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1.0 REFERENCE REPORTS 

(1) Preliminary Report on Task Order No 20, August 1998 

(11) Substatron Preventrve Marntenance Manual, August 1998 

(111) System Efficiency Improvement Trarnrng Project, Scope of Work, 
Implementation Approach, and Schedule of Trainrng Actrv~tles, August 1998 

2.0 INTRODUCTION 

The United States Agency for International Development (USAID) approved for 
HVPNL, a System Efficrency Improvement Trarnlng Project International Resources 
Group (IRG) has now provrded thrs tra~ning to the selected participants (about 85 
engneers) from HVPNL HVPNL assigned Mr K D Dogra, as a Project Co-ordinator 
to work with the IRG Trainrng Team 

3.0 TRAINING PROGRAM 

The trarnrng program was structured to provide the trainees with the necessary tools 
and knowledge to design, operate and maintaln a more reliable, safer, and more 
efficient electrical system 

HVPNL had three trainrng centers that were used as venues for the classroom tralnlng 
Three groups of approximately 10 tralnees each were selected for training from each 
of the three centers Selected switchyards were used to provlde on-the-job training for 
each of the 9 groups See Appendix VII Appendlx VI was used as an lnspectlon 
check list for the walkdowns done at the swltchyards 

4.0 5 DAY SEMINAR 

Each group of tralnees had to attend a 5-day semlnar consisting of four 8 hour ddys of 
lectures, one 4 hour n~ght of thermo-vislon scannlng, and one 8 hour walh-domn of a 
swltchyard 

For detalls of the seminar and complete coverage of the classroom lectures see 
Appendtces 1 I1 and 111 

5.0 WALK DOWNS & THERMO-VISION SCANS 

Appendlx IV contains the results of the walkdowns at the switchvards and the night 
scanning at these same swltchyards Note that scannlng could not be done at the first 
three switchyards due to the unavailab~lity of a thermo-vlsion scanner at the time 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 

6.0 OBSERVATIONS AND RECOMMENDATIONS 

6.1 SWITCHYARDS 

6 1 1 POWER TRANSFORMERS 

6 I 1 I Foundatzons 

Observations 

In nearly all existing installations (except at H~ssar 220 kV swyd), the transformer 
foundation consisted of two concrete support plinths with steel reinforcement with I 
sections bndging the two plinths Ths design does not provide for 

(a) Conta~nrnent of the oil dunng a tank rupture 
Or, (b) Quench~ng of surface flames on burmng oil that has spilled out 

Recommendations 

Modem practice reqmres transfomers to be Installed on a concrete 'pan', with the 
bottom sloped, to a drain polnt where spllled oil could be then pumped to an off-site 
location The pan or shallow open tank should be designed to catch all the spllled 011 

and 60% volume of the tank should be equal to the total volume of oil tn 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 oil and quenches the fire as the 011, 
seeps below the crushed rock 

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 installed (eg P~njore sw~tchyard) 

All power transformers connected to overhead buses or exposed bus should have 
surge arresters installed on both the HV and LV s~des of the transformer The arresters 
must be co-ordinated with the BIL of the transformer wind~ngs, must be located as 
close to the transformer bushings as possible, and must be statlon class, and have a 
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metallic ground connection (vla the ground gnd IS 0 K ) to the transformer grounded 
neutrals, and the tank 

In some cases (eg Babyal swltchyard) the transformer hlgh side breaker IS non 
funct~onal electncally and also the blue phase has been jumpered out Thls means that 
when the transformer drfferential relay operates, and calls on the hgh side breaker to 
open, the breaker being non-functional cannot Isolate the faulty transformer This 
could eventually result in a fire and the total destruct~on of thls expenslve transformer 

In each case where a breaker 1s jumpered out or IS non-functional the transformer 
protectwe relay zone must be adjusted to overlap healthy breakers and the tnpplng 
tlmes should be comparable to dlfferentlal relaying, and isolation of the faulty 
transformers should be complete from both HV and LV s~des 

Observations 

When transformers are mounted side by side, somet~mes the minimum d~stance 
achleved between transformers is 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 bulldlng have ~nsufficient 
dlstance to the walls to prevent the fire spreading to the bulldlng 

The only fire protection prov~ded on the larger power transformers IS a portable C 0 2  
cyl~nder type ext~nguisher and about 5 small buckets filled w~th fine loose sand 

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

Transformers close to bulldlng walls should have the walls designed for a 2 hour fire 
ratlng 

A better, and automatic fire extingu~sh~ng system should be prov~ded, particularly on 
the large, more expenslve and more Important transformers This should consist of a 
plped 'mulslfyr' system utilizing a nng, of smoke and heat detectors located at 
strategic polnts around the transformer 
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In the absence of automahc fire protection equipment due to say, economlc reasons, it 
IS imperative that fast protective relaylng wlth adequate relrable backup relaying be 
provided 

Observations 

011 levels may be low, oil leaks are evldent at coollng radlator gaskets and sampllng 
valves, and at tank cover gaskets 

Sllica gel breathers have pink crystals 

In some instances, oil cups on the breathers are mlsslng 

Temperature indicators in 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 011 flows, insufficient or inefficient cooling, low oil levels 

011 testlng of sampling may show low d~elecmc strength 

Fan controls in the transformer control cabinets have been left on the "manual" 
posltron Ths  could overheat a fully loaded transformer since it is depnved of it's 
cooling 

The O&M manuals for each and every transformer must be made available at each 
switchyard Penodic rnalntenance as recommended by the manufacturer must be 
carned out rellglously, ngorously, and promptly All ma~ntenance procedures 
should be followed throughout the llfe of the transformer and all malntenance 
logs must be maintamed for reference 

Transformer fan controls should be left In the 'auto' posltlon to enable the 
transformer to get adequate coollng dunng heavy loading cond~tlons 

6 1.2 LIGHTNING ARRESTERS 

Lightning arresters are mlsslng on 
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(1) On some transformers where overhead lines or buses terrnlnate on transformer 
buslungs 

(11) On some cable to overhead line Interfaces 

And (111) At the open circuited ends of some HV overhead lines 

Recommendations 

The appropnate lightrung arrester (1 e station or distribution class) must be inserted at 
the interface of all equipment of a particular impedance when connected to equipment 
of a different impedance 
e g at the interface of transformer1OH line, 

at the interface of cable1OH Iine, 
at the interface of Open IsolatorlOH line 

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

6 1 2 2 Groundznq 

HV lightning arresters are 'grounded' vla 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 IS no overvoltage protection 

Also in nearly all sw~tchyards, mild steel bars are used for grounding Th~s  bar may be 
corroded either above or below ground level whlch would again defeat the required 
grounding of the lightning arrester 

Recommendations 

Venfy the continu~ty of the ground bar thru' the black box Venfy the cont~nulty of 
the ground bar all the way to and lncludlng the ground gnd 

In posslbly 90% of all switchyards the HV lightning arrester monltonng 
clrcu~ts are defectwe They are corroded, unreadable, and/or non operat~onal As such 
the leakage current flowing thru the arrester IS not known Only a I~mrted leahage 
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current is permrssible thru' the arrester and when the limit 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 momtor must be connected in the arrester 
ground circuit in place of the defective momtor and the actual leakage current present 
must be determined If leakage current exceeds the limit then the arrester must be 
detmxned If leakage current exceeds the limt, then the arrester must be replaced, as 
the protective capacity of the arrester has been exhausted 

6 1 2 4 Marntenance 

No mantenance logs are kept on l~ghtmng arresters As such a false sense of 
secunty is achieved, since equipment provided with an "arrester" may In fact have no 
overvoltage protection 

Recommendations 

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

Observations 

In one switchyard (eg Beer swyd) 132 1\V 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 in fact grounded! 

Recommendations 

Each arrester must be correctly installed with the monltor included in the ground 
circult and the arrester base grounded through the monltor 

6 1 3 CIRCUIT BREAKERS 

6 1 3 1 Manual Control 

At Beer and Hlsar 220 kV sw~tchyards there were 132 kV SF6 breakers that had 
electrical control both locally at the breaker and remotely in the control bulldlng 
However there was no manual control at the breaker In the event of an emergency, ~f 
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the electncal power is not ava~lable at the breaker (whch is qu~te a likely occurrence) 
the breaker cannot be tnpped manually at the breaker Th~s  IS a dangerous situation 

Recommendations 

HVPNL should spec~fy on & breakers, that manual, mechan~cal controls should be 
provlded at the breaker 

6 1 3 2 Inclusron zn Incomrna Czrcuzts 

In some swtchyards (e g Beer and N~lokhen) the main incomlng HV line connects 
directly onto the HV bus in the swltchyard w~thout having an ~solatlng lncomlng 
c~rcuit breaker 

There are some d~sadvantages to this Flrstly, to cut off power to the sw~tchyard the 
remote switchyard breaker has to be opened (by manual commumcat~on) 

Secondly, the HV bus d~fferent~al relay has to Isolate the bus in the event of a bus 
fault How 1s t h ~ s  to be accompl~shed wthout a local breaker? If there are no HV bus 
d~fferent~al relays how does the d~stance relaylng on the Incoming l~ne at the remote 
statlon cover the HV bus zone? There are no sat~sfactory answers to these questions 

The above questions Indicate many disadvantages to not having an lncoming HV 
circuit breaker The relaylng and operation of the system has to be looked at closely 
and must be des~gned to glve safe and efficient operat~on of the system 

6 1 3 3 Shortrna out o f  Phases 

At more than one switchyard (e g Babyal) clrcuit breaker, phases have been shorted 
out At Babyal, the incoming clrcuit breaker is a 3, ~ndividual pole, ganged breaker 
The pole of the blue phase was non-funct~onal and as such had been jumpered across 
Also, ~t was determ~ned later that the control switch had been d~sconnected, the reason 
being that the electncal charging motor was defective and the breaker (red and yellow 
phases) had no electncal clrcuits 

Leaving a breaker in this condition on a llve c~rcuit 1s a safety hazard, and prov~des a 
false sense of secunty Losses are also increased due to the connectors and contact 
resistances (12R losses), unnecessarily belng leA In the circuit Protective relaylng 1s 
jeopardized because of a non-functioning breaker and the fact that the blue phase 
clrcult cannot be opened, and the protectwe zones may not have been revised 
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The relaylng zones must be re-arranged to give overlappmg protection and tnppmg 
clrcuits must be re-connected to t r~p  functional breakers that wlll isolate any fault, 
completely Some flexibility will definitely be lost due to the reconnections and 
therefore the faulty breaker must be removed and replaced as soon as posslble A log 
should be kept at each swtchyard to order needed replacement equipment and this 
should be ~nt~mated to HVPNL management on an 'as needed' bass 

Leavlng the faulty breaker m place with no revlsion to the protective system could 
result m a power transformer fault developing Into a major transformer fire and 
ultimately destroying the transformer w~th danger to human llves (See Reference 
Reports for the concern of HVPNL Charman m regard to the recent 5 large power 
transformer fires that occurred in 1998) 

6 1 3 4  Oueratlon Counters 

Observations 

Very little, or no, attention is being pa~d to circuit breaker operation counters In some 
cases the counters have not been maintamed 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 
penodically checked for correct operat~on, and their geanngs should be lightly olled 
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 circult 
breaker The maintenance ~ntervals are t~ed very closely to the digits of the operation 
counters, just like mileage ~ntervals in an automobile 

6 1 3 5 Marntenance 

Observations 

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

Operation Counters 
Pressures, where applicable 
011 levels, where appl~cable 
Vaccuum, where applicable 
Contact resistance 
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Overheat~ng due to hgh contact resistance 

Other ltems ind~cated m O&M manuals 

The manufacturer of the equipment IS the best source for determining how the breaker 
IS to be mantamed Therefore the O&M manuals be ava~lable at the swltchyard 
for the SSE m-charge to be able to formulate a maintenance procedure Pmodlc 
thenno-v~sion scans of the breaker w ~ l l  help detect overheat~ng or hot spots due to 
hgh contact resistance Funct~on~ng operation counters are required for deterrmmng 
routme mantenance Intervals Correctly h c t ~ o m g  gages help determme the 
mantenance of requlred levels, pressures, and vacuums 

6 1 4 OVERHEAD SHIELD WIRES 

All swltchyards have overhead sheld wlres but over time, some masts have been 
removed, some sheld wlres have been removed, and also sh~eld wires have been re- 
routed The net result is that In nearly every swltchyard there is not 100 per cent 
coverage of the bus and equ~pment by the sh~eld wlres when a 30 degree coverage 
angle with the vertical IS considered There are many "open" unprotected areas withln 
the sw~tchyards 

Each swltchyard must be looked at from a 'coverage' aspect and additional overhead 
shield wires should be installed to ach~eve the coverage of swtchyard equipment 
withln the '30 degree cone' 

The shield wlre is regular GS wire, and in most cases the masts on the gantry towers 
are already In place, so the achievement of 100 per cent shielding is not an expenslve 
cost Item It IS however very good and cheap msurance for protection of the 
swltchyard equipment from dlrect llghtnlng strokes 

6 1 5 GROUNDING 

6 1 5 1 Use of mlld steel around bars 

Observatlons 
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For eclonom~c reasons and to deter pilferage, m~ld  steel IS used as the ground bus 
matenal, In l~eu  of copper As long as the correct cross sectional area, res~shv~ty, etc 
was cons~dered In the grounding calculations there IS no harm In this However ~t must 
be borne m rmnd that mlld steel corrodes easlly and much faster than copper As such 
the effectiveness of the ground connect~ons, ground leads, and ground gnd must be 
checked fiequently and penod~cally to ensure that 'corros~on' has not open clrcu~ted 
any ground connect~ons 

Frequently check the continuity of all external groundlng leads Also, fiequently 
check the ground gnd reslstance li-om lndivxdual isolated ground leads at vanous 
equipment locabons The measured ground gnd reslstance in every case should be the 
same, slnce every lead IS C O M ~ C ~ ~  to the same ground gnd If the readmgs at 
d~fferent locat~ons In the sw~tchyard dlffer, then thls 1mp11es an isolation or "break" in 
the ground gnd caused by corrosion of the m l d  steel Th~s  should be venfied and the 
ground gnd then needs to be corrected 

6 1 5 2 Crushed Rock 

All swtchyards were designed wth the "crushed rock concept" used In the groundlng 
calculat~ons Over time, thls crushed rock has sunk below the soil, or weeds and 
grasses have grown through ~t ' s  interstices Any of the above would destroy the h~gh 
reslstance properties reqwred 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 
sw~tchyard As such, all crushed rock surfaces must be free of weeds, and grasses, and 
when crushed rock surfaces are sparse, fiesh crushed rock layer must be created by 
addlng fiesh crushed rocks to the depth required 

6 1 4 3 Ground Grrd 

Observatlons 

As indicated above, the use of mild steel bars for the sw~tchyard ground gnd requires 
more surve~llance to venfy that the ground gnd below the surface IS Intact and not 
deteriorating, or deteriorated 

Recomrnendatlons 
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Ground gnd resistance must be measured f?om dlffenng locations m the switchyard to 
venfy that the gtld has the same, ldentlcal resistance fiom wherever tt is measured 
Also the resistance value should be recorded 

Penodlc Logs should be kept of the measuring locations and measured value, so that 
the quality of the ground grrd is momtored and verified, and the gnd IS mainta~ned 

6 1 5 4 Mazntenance 

Detenorat~on of grounding and ground resistances below the designed values 
throughout the entn-e llfe of the swltchyard cannot be allowed Th~s includes or 
involves checlung 

Ground connect~ons of 

- all equipment caslngs 
- Om sheld wires 
- Power transformer neutrals 
- Llghtmng Arresters 
- Marshalling luosks & cabinet enclosures 
- Structures 
- Cable armonng, sheaths 

Ground Gnd, physical 
Crushed Rock Layer 
Ground gnd resistance 
Weed control 
Penodlc logs 

All the above grounding parameters must be malntalned, monitored, and controlled 
over the entlre llfetime of the swltchyard Anything less would cause an unsafe 
operating scenano with subsequent loss of human life 

MV CABLES 

6 I 6 I Potheads and Stress Cones 

3 Ph connection of 3 bare conductors to ( I )  3/C cable IS accompl~shed by a 3-ph 
Pothead wlth 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 IS 

predetermrned and malntalned fixed by the pothead manufacturer 
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When however, 3 ph connection of 3 bare conductors to (3) - 1/C cables is to be 
accomplished, 3 individual stress cones are used As such the ph-ph spaclng at the top 
of the stress cones is not fixed, but must be malntalned to be greater than but not less 
than the mirumurn ph-ph separation required for that voltage class Th~s  spacing must 
be ensured by the HVPNL staff dunng the installation of the cable to overhead jumper 
connections At Babyal, the 1 1 KV transformer bushlngs 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 mantam the mlnimum ph-ph 
spacing for the voltage class of the cable, at the top of the stress cones (whch are at 
line potential) by means of wooden spacer blocks located at the bottom of the stress 
cones (whlch are at ground potenbal) 

Observabons 

In nearly all swtchyards, the 11 kV s~de  of the power transformers are connected by 
MV cables to the Indoor metal-clad I 1  kV switchgear The MV cables used are 
armored PILC in the older installations and XLPE in the newer ~nstallations In almost 
every case however, the cables which are meant for direct bunal 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 buned, if that is 
what they were des~gned for Snaking the cables haphazzardly along the ground 
surface 1s totally unacceptable and shows poor work practices, apart from the fact that 
~t exposes them to mechmcal damage, wh~ch could result In unsafe situations 

Observations 
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The lead sheath of a PILC Cable or sheld of a MV Power Cable (solid d~electnc type) 
must be grounded at polnt only Armonng of cables however, not meant for stress 
control are inherently grounded along then enhre length 

Recommendations 

Venfl in all cases that the stress control sheld or sheaths of MV cables are only 
grounded at end 

6 I 6 4 Ovewoltaae Drotection, ref7ected waves 

Where there is a discontmwty in mpedmce values (such as at an overhead line to 
cable mterface) hgh  reflected waves or surges could result These could damage the 
insulation of the cable if the magmtude of these waves was hgher than the insulat~on 
level of the cable In some instances surge arresters have not been Installed at this 
Interface 

Install surge arresters at cable to overhead line interfaces An exception to thls 
requirement is if the overhead l~ne  consists of only short jumper connections (such as 
fi-om a transformer bushng to cable connection at the transformer tank) then the surge 
arresters may be omitted slnce the chance of direct surges on these short exposed 
jumpers is relatively small 

6 1 7 CONTROL CABLES 
(600 V CLASS) 

Observations 

Control cables from circult breakers current transformers, voltage transformers, 
isolators etc running fi-om the control cabinets In the switchyard Into the concrete 
cable trenches, in most instances run exposed These cables have PVC insulation, and 
not been run in conduit, are exposed to the sunlight PVC detenorates when exposed 
to ultraviolet light and thls causes d~scoloration and cracklng of the lnsulatlon which 
leads to premature falure of the cables 

Cables should be protected fiom direct exposure to sunl~ght Future modifications to 
switchyard or new installations should speclfy running these cables out of the trench 
and into the control cabinets via condu~t 
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Observations 

Control cables m the swltchyards are deslgned to be run in covered concrete 
cable trenches at the surface of the sw~tchyard 

When cables have been replaced or added they have very often been run outs~de the 
trenches, over the l~ps  of open trenches where the covers have been removed, over 
sharp edges of trenches or cabinets, and bending rad~i have been reduced below 
mimmum, w ~ t h  tight loops m cables In general poor lnstallat~on practices have been 
followed 

Recommendations 

Quallty control of cable mstallahons should be mantamed Cables should be run m 
the trenches which were prov~ded for them They should enter the trenches vla 
conduits located on the side walls of the trench Bend~ng radii of cables should not be 
less than about 13 times the 0 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 

6 1 8 HV ISOLATING SWITCHES 

6 1 8 1 AuxzIrarv Contacts 

Observations 

In all instances whether the Isolators were electrically or manually operated, aux111ary 
contacts were wlred back to the control panels In the sw~tchgear bullding for status 
lnd~catlng Ilghts, interlocking, and semaphore ind~cation These auxiliary contacts 
were mounted In small control boxes mounted to the support~ng steel structures of the 
Isolator These boxes were corroded, had mrsslng gaskets, could not close tlghtly to 
seal aga~nst the weather, and as such the auxiliary contact banks were corroded, 
terminals were corroded, and In some instances non-operational due to extenslve 
comslon 

Boxes should be rust proofed, gaskets should be replaced and or renewed, closlng 
mechanisms should be In place, and the auxil~ary contacts bank ltself cleaned, or 
replaced Cables entenng the box should be through condu~ts wlth glands and all 
openlngs or spaces should be sealed to prevent Ingress of mo~sture andlor Insects 
Iimds, etc 
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6 1 8 2 Themto-vzszon Scans 

Observations 

Thermo-vision scans taken of the isolating mtches showed, in some cases, 
overheating at the jaws due to the blades not seating properly In the jaws or due to 
misalignment In one instance (Karnal switchyard) there was continuous visible arcing 
at the jaw end of an isolabng swltch 

Recommendations 

Penodic thermo-vlsion s c m n g  of the Isolator switches will help detect any hot spots 
due to hgh contact resistance at the jaw ends of these switches These hot spots 
should be noted, mvesbgated, and corrected as soon as possible 

