeters not working

220 kV Control House

No fuses on battery cables

Indicating light not working on 220/132 autotransformer T-4 panel
Trp circurt CKT-2 faulty

Yellow light should be a blue light for spnng charge indicator
Semaphore not working on T-3 220/132 100 mva transformer panel

Door opens without interlock on LV breakers

Appendix IV
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

NILOKHERI SWITCHYARD
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

Niloker1 Deficiencies

Mimic bus does not depict physcial layout

No blue hght for the spring charged indication

CT ratio on 132 kv not indicated

Ammeter reading load while breaker 1s open Ammeter non-functional

No breaker on 132 kV incoming line

Surge counters not working on surge arresters

Improper crushed rock protection

Contacts on disconnect switch rusted so semaphores are not working
Damaged or missing covers on trenches

Improper structure ground on 1solators

Top of rod gap 1s missing on 1solators

Control cable to disconnect switch 1s not in conduit Exposed PVC Cables
Transformer containment area 1s not adequate No o1l containment

11 kV cables are not buried and are laying on the surface of the switchyard
Some cap units are out of service due to unrepiaced fuses

No L/A on capacitor bank

Incorrect bolts on connectors and so bolts are corroded

Improper fusing on ground mounted cap banks

Tape on 11 kV jumpers serves no purpose
No fuses on battery cables
Mimic bus diagram shows (2) -132 kV busses whereas there 1s only one

Function of indicating lights should be 1dentified with nameplates

Appendix IV
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132 kv Substation,Nilokher!
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132 KV Yellow Phase CT of 132 KV Sulbstation,Nilokhern
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132 KV Substation, Nilokher,32 KV main Isolator
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT
Madhuban Substation Deficiencies
Corroded ground on surge arresters

Shield wire coverage not adequate

Ground switch disconnects — auxiliary contacts corroded so semaphores don’t work Also,
linkage 1s broken

Openings 1n control box are not sealed

Improper crushed rock protection

Control panel on 132 kv — door has missing gaskets and rain has entered, although terminal
are not corroded All connectors are spade type while ning type 1s needed Heater 1s
corroded

One outdoor cabinet 1s rusted closed and could not be opened

No one knows 1f the o1l level 1n the power transformer conservator tank 1s proper or not No
manuals are available

O1l catch basin 1s not adequate
Bucholz relay leaking o1l at gaskets Ol leaking into the breather on power transformer

Cover plate 1s missing from opening m control panel on power transformer SSE replaced 1t
during the mspection

O1l leak on power transformer

Nameplate on power transformer not readable

2 of 3 connectors on 33 kV have corroded bolts and indicated hot spot on scans
Opened stranding on 33 kV jumpers

Covers missing on trench

Bending radius too tight on 33 kV jumper

33 kV breaker target 1s the wrong color

Poor stranding on 132/11 kV transformer jumpers — showed hot spot
Bulbs bumnt out on many metal-clad circuit breaker panels

Appendix IV
Page 17
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

No fuses on batterv cables

Ground fault on DC system Battery 1s totally discharged when charger 1s disconnected
11 kV breaker on Kamopura feeder shows “OFF”” when breaker 1s closed

Bus coupler indicates ON when 1t 1s OPEN

Other breakers have similar problems

Semaphores not working properly

Lamp on alarm panel not working

Transformer T1 132/11 kV — Breaker 1s out of service — jumpered out Does the relaying
accommodate this?
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

Hisar 220 kV Substation Deficiencies

Inadequate ground on breaker

Trench covers missing

Static wires not providing adequate protection

Birds nests have been built inside disconnect switch corona rings

PVC cables exposed to sunlight

Tight bending radius 1 jumper conductors

Rod gaps not properly aligned

Surge counters not mounted at proper height They are too high cannot be read
Surge counter not working (counter remains at 0)

11 kV metal-clad breaker status not known Bulb out, ammeter reads zero, inside flag has no
mdicator

Wrong bolts on connector on 220 kV disconnect switch - has caused corrosion
Inadequate transformer containment area on 11 kV transformer

Indadequate crushed rock protection

Control House

CT ratio on 220 kV panel not marked
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220 KV SubStation, Hisar-Red Phase Line 3 CT Jumper
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220 Kv Substation,Hisar-Y Phase incoming conn of Bus Isolator
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

BEER SWITCHYARD
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

Beer Substation Deficiencies

33 kV 1solators - Bus connectors have tight bending radius Hornzontal connectors were used
mstead of vertical connectors

Isolator does not have separate ground as 1s needed when the structure 1s bolted, rather than
welded

Heater 1s switched off in outdoor breaker control panel

No manual control on SF6 132 kV breaker

Surger counter on L/A 1s mcorrectly connected

Transformer o1l containment area not adequate

Gasket 1s deteriorated on power transformer control panel

Poor seal on marshalling kiosk for CT - water has entered inside
Control cables laying on ground

33 kV jumpers have tight bending radius

No L/A on niser poles of 11 kV feeders

CT ratio not indicated on control panels of 132 kV/33 kV transformer
Spring charge ndicator light not working

Indicating lights on metal clad switchgear panel for cap circuit breaker not working

Electrical spring charging not functional on 11 kV breakers Spring must be charged by
hand

Incorrect mimic display

U/G cables not buried, but run exposed on surface

Cover plates missing from panels
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132 KVA Substation, Hisar-Middle Phase cable end connector
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132 KVA Substation, Hisar-33 Kv R Line incoming side
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Lt cable & conductor connection, T/fr near Auto Market
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132 KVa substation,Hisar-33 Kv Isolator outside towards HTM Line
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

APPENDIX -V

REPORTS OF INDEPENDENT
IRG
VISITS TO SWITCHYARDS

(1) PINJORE
(11) MADHANPUR
(11) BABYAL
(1v) PEHOWA

(Prior to start of Traming Program)

[Rg INTERNATIONAL RESOURCES GROUP

INDIA

AUGUST 1998 — SEPTEMBER 1998
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10)
11

12)

HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

CT ratios not marked
Hotspots on scanning

Missing and/or unconnected LA’s on outgoing MV feeders
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

MADAN PUR S/S (220/66/11 kV) 8-28-98
Contact Person Mr Aman Deep — SSE
Mr Rajesh Kakkar - JE

Observations (1tems needing 1vestigation & correction)

1)

2)

3)

4)

)

6)

7

8)

9)

Crushed rock of substation grounding system 1s still visible but overgrown weeds, thick
1n some areas, defeat the msulating properties of the crushed rock surface

HV breaker control cables are run exposed on the inverted metal channels which get

heated by the mid day sun This exposure to high temperatures will accelerate the aging
of these cables and cause cracking with subsequent moisture seepage mnto the cables

Field routing of control cables due to earlier modifications have shortened oniginal cables
In order to re-install these cables, short cuts have been taken 1n the metal cable raceways
by going over the sharp metal sides of the racewavs to enable the shortened cables to
reach Heavy bundles of cables resting on a sharp metal edge would cause eventual
cutting of the metal through the XLPE insulation of the cables with uitimate failure of the
cables

Rod gaps across CT’s did not appear to be umiformly set

On all switchyard lightning arresters the combined leakage current ammeter/counter at the
base of each arrester was badly corroded and non-functional Since the mstrumentation 1s
directly 1n the ground lead of the arrester 1t should be venfied that corroded
instrumentation has not “open circuited” this ground lead, as otherwise an “ungrounded”
LA will be totally ineffective in the system

On 220 kV — 66 kV transformer, the o1l temperature gauge reads 45°C and the winding
temperature gauge reads 42°C This discrepancy was pomted out to SSE who confirmed
that the winding temperature gauge had a stuck pointer and he corrected the discrepancy