Observations 

In some switchyards (e g Beer) the 'vertical' insulating columns of Isolator switches 
were badly 'out-of plumb' This ind~cates sloppy erectlon practices and could result in 
hlgh contact resistance, and thus higher losses, due to bad alignment of the blade and 
jaws - 

6 1 9 STEEL STRUCTURES 

Observations 

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

Recommendations 

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

6 1 9 2 Bolts lls Weidrnq 
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Observations 

In the switchyards where ganged single pole SF6 breakers were used, the linkage 
between poles for simultaneous operation of all 3-poles IS cnt~cal 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 
connect~on to ground fiom the mounted equipment should be a metallic bar m n g  
fiom the equipment to the ground gnd with no  reliance on the 'bolted' structure to 
cany the ground current 

Recommendations 

Bolted structures must have cont~nuous metallic ground conductor from the 
equipment mounted on the structure to the ground gnd with no reliance placed on the 
'bolted' connechon to carry ground current 

6 1 9 3 Bolts, Corrosion 

Observations 

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

Recommendations 

Either galvanized bolts were not specified, or the contractor was not supervised 
closely enough to prevent him fiom using 'black' bolts in lieu of galvanized bolts 

Galvan~zed bolts must always be used with galvanized steel structures 

6 1 10 OUTDOOR CABINETS & MARSHALLING KIOSKS 

Observations 

In nearly all the sw~tchyards v ~ s ~ t e d ,  the weather seal~ng gaskets had hardened had 
lost thew resll~ence, were badly cracked, or were rn~sslng In stnps As a result they 
d ~ d  not form a cont~nuous seal around the doors of cab~nets to seal out the weather 

Recommendations 

Sultable gasketting matenal should be purchased In rolls, gaskets cut to length, and 
applied with a suitable adhesive along the 1lp of the door opening Replaced gdskets 
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should be checked periodically for pilability and resilience and should be replaced 
agan when needed Gaskets should not be allowed to detenorate beyond their 
effectiveness 

Observations 

Many of the outdoor cabinets and luosks are very badly corroded as are the hnges and 
doors The pa~nt IS peeling and the inside bottom plates are also corroded due to 
leakage of water into the cabinets through faulty gaskets 

Recommendatlons 

Cleamng and painting wlth an anti-rust (rust mrhbitor) paint to stop further corrosion 

is recommended 

6 1 10 3 Cable Entrv 

Observations 

Holes punched In the bottom plate of the cablnets allow cables to enter the cablnet 
Cables enter through the holes which may or may not have bushings Unused holes 
are left open Cable connectors may or may not be nng-tongue type 

Recommendatlons 

Unused holes should be sealed All cables should enter the holes and all holes should 
be fumlshed with bushlngs After the cables are passed through the bushing, the 
bushing should be sealed wlth a mastlc to elimrnate the open space between cables of 
the same bush~ng 

On new installat~ons the cables should be run In condurt to the bottom of the cab~net 
and the condurt should enter the cablnet at a gland The gland should be sealed wlth 
mastlc aAer the cables are ~nstalled All cable connectors should be specified to be of 
the nng-tongue type Thls gives a posltlve, reliable, v~brat~on fee, connection 

6 1 11 CABLE TRENCHES 
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Covers 

Observations 

The trenches wth  covers are well designed But in many instances, covers are broken, 
covers are not in place, or covers cannot be put in place because cables have been 
exit~ng the trench over the 11p of the trench 

Recommendations 

Replacement covers can be cast In place, as was seen at one of the sw~tchyards All 
broken and msslng covers should be replaced Cables entenng over the l ~ p s  of 
trenches should be properly routed through condu~t sleeves on the wall s ~ d e  of the 
trench, allowng the top covers to be Inserted to cover the trench 
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6 1 12 CONNECTORS 
6 I 12 I Thermo-vrszon scans 

Observations 

Thermo-vision s c m n g  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 hlgh 12R 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 sue, and/or connectors were not bl- 
metallic when they should have been 

To reduce the contact resistance of a connector the following should be cons~dered - 

(1) Metals being connected Is bi-metal connector requ~red' 

(11) Configuration of conductors belng connected 

(111) Ampacity or slze of connector 

(IV) Fasteners to obtaln the required contact pressures for low resistance 
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After consldenng the above requ~rements, choose the correct connector for the 
application and once Installed take thermo-vislon scans again and be satisfied that the 
hot-spot has now been ellmlnated 

Periodically re-scan the connectors to ensure that no corrosion 1s build~ng up or that 
contact resistance is not lncreaslng 

6 1 1 3  JUMPERS 

Observations 

In many Instances the wrong configuratlon connector was used wlth a jumper e g a 
honzontal jumper between a CT and a breaker had a vertical connector on the CT and 
a honzontal connector on the breaker Slnce the honzontal spaclng between the CT 
and breaker was limted the jumper had to take off vertically from the CT with a very 
sharp bend in ~t to bnng it Into the honzontal plane to connect with the honzontal 
connector on the breaker Limlted honzontal spacing resulted In a very sharp bend in 
the jumper, way less than the mlnlmum bending radlus of the jumper cable Ths  
damages the cable Also when malung tight bends m jumpers the stands on short 
lengths of cable tend to 'open' out, again resulting in hot spots 

Recommendations 

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

6 1 14 MV CAPACITORS & CAPACITOR BANKS 

6 1 14 1 Fuses 

By design, individual capacitors In the banks are individually fused In many 
Instances however, fuse wlres have melted and have not been replaced, which means 
that the ‘available' capaclty has been depleted by the opened fuse unlts 
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Correctly fuse &l the m t s  m the bank so that the full potentla1 of the capacltor bank IS 

aviulable and rnamkun the replacement of all fuses 

6 1 14 2 Isolatza Czrcurt Breakers 

Observations 

In some swltchyards the clrcuit breaker connecting the capacltor bank was defectlve 
and out of service As such the capacltor banks could not be utllized at all - 

Recornmendatlons 

The HVPNL operatmg staff must have access to breaker spare parts and or 
replacement circwt breakers Any needed spares or equipment should be llsted as such 
m the "Needed Equipment logs" whch must be updated by the SSE and sent In as 
needed to HVPNL management The needed breaker should be repaired or replaced 
on a hgh pnonty basls so that the cnppled capacltor bank could be put back m service 
as soon as possible 

6 1 14 3 Swztchrna Control 

Capacitor banks at present are located only at select swltchyards Switching of the 
banks IS done purely on a manual basls gulded by operator judgment or some type of 
pnor verbal instructions given to the operator Not all associated power factor meters, 
voltmeters, and ammeters were operational 

Recornmendatlons 

Consistent, wntten operating ~nstruct~ons should be given to each operating 
sw~tchyard that contams capac~tor banks Instruct~ons should be placed on a chart and 
be available In the control rooms at the capacltor bank breaker for 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 lnd~cat~ng Instruments must be made functional and accurate Power 
factor meters, voltmeters and ammeters must be calibrated and functional 
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6 1 14 4 Surge Protectron 

Observations 

Capac~tor banks like d~stnbutlon transformers need to have lightrung arresters for 
surge protect~on These have not always been provlded 

Recommendations 

All capacitor banks must have llghtmng arrester mounted as close to the capacitor 
bank as poss~ble At the sw~tchyards, stat~on class arresters must be used 

6 1 15 MV METAL-CLAD SWITCHGEAR & CONTROL PANELS 

6 1 15 1 Czrcurt Breakers 

Operation counters on the circult breakers are not belng ut~lized by the O&M 
staff of HVPNL 

Mechan~cal Targets or Flags on a number of clrcult breakers are e~ther 
damaged, missmg, bent, or non operational 

The electncal charging clrcults of a complete line-up of sw~tchgear breakers 
(Beer switchyard) are non-operationai Each breaker has to be charged 
manually with a charging handle 

The SCMVA or lntermptlng capaclty of the 11 KV breakers (at Beer 
swltchyard) are not shown on the nameplate How does one determ~ne the 
adequacy of thls switchgear to withstand or Interrupt faults? 
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Mmtenance on the breakers must be performed as required in the O&M 
manuals, accorhng to the number of operations performed as read on the 
counters 

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

The breaker control c~rcuits must be trouble-shot and the faulty non operation 
of the electncal chargmg 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 T h s  is a standard requ~rement 
of swtchgear 

6 1 15 2 Control Equzornent 

Ammeters Many instruments are not worlung and confidence cannot be 
gamed whether a breaker IS closed or not, just from talung the ammeter 
reading 

Power factor meters These are used to swltch on or off the capac~tor banks, 
but many of these Instruments 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, givlng one the false impression that it 1s reading accurately' 

Current Transformers All locations have mult~rat~o CT's but CT ratlos were 
not available and what ratio was actually connected was not available As such 
there is no way to determine what amps or power the clrcult IS taklng by 
looklng at the dual range ammeters or energy meters 

Indlcatlng lights Nearly every breaker has associated wlth lt five colored 
~ndlcating lights as follows - 

Red - Breaker Closed 
Green - Breaker open 
Blue - Spnngs charged 
Amber - Protectlve Tnp 
White - Tnp clrcuit Healthy 

In nearly every swltchyard the majonty of these llghts were not functlonlng At 
Babyal switchyard not a slngle lndlcatlng light was funct~onlng 
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Lack of correctly operating indicating lights, ammeters, and breaker targets, 
sometimes all on the same circmt, makes the operation of the swltchgear "operator 
M e n d l y "  

As an example, at Babyal swltchyard 

(I) On one 1 1 kV feeder 

Breaker lights were burnt out 
Feeder ammeter was defective 
Breaker ammeter target was mlsslng 

Yet the breaker was "closed" and the circult was ENERGIZED 

(11) On an a d j o m g  11 kV feeder 

The red light was off Breaker lights were burnt out 
Ammeter had a sllght positlve readlng (It could have been zero error) 
Breaker target s a d  "OFF" 

Yet the breaker was "ON" and the circult was ENERGIZED 

All defectlve ammeters and power factor meters must be replaced HVPNL 
management must set up a system whereby faulty Instruments must be 
replaced, and repared lf posslble 

A lot of progress has been made wlth deplctlng ava~lable CT ratlos on each 
panel and underllnlng the connected ratlo The HVPNL trainee's were qulck to 
see and appreciate the need for thls 

Indlcatlng llghts st111 seem to be a problem In that bulbs are not available or 
money to purchase bulbs IS not avallable Whatever the reason, ~t IS of 
paramount rmportance that HVPNL management offer guldance to the 
switchyard SSE's how these bulbs are to be obtamed, as operating a system 
w~th no ~ndlcatlng llghts could lead to dangerous, unsafe sltuatlons 

6 1 16 MIMIC BUS & HV CONTROLRELAY PANELS 

6 1 16 1 Minric Bus 
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Observations 

M~mic buses in the vmous switchyards did not seem to comply with an 
assigned color code for the vanous voltage levels Also in 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 phys~cal 
configuration 

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

(11) Incomlng circuits where no incoming breaker was used, were not 
depicted at all on rmrmc buses (eg Beer switchyard) 

(111) Outgoing and Incormng circmts were not depicted with "arrows" 
pointing in the appropnate direction of power flow, or, were 
pointlng in the wrong drrection (e g 132/33 kV bus at Beer 
switchyard) 

Mlmic 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 mimlc bus must be an exact and accurate representation of the physical 
bus arrangement In the switchyard 

6 I 16 2 Semaphores 

Observations 

In 90 per cent of the sw~tchyards rev~ewed, the semaphores on the mimic bus of the 
control panels were non-operational In double bus lnstallat~ons wlth selectable 
  so la tors for a transformer or feeder circu~t, the  sola at or semaphores were in the 'open' 
position, the breaker semaphore was In the 'open' posit~on and yet the breaher red 
~nd~cating l~ght was " O N  indicating the c ~ r c u ~ t  was 'al~ve' The circuit could only be 
allve ~f either one or both of the  sola at or semaphores were closed, and the breaker 
semaphore was In the 'closed' posltlon 
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The purpose of the rmmlc bus and semaphores is defeated lf lt does not depict to the 
operator the current status of his equipment At one swltchyard (Beer, 132 kV) the 
semaphore was functional but it had been ulred incorrectly It depicted 'open' when 
actually the isolator was closed and vlce versa T h ~ s  IS a dangerous situation 

Recommendations 

All semaphores must be made functional and must be correctly wired 

As wlth swltchgear control panels, here too mhcatmg lights were non-funcbonal due 
to burnt out bulbs not belng replaced 

Recommendations 

All mdicahng light bulbs must be replaced unmelately on burn out Stocks of bulbs 
must be made available to each and every swltchyard It appeared that some SSE's 
had better and faster access to spare bulbs, whereas others had absolutely no way of 
obtalnlng spare bulbs (eg Babyal) The pollcy should be uniform throughout HVPNL 

6 1 16 4 Indzcatzna Instruments 

Observations 

Many ammeters, and some voltmeters too are non-functional 

Recommendations 

All non-functlonlng Instruments should be replaced immediately The defective 
instruments should be returned to an HVPNL test facility for repalr and re-callbration 
and returned to stock 

6 1 16 5 Cover Plates 

In some Instances provisron 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 (Nilokhen) a prece of paper had been pasted over the 
opening but subsequently a hole had been poked rnto the paper cover thereby teanng 
the paper and defeatrng ~ t s  purpose as a 'cover ' 

Recommendations 
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All 'opmngs' or 'cutouts' m panels must be covered with metal plates to prevent 
entry of insects, l~zards, geckos, rodents, etc into the panels 

6 1 17 STATION BATTERY 

6 1 1 7 1  Fuses 

Observations 

Not all switchyard battenes had fuse protectlon at the battery terrnlnals Surpnsmgly, 
thls was the case in newer, larger, more recent swtchyards such as Pehowa, whereas 
m some older, smaller switchyards such as Babyal, new porcelain fuse holders/fuses 
had been mstalled 

Recomrnendatlons 

The protectlon of the battery cables from the battery to the chargerldlst cablnet IS 

essential As such smtably slzed, wall mounted porcelain fuse holders wlth 
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 d~scharging Into the fault and 
eventually destroying itself 

6 1 17 2 Cell Monztorzng 

The battery is the 'heart' of the entire swltchyard and must be maintamed at all costs 
Further, replacement battenes are expensive and have long 'lead times' before they 
can be made available It is crucial that the battery condition be monitored and 
checked in order to prevent any catastrophic, sudden failures To achieve this the 
follow~ng must be done - 

a Speclfic gravlty checks on each cell must be performed on at least a weekly 
basls 

a Periodically the battenes must be examined for physlcal damage to the cells, 
conta~ners, racks, connections, etc 

Cell voltage checks under load condlt~ons must be performed regularly 

Battery fuses must be checked to ensure they are not 'blown' 

Other O & M manual required checks 

Recommendatlons 
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All the above checks that are mandatory must be kept m a log so that any detenorat~on 
of the battery can be monitored and timely correctwe action can be taken to ensure 
that the m~tchyard has a healthy battery at all times 

6 1 17 3 Batterv room exhaust Fan 

Lead acid battenes off gas hydrogen whch is a flammable gas As such all battery 
rooms are prowded with exhaust fans In some swtchyards, the exhaust fans were 
missmg from theu location (eg Beer), whle m nearly 100 per cent of the others the 
exhaust fan was turned off 

Also m one switchyard, the battery room was being utilised to prepare tea, usmg an 
open hot plate, to boil the water Tlus partrcular location did not even have an exhaust 
fan 

All battery rooms should be prowded with exhaust fans and the exhaust fans should 
be runnmg 100 per cent of the time 

6 1 17 4 Eve wash & shower 

Battery acid spillage IS a common occurrence In any battery room and OSHA 
requ~rements in the USA have mandatory requirements for an eye wash statlon and 
body shower facll~t~es to be provided All switchyard battery rooms have No wash 
facilities 

Recommendations 

The absence of eye wash statlons and showers IS probably due to economlc 
constra~nts However some type of wash f ac~ l~ t~es  must be provrded In a battery room 
This could be sat~sfied by one of the followrng - 

Portable eye wash sb t~on  

Buckets of water filled with water at all tlmes belng ava~lable m the room 
A hose connection to a water plpe from outs~de wth  water ava~lable at all 
times from the hose, and control of the water from inside the battery room 

6 1 17 5 Batterv Grounds 

Observations -- 

There was an interesting phenomena that was present at the Madhuban swltchyard 
battery It is Important to single out for comment because 11 IS a very senous sltuatlon 
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Us~ng a voltage test l~ght, connecting to the negative terrn~nal on the battery caused 
the bulb to glow Connect~ng to the pos~tive term~nal caused no glow 

The second noticeable scenano was that when the charger was sw~tched off the output 
voltage of the battery dropped from 220 Vdc zero in a few seconds, mdlcating the 
battery could not hold a chanre and was completely depleted 

The 'glow7, 'no-glow' scenano seems to indlcate a ground on the pos~tive lead of the 
battery, slnce all healthy HVPNL7s batteries are floatmg, wth  no ~ntentional ground 
on them 

The second scenano rs a lot more d~sturb~ng since ~t ind~cates a 'dead' battery whch 
probably could never get charged due to a ground on the positive and a hgh  res~stance 
ground on the negat~ve 

In t h ~ s  stat~on ~f ac supply to the charger ever falls dunng, before, or after a fault, the 
stat~on has no protection at all, slnce the battery output voltage IS zero' 

Thls stat~on should be thoroughly investigated and su~table corrections made to 
allev~ate the s~tuatlon 

6 1 18 SWITCHYARD MAINTENANCE 

Ma~ntenance logs are not being kept on a standardised or comprehensive basls for 
each swltchyard It is left up to the lndlvidual SSE's to prepare, ~f at all, thelr own 
logs See Append~x IX where a very commendable effort had been made by the SSE 
of Nllokheri Switchyard to formulate a comprehensive maintenance program for h ~ s  
switchyard 

Recommendations 

HVPNL management must lay out unlform, standardlsed requirements for the 
preparation of all logs that must be kept at each swltchyard, outlining the penodlclty 
and the Items to be checked, measured venfied noted, etc 

6 1 18 2 Marnrenance Schedrlle 
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Agm,  the only vls~ble effort that ma~ntenance schedules were In existence at any 
swltchyard was the e h b i t  shown m Append~x IX to this report 
The mantenance of equlprnent 1s unique to the manufacturer and as such genenc 
schedules cannot be prepared for each type of equlprnent The schedules must be 
based on the O&M manuals suppl~ed by the spec~fic manufacturer of the specific 
equ~prnent The manufacturer knows h s  equ~prnent best 

Recommendations 

O&M manuals for every plece of equ~pment m the swltchyard on must be avalable at 
the substabon to the SSE of that particular swtchyard 

HVPNL needs to Issue mamtenance schedules for each swtchyard based on the O&M 
manuals of the manufacturers who supplied equlprnent for that particular swltchyard 

Incorporated into these schedules should be HVPNL's standard practices and 
procedures, together ulth "Indian" and "Local" practices 

These schedules should be then maintained at each switchyard and penodlc or dally 
logs prepared, performed and kept for future reference to determine the full operating 
and performance hstory of each plece of equipment 

There appears to be no formulated policy or procedures In place at HVPNL for 
swltchyard SSE's to report, obtain, and install needed replacements andlor spare parts 

Needs may be for dally expendable items, like bulbs, major items, llke HV clrcuit 
breakers, and long lead Items, llke 'station' batteries 

Recommendat~ons 
It is imperative that procedures are set up to do thls, as many installations are 
operating in very unsafe conditions due to the lack of spares, replacement parts, and 
even replacement equipment (eg HV clrcuit breakers, at Babyal sw~tchyard) 

6 1 19 SAFETY 
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Observations 

Safety in some instances is sacrificed due to the fact that the situation is 'temporary' 

Recommendations 
'Temporary situations' is no excuse for the adoption of unsafe practices Murphy's 
law states, "If somethng can go wrong, it w~ll" and t h ~ s  is usually the case Safety 
must be observed in all, and each and every instance 

6 I 19 2 Safe Practices 

Switchyard personnel have no wntten standardised safety procedures to 
follow 

'Taggng' of equipment removed from service appears to be 'optional' 

Authonzation for shutdowns appears to be at an engineers individual 

discretion He is not held accountable to a Manager 

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

MV cables connecting metal-clad breaker to the H-pole overhead l~nes are not 
"capacitive discharged" when outages are taken on feeder lines 

No ground chains are used to initially ground a feeder before worklng on ~t 
Reliance IS placed on the circuit breaker being opened 

A "ground connection" is made to the overhead line, by the l~neman 

connecting a ground lead to the line with his bare hands The assumption here 
is that the correct breaker has been opened and racked out to isolate the 11ne 
and that the MV cable has d~scharged ~tself over a penod of time (allow~ng 
about 10 m~nutes), and that there is no backfeed down the llne from the remote 
end These are a lot of assumpt~ons~~~ 

Lrneman don't use safety belts 

Faultsman don't use gloves when operating w~th hot st~cks 

Proper lift~ng tackle is not used when l~fting heavy loads or nhen In 

preecanw pos~tions or locations 
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No head protectron or foot protect~on is observed (or eye protection, or ear 
protect~on, in special Instances ) 

No cordoning off or taping off of HV work areas or test areas, is observed 

Tagging of equipment is not mandatonly observed 

Work permlt issuance IS not observed 

Flashlights or battery lanterns are not available at switchyards for emergency 
operatlons dunng outages 

Wash water fac~lities are not available in battery rooms 

Recornrnenda~ons 

Safe practices must always be observed and especially dunng - 

Construction 

Planned outages 

'temporary' srtuatlons 

emergency situations 

maintenance operatlons 

Testing 

Sw~tching 

Normal operatlons 

Sw~tchyard Walkdowns 

"Safety" never has an off day and l~ve  c~rcu~ts  and voltages must always be treated 
w~th  respect 

Safety equlpment must be used at all t~mes such as grounding chams, linesman s 
belts, rubber gloves, etc 

Safety procedures, spec~fied In wntlng by HVPNL management must be followed at 
all t~mes Th~s  IS mandatory and not opt~onal 

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

6 2 DISTRIBUTION SUBSTATIONS 

621 DISTRIBUTION TRANSFORMERS 

6 2 1 1 Fuses 

Observations 

In theory HVPNL protect their distnbution transformers wlth fuses on the HV 
and LV sides In practice however a "wire strand" is used for the HV s ~ d e  
fusing and a cable "wire strand" IS used for the LV s ~ d e  fusing Both of these 
"fuses" are uncontrolled and have unknown meltlng characteristics, and wire 
strand size selection is up to the individual lineman or engineer 

No attempt is made to co-ordinate the HV "fuse" charactenst~c wlth the 
" Imsh  current curve of the Transformers" or with the "Thermal Withstand 
current curve of the Transformer" 

The "fuse" charactenstic curve is totally unknown, and in practice if the 
transformer inrush current blows the "fuse" then a larger size "fuse" wire is 
selected, until it can withstand the transformer inrush current without blowing 

S~rnilarly on the LV side one or two stands of the multi-stranded LV cable are 
used as "fuses" Thls selection is 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 examlne and be responsible for the selection co- 
ordlnat~on, and specification of all fus~ng to be used on distnbutlon transformers of all 
sizes 

Incorrect and haphazardly chosen "fuses' by the operations staff has resulted In 
thermal bum out of way too many drstnbutron transformers See pnncrpies of co- 
ordinat~on that must be observed as outl~ned In Appendlx I1 Investment In correct 
fusrng and therr appllcatlon wrll help offset the expendrture on replacement of burnt 
out transformers and the bullding of more and more reparr facilrtles wh~ch are be~ng 
overloaded wlth work 

The proper co-ordination of fuses with "Inrush" and "Thermal w~thstand" cuntes 
cannot be overstressed enough I t  is of pnme Importance in reducing transformer 
fallures See also Appendix VIIl 
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Observations 

On many dlstnbution transformer installations, lightrung arresters are not installed, or 
are not connected, or are non-operational 

It IS mandatory that every distnbutlon transformer substation be provided with healthy 
Iightmng arresters on every phase, and that they be connected properly Into the clrcuit 
at the interface of the transformer HV buslungs wlth the overhead line 
Grounding connections of the lightrung arresters must have a metalllc connection to 
the transformer tank and neutral (see lecture notes m Appendix 11) 
Lightning arresters must be checked periodically for operability, and venficatlon that 
they have not been exhausted by excessive discharges Absence of lighmng arresters 
at distnbutlon transformers could lead to overvoltage failures 

6 2 1 3 Repaw Faczlrtres 

Observations 

A repair crew In Karnal was observed where 'repalnng' a distnbutlon transformer 
whose leads had burnt out The transformer wlndlngs and core had been untanked by 
hanglng a block and tackle from a tree branch and suspending the co~ls/core outslde 
and above the tank The broken (burnt out) lead was apparent The broken connection 
was 'repaired' by twlstlng the two broken ends together and the transformer was then 
re-tanked No copper brazlng was utlllzed No 011 lntegnty checks were carned out 
when the transformer was re-tanked 

Flrstly, twlsted connections glve nse to high IIR losses so the efficiency of the 
"repalred" transformer IS greatly reduced Thls could also lead to a "hot spot" wlthln 
the transformer and on heavy loads could cause another bum out of the connection 

A proper repalr under controlled cond~t~ons should have been carned out Connections 
should be done, such as use of brazrng, in making copper to copper connectlons The 
onginal lntegnty and electrical parameters of the transformer must be maintained even 
after the repalr Oil contamlnat~on after untanking is also a factor to be considered 

Also with reference to Section 6 2 1 1 proper fuslng of dlstnbutlon transformers 
would result In less bum out of un~ts and thereby less importance would need to bc 
placed on adding more repair facilities 
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Observations 

Distnbution transformers, since they are generally pole mounted on H-frames above 
ground, don't receive any maintenance checks Th~s  is due to their location being 
inconvenient for ready accessibility 

Regular checlung of oil levels, silica gel replacement, or oil withstand tests on 
samplings are not carned out routinely Thermo-vision scanning of the transformers 
penodically for overloading condit~ons is not carned out either 

Recommendations 

Transformers must be momtored penodically for overload cond~tions and changed 
when load condihons demand it T m n g  a "blind eye" to overloading will not correct 
the situation and h s  w l l  eventually lead to transformer bum out 

Maintenance as required by the manufacturer in the O&M manuals must be observed 
Penodic oil level checks, silica gel replacement when saturated, and voltage withstand 
tests on oil samples, must be carned out Correct, efficient repair of transformers is 
mandatory 

6 2 2 LIGHTNING ARRESTERS 

6 2 2 1 Connectrons In Crrcurt 

Observations 

Lightning arresters are not always connected at the ~nterfaces of 

(1) dlstnbutlon transformers with overhead lines 

(11) cables with overhead lines 

(111) capacitors with overhead lines 

Lightn~ng arresters are not always connected to ground correctly See lecture 
notes in Appendlx I1 

On d~stnbution circu~ts d~stnbution class arresters need to be used 

No checks are done to ensure lightning arresters are not exhausted and arc 
effective and healthy 
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Dlstnbutlon class arresters must be used at all ~nterfaces of 

(1) D~stnbution transformers with overhead lines 

(11) Cables with overhead l~nes 

(111) D~stnbution 11ne capac~tors with overhead llnes 

The ground connection of lightn~ng arresters must have a metallic connect~on 
also to the transformer tank, and the transformer neutrals Th~s  metall~c 
connection could be below ground level 

Mantenance logs must be kept on all lightning arresters so that they are 
replaced when they are exhausted or cease to be effect~ve 

6 2.3 FUSES 
6 2 3 1  

Observations 

Bare wlres, sized arb~tranly by the faultsman or engineer, are used In lieu of 
fuses that have predictable charactenst~c curves 

The only co-ordinat~on done is to put a large enough wire stand In lleu of the 
fuse to enable the transformer to draw ~ m s h  current w~thout blowing the 
"fuse" 

"Fuses" are isolated for replacement by the use of a manually operated line 
disconnect sw~tch upstream of the "fuse" 

Replacement "fuses" are arbitrarily selected at the dlscretlon of the faultsman 
or engineer and have no theoretical basis 

Recommendations 

HVPNL's meter and relay deslgn group should pre-select the correct fuses to 
use with each slze of distnbutlon transformer This lnformatlon must be 
d~stnbuted to all dlstnbut~on engineers and faultsman These standardzed 
fuses must then be purchased and stocked as standard Items to be drawn or by 
the dlstnbutlon engineers when required 

The use of 'D' type (I  e Drop-out-type) fuses are recommended ~n place of the 
open wire fuses/isolating swrtch combination Most isolating switches In- 
service are ~noperative anyway The proposed D fuses provlde the isolating 
means bullt Into the fuse holder and 1s a more economic and ma~ntenance free 
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device This should be considered on all new distnbution substations as a 
design requirement by HVPNL 

Replacements for the standard~zed fuses selected must be available to all 
HVPNL Distribution Engineers and Faultsmen 

6 2 4  ISOLATING SWITCH 
6 2 4 1 Functzonalztv 

Observations 

Many Isolating switches are badly corroded, have l~nkages mlssing, and have 
misaligned contacts 

Switches are not padlocked out and are open to vandalism or misoperation by 
unqual~fied personnel 

Switches are used to lsolate the distnbution transformers for replacement of 
fuses 

Also sometimes these switches are used ~n a feeder circult to dump 3-phase 
loads in the event of overloads occumng in a feeder dunng certain penods of 
the day or night In dump~ng the 3-phase loads the switches are wlred to pick 
up all the single phase loads existing on 2 phases only This IS done to 
alleviate the 3 phase overloading on the feeder (HVPNL policy) 

Recommendations 
The isolat~ng switches must be properly maintained and must be padlocked to 
prevent unauthonzed operation by unqualified personnel 

As an option, on new installations 'D' fuses are recommended to replace the 
open fuse/isolat~ng swltch combination 

The policy of alleviating 3-ph overloads by picking up single phase loads on 2 
phases onto I-phase should be abolished, the practice leads to highly 
unbalanced loads and this leads to higher 1 2 ~  losses since unbalance currents 
flow back through the neutral wire (See lecture notes In Append~x 11) Other 
means should be deslgned to prevent 3-ph overloads on feeders 

6 2 5  CONNECTORS 

6 2 5 1 W ~ r e  HrC~ps 

Observations 
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HVPNL uses manufactured connectors In all then 220 kV, 132 kV, 66 kV and 33 kV 
sw~tchyards and substabons At 11 kV no connectors are used Instead, all 
connecbons are made by "wwlre wraps" (I e connect~ng two conductors together by 
wrappmg a bmdmg wre  around the two conductors whch are powhoned s~de  by 
slde ) Thermo-vls~on scans taken at n~ght lndlcate that all wlre wraps produce "hot- 
spots", many m excess of 120°C Some connectors were actually burmng (v~s~ble 
arcmg) dunng penods of heavy loads 

The pnme purpose of a connector IS to provide an electncally contmuous path from 
one conductor to the connected conductor, wth  the lowest poss~ble res~stance and 
therefore wth the lowest f R losses 

W~th '%me wraps" the contact res~stance IS hgh and also cannot be controlled or 
pred~cted As such, w e  wraps should be replaced wth  manufactured connectors that 
are correctly des~gned for the application they are to be used m See lecture notes m 
Append~x I1 for correct select~on of connectors 

6.2 6 OVERHEAD SHIELD WIRE 

Observahons 

HVPNL pract~ce IS not to ~nstall overhead shleld (or ground) wires above the 
d~stnbution l~nes (1 1 kV & 33 kV) 

However, all HV Tower llnes (66 kV, 132 kV, & 220 kV) and Switchyards contain 
the overhead sh~eld wires 

On d~stnbuhon substat~ons therefore where there IS no overhead sh~eld wlre rellance IS 

placed on the lightn~ng arresters at the substation to take care of any surges or d~rect 
stokes comlng down the l~ne 

6 2 7  OPERATING PRACTICES 

6 2 7 1 Unbalanced loadzng 

On many 3-ph l~nes the loading is unbalanced and thls IS compounded fbrther by 
hav~ng l-ph llnes radiating out from the ends of 3-ph feeders Not much effort is put 
Into t y n g  to balance the loadlng on these feeders, under normal operation Close 
balancing would reduce the losses 
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Recommendatlons 

Unbalanced c~rcu~ts  lead to currents flowng in the neutral conductor and th s  
Increases the losses Llne loadmgs must be analyzed and balancing of phase loadings 
must be adjusted to be wthm 10 per cent 

6 2 7 2 3-oh to 2-oh connectzons 

In thls regard, see the relevant paragraphs in Section 6 2 4 1 Th.~s swltchng whch 
dumps 3-ph loads helps to alleviate the problem of overloading but In dolng so 
Introduces the problem of unbalanced loads whch Increase the losses 

6 2 7 3 Overloaded Transformers 

No monitoring of transformer loads IS carned out on a routlne basis Many 
dlstnbut~on transformers are overloaded as are LV cables Thermo-vlsion scans deplct 
thls 

Recommendations 

Overloaded transformers should be replaced with those of higher capacity andlor 
loads should be re-arranged amongst the transformers available to keep all 
transformers wthm then h l l  load llmlts 

628 CONSTRUCTION PRACTICES 

6 2 8 1 Stays on H-Poles 

In many instances the turnbuckles on stays have not been tightened and the H- 
frames lean into the tens~oned lines 
In some Instances, at angle poles the stays have not been positioned correctly 
to b~sect the angle of pull Thus, the poles agatn lean Into the tensioned lines 

Recommendatlons 

All stays must be correctly t~ghtened and tensioned, and stays must be correctly 
located and pos~tioned 
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Observat~ons 

Not too much attenbon has been pad to observing correct ground~ng practices and 
achlevmng low res~stance grounds at the mnd~vldual dlstnbuhon substahons 

Recommendahons 

Ground gnd res~stance must be reduced to less than 1 ohm by dnv~ng one or more 
ground rods as reqwed, or rmnmg a larger ground mat 

All eqwpment reqwed to be grounded must be connected to h s  ground mat See 
lecture notes m Appendur lI 

No means of ~solatmg the LV cucu~ts at the transformer have been provlded It IS 

HVPNL prachce to connect the LV cable to the LV bushgs  of the transformer by a 
smgle or double strand wre fuse The open wlre fuse IS mounted on a wooden board 
whch is strapped to one leg of the H-fiame structure at anywhere from 3 ft to 5 ft 
above the ground These are bare, open wlres operatrng at a voltage of 41 5V 3 ph, 60 
Hz To replace these LV "fuses" one has to operate the HV slde manual ~solat~ng 
swtch The 415V wlres are bare, exposed, at low he~ght w~th no warrung boards, 
danger boards, barners or enclosures, around them They are wlth~n easy reach even 
of chldren, or ammals too, m c-n locat~ons In one Instance this 415V exposed 
c~rcult was at the base of an H-pole In the comer of a playng field and the H-frame 
acted as the goal posts for the hds playng socce' (m N~lokhen area) 

T h ~ s  pract~ce of exposlng 415V bare conductors wlth~n approximately 4 A off the 
ground IS h~ghly dangerous The conductors should not be exposed, should be 
~naccess~ble to human touch, and should have a safe means of ~soiat~ng the LV circuit 
Thus the LV cables from the transformer should be brought Into a ground mounted 
feeder p~llar whch should contan porcela~n fuse holders/fuses ~nslde lt Access Into 
the feeder p~llar should be only through a front door whrch IS lockable Only HVPNL 
personnel should have the keys for access, and the feeder prlla. should be vandal 
proof No exposed bare, hve, metal should be accesstble throughout the LV ctrcutts 

6 2 9 SAFE PRACTICES 

6 2 9 1 Transformer L V Connecttons 

T h ~ s  s covered In Sect~on 6 2 8 3 above 
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6 2 9 2 Antz-clzmbzna w r d s  & Danger Plates 
ObservaQons 

In 99 per cent of the cases no anticlimbing guards, danger plates, or fenclng had been 
p m d e d  at Distribution Transformer substat~ons 
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Recomrnendabons 

Thls is even more sigmficant in lieu of the fact that 415V exposed, l~ve  clrcults are 
accesslble and w l h  reach 3 to 5 feet f?om the ground 

Anti-cllmbmg guards, danger plates, and fenclng must be provlded at all accesslble 
substatrons Human hfe must be protected 

6 3 DISTRllSUTION LINES 

6 3 1 CONDUCTOR SIZES 

6 3 1 I Load Growth 

P l m n g ,  design and construction of distnbutlon hnes does not appear to be well 
planned or standarked 

Recommendations 

The distnbuhon system p1-g computer program (DPAIG) whlch was 
demonstrated by IRG to the tralnees presents a well planned standardized method of 
p l m n g  distribution systems and thelr expansion 

A complementary copy of th~s  software wll  be presented to HVPNL by USAID, and 
IRG personnel will Instruct HVPNL on the ~mplernentation of this program 

6 3 2 CAPACITOR PLACEMENT 

6 3 2 1 On Overhead Lznes 

At present no capac~tor placement is made on overhead llnes The only capacltor 
banks provided are at the sw~tchyards themselves where they can be manually 
sw~tched to lmproved power factor at the stat~on bus 

The DPAIG program selects the optlmum locations and stzes of the capacltor banks 
requlred to Improve voltage and power factor, and reduced losses 

HVPNL P l m n g  Dept should ut~l~ze this program for all future des~gns and 
planning 
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Observahons 

Presently no capacitor banks are installed on overhead llnes However, when they are, 
thought has to be gven on how they are to be mtched on and off as the load vanes 
and the power factor vanes 

Swrtchmg should probably be based on a tlmer whch 1s set to swtch the capacltors 
on and off dependmg on the load profile at the node where the capacltors are to be 
mtalled 

6 3 3  OPERATING PRACTICES 

6 3 3 1 3 ph to 2 ph Swztchzng 

Observahons & Recommendabons 

Thls has already been covered under section 6 2 4 1 

6 3 3 2 Overloaded Crrcuzts 

Presently hand calculat~ons applled to a pre-selected hne/load configurat~on Indicates 
whether clrcu~ts are overloaded Th~s  IS a labonous method of proceeding with des~gn 
or re-design and 1s very Inefficient 

Uslng the DPA computer program, a click of the mouse glves all the cntlcal 
parameters for selected changes m the system configuratlon Hence optlmum des~gn 
can be achleved and selected m a matter of mlnutes Clrcults can be redesigned so that 
no overloading occurs 
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6 3 4  OVERHEAD SHIELD WIRE 

6 3 4 1 HYPNL Practzce 

Observations 

HVPNL practlce is not to run an overhead sheld wlre wrth MV circuits Instead, 
HVPNL has a double m e  cradle guard runntng under the lines to draw hgh ground 
currents m the event of a broken phase conductor t o u c h g  the cradle guard Th~s  is to 
ensure the fast tnpplng of the clrcwt breaker or fuse to Isolate the faulty clrcuit 

Recommendations 

Of much more benefit, is to nm the overhead sheld w e  (for surge protection) and 
e l lmate  the cradle guard (The chances that the broken conductor makes contact 
with the cradle guard are remote) 

R w n g  an overhead sheld wre would ental the mount~ng of an angle Iron on the 
pole, at a sufficient he~ght so as to gve  complete coverage to all 3 phase conductors 
when a 30 degree angle of coverage wth the vertlcal is considered The sheld wlre 
would be affixed to the top of th~s  angle Iron mast Reuse of one wire of the 2-w~re 
cradle guard would provlde additional economes 

6 3 5 CONSTRUCTION PRACTICES 

6 3 5 1 Stavs on Poles 

Observations & Recommendations 

Missing or incorrectly placed stays - Ths  is also covered in Sectlon 6 2 8 1 

6 3 6 SAFE PRACTICES 

6 3 6 1 Ground Chains 

6 3 6 2 Lrneman 's belts 

6 3 6 3 Procedures for Planned outaaes 

The above three sectlons have been covered and included in Sect~on 6 1 19 

7 o ON GOING IMPROVEMENTS 

7 1 BYHVPNL 
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It IS envisaged that the HVPNL trmees who have benefited fiom this program 
wl l  go on to trarn theu suborhate personnel, utlllzrng the same lecture notes 
presented to them at h s  semlnar With thls m rmnd elght (8) coples of each of 
the lecture notes as attached in Appenhces I, XI and III were left at each of the 
three trarung centres - v ~ z  Panchkula, Karnal, and Hlssar 

EOUIPMENT GIFTED BY USAID 

In order to spread ths  tmmng to benefit all of HVPNL, arrangements are 
bemg made to leave one copy of the software package DPA - Dlstnbuhon 
P l m g  Analysis, and one thenno-vls~on scanrung camera, wth HVPNL for 
use by HVPNL personnel in further trammg 

These tools can also be used in actual design and mamtenance, thus lmprovlng 
the efficiency of the HVPNL electrical system USAID wa IRg wl1 gfl these 
items to HVPNL (C/o Mr R K Jan) for safe custody and on-gomg usage 

LOSS SAVINGS OPPORTUNITIES 

It is estimated that HVPNL's T & D system energy losses total to 31 4 percent 
of the total energy produced, or 3993 GWh Techmcal and commercial losses 
both contribute s~gmficantly to this total Thls System Efficiency T m n g  
Project has focused on the loss savlngs opportumt~es ava~lable through loss 
sawng measures including correction of "hot spots" and many other measures 
The table below lndlcates how much of the losses fiom each system 
component are can be reduced by ths  and other measures 
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It is estimated that approximately 25 0 % or 1000 GWh of the present energy losses can be 
saved by ngorously implementmg the measures outllned in thls tmmng project 

Lorwrr from each component of the HVPNL System with 

Total Loss Savlngs OpportunW (GWH) lo00 

As a percent of total Losses 25 OYO 

System Component 

Generabon & Transmtsslon 

HV Substabom (66 kV and above) 
-- 

MV Substat~~ns (33 kV and 11 kV) 

1 1 kV dlstnbutton lines 
D~stnbutm Transformer 

Substabons 

41 5 hnes (LT) 

Total 
b 

loss savings opportunities from eech 

Contribution as 
a percent of 
total losses 

33 

3 

8 

11 

20 

25 

100 

Possible 

Correction of Hot spots GWH of losses 

1318 

120 

319 

439 

799 

998 

3993 

% 

0 

2 

5 

5 

25 

25 

Redudion 

Other ~ u m s  

GWH 

0 

2 

16 

22 

200 

250 

490 

% 

0 

1 

5 

10 

25 

25 

GWH 

0 

1 

16 1 
44 

200 

250 

51 0 
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APPENDIX - I 

I N T R O D U C T I O N  

(Lecture Notes) 