The overhead lightning shield wire over a part of the 66 kV switchyard was missing,
leaving a large area of 66 kV bus exposed with no shield wire protection

The 66 kV — 11 kV transformer was leaking o1l at gaskets 1n the vicimity of the piping
elbow contaming the Buchholz relay A plastic bucket, hung on the piping, was
collecting the leaking o1l The transformer was of 1971 manufacture

66 kV Bus, Capacitor Bank -

¢ Some untis were defective and not 1n the circuit

¢ Fuses have been blown on some units and no replacements furnished

10) The only fire protection i the 220 kV/66kV/11kV switchyards consists of 8 bucket of

sand located near the 220 kV-66 kV transformer

Appendx V
Page 4
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

11) Fire protection in the control building consisted of two (2) CO, cylinder extinguishers

12) Multiratio CT’s are furmshed with 11 kV switchgear yet no indication 1s available to
operator as to what ratio has actually been connected As such, there 1s not indication as
to what the multiplying factor 1s to be used on ammeters and energy meters or what
scales to read on dual scale ammeters

13) Power factor meter on the 11 kV bus reads 0 7 lead @ 11 kV, with capacitor bank not
connected to 11 kV system The meter was obviously defective

Appendix V
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BABYAL S/S (66/11KV) 9-3-98
(Contact Person Mr R.K Diwan - Station Operator)

Observations (Items needing mvestigation and correction)

1y

2)

3)

4)

5)

6)

7

8)

9)

Two (2) incoming 66 kV lines but only one half of the 66 kV substation 1s

operational Equipment has been cannibalized from the defective half to supplement
the operational half

Onlv one (1) 66 kV — 11 kV transformer 1s available No back-up or standby
transformer or circuits available

Eight (8) 11 kV outgoing feeders in service Two (2) important feeds to the “armed
forces offices” are important so much so, that there 1s a standby 11 kV feeders
available 1f one of the two regular feeders fail Yet no backup at the 66 kV level

Incoming 66 kV circuit has only one single phase CVT on blue phase of incoming
lme No CVT on erther red or yellow phases at 66 kV (also, no CVT’s at all on 66
kV circuit No 2)

No wave traps on 66 kV ckt-1 (2 wave traps on 66 kV ckt-2 but neither on 1s
connected)

All 66 kV 1solators can only be manually operated Electrical operation 1s non-

functional All auxihary contacts on 1solators are corroded and seized up and are non-
functional

No LA’s on incoming 66 kV lines Only rod gaps have been provided across the
msulators of the line 1solators Settings appear to be erratic

Incoming 66 kV line has a 66 kV circuit breakers as the only 1solation means between
mcoming 66 kV line and the 66 kV-11kV transformer

Thus breaker consisting of single pole ganged interrupters has the blue phase bussed
across 1ts mterrupter with only the Red and Yellow phases going through their
interrupters  The breaker therefore can never be used to 1solate a fault on the blue
phase

Further, the way the HVPNL operators 1solate the power transformer from the system,
under normal conditions, 1s to trip the 11 kV load on the transformer secondary, then
open the red and yellow phases of the 66 kV breaker, and then operate the line
disconnects of the 3-phase 66 kV line 1solator The 66 kV disconnect 1n the blue
phase would thus st1ll be interrupting the magnetizing current of the power
transformer These 1solators are not load or magnetizing current break switches

The counters/ leakage current ammeters on all 66 kV hightning arresters are corroded
and non functional As they are n the ground lead of the arresters, a check should be

Appendix V
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10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

made to ensure that the LA’s are still adequatelv connected to the ground grid and are
not ‘open circuited’ 11t the mstrument box

The single power transformer runs fully loaded (above 1ts OA rating) 24 hours a dav
and the fans run continuouslv This again points to the critical situation here of no
backup power 1f any one component on the 66 kV side fails

The tap-changer on this power transformer 1s an on-load tap changer However, the
taps are only changed manually and only by de-energizing the transformer, by the
operator The ON-LOAD feature of tap changer 1s non-operational

Two parallel cable circuits are connected to the 11 kV bushings of the power
transformer One circuit 1s a (1) — 3/C PILCA cable with (3) well spaced stress cones
on a single trifurcator box The other circuit 1s (3) — 1/C XLPE cables with an
individual stress cone on each cable The line side of the stress cones on the blue and
yellow phases are physically too close together (about 6-7 inches) This spacing
should at least be increased to 9 inches mimimum by using an approprate spacer to
keep the line side of the stress cones apart

O1l level on the conservator tank of the power transformer was between Y and ¥; full

Fire protection system for the entire switchyard consisted of 5 buckets of sand The
sand 1n some buckets was caked, as water had got into the buckets at an earlier time
(probably rain water) When required 1n an emergency this sand would probably not
pour out easily to extinguish an arc or flame

Fire protection system 1nside the control building consisted of (2) two CO, portable
cylinder type extinguishers

The onginal crushed rock surface laid 1n the switchyard for limiting the lethal
voltages and currents to operators, during faults, has sunk into the soi1l There 1s no
continuous crushed rock surface i the switchyard

Overgrowth of weeds in the switchyard further compounds the danger operators are
exposed to, by reducing the insulating quality of the ‘crushed rock’ surface

Only one 11 kV capacitor bank was operational This bank appeared to be intact, with
all fuses intact, and all units 1n service

All indicating hghts on all the 11 kV switchgear panels and 66 kV control panesl are
not operational Therefore any information available to operators from the status of
the indicating lights 1s non existent Other secondary means have to be resorted to, to
determine the condition of circuits and systems Feeder ammeters and breaker
mechanical flags have to be relied on to mdicate to an operator whether the circutt 1s
alive or not

Many breaker mechanical targets are bent, broken or missing

A few ammeters are non-operational
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26)

27

30)

31)

HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

Connected ratios of CT’s are not available to the operator, so that instrument

multiplying factors are not available, or readings of dual scaled ammeters are not
known

The PILCA (1)-3/C incoming cable to the 11 kV switchgear 1s weeping o1l at the
gland
=}

The bare mimimum of staff available at the substation only perform switching
operations and do not carry out any substation maintenance

The 11 kV bus coupler between the 2 sets of 11 kV switchgears consists of a
permanently closed 11 kV breaker There are no overcurrent protective relays for this
breaker or no control switch The breaker operates as a permanently closed link

None of the semaphores are indicating lights on the 66 kV mimic bus control panels
are working

The defective 66 kV breaker in the switchyard has a non-operable control switch on
the 66 kV control panel The electrical control of the breaker 1s non operational The
station operator informed me that the breaker charging motor was defective so that the
breaker could not be operated electnically The breaker can be only opened or closed
[only red & yellow phases — see 1tem (8) above] by operating the local manual
pushbuttons at the breaker 1tself The breaker has to be charged with the manually
operated charging handle

The above leads to a very unsafe scenarto  The power transformer 1f 1t develops a
fault will cause 1t’s differential relay to operate which will attempt to 1solate the faulty
transformer by opening the 11 kV low side breaker and the 66 kV high side breaker
Since the high side breaker has no electrical control, the breaker will not trip and the
66 kV line will continue to feed the fault It 1s hightly unlikely that the line breakers
at the sending end of the 66 kV line will see this transformer fault even with delayed
tripping The transformer will eventually be destroved This 1s a highly dangerous
situation

The ammeter indicating the load being furnished by the main DC distribution panel
breaker, 1s non-operative

Outgoing 11 kV feeders -

The LA’s on the H-terminal structures are not all connected to the outgoing overhead
lines Some have open circuited phase connections