INTERNATIONAL RESOURCES GROUP 

INDIA 

SEPTEMBER 1998 - DECEMBER 1998 
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s 
q%J n v r n  H I= - 

INTRODUCTION 

i-1 

H V P N  
3 of94 

w - 
n v r n  'R 

ACKNOWLEDGEMENT 

ALL PHOTOGRAPHS USED IN 
THIS PRESENTATION HAVE 

BEEN PROVIDED BY MR LOUIS 
RODRIGUEZ OF IRG 

, S o f 5 4 (  

lNTERNATIONAL RESOURCES GROUP 
(IRG) 

PRESENTATION 

TO THE 
HARYANA VIDYUT PRASARAN NIGAM LTD 

1998 

2of94 

TRAINERS 

BURT HEPPONSTALL HV SWITCHYARDS 
& MV SWITCHGEAR 

PAUL LAVIGNE MV & LT DISTRIBUTION 
LINES 

A of 94 

SYSTEM EFFICIENCY 
FIVE DAY SEMINAR 

DAY I MORNIhG INTRODUCTION 
AFTERNOON SWITCHYARDS 

DAY 2 MORNING SWITCHYARDS 
AFTERNOON TUTORIAL 

DAY 3 ALL DAY IhTRODUCnO\ TO COMPUTERS 
E V r n N G  WERARED SCAhWmG 

DAY 4 WALK DOWh OF SUBSTATION 

DAY 5 COMPUTER AhALYSIS OF DISTRIBUTION 
LNFS 
AWARD OF CERTIFICATES 

6019.4 

Appendlx I Page 1 

L 3 
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BACKGROUND 

RECENT TRANSFORMER FAILURES 

FIVE LARGE POWER TRANSFORMERS HAVE FAILU) 
IN THE LAST FEW MONTHS 

1 - AT THE BABYAL S/S 

2 - AT THE HISSAR S/S 
1 - AT THE PANIPAT SIS 
I - AT THE RHOTAK S/S 

7 of% 

s w n v r *  Ing - 
WHAT CAN I DO 

TO IMPROVE THE 
SYSTEM7 

- 
9 o f W  

z 
w - 

H V P N  I& 
"TEACH HIM HOW 

TO FISH & 
HE WILL NEVER 

GO HUNGRY" 

- -- 
ll oiw 

- 

- 

PARTIAL LISTING OF 
SUBSTATIONS VISITED 

BHORE KARN AL 
MADANPUR BABYAL 
PINJORE HISSAR 220 kV - H T M  HISSAR KAITHAL 
SHAHABAD PEHOWA 

8 o f W  

- 
w 
w • H V C N  I- - 

"A HUNGRY MAN 
ASKS FOR FISH 

TO FILL HIS STOMACH " 

IOoi94 

THIS SEMINAR ATTEMPTS 
TO GIVE YOU THE TOOLS 
TO HELP YOU ANALYZE 

YOUR SYSTEMS & 
SITUATIONS AND 

IMPLEMENT THOSE 
IMPROVEMENTS 

lZof94 

- 

Appendix I Page 2 
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r 

POWER SUPPLY 
REQUIREMENTS & CONSIDERATIONS 

RELIABLE 

EFFICIENT 

SAFE 
ECONOMIC 

I30191 

EFFICIENT 
MAINTAIN VOLTAGE & FREQUENCY 
REDUCE LOSSES 
- I OPERATING LOSSES 

LOW VOLT AGE 
UNBALANCED LOADS 

- 11 DESIGN LOSSES 
OPTIMIZED DESIGN 

CORRECT CONNECTORS 

ECONOMICS 
MAINTENANCE OF EQUIPMENT AT 
PEAK LEVELS CONT D I so f91  

SAFE 
PROTECTIVE RELAYING 
PROPER GROUNDlhG 
OVERVOLTAGE PROTECTION 
OPERATOR FRIENDLY CONTROL & 
k W m C I A T I O N  
GLOBAL STANDARD SPECIFIED SAFE RELIABLE 
EQUIPMENT 
MAINTEhAhCE OF EQUIPMENT AT PEAK LEVELS 
WRITTEN SAFETY OPERATING PROCEDURES 
ECONOMIC CONSlDERATIOhS SHOULD 
COMPROMISE SAFETY 

17of91 

RELIABLE 
SERVES CUSTOMER NEEDS (kVA VOLTS & Hr) 
NO OVERWADlhG 
SPARE CAPACITY FOR FUIURE GROWTH 
SWITCHING RMlBlUTY REDUNDANCY L BACK UP 
CO-ORDINATED RELAY PROTECflON 

CMRDINATED OVERVOLTAGE ?ROTECTlON 
MOMWARY FAULT PROTECTION (FOLIAGE CONTROL) 
AUrO RECLOSERS 
MAINTENANCE OF EQUlPMENT AT PEAK LEVELS 
TRAINED S Y ~  o p m r n u s  
ECONOMIC DESIGNS 
s u m c l m  EMERGENCY CAPACITY 
MINIMUM VOLTAGE 
RESTORATION TIMES I4 of 94 

EFFICIENT 
(CONTINUATION) 

IMPROVE POWER FACTOR 
(MAINTAIN 9 s ~  AT n M E  OF SYSTEM PEAK) 

BALANCED LOADING 
(WITHIN 10 PERCENT) 

IMPROVE VOLTAGE REGULATION 
LOCATE TRANSFORMERS AT CENTERS OF 
LOADS 
ADEQUATELY SIZED TRANSFORMERS 
ADEQUATELY SIZED CONDUCTORS - CONVERT I PHASE TO 3 PHASE TO 
IMPROVE BALANCING lhof94 

ECONOMICS 
MUST ALLOW 

- SAFE DESIGN - SWITCHING FLEXIBILITY 
EXPANSION FLEXIBILIT? FOR GROWTH 
EFFICIENCY 
RELIABILITY 
PLACEMENT OF CAPACITORS 

Append~x I Page 3 

4 2 
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EQUIPMENT 
(WITH REGARD TO RELIABLE SAFE 

EFFICIENT OPERATION) 

SURGE ARRESTERS 

CIRCUIT BREAKERS 

FUSES 
B A r n R I E S  
RELAY AND CONTROL PANELS 
CAPACITORS 

HOT SPOTS 

I90C94 

SURGES OR TRANSIENTS 

LARGE OVERVOLTAGES THAT DEVELOP 
SUDDENLY ON ELECTRIC TRANSMISSION 
AND DISTRIBUTION SYSTEM ARE 
REFERRED T O  AS SURGES" OR 
TRANSIENTS 

THESE ARE CAUSED BY LIGHTNING 
STROKES OR BY CIRCUIT SWITCHING 
OPERATIONS 

l of94 

i 

CORRECT 
APPLICATION OF 

SURGE ARRESTERS 

SA S MUST BE hSTALLED AT M E  IhXRFACE 
OF TWO IMPIRRICALLY DIFFEREM 
IUPEDAhCES IN A CIRCUIT 

E & (I) H here OM l ~ n e  rermlnafes In a cable 

(11) Where OM llne ternmates on a nanstomm 

(Ill) On long ON l~nes  a1 thcopennrcurtedenb 

1 of 94 

s I - 
H V P N  I- 

SURGE ARRESTERS 

-- 
-0 of 94 

- 

FUNCTION OF 
SURGE ARRESTERS 

SURGE ARRESI'ERS PERFORM A 
TWO FOLD FUNCTION 
I PROVIDE A POW IN THE CIRCUIT AT 
WHICH THE OVERVOLTAGE IMPULSE CAN 
PASS TO GROUND WITHOUT DAMAGE TO 
INSULATION O F  EQUIPMENT 

2 PREVENT ANY SUBSEQUENT FLOW OF 
POWER CURRENT TO GROUND BY PLACING 
A HIGH IMPEDANCE IN THE CIRCUIT A n E R  
THE EXCESS VOLTAGE IS RELIEVED 

-2 of 94 

r - - 
w@ - 

H V P *  "33 
EXAMPLES OF 

DEFFICIENT INSTALLATIONS 

4of94 - 

Appendix I Page 4 
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SYSTEM SURGE PROTECTION OPERATION 

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

- - 
3d94 -- 

s 
w - 

WY?W ng 
CIRCUIT BREAKERS 

- -  - 
30 of 94 

-- 

A p p e n d i x  I Page 5 
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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 

31 d94 

s - 
H V C N  I R g  

CIRCUIT BREAKERS 

OPERATION COUNTERS 

3 of 94 
-- - 

CIRCUIT BREAKERS 

EXAMPLES OF DEFECTIVE 
INSTALLATIONS 

- - 
34 of 94 -- 

Appendix I Page 6 
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zs 
rn I n v r n  IRg - 

FUSES 

37 of% 

eiy3 - 
n v r n  IW 

FUSES 

CORRECT INSTALLATION AT 
DISTRIBUTION TRANSFORMER 

- 
38 of 94 

L -- 

w - 
nvrtc I R S  

FUSES 

EXAMPLES OF DEFECiWE'lNCORRECT 
INSTALLATIONS 

40 of 94 

w n v r n  

FAILED TRANSFORMERS AT 
AN HVPNL REPAIR WORKSHOP 

- 
4' of 94 

Appendix I Page 7 
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STATION BATTERIES 

STATlON BAITERIES SUPPLY ENERGY TO 
OPERATE PROTECIION 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 

4 5 6 9 4  I 

AUXILIARIES 

rffOllP - 
Hvrw 1- 

TYPICAL STATION BA7TERY MSTALLATION 

46of94l 
- 

RELAY & CONTROL 
PANELS 

PURPOSE 

COWROL PANELS INSTALLED WITHIN THE CONTROL 
BUILDlNG OF A SWITCHYARD PROVIDE MOUNTING FOR 
MIMIC BUS RELAYS METERS INDICATING 
lh'STRUMENTS INDICATING LIGHTS CONTROL 
SWITCHES TEST SWITCHES AND OTHER CONTROL 
DEVICES 

A p p e n d ~ ~  I Page 8 
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z 
w I nvrw 'Rg - 

CAPACITORS 

r- 

4'3 694 

CAPACITORS 
CAPACITORS PROPERLY LOCATED ON THE 
POWER SYSTEM PROVIDE SIGNIFICANT 
ECONOMIC AND TECHNICAL BENEFITS TO SEB 

THF( RELEASE 
- GENERATION CAPACITY 
- TRANSMlSSlON CAPACITY 

- D(!TRlBCmON CAPACITY 

REDUCE ENERGY LOSSES 
REDUCE VOLTAGE DROPS AND THEREFORE 
IMPROVE VOLTAGE REGULATION 
INCREASE REVENUES 
DEFER CAPITAL PMS'lMENTS -- 

Mar94 

Append~x I Page 9 
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s 
w - 

H V C N  I= 

"HOT SPOTS" 

Waf% 
- - 

Append~x I Page 10 
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1 

s w - 
nvrm I R g  

EXAMPLES OF INFRA-RED SCANS 
OF EQUIPMENT USING A 

THERMO-VISION SCAN CAMERA 

I 61 of94 I 

s 
m - 

H V I N  1 4 5  

IMPLEMENT CORRECTIONS 

- 
bbof94 

---- 

A p p e n d ~ ~  I Page 1 1 
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CONTINUATION 

HOW TO LIMIT CATASTROPHIC 
FAILURES REDUCE SYSTEM OUTAGES AND 

IMPROVE EFFICIENCY OF SUPPLY 

HAVE ACCESS TO &ASSURE AVAlLABlLlTYOF 
SPARE PARTS 
MAINTAIN & MONITOR A U  EQUIPMENT LOGS 
REQUIRED BY MAINTENANCE SCHEDULES 
PERFORM ALL ROUTING MAMTENANCE 
REQUIRED BY MANUFACTURERS OF EQUIPMENT 
AS LOADS & RETICULATION OF LINES CHANGE 
MONITOR THE EFFECTS ON VOLTAGE & 
RELOCATE OR INSTALL CAPACITORS AS NEEDED 

69% 

MAINTENANCE 
UPKEEP OF DAILY OPElUTlMi LOGS 

UPKEEP OF PERIODIC MAINTENANCE LOGS 

UPKEEP OF OUTAGE REWRTIHG LOGS 
UPKEEP OF DEFECTIVE MULPMENT REPORTIhG LOGS 

08SERVE PROVIDED WSTRUCTIONS FOR SWITCHRG 
CAPACTTOR BANKS 
OBSER\ E PROVIDED IhSTRUCnONS FOR CORRECllhG 
OUT OF TOLERANCE VOLTAGES & FREQUENCY 

RJGOROUSLY CARRY OUT ROUIlNE MAINTENANCE OW 
ALL EQUlPMEhT AS REQUIRU) BY M E  MANUFA(3bREP.S 
O&M MANUALS 

71 of< 

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 AVAlUBLlTY OF 
SPARE PARTS 

-- 

CONTINUED 68of94 

- 

PLANNING AHEAD 
PERFORM VOLTAGE SURVEYS 

PERFORM LOAD SURVEYS ON 
FEEDERS 
PERFORM TRANSFORMER LOAD 
SURVEYS 
TAKE POWER FACTOR 
MEASUREMENTS PERlODlCALLY 
PARTICULARLY AT CAPACITOR - -- 

LOCATIONS --- 70 or 94 

PERIODIC MAINTENANCE 
LOGS 

E A T E R Y  SPEClFlC GRAVIl3' CHECKS 
GROUND GRID RESISTANCE CHECKS 
OIL LEVEL CHECKS IN TRANSFORMERS BREAKERS ETC 
CHECKS ON TEMPERATURE GAUGES ON TRAhSFORHERS 
CHECKS ON OPERATION rOUI7ERS ON SURGE ARRESTERS 
AND CIRCUIT BRFAKERS 

TREE TRlMMIhG & FOLIAGE COVIROL C H K K S  O\ ALL 
L m E s  

WEED CONTROLCHECKS W SWITCHYARD 

M E R M O  VISION SCAW OF ALL SWITCHYARD AND 
DISTRIBUTION L h E  EOUlPMEPir 7 l  of 94 -- 

L 

Appendlx I Page 12 
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s w I nvcw Ing - 
SPARE PARTS 

& 
REPLACEMENTS 

- 
730f941 

zs w I H V C R  IRg - 
CORRECT 

JNSTALLATIONS 

7 5 d 9 4 I  
-- -- 

A 

SUGGESTED (PARTIAL LISTING) 
SPARE PARTS & EQUIPMENT TO 

BE STOCKED 
D m  TM?SFORMERS OF COM)I(ONLY ( IYDkVA & 
VOLTACE rum 
AT LEAST* MEL4L-OAD a C U l T  BFZAEP.OF !3CM 
~ A O l Y R A T M G f E R S W ~ A R D  
STATKNMELKURlINGARRESIUlS 
D ~ T U B W W N ~ L K ~ W M I N G I U U I E S T F R S  
T R I T & C U s E C M L S F O R o u r D o c a H I r B ~ & A W F O R  
Ih'DUJRMETAL43ADClRCWTBRLAKERS 
MV WhCllWS 
WSESANDFUSECCTTOOTS 
BULBSF0RINDICATINGLK;HTS 
OVEU- R1ASE &GROUND RMYS 

OTHER WARE PARTS OR COMPONENl-5 REClX- 
E n M A N l J F A c n v R E R s  7 4 d W  

s 
cwgJP 

- 
n v c w  1- 

SAFE 
CONSTRUCTION PRACTICES 

- 
78 of 94 

- - 

Appendix I Page 13 
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SAFETY CLOTHING 

HARD HAT 
RUBBER GLOVES 
EYE PROTECT ION 
STEEL TOE BOOTS 
LINEMAN S BELT 

79 

SAFETY EQUIPMENT 

GROUNDING CHAINS 
HOT STICKS 
CABLE GROUNDMG SPIKES 
GROUND CARTS FOR METAL-CLAD 
SWITCHGEAR 

80 of 94 

s 
fm' B%d HYCU Ing - 

EXAMPLE OF POOR SAFETY 
PRACTICES 

8 01% 
- - 

amD 
SF 
w P n v r n  W - 

EXAMPLES OF HALO 
AMMETER INSTALLATION 

84ofP4 

Append~x I Page 14 
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% 
'q3 - 

H V C I l  I g  

EXAMPLES OF REPLACEMENT 
EQUIPMENT mSTALLATION 

&of94  
-- - 

s 
Qm' H V C N  lw 7 

EXAMPLES OF BAD 
INSTALLATIONS 

-- 
88 of 94 - 

Appendix I Page 15 
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= 
%p H H V P N  1- - 

CHANGE-OUTS 
AT SUBSTATIONS, IN 

PROGRESS 

- -  - 
9' of 94 

-- -- 

Appendix I Page 16 



HVPNL SYSTEM EFFiCIENCTl I\4PROVEMENT TRAINING PROJECT 

APPENDIX - I1 

S W I T C H Y A R D S  

(Lecture  Notes)  

I& INTERNATIONAL RESOURCES GROUP - 
INDIA 

SEPTEMBER 1998 - DECEMBER 1998 



HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT 

Gi3= 
w - 

nvrw I@ 
SUBSTATION EFFICIENCY 

IMPROVEMENT 
TRAINING 

A PROTECnON 
B SYSTEM LOSSES 
C OVERVOLTAGE PROTECTION 
D GROUNDING 

I r'r7 

rmm 
w 
wW H V P N  - 'B 

A 1 PROTECTIVE ZONES 

INCORRECT & CORRECT 
APPLICATIONS 

l V7 

arrm 
=SF 
fw' - 

H V P N  I'% 
A PROTECTION 

A I PROTECTION 

A 2 RELAY M G  
A 3 SHORT CIRCUIT MVA & FAULT 
CURRENT 
A 4 TRANSFORMER Ih'RUSH & THERMAL 
WITHSTAND CURVES 
A 5 FUSE CHARACTERISTICS 
A 6 PRINCIPLES OF TO-ORDlhATION 
A 7 BREAKER CONTROL SCHEMATICS 

SV7 

APPENDIX I1 Paze 1 
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4z 
FwpRt - 

H V P N  Ing 
A 2 RELAYING 

OVERCURRENT (PHASE AND 
GROUND FAULTS) 
DIFFERENTIAL (TRANSFORMERS 
BUSSES) 
RESTRICTED EARTH FAULTS 
MlSC XFMR RELAYING 

d.47 

DIFFFRFNTIAI 

- 
c d t r a a  - fa crtcmal fault H w  

87 Rdny dm mc o m  f a  c x t d  fuhs 

LTr2 
"..T -* cr 

C d n a a  f a  cxtmwl fault 

87 Rdm dm na opcr;uc f a  m d  faulo 
I"- 

D ~ f f c r e n t ~ a l  CT c o n n e c t l o n  f o r  Transformers  

Y Y transformers must have CT s connected in 
D D 
Y D transformers must ha\ e CT s connected In 
D Y 
D Y transformers must have C T  s connected In 
Y D 
D D transformers must hale CT s connected In 
k Y 

I 1  .I 

Three phax dlffcmhal connectlon 

Therefore 87 rclav on A phase sees an ~ntemal 
fault on the A Phase I 7w 

87EF relav w ~ l l  operate for ~nternal ground faults 

u A_--- I I 

A timed 5 I EF mla? * i l l  operate for ground tu l t s  on the svslem 

APPENDIX I1 Page 2 
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MISCELLANEOUS TRANSFORMER 
RELAYING 

&IchboLrrch A m m b m * r a o f g n - ~ d v m u u r r r L v  Ollh 
~ b o b k m ~ ~ ~ ( a m S l m r L r b t b r ~ u - k ~  
find *,dl 011 

SEE FIG 1lb 

( W t  W) 

Rranr RclldDnwc- Rcl- rmmr d lcnm = m @ a l m  Nmm 

m d h m p ,  
SddcaPrrraucDMcc T ~ o u 1 ~ b . n b r a d 6 c n ~  
Ga DMw R d q  B u c h b d r w  
CMohaubkGP Rcby Smnpk gas 

L a d  T-hlr. lndlolorr Alrma mi 

u m d q  T-nnr lTbmull R c b n  I dv'l 

=a= 
Wm' - 

H V P N  IQ 

A 3 SHORT CIRCUIT MVA & FAULT 
CURRENT 

I fV7 

knes  - 
rqul\alenl SC U V A  = (SCMVAI  r SCMCA ) 

(SCMVA: + SCU\ A ) 

I arallrl 

Cqul\alenr S C V V A  = ( S C U C A l  + SCMCA2) 

e g  #+# rz, 1 -- 
._ 

E p  a- - - 
2 

- A- .- 
1 * 7  - U 

bc;i ~vA~L I IELE  COPY 

APPENDIX I1 Page 3 



HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT 

- 
=s 
w' - 

H V P N  I@ 

A 4 TRANSFORMER MRUSH & 
THERMAL WITHSTAND CURVES 

IV slun 

Transformer thennal damage curve - F" 
16 b 

K) 