The 11 kV cable which comes from the 11 kV switchgear to the H-structure has an
ungrounded armoring at the pothead

Isolator disconnect switches on the H-structures are non-operational, yet they are left
1n the circuits  No correctly chosen connectors are 1n use to make all the connections
from 1solator terminals to the overhead lines, arresters and other equipment
Improvised field wire wraps take the place of correctly chosen connectors Redundant
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32)

33)

34)

35)

36)

HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

equipment, incorrect connectors, all lead to high losses being generated at these H-
terminal structures

There was no main annunciator panel in the control building No indicating hights
functioned

No evidence found of

(a) Feeder and transformer load logs

(b) Battery specific gravity logs

(c) Substation ground grid resistance logs
(d) Log of outages or line disturbances

(e) Logs of non-operational equipment

It appeared that the meagre staffing at the substation enabled the operators to only
devote their time to system operation with little or no time available for routine
maintenance

It also appeared that the operators had no access to spare parts such as mdicating light

bulbs, etc and as such, replacements were never carried out

Major equipment replacements -

There appeared to be no system for reporting these deficiencies and no procedure

whereby dangerous situations could be avoided by the timely replacement of defective

and faulty equipment
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1)
2)

3)

4)

S)

6)
7

8)
9

10)

11)

12)

13)

14)

HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

PEHOWA S§/S (220/132/33 11 kV) 9/4/98

{Contact Person
Mr Ashok Kumar Sehgal, Asst Engineer, Operations)

Observations (Items needing mvestigation and correction)

The 132 kV LA’s, on the low side of the 220-132 kV autotransformers have corroded,
non-functioning, leakage current ammeters/surge counters

One portable CO, cylinder type extinguisher had been left at the 220-132 kV
transformer T2 Transformer T1 had no visible fire protection system

The cables leaving the control cabinet of the OLTC mechamism of tranformer T2 were
not sealed In my presence, a squurel ran up the cables and nto the control kiosk, and
had made his home in 1t There was no sealing gland to prevent this happening
Rodents could also chew through the cables and cause problems

The 11 kV feeders leaving the switchyard were all on H-concrete pole structures The
stays at the opposite side of the line conductors were not tensioned and in some cases
broken, and the H-structures leaned very heavily into the lines

The o1l level on the conservator tank of the 132-11 kV power transformer T3 was
between the % and Y full mark

The o1l cup on the silica gel breather of the 132-11 kV transformer T3 was missing
Transformers T3,T4,T5,T6,T7 and T8 had one portable CO, extinguisher per
transformer, and six sand buckets to serve each pair of transformers This was the
only fire protection system for this line up of (2) 132-11kV and (4) 132-33 kV
transformers

132-33 kV transformer TS did not have 1t’s measured impedance stamped on 1t’s
nameplate

33 kV LA’s were not located at the 33 kV bushings of the 132-33 kV transformers
,but rather they were located across the roadway and at the 33 kV bus

33 kV capacitor bank has fuses blown on some units, and on different phases
Outgoing 11 kV and 33 kV overhead feeders appear to have an 1solator switch 1n each
3-phase circuit which when manually operated at peak load periods, opened one-phase
of the circutt This was to deliberately load shed customers at peak load periods
Unbalanced loads hike this could cause higher losses due to unbalanced currents
flowmng 1n neutrals causing additional copper losses

The main station battery had no fuses at the battery on the cables leaving the battery to
the main breaker of the DC distribution panel A fault in this cable could burn out the
battery This station has no standby DC source to this single 220 V dc battery supply

Logs of battery specific gravity were apparently being taken on a weekly basis This
was not venfiable

33 kV relay panels -

Semaphores were not working

No p f meter was on the panels to indicate how the capacitor bank operated
Instructions had been given to the operators to “switch on capacitor bank when
load 1s 100-150 amps ”
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15) 132 kV relay panels -

During the inspection, the 132 kV system voltage read 120 kV Upon
inquiring why this was so low the operator cranked up the voitage by
manually operating the ON LOAD tap changer of the 220 - 132 kV
transformer from about tap 12 to about tap 7

The 132 kV system frequency as indicated on the panel was 51 5 Hz

16)  220kV relay panels -
A cutout 1n one of the relay panels had no metal cover plate over it A piece of
paper had been pasted over the opening to hide the live terminals from view

and a large hole had torn the paper, exposing the cable terminations within the
cabinet
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APPENDIX - VI

INSPECTION CHECK LIST
FOR
WALKDOWNS

(Prepared for Training Program)

ll@ INTERNATIONAL RESOURCES GROUP

INDIA

AUGUST 1998
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

SWITCHYARD, SUBSTATION AND FEEDER INSPECTION CHECKLIST

The following 1s a checklist of the System Efficiency Improvement On-The-Job Tramning
Program The checklist includes items that will be covered during the visit to the various
substations It 1s intended that this be used as a guide by the participants to identify what to
look for when searching for the deficiencies that affect the optimum substation operation

The participants are encouraged to continue self-research activities to become proficient at
each of the subjects covered during the performance of the training program

The participants are also encouraged to actively participate 1n the program by asking
question, expressing and finding solutions to problems that affect their own substations and
power distribution systems
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SEI TRAINING PROGRAM

SWITCHYARDS, SUBSTATIONS, AND FEEDERS CHECKLIST

INSPECTION DATE / / TRAINEE NAME
COMPONENT NAME OR CHECK TO BE COMPONENT STATUS
PERFORMED
OK CORRECTIVE
ACTION
A HV/MV SWITCHYARD
1 Review Equipment One-Line
Diagrams
2 Review System Protection and
Metering One Line Diagrams
3 Inspect Switchyard Facilities
a Incoming HV Gantry Towers
b HV Line Terminations
1 [solators and Grounding
1 Wave Traps
11 Coupling Capacitor
Potential Devices
v Lightming Arresters
\% Circuit Breakers
V1 Current Transformers
c HYV Bussing
1 Configuration
11 Isolators
11 Circuit Breakers
v Lightning Arresters
v Current Transformers
V1 Potential Transformers
d Power Transformers
1 Name Plate Data
¢ Impedance
¢ MVA Ratings
¢ Vector Grouping
Appendix VI
Page 3
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COMPONENT NAME OR CHECK TO BE COMPONENT STATUS
PERFORMED
OK | CORRECTIVE
ACTION
1t Cooling Systems
+ Natural Air (OA)
¢ Fan Cooling (FA)
¢ O1l Cooling (FOA)
1 Lightning Arresters |
v Oi1l Catch Pits
\% Bucholz Relays and
Conservator Tanks
V1 Temperature Indicators and
Alarms
vl Ol Level Indicators and
Alarms
Vi1l Silica Gel Breathers & Oil
Cups
1X Tank Condition (Rust, Oil
Leaks)
X Radiators (O1l Leaks)
X1 Tank Grounding (2 grounds)
X1 Neutral Grouding and
Neutral Grounding CT’s
X111 Terminations
X1v Fire Protection Systems
XV Firewalls and/or Spacing
Between Transformers
€ Medium Voltage Switchyards
1 Bus Structures and Busbars
11 Cables and Terminations
1 Equpment Terminations
1v  Current Transformers
v Potential Transformers
vi  Clearances
vt Bus and Feeder Configurations
vin  Circuit Breakers
1x  Lightning Arresters
Appendix VI
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COMPONENT NAME OR CHECK TO BE

PERFORMED

COMPONENT STATUS

OK |

C ORR C
AC

E T1
TION

V E

Switchyard Grounding

Equipment Grounds

1
Wires

OH Lightming Shieid

m

Neutral Grounds

v

Lightning Arresters
Grounds and Surge
Counters/Ammeters

Grounding Gnid
Resistance Logs

V1

Site Condition of 6”
Crushed Rock Insulation
Layer

General

1

Cable Installation

and Trenches

11

Direct Buried Cable Installation

11

Cable Used versus Apphcation

v

Safety Clearances

v

Working Clearances

Vi

Marshalling Kiosks

4 Utilize Infrared Camera to Detect

Hot

Spots

Connectors

Equipment

Jumpers

Ground Wires

Cable Potheads

Transformers

Circuit Breakers

sl l-lo|lalo o=

Isolator Switches
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COMPONENT NAME OR CHECK TO BE

PERFORMED

COMPONENT STATUS

OK

CORRECTI
ACTION

Vv

E

B

METAL-CLAD SWITCHGEAR

Review Equipment One-Line Diagram

Review System Protection and Metering
One-Line Diagram

Inspect Metal-Clad Switchgear Facilities

Mimic Diagrams

Control Philosophy

Indicating Lights, Operation and
Test

Metering and Instrumentation

|

Relay Settings

Current and Potential
Transformers (Ratios, accuracy,
overlapping zones)

Transformer and Feeder
Voltages and Loading

Substation and Feeder Power Factor

Equipment Short Circuit and
Continuous Current Capability

—

Cable Termunations

Connected Equipment Not 1n Use

Open Current Transformers, 1f any

CONTROL BUILDING AUXILIARIES

Inspect Batteries and Battery Chargers

Alarms Annunciated on Battery System

Auxihary Station Service Switchgear and

AC Panel

DC Distribution Panels

Annunciator System and Alarm Philosophy

HV Relay and Control Panels

Relay Settings and Flags

Maintenance and Housekeeping
Practices

HV Mimic Bus and Control Panels

Semaphores, Lights and Indicating
Meters

Color Codimng of Mimic Bus

7

Equipment Working Clearances

8

Alarm Circuits Operation and Maintenance

9 Emergency Lighting and Power

10  Fire Protection Systems
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COMPONENT NAME OR CHECK TO BE COMPONENT STATUS
PERFORMED
OK| CORRECTIVE
ACTION
D MYV FEEDERS
1 Determine Magnitude and Time ot
Peak Loads
2 Distribution Transformers and
Feeders Protection
3 Distribution and Substation Class
Arresters (Correct Application)
4 Distribution Transformers Fusing
(Type, Size, Configuration)
5 Conductor and/or Cable Sizes Used
on Distribution Transformers
6 Daistribution Substation Grounding
7 Three Phase Feeder Unbalanced
Loading
8 Ground Fault Settings
9 Branch Circuit Fusing
10 Connectors Used on All Equipment
11 OH Conductor Matenal Used and
Matenal of All Equipment Connection
Terminals
12 Capacitors
a Location
b Installation
c Protection
d KVAr Ratings
e Grounding
13 Distribution System Construction
and Installation Practice
a Concrete Structures
b Crossarms
c OH Shield Wires
d Grounding
e Hardware
f Connectors
g Safety Clearances
14 Take Voltage Readings Along The
Line
15 Check Jumper Wire Size
Appendix VI
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COMPONENT NAME OR CHECK TO BE
PERFORMED

COMPONENT STATUS

OK

CORRECTIVE
ACTION

16 Scan tor Hot Spots

Connectors

Jumpers

Transformers

Fuse Cutouts

Isolators

~lolalolo|»

Capacitors

17 Evaluate Scanmng Results
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APPENDIX - VII

HVPNL - INTERFACING
PERSONNEL, SELECTED SWITCHYARDS,
SCHEDULES,

AND
LIST OF TRAINEES

(During Tramming Program)

]Rg INTERNATIONAL RESOURCES GROUP

INDIA

SEPTEMBER 1998 - DECEMBER 1998
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DAY 1

DAY 2

DAY 3

DAY 4

DAY 5

HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

SYSTEM EFFICIENCY
FIVE-DAY SEMINAR

LECTURES

MORNING - INTRODUCTION
AFTERNOON - SWITCHYARDS

LECTURE
MORNING - SWITCHYARDS

TUTORIAL
AFTERNOON - TUTORIAL

LECTURE & HANDS-ON COMPUTER
ALL DAY - INTRODUCTION TO COMPUTERS

WALK-DOWN THERMO-VISION SCAN
EVENING - SCANNING OF SWITCHYARD & DISTRIBUTION
SUBSTATIONS

WALK-DOWN. HANDS-ON TRAINING
ALL DAY - WALK-DOWN OF SUBSTATION AND PREPARATION OF

“ACTION ITEMS” LIST

HANDS-ON COMPUTER ANALYSIS
ALL DAY - COMPUTER ANALYSIS OF DISTRIBUTION LINES

END - AWARD OF CERTIFICATES

Appendix VII
Page 3



HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

TRAINING SCHEDULE
&
TRAINING GROUPS
Schedule Traming Traming Switchyard  Switchyard Engineer
Center Group Engineer
9/24/98 — 10/27/98  Panchkula 1A Pimnjore Balraj Sheoran
10/28/98 — 11/1 /98  Panchkula 1B Babyal BR Garg
11/2/98 — 11/6/98 Panchkula iC Pehowa T C Gupta
11/9/98 — 11/13/98  Karnal 2A Karnal KL Jawa
11/16/98 — 11/20/98 Karnal 2B Nilochen C D Pasrkha
11/23/98 — 11/27/98 Karnal 2C Madhuban [ Leekma
11/30/98 - 12/4/98  Hisar 3A Hisar 220 kV Mr Ramdhan
12/7/98 — 12/11/98  Hisar 3B Beer Mr Ramdhan
12/14/98 — 12/18/98 Hisar 3C Beer * Mr Ramdhan

* Hans: was fogged n

Appendix VII
Page 4
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GROUP 1A

HVPNL System Efficiency improvement Training
Class Begining September 24 1998

Name Phone Title Clrcle Oivision Subdivision/ | Day 1 Day 2 Eve 2 Day 3 Day 4 Day 5
Substation | 24 Sep | 25 Sep | 25 Sep | 28-Sep | 26-Oct ]| 27 Oct
Pinjore
Balr aj Shearan 64659 AE Ambala | Panchkula | Substation X X X X X X
Panchiula

Devinder Smgh Rathee | seare2 AE Ambala | Panchkula |  Substation X X x X X X
01733 Madanpur

Amandeep Singh 53465 AE Ambata | Panchkula | Substation | x X X X X X
AEE (TR) Panchkuta

Kuldeep Slngh Construction | panchkula| Ambala | Substation X X X X X X

Deepak Sharma 566117 | AEMaP | Ambala | Panchkula NA X X X X X X
Yumuna Yumuna Nager

Vijay Gupta AEE  |vumunanagad  Nagar SID No 1 x x x x x X
AE TAfor Gobindpuri

Mohan Lal Gupta $SE  |vumuaNaga] jaoadhad | Substation X X X X X X

Yumuna

Pramsagar Gupta AEE MY | Ambala | Napar NA X x x x x x
Naraingarh

Rajlu Mishra AE Yumuna Nagail  Naraingarh SiD X X X X X X
Jugadher SO

TK Mahajan AEE  |YumunsNagal jagadhari City X X X X X X

KD Dogra 566758 | SE Traning Ipanchkula X X X X X X

S K Gupta 566758 | XENTmiing lpanchkula | NA NIA X x X x x x

A K Verman 552212 | XEN Trakning N/A Ambala N/A X X X X X X

A K. Mittal AEE Trang |panchkula X X X x x X




HVPNL System Efficiency improvement Tralning
Oct 28 - Nov 1 1998

GROUP 1B

qfﬁ‘.