2s 

T w ~ c a l  Charactcnsclcs 

SEE FIG 7A3 

(on nen page) I d r  

ramr 
=SF 
w H V P N  

A 5 FUSE CHARACTERISTICS 

l r 

Fuw T v p  
h fzrrpccd t s p d r u ~ >  6-81 

T-rlou r p c c d t r m d m o  10-17) 
S p d  ratlo - Unn mclr current 5 0 I sccr 

U n  r n l l c w c m a r l W a b O a ~  

C rc Ch-a cr 

SEE FIG 3A3 

Ion ncll FaF=l 
12.1 FSI Imlr 1 k npcl m e  furh hnn mum tn l a r  r m  & cc- 

ndtrulc bcncr r B Be rn me =by 
Ibl Slow 18ni.s ha r a g r e a m v n ~ c a p h l ~ r y  l o m ~  nn and nnah 

c-rr and C ~ M V  knm -#dl each ocher arm a u~de m g c  of 
m L T  

BEST AVAILABLE COPY APPENDIX I1 Page 4 
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Typ~cal Co-ord~nat~on Curves - I 
SEE FIG 25A3 
(on next page) 

NOTE - I 
The &ff- m ordtmus between curvcs at all 
values of c-t mun be grcalcr then 0 3 KCS f a  

good m-ord~rutlon 

Seleca\e @mhorI oiO\ercurrml Devices 

U d'+- 

A 6 PRINCIPLES OF CO- 
ORDINATION 

cmm 
=SF 
v I H V P N  - '& 

fdYl 

L 

s 
rwlrtr - 

H V P H  Ing 

A 7 BREAKER CONTROL 
SCHEMATIC 

* 1.4- 

BEST AVAILABLE COPY 

APPENDIX I1 Page 5 
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mPO - 
'm' H V P N  - re 

B 1 PILFERAGE & METERING 
LOSSES 

* rw 

ZE 
QW - 

n v r ~  re 
B 2 TECHNICAL LOSSES 

TRANSFORMER LOSSES 
CONDUCTOR LOSSES 
CONNECTOR LOSSES 

rt"7 

B SYSTEM LOSSES 

7 

B 1 PILFERAGE & METERING 
LOSSES 

B 2 (ELECTRICAL) TECHNICAL 
LOSSES 

JY7 

P ~ l f m g e  Losvs 

(I) Ilkgal mppd cumccbons 

(11) Losses could be as hlgh as 20.7 or more 

(111) Non meted -ts 

Meccnng Loses 

(I) Innacurale metas 

(11) l n c o d y  comwcccd mam 

(Ill) lncomeily rrzd mcm 

(IV) 11lComCl mclcnng constants used U dY7 

TRANSFORMER LOSSES 
(a) IRON LOSSES 

l k e u c m a a u f o r . m a r r q p M ~  TboclorraaaIJerodud 
b y ~ b r l o n ~ f o m m ~ ~ m o ~ ~  EconamrauMamul 
b e p f m m d a d a e n r r - b o t n c a p ~ L  Lmralar 
o m r - b - ~ p a u l m s  
H o r c m b l g o i o l l ~ c a l l ~ ~ h @ " - d ~  fbn 
c k m b s h x s r t u F L ~ c p s a -  f m - i l a M a r m  

(b) COPPER LOSSES 

Tbo ~ r d r l R b P O  lkdxcb dr-Mdrbrrrmurnu -11 
~ n u ~ l ~ l ~ b r u l  mnraoaomcad~~hardmd frsm 
-mtk -0im- Lugr--bxaLavl 
bullnnrmurrrfornm 

R d  d m p d m - L ~ X M V A s m d ~ ~ m l c r m p m g  
. - u a n r m a g r ~ o r t k a r m r f a n m  v .fVf 

BEST AVAILABLE COPY 
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* 

(a) FAN AND/OR OIL PUMP LOSSES 

Addltlonal coohng of the transformer allows 
more MVA capacaty to be loaded onto the 
transformer Runnlng the fans or 011 pumps 
for coollng adds these losses to the total 
losses of the transformer The efficiency of 
the transformer IS ancreased ~f these 
auxlllary losses could be kept to a m~namum 
MVA out of the transformer and stall 
keeplng wath~n the allowable temperature 
n ses 

3 7 d Y l  

CONDUCTOR LOSSES 
CmbacntnrsutsDwlmrmadphsewm.hmccjunpcrr.d 

. m c r . n d ~ w u  A g a r n l z R l a s s c s ~ m ~ p c  
MSdbylhC~~(~~~~&mdbythercaamecdkmducmr 
n u a d  R m a r r e s m d r r u d y ~ l o ~ e n n s s a a m d  
QmnduaJr md.tro&pm&amkooaduQarrradrhaherR 
bccopper dumwnaACSR C o p a h  r c t n h s a n m d l  
~ h r ~ h a J d b c ~ l y n z e d s o t h n !  
mpcr~mlrser*hcllurymgmmmmbrdcunm~~mC 
mi- 

( J k m p a ~ l h . r r ~ f a t h c l a d r m t l h . v c h t g h c r  
rr~anesadtbadartughuPRhu5 

fi)Fcodcrrtfovcrbdcdcmymorarmnthmthq~&mgncdfa 
admercraehnehlgkrPRlorocr 

(c)Nannlly r r r P r l ~ t n b J n r t d 3 - p h a e r y N m m l I c ~ r y  
w c u m  Unbhczs m  dK 3-pbcs mil thc ~mbalmced 
a r r a t o f l w m t h c d m d m a r f a r p o d u c c  PRlorwr 

(d)GmmdmmmJd3roatyannnamur&dmcedrynmaul~r~ 
n x r a  P R b m  Udw 

(11) Cable lo cable - parallel groove clamps 

(bEE \EYT PAGE) 

(111) Cable to surd connector 

( I \  Snail clamps - smtn conductor ro jumper 

t s ~ n g  ~ncorrcct conftgwanons c a w s  h~ghcr  contact 
reststance and therefore higher I R Losses 

4 flv- 
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B 3 SAMPLE CALCULATION 
OF LOSS SAVINGS 

dW 
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IEErm 
=SF 
QW - 

H V P N  Be 
B 4 VOLTAGE CONSIDERATIONS 

CAPACITORS 
AUTOMATIC VOLTAGE REGULATORS 

dl dYl 

Comparing the two above aws 

h f o r e  W ~ t h  Capac~tors 

For the same V, V, 1s less 

l e  ForcbesamcV, V,isgmam 

1 e Cdpac~tors boos the voltage V, - 

Also angle & 1s smaller 

Therefore Cos +,, 1s larger and c l m r  to unltv 

I e Capacttors l m m v e  the p o w n  factor and 
adjust ~t closer to unity fora lagglng had. h d w  

A 

AUTOVATIC VOLTAGE REGULATORS 

Automaoc \oltage rrgulators keep IIIC voluge mar 
nominal s o l t a p  whcn tncrcawd c m t  I& m line 
Rastanca c a w  b~gger solrage drops (I e 12 drops) 
These larger loads therefore dellva reduced voltages for 
the rcceinng ends of the l ~ n e  

For say constant kVA loads whm voluge gocs down 
the cumnt  gocs up a d  therefore the 1 R losws on l ~ n e  
lncrcase 

AVR s maintaln the vollagc at nomrnal preset values for 
vamng load currents AVR s themxl~es  h o w e m  have 
wndmg copper losses and Iron losses 

Md'?' 

BEST AVAILABLE COPY 
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tmm 
S F  
m - 

n v r w  IF3 
C OVERVOLTAGE PROTECTION 

C 1 LIGHTNING ARRESnRS 
C 2 APPLICATION OF LIGHTNING ARRESTERS M 
SYSlFM 
C 3 INSTALLATION OF LIGHMING ARRESTERS IN 
STSTEM 
C 4 LIGHTNING SHIELD WIRES 
C 5 ROD GAPS 
C 6 ARRESTER GROUNDING 
C 7 APPLICATION TO CAPACITOR BANKS *, ,* 

s w n v r n  

C 4 LIGHTNING SHIELD WIRES 
Sh~cld wm Intercept most lightning smkcs. 
Pmtccm c cob m g c  afforded a 30 degrees wth tk 
~emcal 

I r r  

- 
T k p P r r a r b r a J l D a c w r d m a r r m ~ n ~ b y & u n h t y  

M . p y o i m m m o a l m d n ~ r r m - n ~ m c l m  
DarhDamacnrcda l . p h o r 3 g L m ~ b c ! a # I H X ) k V A .  
wuur 
H o r n a r b c r r - r c m b e b u Y d a r ~ ~ p o l a m p o s a E l b k ~  
~Lmrnnbmmaapacalrpr~pnamcnnedU*a~~~l 
I D I . l c l n r l T C . i s r ~ ~ ~  

C 3 INSTALLATION OF U-Z IN SYSTEM 

SLmbismpaDncdrqrprrar 

A m a p d ~ a p n r a r m a L m m m m ~ ~  
m 
. ( k a p b a d h s o r n h m ~ r m a U s h U b c p ~ m d l 3 p b n s  
mr)rIMOfl  d g a * r 1 b m 3 m t V B I L  IwxbdrmhmDnpmnbmmkmg 
hrrdUrmlborHVI.dclbaemclmnnllyrrmghMl 

Almobcdhnmrrbkoterrrc 

AI mcrM Imc a uma(mm a t d x c  
l dYl 

C 5 ROD GAPS 
I k\ b O r k l l  
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C 6 ARRESTER GROUNDMG 

Incorrrcr 

SEEFIG I3B3 

(on page aflcr mnt) 

High &schugc c-t f l o m g  though rmpedana 
causa hrgh voltrgc to k r g r m e d  on pnmary 
w d n g  k f o r e  tugh voltage a rmprrssed on 

w d n g  k? d u g  and ,dW 

pnrmry w d n g  and tank. 
t 

C 7 APPLICATION TO CAPACITOR BANKS 

Surge anrstcrs should be used at capacitor ban& 
regardless of srzc 

For substanon banks use stanon class arresters 

For lrne banks mounted on poks dlsmbuuon 
class a m t m  are a&quatc 

To r n ~ n ~ r n ~ u  spunous fuu blowng apply 
arrcstm m source SI& of capaclknr fuses and 
capacrror suirches 

7- . rY7 

5 
WW - 

n v r n  
C o r n  - 

'ng 

Conncctlon to a c o r n  ground p n c  at thc KMndary 
neubal (and hnk) reduces mess to a -11 lmpcdance 
dmp Inherent m thc arrester 

7 4 d Y )  

SEEFIG 1483 

(on next page) 

Amskm appllukm on a grounded wyc lnnsionncr 

u 

t:- 

A - 7 flnrl 
Oq 

Note - 
All gmundr ue tnterronnmcd 7 h d Y 7  

A 

z 
w' - 

nvrn  I'V5 
D GROUNDWG 

D I HV SWITCHYARD GROUNDING 
D 2 GROUNDING OF SWITCHGEAR IN 

CONTROL BUILDING 

D 3 DISTRIBUTION SUBSTATION 
GROUNDING 

II rw 
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D GROUNDING 

Basic pmposc of grounding a to 

Lamit shock voltages for personal safctv 

Prcvmt qulprncnt damage 

Penonal safetv 1s achlcved by lrmlnng shock \oilage on 
narrnallv non-current carrylng metal pans of q u l p m t  

Eqmpmcnt damage n prevented by prondang a low 
trnptdancc fault current mum pach n c d d  for f a s  opratlon 
of rhe carcults pmucn\e devlca 

Y *ul 

(11) Properly grounded quapmcnt 

SEE NEXT PAGES 

The gnd mduces pofentlal pdacnts  and thereby step and 
touch potmt~als arc grallv reduced 

I * 

D I HV SWITCHYARD GR0UNDW.G 

(a) Step and Touch Potcnnals 

(I) lmpropcrlv grounded cqulprncnt 

When fault occurs. potcnnal along the surface of earth 
decreases as shown Step and touch potmt~als arc hlgh 

X "rv 

SEE N E T  TWO PAGES 

Thc fault currcm u m l y  l~mtcd bv 2 and s ~ c r c f a e  l q c  md opcnta ~c 
pcaccuw cqutprrm to &a- rhc arctnr Thcam~cdl\ m, cwmr u I I  
flwa hmgh rhc hurnm Lvdv rmpcdancc Z, 

(b) IIZ, 8s d l  

Cu m rh ouphrhrhummhah - 
z z z 
mrrU 

8 v  - g 2, Ihc urrmt -Id bc duccd n m  funk 

rc I If& r l a w  

rurrenr rhrou~h rhe humrn haA = 
- 
7 + z  +7 

Bv cmunnp h 2. tr try - hrpc lhc alw of c u m 1  c h m ~ h  
thc h u m  un be m i u d  IO acccpablc I m IS 

Thndm n u rrmbhay h~ rtr datpc-3 nlur of 7, s 
rmamuncd rhrmghour I!W -me I~fc 01 h e  ru,cchyzrd , 
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D 2 GROUNDWG OF SWITCHGEAR IN CONTROL 
BUILDING 

i r ) S u n u a c - d  

(MUaodbrllrwn- 

l.)B[X'IRImTGiKaXts 

<murl.11- 

C m r r l r m B C l ~ s b l r p A c g n b m p l r h d L x ~  
mh 
.(d.lldr*a)n-ml- 

.(murlb.LTad 

.(mnll-uob*- 

N l d B . h m m b ~ d ~ m L k ~ ~ m d  

B)(.RDIbVFA11T REilR\ ('CKTXITR 

1- @ U L L ~ h t * r a n - ~ m n r l c s h .  
- p . m m h M - c m u l l h  F.nlMmy.terrllih 
m m B - d -  l k m - b r d x w - d t k  
-hr- h a - 4 d l B m m m d h v l l - I r r  
ormacYbmdr.olrrdma~BaayddanaBM , s d w  

-r - 

u- 
U L  

,< z. - -  - - - -  - - - ='< 

GROUND FAULT RETURN PATHS 
a 6 d W  

TYPICAL 

GROUNDING SYSTEM 

D 3 DISTRIBUTION SUBSTATION 
GROUNDING 

*=a /-== ---+ -2 ... - - 
-?* ,- 1 = - - 5-L ,L -A =7 - 
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APPENDIX - I11 

DISTRIBUTION SYSTEM PLANNING 

(Lecture Notes) 

I& INTERNATIONAL RESOURCES GROUP - 
INDIA 

SEPTEMBER 1998 - DECEMBER 1998 
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System Efficiency Improvement Project 

Training Manual 

Computer Modeling of Distribution Feeders 

For 

Distribution System Planning and Design 

Prepared by 

International Resources Group 

Working Under Contract to the 

Unlted States Agency for Internat~onal Development 

For 

Haryana V~dyut Prasaran N~gam L~mited 

Formerly known as 

Haryana State Electnc~ty Board 
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October 23, 1998 

Tra~ning Session Part~crpants, 
Haryana V~dyut Prasaran Nlgam Lrmited 
Haryana State, Indra 

Dear all parhcipants 

We would like to welcome you to t h ~ s  training session designed to 
provide trainlng m the area of computer modeling of dlstnbu~on 
feeders 

Thxs manual is intended to be the pnmary aid In the training class It is 
our hope that it will be of use dunng the training sesslon and In your 
work afterwards 

With the advent of affordable computers and software, electnc util~ty 
d~stnbuhon 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 is essential 
in an environment where costs must come down and service to 
customers must improve 

Thank you for your partxipation and good luck in your conhnuous 
efforts for the people and electnc customers of Haryana 

System Effic~ency Improvement Training Team 
International Resources Group 
Unlted States Agency for International Development 
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Table of Contents 

I Overnew Presentahon 

I1 Revlew of Line Losses and Reactwe Compensafion 

I11 Introducaon to PC's 

Windows 
Word 
Excel 

IV Test Case - Udharan Pur Feeder 

Feeder HT diagram 
LT Diagrams 
Activ~ty 1 Draw~n Udharan Feeder In DPAIG 
Actiwty 2 Modeling Loads 
Activity 3 Rctnn~ng Load Flow 
Actlwty 4 Obtarning Output from Load Flow 
Act~vrty 5 Plac~ng Capacitors 

V Workshop Modeling Local Feeders 

Matenals Needed Feeder HT diagrams, transformer data, load 
data, LT d~agranrs 
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I Overview Presentat~on 

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

= 
w R!!l H V P N  - I& 

Computer Modeling of 
Distribution Feeders 

For 

D~stnbution System 
Plann~ng 

and 

Deslgn 
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z!s rcy - - 
H V P N 'B 

Purpose for Doing Computer 
Modeling 

Facilitates and improves quality of 

Distnbutlon System Planning 

Short Circuit Studies 

Relay Coordination 

Load Flow analysis 

s - m nvrw 

What is needed? 

Distnbutlon System Data 

Hardware IBM-PC Compatible 

Software Loadflow analysis software 
- Stoner PTI PSSfU 

- PTI PSS/U 

- Cooper Power Systems 

- ABB 
- Stoner 

- Mrisofi 

Appendlx I11 Page 5 
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ziz gzJ dia - 
m H V P H  I& 

Dlstnbution System Data Needed 

Dlstnbution Feeder HT Lines Conductor 
Sizes and Distances 
Dlstnbution Transformer Data 

* Load Data KVA, KW,KVAr, PF 
Source Data 

L 

m n v r n  

Collection of Data 

Obta~n or Draw Geograph~cal D~agram of D~stnbut~on 
Feeder showlng d~stances of a11 llnes and all connected 
load 

Append~r 111 Page 6 
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r 

CREATE DRAWING 

Create drawing using the analysis software that accurately 
represents the d~stnbution feeder 

Geography should be reasonably accurate 

Important customers or loads can be lncluded 

Important junctions should be shown 

A node should be chosen at any wlre size change 

Small details can be excluded 

w H V C N  

Interconnected Sect~ons 

The dlstnbution feeder model conslsts of interconnected 
sect~ons, the charactenstlcs of which wlll be specified by 
the englneer 

Appendlx I11 Page 7 
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Group loads together when many small loads 
are close together 

- - 
==SF g.!. 
m did 

H V P N  

Modeling Loads 

Spot loads can be place at the source end or 
Ioad of a sect~on 

D~stnbuted loads are dlstnbuted along the 
length of a section 

=iiE 
f=m ll!!il H V C H  

Run Load Flow of Base Case 
To confirm that the data that was entered 
glves output slmilar to real life sltuatlons 

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

Appendix 111 Page 8 
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=2E fiJ H V P N  - - Ing 
Modify System and Run Load 

Flow to Compare Results 
Problems wlth existing system often suggest 
several solutions 

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

Confirm that changes do in fact solve 
present or future problems 

ZiE v l/lll!l H V C N  - I R S  
Summary of Feeder Modeling 

Process 
Collect Data 
Draw Feeder 

Mode1 Loads 
Run Load Flow of Base Case 
Modlfy System and Run New Model 
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I1 Review of Llne Losses and Reactwe Compensation 

In order to revlew the benefits of compensation for reactive loads, 1 e 
installing capacitors to offset lnducbve loads, we will study a very 
slmple case showlng a highly lnductlve load fed by a stngle dlsmbution 
line from a slngle source 

In thls example the source and load are Y connected wlth a zero 
Impedance earth return 

For simpliclty sake, we w11l conslder thls a single phase llne and a slngle 
phase load The same Ideas will hold true for three phase ltnes and more 
complicated distribution circuits 

S~mpl~fied Diagram of a Distnbuhon Feeder 

Slngle Source - S~ngle L ~ n e  - Slngle Load 

'iubsrar~on 
Transformer 

V," 

I - 
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Cons~der the following values for the calculat~ons 

V,, Llne to Neutral Voltage at Source (Volts) 

V L ~  Llne to Neutral Voltage at Load (6350 Volts) 

ZLxne Impedance of L ~ n e  6 + J 3 5 Ohms 

V, Voltage Drop f?om Source to Load (Volts) 

IL Line Current In Amps 

SLI+ Slngle Phase Complex Power Delivered to Load 
500 kVA at 8 power factor, lagg~ng 

A voltage loop equabon can be established for our c~rcult 

V S ~  = Vd + V L ~  

Where Vd = IL ZLlne 

Appendix 111 Page 11  
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The power tnangle represents graphically the equation 
S = P + JQ, where S 1s the complex power, 

P IS the real power and 
Q is the reactlve power 

in a prncular c~rcuit 

In the given case the load IS such that 

and can be represented wlth the following 
power tnangle 

Appendlx 111 Page 12 
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Provld~ng rated voltage of 6350 volts at the load, the current drawn IS 

Where I,' IS the 
, complex 

conjugate of I, 

* - 400 k~ + 3 00 kVAr using v,,, as 
I L  - the reference 6 350 K V ~ O O  1 B, 

The real power losses m the line, 
P, are 

Where R IS the resistance of the llne gven in ZLlne 

so, P, = (78 74 ~ m p )  (6 Ohms) or 

37 2 kW 
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The percent power loss is 

Of the total real power supplled by the source 

Voltage Drop 

Vd = (78 74 ~mpsl- 36 870b(6 95 ohms130 26"b 

V, = 547 Volts 1- 6 6 lo] 

lvd 1 = 547 volts OI 

8 6% Of the 6350 volts needed at the load 

The voltage needed to malntam rated voltage at the load IS 

Vn =v, f IfLn 
V = 547 r 1- 6 61 01+ 6350 vLo01 

Vn =543 3 6 v -  1 6 2  97v+6350  

V =6893 3 6 v -  162  97v  

V =6893 6 5 ~ 1 -  5 2 0 1  

IV 1 = 6893 65 rolls 
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Load Flow of Sample Feeder - Base Case 

6894 Volts 

Let us examlne the effmt of placlng a capacltor 
at the load 

Slnce 300 kVar are absorbed by the load, 
lets use a 300 kVAR capacltor 

The total power absorbed at the load IS now 

S,, =400hv + j300kVar-j300kVar 

i I\ Reactwe Power 
Reactwe Power "suppl~ed" by 

Real Power From Inductive Load Capac~tor 

S,, =400 h v  Represent~ng a un~ty Power Factor 

Append~x I11 Page 1s 
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The current IS now 

And the power losses 

P, = (63 .O ~ r n ~ s ) ~  (6 Ohms) or 
23 8kW 

The savlngs 1s ML = 3 7 2 - 23 8 or, 

13 4kw. 