Name Phone Title Circle Division Subdivision/ | Day 1 Day 2 Day 3 ?9\7 3 Day 4 Day 5
Substatlon 28-Oct 29-Oct 30-Oct 30-Oct 31-Oct 1-Nov
S L Bindal 550-503 | AEE Ambala | Ambala City Wesgt'; v X v e \ g "
BK Goyal 50349 AEE Ambala Y:'?;:ra vamuna :“9"" X - - ( ” -
A P Mehta 550232 | SDO |ConstPKL| Ambala iz]:;::cgi?: X X - ) - o
R K Sharma 566117 | AEE | Ambala | Panchkula | M&P PKL X v - \ - -
P.K. Malhotra 32650 | AEE Y:lr::::n an:s’;:m Yanm:mger X x - / v -
o Const S/Div
AP Jain 20092 | AEE | Penchkuia | kurukshera | No 1 KKT X L L~ 5 t -
R.L Chand 22471 | SDO |Ambala  |Ambala Cantt Ambala Gt X « - % - -
BS Kam bOj 520540 | SDO [Ambala  [Ambala City mgzl': (g':; X ~ - < - -
66 kv /st L~ vl
Rajesh Gupta 530378 | AEE |Ambala  |Ambala City m:‘aﬁ:rg‘%m X o ah ¢ TN
)
)
)
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GROUP 1C
HVPNL System Efficiency Improvement Training
Nov 2 -Nov 6, 1998
Name Phone Title Circle Division Subdivision/ Day 1 Day 2 Day 3 Eve 3 Day 4 Day 5
Substation 2-Nov 3-Nov 4-Nov 4-Nov 5-Nov 6-Nov
oP s10 Ve W WM
Ram Kumar 21850 AEE |Kurukshetra] Kurukshetra |No !l Kurukshetral present | Present e N/A — I -
AEE / M&P Q7 g; ‘A7
RL Goel 26900 | AEE | Ambala | Kurukshetra | Kurukshetra | present | Present | — =~ N/A - |
s el S
HC Gulati 85250 | AE KKR Shahabad | Shahabad | present | Present |{t=s"¥| i Crose M foaseid
Const Const I const SIDNo I G el U
S K Arya 21680 AEE Panchkula | Kurukshetra Kurukshetra Present | Present m?% N/A (f yj 6 P g
v Y 7
SSE TIL -
Sub Division oW Oj
A K Khanna 87242 | AE | Kuukshetra | Pundn Pundrl Present | Present | plo | WA [ Tua o S
SDO op S/D
Manoj Kumar 22356 | AE KKTRA Kaithal | No 1kaithal | present | Present r) b N/A J v | 3.
Vi s
AEE/ AEE/SSE TiL 2 4 j
V K Chawla 24245 | SSE | KKTRA Kaithal | SubDwv Katthal | present | Present 4 N/A o é//
— X
AEE M&T
Atam Pra kash 653343 | AEE Ambala Panchkula (tab) Present | Present &ibff“’/' N/A ("/,J\




T ) J J ZA
— HVPNL System Efficiency Improvement Training
Nov 9 - Nov 13 1998
Name Phone Title Circle Division Subdivision/ Day 1 Day 2 Day s Eve 3 Day 4 Day 5
Substation 9-Nov 10-Nov 11-Nov 11- 12-Nov 13-Nov
(R) 287769 M&P M&PDwv M&T Lab i
G.C. Arora ©275940| Ag |CucleDel| Fandabad | Fandabad | present |Present ww S22 @
Op Circle | Op Dwision | 132 kv s/stn o\ u\;\*\\‘”‘;s & A\ (R
V K Katya| 52041 | AEE SNP Gohana Gohana Present |Present
SSE
252196 Op Circle | XEN (Works) Op| 132 kv S/st ¢
K L Jawa 258923 | AEE Iﬁarnaﬁe Clrcle(:a:-:al P Karnal " Present |Present \»_V/ﬁ Bﬁ\éx/r'—ﬁ \(/' v o
.
238043 Op Circle § Op Division siJ )'> /P
PP Mittal 238372 | AE | Fandabad | Ballabgarh | Ballabgarh | present |Present 4 /Yi/ /‘{/ ‘7/
ObIC) | dppaan} S/ (7 R
R - / i T \) -2
= /k %L\/r;)fj/ﬂ//’\/m ) HEE kagpi¥ Pansha = qu{!ag - X X b Ed -
v i '
( j(_ﬂ/:} PP | Mmoo x | o /
mmﬂ G Sopyg % BE. Aefe | Dy G Gedn q"‘f o [’
/ \soR0T et ’
D G (‘C)MST ('0/\/§T CON ST 7( Y \( \< j /
- Ve
s K Q q/qd/ AEL 5{'MAON GUE(;/IUN 6URGAON e —

<



HVPNL System Efficlency Improvement Training
Nov 18 Nov 20 1988

GROUP 2B

Name Phone Title Circle Division Subdivision/ } Day 1 Day 2 Day 3 Eve 3 Day 4 Day 5
Substation 168 Nav 17 Nov 18 Nov 18 Noy 19 Nov | 20 Nov
361253 op |works) op| ssE 220 kv /M \,«-\ N -~
D S Rathee 361240 | AEE Gurgaon Gurgaon | Badshahpur | present |Present _ ‘l/ ) / D
Const Const 0 ? "C, “)/ [ %J o
R K Garg AEE Gurgaon Gurgaon Conat Gurgaon | pregent | Present | _ 2=} W Wk_ «
Op (City) Siv siD Previous | Previous | Previous } Previous
SK BhardwaJ AEE | Op Karna| Panipat Panipat | present | Present | Week | Week | Week | Week
362355 Op Op Srdwision | Op Sfdiv % % y %1
VB ChaUdhary 362366 | AEE Gurgaon Sohna Sohna Present | Present Q) >0
L
Const Const Const ("7'}/ J \b <5 A, N
K R KambOJ AEE | Panchkula | Kurukshetra Pehowa Present | Present | \ } 1”}4/ v & 1 i{
46240 Sub-Urban No ,‘} 3 Pr P f
A K Garg 46362 AEE Op Karnal Karnal Op S/D Nilokharl] pregent | Present (S
Ly [ 4
Sub-Urban No | OoP SID M/ \\/\J/L\. A/‘,./
AK Raheja 42047 | AEE | Op Kamal Kamal | ATaradm) | present | Present | 18{u 1B Ve T
Dt [P 7 Sre /’7
NareSh Sardana 53663 AEE |M&P Del|M & P Panpat Present | Present Eu :é;“’ ‘(i/ ,{%_“
Op Cicle | S/AUDwvn | S/U Sub Divn %’ W @0’ 6&” /
S N Shafma 80115 | AEE Sonlpat Sonipat Ganaur Present | Present | @‘ " \4" /Jﬁ\:
OP Curcle |rasmrc ovn| T8S Me
D S Chauhan 234533 | AEEe Fardabad Faridabad  {S/Diva Faddabad| present | Present o |~ N |
\Y
275541 OF Circle]  Op OLd | mathura Road ‘-/g\‘
R K Sehgal 234811 | AgE | Fandabad | Fandabad |/ Fardabad| present | Present | | A
N
51759 Op Circle Op Dwv Op SID City \‘.’\/
Inder Jeet 51760 | AE Namaul Rewan | No Il Rewan | present | Present \
M&P M&TLab Previous | Previous | Previous
Mangal Slngh Sorot 340021 AE |M&PDe| Gurgacn Gurgaon | present | Present Week Week | Week
gard Constr | Const No 2| Next q Q\
R P S Chauhan P e il e I I | P
\
T/ Const Next
1 A N2 A 3
Gulshan Nagpal 261288 | AEE | Const | ConstFBD | BLB Week | present gb Q}/ > NS




HVPNL. System Efficiency Improvement Training

GROUP 2C

Nov 23 - Nov 27 1998
Name Phone Title Circle Division Subdivision/ Day 1 Day 2 Day 3 Eve 3 Day 4 Day 5
Substation 23-Nov 24-Nov 25-Nov 25-Nov 26-Nov 27-Nov
Navin Kumar Verma 51291 | spo | Namaul Namnaul | Ciy Subdiv | present | Present W’ y],/’
f O
01732- \\J/ ~ 3 h
Mohd Zaki 24789 | spDO | Panchkula | Ambala City | YamunaNagar | present | Present N2 ;
0129 , L % L\ / %
S K Sachdeva 21564 3| Addi XEN| Fandabad | Fandabad | Fandabad | present | Present A~ P
0124- City 2 %/ 4
Jal Dayal Slngh Bamel 322339 AE Gurgaon | City Gurgaon| ©Gurgaon | present | Present %“‘ (a‘/\ 2n
orzet \pat g |G| Ly
Maha\“ r Slngh Dahlya 41099 |Addl XEN| Sonepat | City Sonepat| Industnal Area | present | Present ~ 27 ~ d
T v
S/UDW Nol| 220 kv s/s M\ \\l 3 \) N “ 0
A $11-N 45
Amar Jeet S'”gh 71057 | SSE Karnal Karnal Nissing Present | Present 2 ,4"/ N _
254101 M&P p _ )/\/ p]/ % .
ShamShel‘ Slngh Sandhu PP |Add Xen |[M&P Delhif Panipat |M&TLabKamall present | Present y / -/ —_

S




HVPNL System Efficiency Improvement Training
Nov 30 - Dec 4, 1998

GROU

P 3A

Name Phone Title Circle Division Subdivision/ Day 1 Day 2 Day 3 Eve 3 Day 4 Day 5
Substation | 30-Nov 1-Dec 2-Dec 2-Dec 3-Dec 4-Dec
L~ - / V4 ?)/2(/\/ ,
Jalpal Slngh 30468 | AEE |'OP Hissar| 'OP' Tohana | OF Tohana | present 1112 %\2 %\l 2):(\\1_ , LK
i 1
M&P M&P /l_v\ '6\‘4}‘/&" ’\»u\q‘i ’LV\"I.\'I /ll/\ —
RS Kundu 44136 AE Hissar Bhiwani Present t I 4y
TCC | TIL (C) Gnd (C) } 9y o 2 -
SaJ jan Kumar Garg 31863 | AEE Hissar Narwana Narwana | present | /{ 'y\? \}"r\(v bl v Mﬂ(\w
Operation (Op) City Const S/DI ;‘/ (Q &)/ 0
O P Arora 43491 AE Circle Bhiwani]  Bhiwani Bhiwani Present r‘ (SU 11y / &‘)’ﬁ/ 1 1}, ( ’f“
M&P - /[
KK Sarn 42961 | Apg | Hssar |M&P Rohtak|M & P Rohtak| present W@DV"/ A, /@/L /@\%
! I} [} [ T /&P\a/ /ﬁ&&*\/ ANM/ MJ/
0.P A h,QQ\OC\'t 20049 | AEl Op S OI" Sir8a 0[9 & Rlenabed - mkl/

L%




HVPNL System Efficiency Improvement Training

Dec 7 -Dec 111998

GROUP 3B

Dec IF
Name Phone Title Circle Division Subdivision/ Day 1 Day 2 Day 3 Eve 3 Day 4 Day 5
Substation 7-Dec 8 Dec 9-Dec 9 Dec 10 Dec $4-Dec—
Shiv Kumar Aggarwal 2005 | ace | op s | op snton | emprmienl o | A5 | 2T s | s
Rajbir Singh 922 | e | vomae | oo | T2 [ | K[ [HS |8 |1
Surinder Kumar Bansal 42106 | AEE Jind Narwana S&J:x;?\zn Present W‘% %%/ {{%/ qﬂy {T[‘{/
| |
Raj Pal Singh T‘S%z AEE | M&P Hisar | M&P Bhiwani | M&P Briwani| Present W"" m'/:/ M/ W ﬂy
VP Gupta e T S I e T L e L L
VoK B RARDWA 2108t | pr e | s | H¥hs) s P 0. QV @v @//@/

Y
U

p"t



HVPNL System Efficiency Improvement Training

Dec 14 - Dec 18 1998

GROUP 3C

-\

r=4

Name Phone Title Circle Division Subdivision/ Day 1 Day 2 Day 3 Eve 3 Day 4 Day 5
Substation 14 Dec 15-Dac 16-Dac 16 Dec 17-Dec 18 Dec\
RK Singla S e | o [ | S | et e s e e A0 5
V K_Bhardway oo | nce | e [ | BN el B il
J K Bansal 20900 ace | woar |t | soe Qfesﬁ \‘&””/ K\w> ) & % %
Karan Singh Sehrawat "aRTK AE W8P Hem|MaPRoNaK| | RTK 7Preséh1 LM/‘Q@@F iy * .CQ(Q /eﬁ
Kamalt Singh ] ne | opsns | nenene| e [ MO f o Moy 4t e
ML Aggarwal g;gggﬁgi AE | 'Op'Jind | ‘Op safidon Sél;leﬂv ‘Z}gé‘é“ [m{,ﬁ; |V l/!{p.,@ [, pL[/);/Z p%lﬁ/l
KB Slngh gggg; 58; AE swsa | op' City Sirsa 2208:(r\éaS/S é%::;r:tz 5/}())1 %’m L‘qaq\/‘fln L )g)l’g“
DL Hansu ol ne | o | sme | =St el [T A |
Ajmer Smgh 20385 | AEE |Hisar M &P| Hisar M & P Mf*:a?w ;igén't” :#5” ey Zﬁ’/‘/’“ 17/7“ 19




HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

APPENDIX - VIII

RELEVANT NEWSPAPER CUTTINGS -
NOV 1998

(During Training Program)

llg INTERNATIONAL RESOURCES GROUP

INDIA

NOVEMBER 1998

Appendix VIII
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

- Reduced T&D losses to save
19000 mw power: Kumaramanglam

rd .
\ 4} PRESS TRUST OF INDIA

NOV . 12 |1e

CALCUTTA NOV 14

at least 9,000 mw power could be
savedby transmzsion and
dutribution (T and D) losses from
the present 215 per cent to eight

per
to85 pereent, reduce Tand D Loss
by 15 per cent and infuse the kead
of managenal efficency tousherin
a drastic change 1n the power sce-
ns~omthecounty

Termung the T and D Low s
‘:sﬁmddmtyl&i‘.daem

astrong social campaignought
to be lzunched to resist such an of-
fence.

It was amazing, he said, that
muddle-class consumers were
found indulging m such corrupt
practices of cheating the Govern

ment. The mmister equated the of-
fence i powver hookang to income-
tax evanion and sad “we should be
honestwith each otherif a solution
hasto be found to the problem”
Hailing reforms in some of the
state electnaty boards, he sayd that
dunng the first six months in
power, the Government hiad been
ableto mncrease PLF by sxpercent.
“About 8000 mw additional
power hasbeen realised™ he said,
adding that national PLF average
had shot up 1o 66.5 per cent from
Z3percentafewyearsago
Kumaramangalam sad India
had bnight prospects for churnmg

out 1.80 lakh mw exploitable hydel
patentialin thenext 10 years,

As a long-term soluton to
power cnsis, hydel power was the
“best and cheapest option and it
hasproven potential,” he said.