The percent power loss IS now 

Of the total real power supplled by the source 

Th~s represents a savlngs of 13 4 kW or 2 9 % 
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Voltage drop is now 

V, = ( 6 3 ~ r n p s l 0 ~ ) ( 6  950hrns130 2601) 

V, =437.85130 2601 

Iv,I = 437 85volt.Y 

Tius represents a voltage nse of 109 volts or 1 7 % 

The voltage needed to rnamtan rated voltage at the load is now 

Load Flow of Sample Feeder - With Capac~tor Added 

Append~x I11 Page 17 
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111 Introducoon to PC's 

Many years ago, International Buslness Machines marketed thelr 
first personal computer, or "PC" This was among the first 
computers whlch were small enough to fit on top of a desk, yet 
powefi l  enough to be usehi in business Whlle these first PC's 
are of little value compared to those we use today, it was the 
b e g m n g  of a very important trend m mformabon technology 

Rather than belng very secrebve about the design of thls PC, IBM 
allowed other computer manufacturers to build and sell similar 
computers This is why today there are many manufacturers such 
as Compaq, Dell and Hewlett Pacard which bu~ld computers 
similar to the IBM PC 

The set of lnstrucbons direchng the computer to perform certain 
funchons is called a program, software and also appllcat~ons 
These are essential for a computer to be productwe W~thout 
them the computer can perform almost no useful task 

Since IBM's compehtors build their PC's so that the same 
software wlll run on their machines as on IBM's models, these 
competitors' machines are said to be PC-compahble PC- 
Compatibles use the same pnnters, disk dnves, cables, and 
modems also These devices are called penpherals 

The focus of this tra~nmg session is to learn how to make 
computer models of d~stnbution feeders These models wlll be 
build uslng a type of software for the PC w t t e n  by Stoner 
Electnc called Distnbution Pnmary Analysls/Graphlcs or DPNG 

We w11I also work to improve the participant's knowledge of 
other programs Windows, Word, and Excel, as necessary 
These programs are all products of Mlcrosoft, Inc 
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W~ndows IS a program wh~ch is des~gned to make it easler to 
access other computer programs and associated files I t  IS a tvpe 
of graphical menu 

The computer ought to be set up to run Windows automa~cally 
upon power up At thls point, Windows will display several small 
pictures, or icons Each Icon represents a computer file, folder or 
program Cliclung on an icon 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 it up 

1 "W~ndows" folder 

Double clrck on the Icon "My Computer" 
Choose the C dnve 
Find "Wrndows" in the lrst and double click on ~t 
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Wrndows IS also a subdirectory in the computer's file system 
The files In the hard disk dnve name "C " are grouped into 
vanous subd~rectones In each of these subdrrectones there can 
be some files or some subordrnate subdirectones Inside of these 
subdirectones we can find again more files and subdirectones 
Double clrck~ng on the files or subdirectones will open that file or 
subdrrectones Double clickrng on a program will run that 
program Double chchng on the "X" in the upper nght comer of 
a w~ndow w11l close that wndow 

2 Start Menu 

S~ngle-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 

Clrck the Start button on the bottom left of the screen Thrs gves  
a list of many programs and options available Choose "Programs" 
wlth a srngle ci~ck Subsequently choose "accessones" and 
"calculator" to run the calculator program Give it a try and then 
click the "X" to exit 

4 Word 

From the Start menu, choose Microsofi Word More time w~ll  be 
spent on t h ~ s  later "X" to exlt 

5 Excel 

From the Start menu, choose "Programs" and then "Excel" More 
trme will be spent on this Iater Click "X" to e x ~ t  
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Word 

Mlcrosoft Word 1s a word processing program It allows you to 
produce and maintain text documents Once a document 1s typed 
In, changes can be made qu~te eas~ly to ~t W~th  a pnnter, paper 
copies can be easlly produced and reproduced 

From the Start menu, select Microsoft Word 

Begn typlng Type a sentence or paragraph 

From the menu at the top of the screen, select file (single cllck) 
Choose "save as" Type In a file name such as "sample word 
document" C11ck on "OK" Continue typing 

Now that you have spec~fied the file name, you can just select 
"save" from the file menu next time to save your file 

From the file menu, select "pnnt preview" to see what your file 
would look like, 

If you have a pnnter, select "pnnt" from the file menu Select 
"OK" and retneve page fi-om pnnter 
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Cont~nue Typ~ng When you are done, save the file one final time 
and exlt the program w t h  "X" or "exrt" fiom the file menu 
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Excel 

Mlcrosofi Excel is used to man~pulate numerical data Number and text 
are organized in rows and columns Thls can be a very convenient way 
to store and drsplay your data 

From the Start menu, choose Programs/Excel Move the cursor around 
to the vanous 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 3 1, whlch can represent the hlgh 
temperature from two day's ago 

In CelI A5, type 
=(+A I +A2+A3)/3 

T h ~ s  wlll fill  cell A5 w~th the average temperature of the last three days 

Appendix I11 Page 23 



HVPNL - SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT 
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 

E x ~ t  using "x" or "exit" from the file menu 
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N Test Case - Udharan Pur Feeder 

Conslder the follow~ng HT diagram of our sample feeder, the "Udharan 
Pur" feeder 

As mentioned earller, the software which w ~ l l  be used to model this 
sample dlstnbutlon feeder IS called Distribution Pnmary 
AnaIys~s/Graph~cs, produced by Stoner Electnc Screens from thls 
software are shown so the user will know In what format the user must 
prepare and enter the data 
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In order to study the load on the Udharan feeder, we can look at 
the LT diagrams, if ava~lable, for each drstnbut~on transformer on the 
feeder The follow~ng pages contain such d~agrams 
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UDHARAN FEEDER /- - Ll DIAGRAM 
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BEST AVAILABLE COPY 
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UDkiARAN FEEDER 
LT DIAGRAM 

BESTAVAtUIBLE COPY 
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- - - -- --- - 
UDf IARAN FEEDER 
LT DIAGRAM 
- T-4 

BEST AVAILABLE COPY Append~x III Page 30 
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UDi-IARAN FEEDER 
LT DiAGRAM 
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BEST AbYJLP9LE COPY Appendxx 111 Page 3 1 
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UDHARAN FEEDER 
LT DIAGRAM 

T-7 
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UDHARAN FEEDER 
LT DIAGRAM 

T-8 
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UDHARAN FEEDER 
LT DIAGRAM 

T-I0 
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Act~vity 1 Drawng Feeder Model in DPAfG 

Each pmclpant w~ l l  begn to model the feeder uslng the 
DPA/G software 

UDHARAN FEEDER 1 1 kV 
LEGEND 

3 SWG ACSR - SCALE 
Icm= 5km 
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The following step by step procedure will help to get started w ~ t h  the 
DPA/G software Dunng the course of followng this procedure the user 
can learn about other opbons and hnchons of the software by chooslng 
those ophons of interest from the menu 

Start by double-clichng on the "Shortcut to DPAIG" Icon 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 

Wlth the mouse, draw the first sechon of the feeder coming out of the 
substation 

Give the name of the first secaon, for example 101 Click on "OK" 

On the edit menu, SAVE the sketch 

On the ZOOM menu, choose OUT CONTROL-Z does the same th~ng 
T h ~ s  wlll reduce the image of the feeder 

Double-click on the name of the first section 

Choose CHARACTERISTICS 

Confirm the data regarding that first sectlon Make changes where 
necessary SAVE and EXIT the Charatenstux Editor EXIT the sectlon 
edltor 

Bu~ld can be done later Cllck "OK" 

On the EDIT menu, SAVE the sketch 

Close the Sketch Window 
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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 1 1 kV, with a bus voltage of 415 volts on a 
4 15 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" opbon Select 
Feeder from the list under those in the sample substabon Click on "OK, 
Sketch" 

Add addbonal secnons 

SAVE Sketch 

Double click on each sectron and enter the proper distance for each 
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Activity 2 Modeling Loads 

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

If & is the efficiency of a motor, P, is the mechmcal power output at 
the motor's rotor in bhp, and P, is the electncal power drawn by the 
motor, then 

P, ="x 746 (mkw) 
EJ 

If P14 is the single phase electncal power drawn by the motor, then 

If S lo is single phase complex power (in kVA) drawn by the motor and 
PF is the power factor at whch the motor runs, then 

If 4 is the phase angle between the motors phase current and phase 
voltage, then 

0 = cos-' ( P F )  

If Q14 is the single phase reactive power drawn by the load, then 

Q,, = S , ,  sin@ ( ~ n  kVAR) 

Assuming the motors on the Udharan feeder have an efficiency IS 8 and 
the power factor is 8, calculate PI$ and Q14 for each transformer 
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We can add th~s  data to our model 

For each transformer, double click on the sectron name where th~s  load 
ought to be modeled 

Click on the "Load" button 

Add the loads under the spot load category Indicate if this spot load is 
at the load side, source slde or mlddle of the secDon 
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Activity 3 Runnlng Load Flow 

Cllck on the Analys~s menu Choose the type of analys~s you would l ~ k e  
to use 
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Activity 4 Output from Loadflow 

DPAIG provldes reports show~ng voltage on each part of the clrcult, 
current through each branch in the circuit, and losses throughout the 
circult 

On the analys~s menu, choose "balanced analysls" Study the results of 
thls analysls 
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Act~vity 5 Placing Capacitors 

One common function of feeder modeling and loadflow analysls 
software is to see the effect that add~ng reactwe compensation can have 
A 100 KVAR capacitor can be added at the locanon shown Use the 
Change Data option on the Ed~t  menu 

UDHARAN FEEDER 11 kV 
LEGEND 

3 S WG ACSR - SCALE 
lcm= Skm 

6 S WG ACSR 
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V Workshop Model~ng Local Feeders 

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

SWITCHYARD WALKDOWNS 

THERMO-VISION SCANS 

FOR 

PINJORE 

BABYAL 

PEHOWA 

KARNAL 

NILOKHERI 

MADHUB AN 

HISAR 220 KV 

BEER 

BEER (REPEAT) 

(This was an integral part of the Training Program) 

I@ INTERNATIONAL RESOURCES GROUP - 
INDIA 

SEPTEMBER 1998 - DECEMBER 1998 

Appendix IV 
Page 1 



HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT 

Substation Inspections 
Dunng the course of the m n g  program, the following sw~tchyards In Haryana were 
Inspected with the indw~dual tmning groups The engineer in charge of each substat~on is 
~n lca ted  

o Babyal - B R G a r g A E E  

o Pehowa - T C Gupta E E Tel01741-20038 or 01741 - 20041 

o Karnal - K L Jawa 

o Nilokhen - C D Pasncha, AEISSE, 132 kV S/Stn, Nilokhen (Karnal) 

o Madhuban - Inder Jlt Leelcta - S S E Tel257871 (0) 262524 (R ) 

o Hisar - RamDhanAE/SSE 

o Beer - RamDhanAE/SSE 

Each of the above swtchyards were walked-down by the lndlv~dual tramng groups and the 
noted defic~enc~es were l~sted as shown on the followng sheets 

Also thermo-vls~on scannlng was performed at each swtchyard except Babyal and Pehowa 
At Pinjore, no hard copies of the scans were made avalable for this report 
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PINJORE S WITCHYARD 

Note Scanrung was done but hard copies were not made avalable 
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Pinjore Substation Deficiencies 

L~ghtmng arresters mlssing on both 132 kV & 66 kV s~des of transrnlss~on power 
transformer 

Ground strap on 66 kV CT structure broken 

Overgrown weeds on crushed rock surface 

Transformer foundahons have no catch basins 

Overhead sheld w r e  coverage not complete 

Hot spots detected on some connechons, jumpers, isolator m t c h  jaws (Note scanning was 
performed by BBMB, as a favor to HVPNL, to enable the tmnees to get a feel for what the 
scanner could do No hard copies of scanned Images were furnished ) 

Pf meter on 1 1 kV capac~tor bank defectlve 

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

No M&R diagrams avalable 

Capac~tor mts In the banks were missing fuses 

Semaphores on mlmic bus panels were non-operat~onal 

M ~ r n ~ c  bus color for same voltage level changes between panels 

Many 'status' indicating lights were burnt out 

Not all ammeters on switchgear panel were fimct~onal 

Missing and/or unconnected lighm~ng arresters on outgo~ng 11 kV llne ).I-frame terminal 
structures at cable to OH line interface 

1 1 kV cables In switchyard were lylng on ground surface & not trenched 

Cable trenches were mlssing covers 

Newly run cables were run along the ground surface and haphazardly entered trenches over 
the 11p and not through sidewall sleeves 

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

PVC cabIes exposed to sunl~ght 
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Control cables run on the top of metal wre-ways instead of Inside of 

CT ratios and actual connected ratios were not indicated on swltchgear control panels 

L~ghtmng arrester leakage current monitors were corroded and not functional 

Appendlx TV 
Page 5 

LLt 



HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAMMG PROJECT 

BABYAL SWITCHYARD 

Note No scanrzlng was done as contractor had damaged hs scanner and ~t was out for 
repairs 
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Babyal Substation Deficiencies 

One 66 kV llne IS out of service is one line adequate? 

Wave trap is on the dead line Is comrnunlcation adequate? 

No lightrung arrester on the 66 kV incoming lines Sphere gaps DO NOT prov~de adequate 
protection 

Overhead shleld wre  is needed There are areas of the substation unprotected from direct 
lightning stnkes 

Auxiliary contacts on 66 kV isolators are not worhng Indicators must therefore not be 
worklng 

No ground mat under  sola at or operating handle 

Crushed rock sunk leaving dirt and weeds on the surface 

B-phase of line breaker (66 kV) is jumpered out 

Chargng motor not operational in 66 kV line breaker, therefore breaker is non-automatic 
Has protective zone and tripping been modified accordingly? 

Breaker control not worhng 

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 isolator No 05 

Open strands on jumper wires 

Llghtnlng arresters should be mounted closer to transformer 

L~ghtning arrester surge counter not operational 

Transformer tank 011 level lnd~cator not clearly marked 

Manufacturer's 0 & M manual not on slte 

Transformer LTC can't operate under load 
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Improper spacing on 11 kV cables at transformer Stress cones too close 

Control cables not properly Installed In trench 

No 011 catch basln for transformer 011 splllage 

11 kV PILC cables are 1eak111g 011 at swtchgear 

Wrong type of bolts on mounting of swtch handle on cap bank They have become corroded 

Ind~catlng lamps not workng throughout the entire control room 

CT ratlo marked on ammeter not consistent 

Power factor m n g  at 75 leadlng Meter 1s defectlve 

On breaker, meter shows no load, no llght 1s on, target on breaker not vlsible Breaker is 
CLOSED 

On another breaker, meter shows no load, no 11ght 1s on, target on breaker shows OPEN while 
breaker 1s CLOSED 

Semaphore ~ndlcator on breaker 1s in wrong poslhon, wrong lndicat~on 

No 1 1 kV llghtnlng arresters on nser poles 

Improper spacing on stress cones at 1 1 kV slde 
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PEHOWA SWITCHYARD 
Note No scanning was done The scanner was st111 out for repaus 
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Pehowa Substat~on Deficiencies 

Crushed rock surface is in poor shape 

Many jumper wires have separated stranding 

Many wlres wth tlght bendlng radius 

No sl-uelding on control cable m metenng cabinet 

Bolts mlsslng on connectors 

Covers mlssing on trenches 

1 1 kV cable laylng on ground 

Indlcatlng llghts m transformer control cabrnet burnt out 

Transformer foundations conmnrnent area not large enough, and openlngs in walls 

Control cable not properly covered, bent tightly, wth rocks plled on top 

Wlnding temperature readlng lower than or1 temperature on transformer Defective WTI 

Trench cover sitting directly on cables 

No lrghtnxng arrester on distnbutron lines 

No bottom arm on arclng horns 

One transformer has no rmpedance stamp 

Openlng for cables on transformer control cablnet not properly sealed Squrrrels are nestlng 
~ n s ~ d e  

Capacitor bank out of servrce 

Indicator l~ghts on breaker panels not work~ng 

No fuse protection on battery cables 

Semaphore on control panel not work~ng 

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

Covers rnlsslng or broken on trenches 

33 kV cables exposed (not buned) 

Door open on CVT control box 

Sh~eld wlres not adequate on 220 kV and other areas 

Squlrrel nest In control panel 

Crushed rock protection detenorated or not existent 

L~ghtn~ng arrester should be closer to transformer 

Poor stranding on jumper wlres 

Arc~ng horns mlsslng on disconnect switch 

High loss jumper on 132/33 kV transformer 

No stress cone on 1 1 kV cable 

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

Blmetal connector needed on CT 

Sharp bendlng radius on connector 

Cap bank out of service due to lack of CT 

Llghtnlng arrester needed on cap bank 

Control House 

Semaphores not work~ng 

No fuses on station batterv cables 

66 hV Ladwa Barbaln feeder - ammeter not worhlng 

13211 1 hV T-3 pf rneter not ~vorklng, frequency meter not worhlng 

1 1 kV Incorn~ng No IV - power factor meter not work~ng 
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Battery Charger - Ammeters not working 

220 kV Control House 

No fuses on battery cables 

Ind~catlng llght not working on 22011 32 autotransformer T-4 panel 

Tnp clrcult 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 w~thout interlock on LV breakers 
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NILOKHERI S WITCHYARD 
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Nilokeri Deficiencies 

Mimic bus does not depict physcial layout 

No blue light for the spnng charged indication 

CT ratio on 132 kv not indicated 

Ammeter reading load while breaker is open Ammeter non-functional 

No breaker on 132 kV lncoming llne 

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 isolators 

Top of rod gap is missing on isolators 

Control cable to disconnect sw~tch is not in conduit Exposed PVC Cables 

Transformer containment area IS not adequate No 011 containment 

11 kV cables are not buned and are laying on the surface of the switchyard 

Some cap umts are out of service due to unreplaced 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 1 1 kV jumpers serves no purpose 

No fuses on battery cables 

Mimlc bus bagram shows (2) -1 32 kV busses whereas there is only one 

Function of indicating lights should be identified with nameplates 
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MADHUBAN S WITCHYARD 
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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 is broken 

Openings in 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 nng type is needed Heater is 
corroded 

One outdoor cabinet is rusted closed and could not be opened 

No one knows if the oil level in the power transformer conservator tank is proper or not No 
manuals are available 

Oil catch basin is not adequate 

Bucholz relay lealung oil at gaskets 011 lealung Into the breather on power transformer 

Cover plate IS missing from opemng m control panel on power transformer SSE replaced ~t 
dunng the inspection 

011 leak on power transformer 

Nameplate on power transformer not readable 

2 of 3 conhectors on 33 kV have corroded bolts and indicated hot spot on scans 

Opened stranding on 33 kV jumpers 

Covers rnisslng on trench 

Bending radius too tight on 33 kV jumper 

33 kV breaker target is the wrong color 

Poor strandrng on 132/11 kV transformer jumpers - showed hot spot 

Bulbs burnt out on many metal-clad circuit breaker panels 
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No fuses on batterv cables 

Ground fault on DC system Battery IS totallv discharged when charger IS disconnected 

1 1 kV breaker on Kamopura feeder shows "OFF" when breaker IS closed 

Bus coupler Indicates ON when ~t IS OPEN 

Other breakers have similar problems 

Semaphores not worhng properlv 

Lamp on alarm panel not worklng 

Transformer TI 132/11 kV - Breaker IS out of servrce - jumpered out Does the relaylng 
accommodate ths? 

Appendix IV 
Page 18 









"B2W SISTN. MADHUBAN-33W Iso0ator. Wed Phase 



132 W SQSTN MABHUBAN-33W Lone CU 





100K\dA VFR Yeillow Phase from Overhead hone-1 1 KV GO Swatch 









1 1 KV' Banodauuo Feeder T/fr 63WA 





W D H U B A N - B l u e  Phase d l32i14 Rd TTr 





HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT 

HISAR 220 kV SWITCHYARD 
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Hlsar 220 kV Substation Deficiencies 

Inadequate ground on breaker 

Trench covers missing 

Static wires not providng adequate protection 

B~rds nests have been built Inside d~sconnect sw~tch corona nngs 

PVC cables exposed to sunllght 

Tight bending radus in jumper conductors 

Rod gaps not properly aligned 

Surge counters not mounted at proper height They are too hgh cannot be read 

Surge counter not worlung (counter remans at 0) 

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

Wrong bolts on connector on 220 kV disconnect swtch - has caused corrosion 

Inadequate transformer c o n t m e n t  area on 11 kV transformer 

Indadequate crushed rock protection 

Control House 

CT ratio on 220 kV panel not marked 
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BEER SWITCHYARD 
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Beer Substation Deficiencies 

33 kV isolators - Bus connectors have tight bendlng radius Honzontal connectors were used 
~nstead of vertical connectors 

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

Heater is swtched off m outdoor breaker control panel 

No manual control on SF6 132 kV breaker 

Surger counter on WA is incorrectly connected 

Transformer oil contasnrnent area not adequate 

Gasket is detenorated on power transfonner control panel 

Poor seal on marshalling luosk for CT - water has entered ins~de 

Control cables laylng on ground 

33 kV jumpers have tight bending rahus 

No L/A on nser poles of 11 kV feeders 

CT ratio not indicated on control panels of 132 kV/33 kV transformer 

Spmg charge Indicator light not worlung 

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

Electrical spnng charging not functional on 11 kV breakers Spnng must be charged by 
hand 

Incorrect mirmc d~splay 

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

Cover plates mlssmg from panels 
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APPENDIX - V 

REPORTS OF INDEPENDENT 
IRG 

VISITS TO SWITCHYARDS 

(1) PINJORE 

(11) MADHANPUR 

(111) BABYAL 

(iv) PEHOWA 

(Pnor to start of Training Program) 

- 
INDIA 

AUGUST 1998 - SEPTEMBER 1998 
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10) CT ratios not marked 

11) Hotspots on scanrung 

12) Miss~ng andlor unconnected LA'S on outgolng IMV feeders 
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MADAN PUR S/S (220/66/11 kV) 8-28-98 
Contact Person Mr Aman Deep - SSE 

Mr Rajesh Kakkar - JE 

Observations (~tems needlng investigation & correction) 

1)  Crushed rock of substation grounding system is still visible but overgrown weeds, thrck 
in some areas, defeat the insulating properties of the crushed rock surface 

2)  HV breaker control cables are run exposed on the Inverted metal channels which get 
heated by the mid day sun Ths  exposure to hgh temperatures will accelerate the aglng 
of these cables and cause craclng wrth subsequent moisture seepage into the cables 

3) Field routrng of control cables due to earlier mo&fications have shortened ongrnal cables 
In order to re-install these cables, short cuts have been taken m 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 insulahon of the cables with ultimate failure of the 
cables 

4) Rod gaps across CT's d ~ d  not appear to be umformly set 

5) On all switchyard lightrung arresters the combined leakage current ammeter/counter at the 
base of each arrester was badly corroded and non-functional Since the instrumentation is 
directly In the ground lead of the arrester it should be venfied that corroded 
~nstrumentation has not "open crrculted" this ground lead, as otherwise an "ungrounded" 
LA will be totally ineffective in the system 

6) On 220 kV - 66 kV transformer, the oil temperature gauge reads 45°C and the w~nding 
temperature gauge reads 42°C Thls discrepancy was pointed out to SSE who confirmed 
that the winding temperature gauge had a stuck pointer and he corrected the discrepancy 

7) The overhead h g h m g  shleld wire over a part of the 66 kV switchyard was mlssing, 
leaving a large area of 66 kV bus exposed wlth no shleld wlre protection 

8) The 66 kV - 1 1 kV transformer was lealung oil at gaskets m the vicimty of the piping 
elbow contairung the Buchholz relay A plastic bucket, hung on the piping, was 
collecting the lealung oil The transformer was of 1971 manufacture 

9) 66 kV Bus, Capacitor Bank - 

+ Some untls were defectlve and not m the clrcult 

+ Fuses have been blown on some w t s  and no replacements h s h e d  

10) The only fire protection in the 220 kV166kV/l lkV switchyards conslsts of 8 bucket of 
sand located near the 220 kV-66 kV transformer 
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11) Fire protection in the controi building consisted of two (2) CO, cylinder extmguishers 

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

13) Power factor meter on the 1 1 kV bus reads 0 7 lead @ 1 1 kV, with capacitor bank not 
connected to 1 1 kV system The meter was obv~ously defective 
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BABYAL S / S  (6611 1 KV) 9-3-98 

(Contact Person Mr  R K  D~wan - Station Operator) 

Obsewatlons (Items needlng ~nveshgatlon and correction) 

Two (2) incomlng 66 kV lines but only one half of the 66 kV substat~on is 
operat~onal Equipment has been camballzed from the defective half to supplement 
the operational half 

Onlv one (1) 66 kV - 11 kV transformer IS available No back-up or standby 
transformer or circuits ava~lable 

Eight (8) 11 kV outgolng feeders m servlce Two (2) important feeds to the "armed 
forces offices" are important so much so, that there IS a standby 11 kV feeders 
ava~lable lf one of the two regular feeders fail Yet no backup at the 66 kV level 

Incomng 66 kV circuit has only one single phase CVT on blue phase of incomlng 
line No CVT on either red or yellow phases at 66 kV (also, no CVT's at all on 66 
kV clrcult No 2) 

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

All 66 kV isolators can only be manually operated Electrical operation IS non- 
functional All auxihary contacts on isolators are corroded and seized up and are non- 
functional 

No LA'S on incomlng 66 kV llnes Only rod gaps have been provided across the 
~nsulators of the llne isolators Settlngs appear to be erratic 

Incom~ng 66 kV line has a 66 kV circuit breakers as the only lsolat~on means between 
incomlng 66 kV llne and the 66 kV-1 1kV transformer 

Th~s breaker consisting of slngle pole ganged Interrupters has the blue phase bussed 
across its Interrupter with only the Red and Yellow phases going through their 
Interrupters The breaker therefore can never be used to  sola ate a fault on the blue 
phase 

Further, the way the HVPNL operators isolate the power transformer from the system, 
under normal conditions, is 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 llne 
disconnects of the 3-phase 66 kV line isolator The 66 kV disconnect in the blue 
phase would thus still be Interrupting the magnetizlng current of the power 
transformer These isolators are not load or magnetizlng current break switches 

The countersf leakage current ammeters on all 66 kV lightrung arresters are corroded 
and non functional As they are in the ground lead of the arresters, a check should be 
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made to ensure that the LA'S are still adequatelv connected to the ground g ~ d  and are 
not 'open circuited' in the instrument box 

The single power transformer runs fullv loaded (above its OA rating) 24 hours a dav 
and the fans run continuouslv Thls agan points to the cntlcal situation here of no 
backup power if any one component on the 66 kV side fails 

The tap-changer on thls power transformer IS 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 is non-operational 

Two parallel cable circuits are connected to the 11 kV bushngs of the power 
transformer One circuit IS a (1) - 3/C PILCA cable with (3) well spaced stress cones 
on a single tnfurcator box The other circuit is (3) - 1/C XLPE cables w ~ t h  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) T h ~ s  spacing 
should at least be increased to 9 inches mlnlmum by uslng an appropnate spacer to 
keep the line side of the stress cones apart 

Oil level on the conservator tank of the power transformer was between 1/4 and '/z full 

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

Fire protection system inside the control buildmg consisted of (2) two CO, portable 
cylinder type extmguishers 

The onginal crushed rock surface l a d  in the swtchyard for lirmting the lethal 
voltages and currents to operators, dunng faults, has sunk into the soil There is no 
continuous crushed rock surface in 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 1V capacitor bank was operational l h s  bank appeared to be intact, with 
all fuses intact, and all w t s  in semce 

All indicatmg lights on all the 11 kV switchgear panels and 66 kV control panes1 are 
not operational Therefore any information avmlable to operators fiom the status of 
the inQcating lights is non existent Other secondary means have to be resorted to, to 
determine the condltlon of c~rcuits and systems Feeder ammeters and breaker 
mechamcal flags have to be relled on to lndlcate to an operator whether the clrcult IS 

alrve or not 

Many breaker mechamcal targets are bent, broken or missing 

A few ammeters are non-operational 
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19 

--) 

IS) 

' 5 )  

Connected ratios of CT's are not ava~lable to the operator, so that instrument 
mult~ply~ng factors are not ava~lable, or readmgs of dual scaled ammeters are not 
known 

The PILCA (1)-3/C incomlng cable to the 11 kV slwtchgear IS weeplng oil at the 
gland 

The bare mirumurn of staff ava~lable at the substation only perform sw~tching 
operations and do not cany out any substation mamtenance 

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 protectlve relays for this 
breaker or no control switch The breaker operates as a permanently closed link 

None of the semaphores are ~ndicatlng lights on the 66 kV mimlc bus control panels 
are worlung 

The defective 66 kV breaker m the swltchyard has a non-operable control sw~tch on 
the 66 kV control panel The electncal control of the breaker is non operational The 
station operator informed me that the breaker chargng motor was defect~ve so that the 
breaker could not be operated electncally The breaker can be only opened or closed 
[only red & yellow phases - see Item (8) above] by operating the local manual 
pushbuttons at the breaker itself The breaker has to be charged wlth the manually 
operated charglng handle 

The above leads to a very unsafe scenano The power transformer ~f it develops a 
fault will cause ~ t ' s  d~fferential relay to operate whch w ~ l l  attempt to isolate the faulty 
transformer by opemng the 1 1 kV low side breaker and the 66 kV high side breaker 
S~nce the hlgh side breaker has no electncal control, the breaker will not tnp and the 
66 kV l ~ n e  will continue to feed the fault It is hghtly unlikely that the l~ne  breakers 
at the sending end of the 66 kV line w~ l l  see t h s  transformer fault even wlth delayed 
tnpping The transformer will eventually be destroved Thls is a h~ghly dangerous 
srtuation 

The ammeter indicating the load being furnished by the maln DC distnbutlon panel 
breaker, IS non-operative 

Outgo~ng 1 1 kV feeders - 

The LA'S on the H- tenna l  structures are not all connected to the outgo~ng overhead 
lmes Some have open clrculted phase connechons 

The 11 kV cable whrch comes fiom the 11 kV swtchgear to the H-structure has an 
ungrounded armonng at the pothead 

Isolator disconnect switches on the H-structures are non-operat~onal, yet they are left 
in the circmts No correctly chosen connectors are in use to make all the connect~ons 
fiom isolator terminals to the overhead lines, arresters and other equipment 
Improvised field w r e  wraps take the place of correctly chosen connectors Redundant 
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equipment, incorrect connectors, all lead to high losses being generated at these H- 
terminal structures 

32) There was no maln annunciator panel in the control building No indicating hghts 
bctloned 

33) No evidence found of 

(a) Feeder and transformer load logs 

(b) Battery specific gravlty logs 

(c) Substation ground gnd resistance logs 

(d) Log of outages or line disturbances 

(e) Logs of non-operational equipment 

34) It appeared that the meagre staffing at the substation enabled the operators to only 
devote their time to system operation with llttle or no time available for routine 
mamtenance 

35) It also appeared that the operators had no access to spare parts such as indicating light 
bulbs, etc and as such, replacements were never carned out 

36) 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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PEHOWA S/S (220/132/33 11 kV) 9/4/98 

(Contact Person 
Mr Ashok Kumar Sehgal, Asst Engineer. Operatlous) 

Observations (Items needing investigation and correction) 

The 132 kV LA's, on the low side of the 220-132 kV autotransformers have corroded, 
non-functiomg, leakage current ammetersisurge 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 leav~ng the control cablnet of the OLTC mechmsm of tranformer T2 were 
not sealed In my presence, a squlrrel ran up the cables and Into the control luosk, and 
had made his home in it There was no sealing gland to prevent t h s  happemng 
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 tens~oned and in some cases 
broken, and the H-structures leaned very heavily into the lines 
The oil level on the conservator tank of the 132-1 1 kV power transformer T3 was 
between the 1/4 and !4 full mark 
The oil cup on the silica gel breather of the 132-1 1 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 par  of transformers T h s  was the 
only fire protection system for t h ~ s  llne up of (2) 132-1 1 kV and (4) 132-33 kV 
transformers 
132-33 kV transformer T5 did not have ~ t ' s  measured impedance stamped on it's 
nameplate 
33 kV LA's were not located at the 33 kV bushmgs 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 umts, and on different phases 
Outgoing 11 kV and 33 kV overhead feeders appear to have an lsolator sw~tch in each 
3-phase clrcult whch when manually operated at peak load penods, opened one-phase 
of the clrcuit Thls was to deliberately load shed customers at peak load penods 
Unbalanced loads like t h s  could cause higher losses due to unbalanced currents 
flowing m neutrals causlng additional copper losses 
The mam station battery had no fuses at the battery on the cables leaving the battery to 
the mam breaker of the DC distnbution panel A fault in t h s  cable could burn out the 
battery Tius station has no standby DC source to t h ~ s  slngle 220 V dc battery supply 
Logs of battery specific gramty were apparently being taken on a weekly basis T h ~ s  
was not venfiable 
33 kV relay panels - 

Semaphores were not worlung 
No p f meter was on the panels to indicate how the capacitor bank operated 
Instruct~ons had been given to the operators to "switch on capacitor bank when 
load IS 100-1 50 amps " 
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15) 132 kV relav panels - 

Dunng the inspection, the 132 kV system voltage read 120 kV Upon 
lnquinng why this was so low the operator cranked up the voltage bv 
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 5 1 5 Hz 

16) 220 kV relay panels - 

A cutout in one of the relay panels had no metal cover plate over ~t A piece of 
paper had been pasted over the opemng to h d e  the llve terminals fkom vlew 
and a large hole had tom the paper, exposing the cable terminations withln the 
cabinet 
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APPENDIX - VI 

INSPECTION CHECK LIST 
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(Prepared for Tralnlng Program) 
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INDIA 
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SWITCHYARD, SUBSTATION AND FEEDER INSPECTION CHECKLIST 

The following is a checklist of the System Efficiency Improvement On-The-Job Traimng 
Program The checklist includes items that will be covered dunng the vlsit to the vanous 
substations It is intended that thls be used as a guide by the participants to identify what to 
look for when searchng for the deficienc~es that affect the optimum substation operation 

The participants are encouraged to continue self-research activities to become proficient at 
each of the subjects covered dunng the performance of the t r a img program 
The participants are also encouraged to actively participate in the program by ashng 
question, expressing and finding solutions to problems that affect thelr own substations and 
power distnbution systems 
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SEI TRAINING PROGRAM 

SWITCHYARDS, SUBSTATIONS, AND FEEDERS CHECKLIST 

INSPECTIONDATE I I TRAINEE NAME 

111 Cucuit Breakers 
IV Lightmng Arresters 
v Current Transformers 
VI Potential Transformers 

d Power Transformers 
I Name PIate Data 

+ Impedance 
+ MVA Rat~ngs 
+ Vector Grouplng 
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COMPONENT NAME OR CHECK TO BE 
PERFORMED 

I 

COMPONENT STATUS 

OK I C O R R E C T I V E  
A C T I O N  

11 Cool~ng Systems I 
+ Natural Air (OA) 
+ Fan Cooling (FA) 
+ Oil Coolmg (FOA) 

I 111 Lightrung Arresters 
Oil Catch Pits 
Bucholz Relays and 

Conservator Tanks 
vi Temperature Indicators and 

Alarms 
vil Oil Level Indicators and 
Alarms 
vili Silica Gel Breathers & Oil 
Cups 
ix Tank Condition (Rust, Oil 

Leaks) 
x Radiators (011 Leaks) 
XI Tank Grounding (2 grounds) 
xi1 Neutral Grouding and 

Neutral Grounding CT's 
xi11 Terminations 
xiv Fire Protection Systems 
xv Flrewalls andlor Spacing 

Between Transformers 

e p 
I Bus Structures and Busbars 
11 Cables and Terminations 
iii Eqmpment Termmat~ons 
iv Current Transformers 
v Potential Transformers 
vi Clearances 
vli Bus and Feeder Configurations 
vlii Cucuit Breakers 
ix Lightmng Arresters 

I 

I 

1 
I 
I 

1 

I 

-- 
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COMPONENT NAME OR CHECK TO BE 
PERFORMED 

f Swrtchyard Grounding 
1 Equipment Grounds 
11 OH Lightrung Sheld 
Wires 
111 Neutral Grounds 
1v L~ghtmng Arresters 

Grounds and Surge 
Counters/Ammeters 

v Grounding Gnd 
Resistance Logs 

VI Site Condition of 6" 
Crushed Rock Insulat~on 
Layer 

g General 
I Cable Installat~on 
and Trenches 
11 Dlrect Burred Cable Installatron 
111 Cable Used versus Application 
IV Safety Clearances 
v Worlung Clearances 
vi Marshalling Gosks 

4 Utilize Infrared Camera to Detect 
Hot Spots 

a Connectors 
b Equipment 
c Jumpers 
d Ground W~res 
e Cable Potheads 
f Transformers 
g Cucmt Breakers 
h Isolator Swtches 

COMPONENT STATUS 

OK 1 C O R R E C T I V E  
A C T  I 0  N 

I 

I 

1 

1 
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COMPONENT NAME OR CHECK TO BE 
PERFORMED 

B METAL-CLAD SWITCHGEAR 
1 Revlew Equipment One-Line Diagram 
2 Revlew System Protection and Metenng 

One-Line Diagram 
3 Inspect Metal-Clad Switchgear Facilities 

a Mim~c Diagrams 
b Control Plulosophy 
c Indicating Lights, Operation and 

Test 
d Metenng and Instrumentation 
e Relay Settings 
f Current and Potential 

Transformers (Ratios, accuracy, 
overlapping zones) 

g Transformer and Feeder 
Voltages and Loading 

h Substation and Feeder Power Factor 
1 Equipment Short Circuit and 

Continuous Current Capability 

J Cable TermmaQons 
k Connected Equipment Not in Use 
1 Open Current Transformers, if any 

C CONTROL BUILDING AUXILIARIES 
1 Inspect Battenes and Battery Chargers 
2 Alarms Annunciated on Battery System 
3 Auxiliary Station Service Swltchgear and 

AC Panel 
4 DC D~stnbut~on Panels 
5 Annunc~ator System and Alarm Pklosophy 
6 HV Relay and Control Panels 

a Relay Settmgs and Flags 
b Mamtenance and Housekeeping 

Practices 
c HV M m c  Bus and Control Panels 
d Semaphores, Lights and Indicating 

Meters 
e Color Codlng of  Mimic Bus 

7 Equipment Worlung Clearances 
8 Alarm Circuits Operation and Maintenance 
9 Emergency Lighting and Power 
10 Fire Protection Systems 

OK 

COMPONENT STATUS 

C O R R E C T I V E  
A C T I O N  
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1 COMPONENT NAME OR CHECK TO BE ' 

PERFORMED 
OK 

I 
I 

COMPONENT STATUS 

C O R R E C T I V E  
A C T I O N  

D MV FEEDERS 
1 Determine Magnitude and Time of 

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 andlor Cable Sizes Used 

on Distnbution Transformers 
6 Distribution 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 W~res 
d Grounding 
e Hardware 
f Connectors 
g Safety Clearances 

14 Take Voltage Readings Along The 
Llne 
15 Check Jumper Wire Size 
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16 Scan tor Hot Spots 
I a Connectors 
I 

Jumpers I 

Transformers I 

, COMPONENT NAME OR CHECK TO BE COMPONENT STATUS 
i PERFORMED 

d Fuse Cutouts 
e Isolators 

OK 

I 17 Evaluate Scannmg Results 1 

C O R R E C T I V E  
4 C T I O N  

Appenck VI 
Page 8 
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APPENDIX - VII 

HVPNL - INTERFACING 
PERSONNEL, SELECTED SWITCHYARDS, 

SCHEDULES, 
AND 

LIST OF TRAINEES 

(Dunng Training Program) 

INTERNATIONAL RESOURCES GROUP 

INDIA 

SEPTEMBER 1998 - DECEMBER 1998 

Appendix VII 
Page 1 
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SYSTEM IMPROVEMENT 
TRAINING PROJECT 

IRGI HVPNL INTERFACING 
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SYSTEM EFFICIENCY 
FIVE-DAY SEMINAR 

DAY 1 LECTURES 

MORNING - INTRODUCTION 
AFTERNOON - SWITCHYARDS 

DAY2 LECTURE 

MORNING - SWITCHYARDS 

TUTORIAL 

AFTERNOON - TUTORIAL 

DAY3 LECTURE & HANDS-ON COMPUTER 
ALL DAY - INTRODUCTION TO COMPUTERS 

WALK-DOWN THERMO-VISION SCAN 
EVENING - SC-G OF SWITCHYARD & DISTRIBUTION 

SUBSTATIONS 

DAY4 WALK-DOWN, HANDS-ON TRAINING 
ALL DAY - WALK-DOWN OF SUBSTATION AND PREPARATION OF 

"ACTION ITEMS" LIST 

DAY5 HANDS-ON COMPUTER ANALYSIS 
ALL DAY - COMPUTER ANALYSIS OF DISTRIBUTION LINES 
END - AWARD OF CERTIFICATES 

Appendur VII 
Page 3 
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TRAINING SCHEDULE 
& 

TRAINING GROUPS 

Schedule Traimng Tramng S wtchyard Switchyard Englneer 
Center Group Engineer 

9/24/98 - 10127198 Panchkula 1A Pmj ore Balraj Sheoran 
10/28/98-11/1/98 Panchkula 1B Babyai B R Garg 
1 1/2/98 - 1 1/6/98 Panchkula 1 C Pehowa T C Gupta 