Power generated from the
Bhakra Beas hydel projectn Pun-
jab cost the state clectnicity board
three paise per unut and 1s sold to
consumers at S pase perumnit.

Tummg to the subsidy 1o the
consumers, the Power Minsterre-
iterated the Centre's stand on re-
duced subsidy, but saxd the state
govemments were welcome (0
contnue providing subsidy

November 15, 1998, “The India Express”,

Chandigarh

Appendix VIII
Page 2
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

Damaged transtormers
lying abandoned

NAVNEET SHARMA Nea t ‘5‘; q€

CHANDIGARH NOV 14

THE EVE-BIP government may have restructured the Haryana State
Elactnioity Board (HSEB) into separate generation and distribution com-
mhhg&wcﬂhmhuﬁnmkhcdosmmmhmkmmm

Nearty 8,000 damaged transformers are lying abandoned on roads
and parks all over the state, paralysing reparrworks,

Data available with The Indian Express reveals that the problem of dam-
aged teansformer -which have been replaced but not transpored to the
company workshops-1s prevalent maii the 13 ardes, with Kurukshetra, Kar
nal, Fisar, Narnaul, Yamunanagar and Hisar ardes bemg the man defauit. ,
ers Ineachof these areas, undreds of damaged transformersare iing on the
roadsand parks for months.

In fact, the delay has led toa sipruficant increase i cases of theft of trans-
formersinthe state - over X0 transformers are reported to have beenstolen
in the first stx months of the current year as agamst 450 lastyear Inaddition
there have beenmanyinstances of theft of key parts of transformmers, accord

tosources,

The Haryana Vidyut Prasaran Nigam (HVPN) - newly created company
for distribution of power - has repeatedly directed the officers incharge of
these cirdes 1o transport the damaged transformers toworkshops for reparrs
buttonoaval Underthe norms, these damagad transformers are to be re-
pasred immecdately for remnstaiation.

Last week, the authonties again directed the supenntendent engineers
{SEs) ofalithe 13 arclestocomplywith chrectrves, werning of stnctaction in
case of faiture, While the HVPN management attributes the delay to cal
lousness, the field officers have blamed non-availability of vehucles for their
fathure to take all the damaged transformers toworkshops. “We have been try -
g hard toget vehuicles but there isasevere shortage The ugherauthonties
have alreadvbeeninformed about the problem,” said to asemor engineer

November 15, 1998, “The Indian Express”,
Chandigarh

Appendix VIII
Page 3
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

APPENDIX - IX

EXHIBIT OF A PERSONAL “SWITCHYARD
MAINTENANCE SCHEDULE”

(Prepared by an HVPNL — Engineer)

Il{g INTERNATIONAL RESOURCES GROUP

INDIA

NOVEMBER 1998

Appendix IX
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

Substation Maintenance Audit

Provided by Mr C D Pasrnicha A E /S S E, Nilokher1 Substation

1 Power & S/Stn Transformers

)

111)

Quarterly

A) Diuelectric Strength of O1l

B) Check Clean lines of air passage of breather and crystals of silica gel

C) Check conservator o1l level mndicator and 1ts float operated mechanism 1f
provided

D) Check diaphragm of explosion of vents for any breakage

E) Check temperature indicator for correctness

F) Water content of o1l

Half Yearly

A) Insulation resistance of winding

B) Earth resistance neutrals

C) Bucholz relay operation for alarm and trip
D) Check operation of Temp Alarm

Yearly
A) Oiln transformer for acidity
B) Resistance of transformer windings

After 10 years

A) Inner mspection including the hiftimg of core coils

2 Bulk O1l Circuit Breaker (11kV, 33kV, 66kV, 132kV)

)

Monthly
A) Check o1l level of tank

Appendix IX
Page 2
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

11) Quarterly
A) Test Onl for dielectric strength thrice a year or after 7 trippings whichever
1s earlier
B) Check tnppmng mechanical system
C) Clean and lubricate mechanical system

111) Yearly

A) Check and clean stationary and bridging contact
B) Check show closing and contact alignment

C) Inspection of contact and clearing grids

D) Insulation resistance

E) Contact resistance checking

F) 01l acidity test

Mimimum Q1] Circuit Breakers 132,66,33,11 kV

1) Monthlv

A) Check Ol for dielectric strength thrice a year or after six trippings
whichever 1s earlier

B) Check tnpping mechamism

C) Clean and lubricate moving parts

D) Check and clean exhaust pipe

E) Check O1l 1n the dash pot

11) Yearly

A) Acidity test of o1l

B) Clean and flush quenching chambers
C) Clean and lubricate moving parts

D) Check nsulation resistance

E) Inspection of contacts

D C System (Batteres)

1) Weekly
A) Recording voltage and specific gravity of pilot cells
B) Check and top up electrolyte level
C) Check making of Trickle/Quick charges

11) Monthly
A) Inspection of the charge and discharge cycles
B) Checking the temperature specific and voltage of all cells
C) Check tightness of bolted nter cells connections and remove the oxide
film

Appendix IX
Page 3
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

111) Half-yearly

A) Guve equalizing charge to the batteries on float charge
B) Give a conditioning charge with a curative discharge

132/66/33 kV Isolators

1) Quarterly
A) Cleaming & Lubrication of main auxihary contacts
B) Lubncation of bearing jonts and o1l cups
Lightning Arresters

1) Half yearly
A) Checking of earth resistance

Substation Earth Resistance
1) Half yearly
Capacitors
1) Monthly
A) Ventilation against blocking

B) Check current drawn against rated figures
Log Sheet

A) Are the log sheets signed duly by SSE/AO/SDO 1n charge of the

substation
B) Are some log sheets signed by Xen

Improvements for Future

Appendix IX
Page 4
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11

12

13

14

15

HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

General Remarks
1) Provision of T&P Safety Equipment
11) Replemishment of first aid boxes
m)  Provisions of Trench Covers 1 control room and yard
1v) Prowvision of sufficient ighting arrangement 1n control room
Insulation resistance of 11 kV Bus
Insulation resistance of 11 kVP T
Insulation resistance of 11 kV incoming cables

Working of K W 11 meters

Condition of fire extinguishers

Appendix IX
Page 5
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

APPENDIX - X

PHOTOGRAPHS

(Taken during Traiming Walkdowns)

Il{g INTERNATIONAL RESOURCES GROUP

INDIA

SEPTEMBER 1998 —- DECEMBER 1998
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HVPNL SY STEM EFFICIENCY IMPROV EMENT TRAINING PROJECT

AR

3

Above participants are receiving ‘hands-on nstruction for computer design of
distribution systems Below these connectors should have been vertical to avoid tight
bends in jumpers

Appendix X
Page 1
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HVPNL SYSTEM EFFICIENCY IMPROV EMENT TRAINING PROJECT

Above there 1s an absence of a crushed rock surface Below, the cables are incorrectlv routed 1nto

trench

Appendix X
Page 2



HVPNL SYSTEM EFFICIENCY IMPROY EMENT TRAINING PROJECT

TR

{
H
g ¥
:
H
£

e

Above the walk-down with the trainees Below are workers clearing the weeds in the

switchvard

Appendix X
Page 3
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

Above 1s a circuit breaker which 1s shorted across the RED phase
Below the cable 1s improperlv entering into the trench

Appendix X
Page 4
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HVPNL 5YSTEM EFFICIENCY IMPROV EMENT TRAINING PROJECT

Above the hazards of surface laid cables Below a vertical connector
could have reduced this tight bend in the jumper

Appendix X
Page 5
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HVPNL SYSTEM EFFICIENCY IMPRON EMENT TRAINING PROJECT

"o the left the strands or the umper are
~pening up due to the tignt bena On the
—gnt two phaseson the Ine 11 KV cable
are too close There 1s no control ot
spacers Far bottom buckets of sand 1s
the extent of fire protection tor the entire
switchvard

Appendix X
Page 6



HVPNL SY STEM EFFICIENCY IMPROV EMENT TRAINING PROJECT

These photos show group instruction
during waik-downs

Appendix X
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

All of the bulbs
on the indicating hghts

Left

=

are burnt out Below

neither the indicating
lights nor the ammeters

are tunctioning on

=

closed circuits

Appendix X
Page 8
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HVPNL SYSTEM EFFICIENCY INMPROY EMENT TRAINING PROJECT

Top Left and Right The PILC cable 1s leaking o1l at the gland at metal-clad switchgear
end Bottom Left Good practice of displaving 1nstruction poster for electrocution
Bottom Right Group instructton on the computer
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Gro up computer 1nstruction
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HVPNL SYSTEM EFFICIENCY IMPROVEMNENT TRAINING PROJECT

Lett The cables should be in conduit
and not exposed to the sunlight
Middle Trench covers are missing
weeds are overgrown and there 1s no
crushed rock surface Bottom A poor
control cable nstailation
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Top left A
single CO,
cylinder tor fire
protection a a
large power
transformer Top
rnight Electric
wires are run
along the ground
Middle These
vertical jumpers
are too tight and
pulling up on the
lightning
arresters

Bottom The
cover of the
terminal box was
left open
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-

Top Group nstruction during walk-down Bottom
A horizontal connector 1s needed to avoid a tight bend
in the jumper
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

Above Honzontal jumpers are needed to avoid this tight
bending radius on the jumper Below sphere gaps are not
properiv set or aligned
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HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT

Above The covers of this trench have been left off exposing
these cable to sunlight and other elements which can damage

them Below electric wires are run along the ground.
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Above these vertical jumpers are too tight Below
a missing cover plate was repaced with a piece ot
paper {now torn)
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Above semaphores are not functional Below battery cables
have no tuses
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HVPNL SYSTEM EFFICIENCY INPROVEMENT TRAINING PROJECT

Above manv indicating lights are non-functional Below manv capacitor
units have blown fuses
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Above arcing horns are missing bottom rods Below covers to
trenches are poorly installed
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Above classroom computer instruction Below
these vertical jumpers are too tight
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HVPNL SYSTEM EFFICIENCY IMPROV EMENT TRAINING PROJECT

Above control panel covers are left open for
extended periods of time Below Cables in trenches
are completely exposed
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Above these canisters are the extend of fire
protection for these large power transformers
Below cables are improperly installed entering
over lip on trench
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HVPNL 5% STEM EFFICIENCY IMPROM EMENT TRAINING PROJECT

Above batterv cables have no fusing Below cables are
poorlv instailed in trenches
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Above three different connectors are used on the three phases This 1s a poor
design Below awire wrap 1s used in place of a proper connector
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Above clearances on these 11 LV cable terminators are not
controlled Below the switchvard surtace has no crushed rock
and 1s overgrown with weeds

Appendix X
Page 25

Jo07



HVPNL SYSTEM EFFICIENCY IMPROV EMENT TRAINING PROJECT

3 - "
r;é":e-' « 7 =
‘,Si’s:P‘
HERIR T S

Above sphere gaps are not consistent on each ot the

phases Below trenches are poorlv maintained .
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Above group computer instruction Below control cable 1s
poorlyv installed with a ught bending radius
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Above and below yellow tane which serves no
purpose gives a false sense that the cable 1s properlv

msulated
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Above and below 11 kV capacitors on the ground 1s a poor
installation practice
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Above and below these control cables have been pooriv installed with a

tight bending radn
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Above and below these 11 LV cable have been installed along

the ground 1nstead of being buried properlv in a trench or
placed in condut
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HYVPNL SYSTEM EFFICIENCY INPROV EMENT TRAINING PROJECT™

These pictures show a distribution
transtormer structure where lnve
415v wires are exposed with no
protective cover
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(AVPNL 8° STEM EFFICIENCY INMPROV EMENT TRAINING PROJTECT

Above wire wraps
are all that are used as
connectors on these
415v lines Below 1sa
typical distribution
transtormer substation




HVPNL SYSTEM EFFICIENCY ™NIPROVEMENT TRAINING PROJECT

Above Exposed 415\ cables with strand fuses Below shows a good
practice of posting maintenance charts in substations
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Above the substation maintenance schedule has been posted This
1s a good practice Below, past records ot shutdowns have been
posted also a good practice
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Above past records ot load on the substation 1s posted a
good practice Below many indicating lights are burnt
out a very bad situation
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Above trenches and cables have been poorly stalled and maintained
Below grass has grown in destroving the crushed rock surface
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Above this control cable has been poorly installed w1th no conduit
Below 11 kV cables have been laid on the surface a poor but
common practice
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HVPNL SYSTEM EFFICIENCY IMPRON EMENT TRAINING PROJECT

Above this transtormer has no catch basin in the case of spilled o1l Below
control cables have been haphazardly lain on the ground
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Above 11kV cables are running along the ground not buried in trenches as they
should Below this capacitor bank has been vandalized
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HVPNL SYSTEM EFFICIENCY IMPROV EMENT TRAINING PROJECT

Above leaving a trench open as this has been 1s a poor practice Below
corroded kiosks with cables entering without the protection of conduit pose a

rehiabilitv problem.
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Above These cable entening the transformer don t have the
protection of conduit Below the strands of these jumpers are
opening
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HVPNL SYSTEM EFFICIENCY IMPROV EMENT TRAINING PROJECT

Above this marshalling kiosh 1s corroded and has no gashets on
the doors Below these cable are exposed to sunlight and other
harmtul elements because the trench covers are missing
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HV PNL SYSTEM EFFICIENCY IMPROM EMENT TRAINING PROJECT

Above birds have tormed nests inside the corona rings ot these isolator
switches Below honzontal connectors are needed to reduce the bending
radius on the jumpers
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Above horizontal connectors are needed to reduce the
bending radius on these jumpers Below these surge
counters have been mounted too high and are difficult to
read
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Above these arcing rods are not aligned Below a well
designed and installed o1l catch basin and transformer
foundation
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AVPNL SYSTEM EFFICIENCY INMPRON EMENT TRAINING PROJECT

This station service transformer s supplied by a
pooriv designed pothead The ¢ earances are not
adequate between live 11 KV phases
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HVPNL SYSTEM EFFICIENCY IMPROY EMENT TRAINING PROJEC™

Right The position of this 11hV
breaker can not be determined by
the indicator ON and OFF 1re both
Jisptaved in the window Below

these batterv calble have no tuses
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Above these 11 kV cables are laving on the ground not
burted Below these jumpers should be connected with
horizontal connectors
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HVPNL SYSTEM EFFICIENCY IMPROMN ENMENT TRAINING PROJECT

Above this 1s a poor practice of laying electrical lines along
the ground Below the surge monitors are mounted too high
and can not be easily read
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Above this transformer foundation 1s of a poor design
Below This connector should have been of the * T type
elimmnating this sharp bend
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Above cxposed 415v wires Below exposed

415v wires are mounted verv low.
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Top
Mimic
bus does
not hne
up
Middle
and
Bottom
A good
practice
of
posting
the
substatio
n
maintena
nce
schedule
s and test
resulits
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Top A good
practice ot
posting the
substation s
maintenance
schedule
Below wire
Wraps are
used as
connectors
and can be the
source ot hot
spots
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