11/9/98 - 11/13/98 Karnal 2A Kamai K L  Jawa 
11/16/98- 11/20/98 Karnal 2B Nilochen C D Pasrkha 
1 1/23/98 - 1 1/27/98 Karnal 2C Madhuban I Leekma 

1 1130198 - 12/4/98 Hisar 3A Hisar 220 kV Mr Ramdhan 
1217198-12/11/98 H~sar 3B Beer Mr Ramdhan 
12/14/98 - 1211 8/98 His= 3C Beer * Mr Rarndhan 

* Hans1 was fogged in 

Appendlx VII 
Page 4 



HVPNL System Efficiency Improvement Training 
Class Beglnlng September 24 1998 

Devrnder Slngh Rathee 

Amandeep Slngh 

Kuldeep S~ngh 

Deepak Sharma 

V~jay Gupta 

Mohan La1 Gupta 

Pramsagar Gupta 

Rajlu M~shra 

T K Mahajan 

K D Dogra 

S K Gupta 

563792 

01733 
53465 

566117 

566758 

566758 

A E 

A E  

A  E E  (Tk) 
C ~ ~ ~ ~ n  

AE Map 

A€ E 

A E  Tkfor 
s s E 

A E E M I T  

AE 

AE E 

Tralntw 

XEN Tt*h'w 

A K Verman~ Ambala -- 

_ - - - - - - - - - - - -  A K. M~ttal 

Ambala 

Ambala 

Panchkula 

Ambala 

Yumuna Napar 

y m w u  N a ~ a l  

Ambats 

yumula Nogar 

YUI~LI~I~ Naper 

Panchkula 

Panchkula 

NIA 

AE Trahhg 

Panchkula 

Panchkula 

Ambala 

Panchkula 

Yumuna 
Nagar 

Jagadharl 

Yumuna 
Nagar 

Naralngarfi 

jagadhad 

NIA 

Panchkula 

x 

x 

Prddcuh 
S ~ ~ I . ~ ~  

Madanpur 
Subslauon 

Panchkula 
Subslatlon 

NIA 

Yunula ~ o g a  
SID No 1 

Gobindpuri 
Substation 

M A  

Naralngarh 
SID 

Jmgedhul s10 
c&Y 

NIA 

x 

x 

x 

x 

x 

x 

X 

X 

x 

x 

x 

x 

X 

x 

x 

x 

x 

X 

x 

X 

X 

x 

x 

X 

x 

x 

x 

x 

x 

x 

x 

x 

X 

X 

x 

x 

X 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

X 

x 

x 

x 

x 
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X 

x 

x 

x 

X 

x 

X 

x 

x 

x 

x 

X 

x 

x 

x 

X 

x 
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HVPNL System Efficiency Improvement Tralnrng 
NOV 2 - NOV 6, 1998 

GROUP 1C 

Day 5 
6-Nov 

b- 
/ 

Subd~v~sionl 
Substation 

OP S10 

Day 2 
3-Nov 

Name 

v- 
N, 

Eve 3 
CNov  

Day 1 
2-Nov 

Day 3 
6NOv 

Circle Day 4 
5-Nov 

Oiv~sion Phone Title 

Present 

Present 

Present 

present 

Present 

Present 

Present 

Present 

Present 

Present 

Present 

present 

Present 

Ram Kumar 

R L Goel 

H C Gulat~ 

S K Arya 

A K Khanna 

Manoj Kumar 

V K Chawla 

Atam Prakash 

NIA 

NIA 

NIA 

N/A 

+> 
Pl=s7nt 

2~ 
I/ 

Kurukshetra 

Arnbala 

KKR 

Const 
Panchkula 

Kurukshetra 

KKTR A 

KKTRA 

Ambala 

Present 

Present 

Present 

21850 

26900 

85250 

21680 

87242 

22356 

24245 

653343 

A E E 

A E E 

A E 

A E E 

A E  

A E  

A E El  
S S E 

A E E 

Kurukshetra 

KU~kshetra 

Shahabad 

Kurukshetra 

Pundr~ 

Kaithal 

Ka~thal 

Panchkula 

J l1 K~r~k8he t ta  

AEE I MBP 
KUrUkshetra 

Shahabad 

Const SID No I I  
Kutukshetra 

SSE TIL 
Sub Dlvls~on 

Pundri 

SDO op SID 
No ~ a l t h ~ l  

AEElSSE TIL 
Kalthai 

A E  E M&T 
(lab) 

.p.+-- 

( 4 - b -  1 

5$Aq 

' ~ U U  

-2- 
( 6 * \ ~ : 3  

I ,'i 

cv I 

w .  

& 
kc 

- 

- 
/$I - 

// NIA 

b NIA 





HVPNL System Efficiency Improvement Tralnlng 
Nov 16 Nov 20 1998 

362355 OP Op Sldlvlelon OP Sldw 

V B Chaudhary 362366 A E E Gurgaon Sohna Sohna Present Present 

Const Const Const 

K R Kamboj A E E Panchkula Kurukshetra Pehowa present present 

46240 Suburban No l 

A K Garg 46362 A E E OP Karnal Karnal OP SlD Nllokhari present Present 

Suburban No l OP SID 
A K Raheja 42047 A E E Op Karnal Karnal Present Present -- 
Naresh Sardana 53663 A E E M a P Delhl M a P Pantpat Present Present 

Op C~rcle SIU D~vn SIU Sub D~vn 

S N Sharma 801 15 A E E Sodpat Son~pat ~ a n a u r  Present Present 

D S Chauhan 234533 A E E 

A E E 

A E 

A E 

A E  E 

A E  E 

R K Sehgal 

lnder Jeet 

Mangal Sing h Sorot 

R P S Chauhan 

Gulshan Nagpal 

- - 

275541 
23481 1 

51759 
51760 

340021 

261288 

OP Circle 
Far~dabad 

OP Circle 
Fartdabad 

Op C~rcle 
Namaul 

M P Delhl 

TOC KRL 

Const 

T a s MTC Dlvn 
Farldabad 

Op OLd 
Farldabad 

Op DIV 
Rewan 

M & P  
Gurgaon 

gard Constr 
KRL 

Const FED 

T A s M1c 
SiDlvn Farldabad 

Malhura Road 
SlDlv Farldabad 

Op SID C~ty 
NO II Rewan 

M B T L a b  
Gurgaon 

Const No 2 
Pan~pat 

TIL Const 
ELB 

present 

present 

present 

Present 

Next 
Week 

Next 
week 

present 

present 

present 

Present 

present 

Present 

kn %,k /t(_,/ 
6 ( / \ d 
44 Ld-L, 

Prevlous Prevlous Prevlous 
Week Week Week 

@LA, ~ ~ ~ ~ ~ ~ k ~ /  



HVPNL System Effic~ency Improvement Tra~n~ng 
NOV 23 - NOV 27 1998 

GROUP 2C 

Day 5 
27-Nov 

wy,p f 

i 

I! '-, 

uJi",/ 
- 

Name 

Nav~n Kurnar Verma 
- - - - - -- - 

Mohd Zak~ 

S K Sachdeva 

Jal Dayal S~ngh Bamel 

Mahavlr Slngh Dah~ya 

Subd~v~s~onl 
Substat~on 

CI~Y fh~bdlv 
- 

yamuna Nagar 

FarIdabad 

City 2 
Gur~aon 

Industr~al Area 

Amar Jeet S~ngh 

Shamsher S~ngh Sandhu 

Phone 

01282- 
51291 

01 732- 
24789 

0129 
2 1 5 q  3 

0124- 
322339 

01 264- 
41099 

220 kV SIS 
Nisslng 

M s T Lab Karnal 

Day I 
23-Nov 

Present 
- -  

Present 

Present 

Present 

present 

71057 

254101 
P P 

Title 

S D 0 
- - - 

S D 0 

~ d d l  XEN 

A E 

~ d d i  XEN 

Present 

present 

- 

Day 2 Day 3 Eve 3 Day 4 
24-Nov 25-Nov 25-Nov 26-Nov 

S S E  

~ d d  xen 

Clrcle 

Namaul 
- - - 

Panchkula 

FarIdabad 

Gurgaon 

Sonepat 

Present 
- 

Present 

Present 

Present 

Present 

Division 

- 
Narnaul 

Ambala City 

Faridabad 

c ~ t y  Gurgaon 

CI~Y Sonepat 

Present 

present 

Karnal 

M 8 P Delhi 

\),? < -iL .\ /,q 1 

& / -  1 

L 

!k 
&% 

"?Yynb 
SIU DIV No 1 

Karnal 

M & P  
Panlpat 

byvv 
e, 
Q-%- 
0 
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HVPNL System Efflclency Improvement Tratning 
Dec 7 - Dec 1 1 1998 
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APPENDIX - VIII 

RELEVANT NEWSPAPER CUTTINGS - 
NOV 1998 

(Dunng Training Program) 

IR INTERNATIONAL RESOURCES G R O U P  - 
INDIA 

NOVEMBER 1998 
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'- Lt Reduced T&D losses to save 
3 - 9000 mw power: Kumaramanglam 1 

'!4lmutwm#aeidrtronal 
pmrhsrbecn&"heraKi, 
addurgw mtlondmaYeragt 
hadshatupop565petoent6wn 
Z3pifenttftwytsrsaep 

Kumararnsrrgakm srud W a  
had bnght pmpas for chrnnmg 

wr 1BDlakh rnwe~@~?&la hydcl 
pamtlaljn thenaa 10- 

As a long-tam solwcm to 
~ x l w u - w ~ ~ ~  
"btst and cheapt opwn and rt: 
harpmvenpMenhPLA helard 

Pow% generattd from the 
0- BtashyddptopnInPu* 
jab cort the stnte clecmaly b a l d  
thr#paiscperurutanrf!ssoldta 1 
conarmcnratmtparre~urut 

nYnmgtbthesubsrdytoBe I consmnaathaPcvRt.Miu&~~b, 
rtemted the Centre's stand an m I 

duad sutardy, but Mid the state 
gwanmcnts we= welcome to 
oontmueprmmd@ 

November 15,1998, "The India Express", 
Chandigarh 
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I Darnzed transformers 

~~~~~~~~~~~~~~~~p 
buttanomad U n d e r t h c r m r m s . t h # c ~ ~ ~ a n t o b e t c -  
~nnmedtardyfPrnd~ 

Lastweck,thcauthontia agamddrrrctcd t h e ~ t e n d c n t c ~ n  
(SEs)dall the 1 3 c r r d e s t o w q ~ w l h ~ e r , u m g o f a n a m o n  m 
case of birr. Whik the fIVPY rnanagment snnbutcs th+ delay to ul 
louwes. the &Id o % m  have Mamcd nomwdabiity of veMe for thew 
farturew t a k e a I d r d a m & ~ m t o ~ -  
lnghard togctveh#lesbut t h m a a s ~ ~ c  shorrag+ Ihe hrghrrauthonties 
hmalrradvkn~nfomdabout Ihcp~em"~dtoaseruormynur 

November 15,1998, "The Indian Express", 
Chandigarh 
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Page 3 



HVPNL SYSTEM EFFICIENCY IMPROVEMENT TRAINING PROJECT 

APPENDIX - IX 

EXHIBIT OF A PERSONAL "SWITCHYARD 
MAINTENANCE SCHEDULE" 

(Prepared by an HVPNL - Engineer) 

1 INTERNATIONAL RESOURCES GROUP - - -- - 

INDIA 

NOVEMBER 1998 

Appenb IX 
Page 1 



HVPNL SYSTEM EFFICIENCY IMPROVEMENT T R A W G  PROJECT 

Provided by Mr C D Pasncha A E IS S E , Nilokhen Substation 

1 Power & SIStn Transformers 

1) Quarterly 
A) Dlelectnc Strength of Oil 
B) Check Clean lines of air passage of breather and crystals of silica gel 
C) Check conservator oil level indicator and its float operated mechasm if 

provided 
D) Check diaphragm of explosion of vents for any breakage 
E) Check temperature indicator for correctness 
F) Water content of oil 

ii) Half Yearly 
A) Insulation resistance of winding 
B) Earth resistance neutrals 
C) Bucholz relay operation for alarm and tnp 
D) Check operation of Temp Alarm 

iii) Yearly 
A) Oil in transformer for acidity 
B) Resistance of transformer w~ndings 

iv) After 10 years 

A) Inner inspection including the lifting of core coils 

2 Bulk Oil Circuit Breaker (1 lkV, 33kV, 66kV, 132kV) 

1) Monthly 
A) Check oil level of tank 

Appendur IX 
Page 2 



HVPNL SYSTEq EFFTCIENCY WROVEMENT TRAINING PROJECT 

11) Quarterlv 
A) Test Oil for dlelectnc strength thnce a year or after 7 tnppings whchever 

1s earher 
B) Check tnpplng mechmcal system 
C) Clean and lubncate mechamcal system 

111) Yearly 

A) Check and clean statlonary and bndgng contact 
B) Check show closmg and contact alignment 
C) Inspection of contact and cIeanng gnds 
D) Insulation reslstance 
E) Contact reslstance checkmg 
F) Oil acldlty test 

3 M i ~ ~ ~ m u r n  011 Circult Breakers 132,66,33,11 kV 

A) Check Oil for dlelectnc strength thnce a year or after six tnppings 
whchever IS earlier 

B) Check tnpplng mechmsm 
C) Clean and lubncate movlng parts 
D) Check and clean exhaust pipe 
E) Check Oil in the dash pot 

11) Yearly 

A) Acidity test of oil 
B) Clean and flush quenchmg chambers 
C) Clean and lubncate movlng parts 
D) Check insulation reslstance 
E) Inspection of contacts 

4 D C System (Battenes) 

1) WeekIy 
A) Recorhg voltage and spec~fic gravity of pilot cells 
B) Check and top up electrolyte level 
C) Check malung of Tnckle/Qmck charges 

11) Monthly 
A) Inspechon of the charge and discharge cycles 
B) Checlung the temperature specific and voltage of all cells 
C) Check bghtness of bolted Inter cells connechons and remove the oxlde 

film 

Appendm IX 
Page 3 
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in) Half-yearly 

A) Give equalizing charge to the batteries on float charge 
B) Glve a conditioning charge w~ th  a curative discharge 

5 132166133 kV Isolators 

1) Quarterly 
A) Clemng & Lubncation of main auxiliary contacts 
B) Lubncation of beanng jo~nts and 011 cups 

6 L ~ g h W g  Arresters 

1) Half yearly 
A) Checlung of earth resistance 

7 Substation Earth Res~stance 

1) Half yearlv 

8 Capacitors 

1) Monthly 
A) Ventilation against blocking 
B) Check current drawn against rated figures 

9 Log Sheet 
A) Are the log sheets signed duly by SSE/AO/SDO in charge of the 

substation 
B) Are some log sheets signed by Xen 

Improvements for Future 

Appendu; IX 
Page 4 
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1 0 General Remarks 

1) Provision of T&P Safety Equipment 
11) Replemshment of first aid boxes 
ill) Provisions of Trench Covers in control room and yard 
IV) Provis~on of sufficient lightlng arrangement m control room 

I I Insulation resistance of 1 1 kV Bus 

12 Insulation reslstance of 1 1 kV P T 

13 Insulation reslstance of 1 1 kV incomlng cables 

14 Worlung of K W 1 1 meters 

15 Conchtion of fire extingu~shers 

Appenduc IX 
Page 5 
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APPENDIX - X 

PHOTOGRAPHS 

(Taken dunng Training Walkdowns) 

INTERNATIONAL RESOURCES GROUP 

INDIA 

SEPTEMBER 1998 - DECEMBER 1998 
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4 b o ~  e participants are receiL ing 'hands-on Instruction for computer design of 
distnbution systems Below these connectors should have been vert~cal to aloid tight 
bends In jumpers 

Appendix X 
Page 1 



H\ PNL SYSTE'LI EFFTCIELCJ IMPROI E\IE\T TRAINTNG PROJECT 

A b o ~  e there is an absence of a crushed rock surface Below, the cables are ~ncorrectlv routed Into 
trench 

Append~x X 
Page 2 



1-11 PUL S17STE'L1 EFFICIEUCI ILIPRO1 EME\T TRAIUTNG PROJECT 

Above the nalh-down with the tralnees Below are norhers cieanng the meeds In the 
su 1 tchvard 

Appendlx X 
Page 3 



HVPWL SE STEM EFFICIEUC? IVPROVEMENT TRALSING PROJECT 

Aboce 1s a clrcuit breaker which IS shorted across the RED yhase 
Below the cable 1s ~mproperlv entenng into the trench 

Appendix X 
Page 4 



W Sk STElI EFFICIE\CY T'\.IPRO\. EVENT TRAINING PROJECT 

Above the hazards of surface l a d  cables Below a vert~cal connector 
could have reduced this t~ght  bend In the jumper 

Appendix X 
Page 5 



HVPNL SYSTElI EFFICIEYCI TLIPROI El IE\T TR 4IUI\G PROJECT 

'o the left the strands or the lumper are 
-uenlng up due to the tight henu On the 
l g n t  rno pnases on tne Il\e I I h \  cable 
 re too close There IS  no control of 
spacers Far bottom buckets ot sand is 
the evtent of fire protection for the entire 
s\ t  I tc hvard 

Appendlx X 
Page 6 



t-I\.'P\L S'r STEII EFFICIE\CJ ILIPRO'I EI IE\T  TLU\P .G PROJECT 

These pi~otos shon sroup lnstructlon 
dunng 11 aih-domns 

Appendix X 
Page 7 



H V P W  SYSTEM EFFICIEUCk IMPROVElMEhT TRAINILG PROJECT 

Left All of the bulbs 
on the lndicatlng iights 
are burnt out Below 
neither the indicating 
Ilghts nor the ammeters 
are function~ng on 
closed circuits 

Append~x X 
Page 8 



HVPVL S I  STEM EFFICIEYC'r I\IPRO! EMENT TRAI"\II\G PROJECT 

Top Left and h g h t  The PILC cable is leaking oil at the gland at metal-clad switchgear 
end Bottom Left Good practice of displaving instruction poster for electrocution 
Bottom Right Group instruction on the computer 

Appendlx X 
Page 9 



HVPYL Sk STEII EFFICIE\CI I\IPROVE\IE\T TRAIUNG PROJECT 

Group computer instruction 

Appendix X 
Page 10 



HVPWL Sk STEM EFFICIEUCI I\IPRO\.'E\IEhT TRAI\IUG PROJECT 

Left The cables should be in conduit 
and not exposed to the sunlight 
Middle Trench c o ~  ers are mlssing 
needs are overgrown and there is no 
crushed rock surface Bottom 4 poor 
control cable ~nstallation 

Appendlx X 
Page 11 



HVPYL SE STEM EFFICIENCY IMPROI EhZEhT TRAIhThG PROJECT 

Top left 4 
single CO, 
cylinder for fire 
protection a a 
large power 
transformer Top 
nght Electnc 
wires are run 
along the ground 
M~ddle  These 
vertical jumpers 
are too t~ght  and 
pull~ng up on the 
lightn~ng 
arresters 
Bottom The 
cover of the 
terminal box was 
left open 

Appendix X 
Page 12. 



HVPYL S\ STEM EFFICIE\CI I\IPROI E\IENT TRAINIVG PROJECT 

Top Group instruction dunng walk-domn Bottom 
A honzontal connector is needed to avoid a trght bend 
In the jumper 

Appendlx X 
Page 13 



HVPNL SYSTEYI EFFICIEhCl I\IPROVE\/LE'\rT TRAINING PROJECT 

Above Honzontal jumpers are needed to avoid t h ~ s  tlght 
bendlng radius on the jumper Below sphere gaps are not 
properih set or a l ~ ~ n e d  

Appendix X 
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HVPYL SYSTEM EFFICIENCY IMPROV ELIENT TRAINING PROJECT 

Above The covers of thls trench have been left off evposlng 
these cable to sunllght and other elements which can damage 

them Below electnc wires are run along the ground. 
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H\ P\L S I  STElI EFFICIEYCI I\IPRO\ E\IE\T TRAIhI\G PROJECT 

4 b o ~  e these L ert~cal jumpers are too t ~ g h t  Beion 
a mlssing cober plate mas repaced u ~ t ' l  a plece ot 
paper ( now tom 
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H\ PZL Sl STEII ECFICIE\CI I\lPRO'I E\lE\T TR;V\I\G PROJECT 

Abok e semaphores are not funct~onal Belo~i  batter1 cables 
ha1 e no tuses 
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HX PUL S'r STElI  EFFICIELCJ IlIPROL E\IE\T TRAIUIXG PROJECT 

4 b o ~  e nlanv ~ n d ~ c a t ~ n s  llghts are non-functional Below man\ capacitor 

unlts have blonn fuses 
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HVP\L S J  STELI EFFICI'L\CI ILIPROI E\lE\T TRAIUTicG PROJECT 

Aboce arclng horns are missing bottom rods Below covers to 
trenches are poorlv installed 
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H i  P\L  51 STE\I EFFICIEACJ I\IPRO\ E I I E Y T  TIWIhIhG PROJECT 

Abo\ e classroom computer lnstructlon Belon 
these 1 ertrcal jumpers are roo t~gh t  
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HI P\L S l  STE'I EFFICIII\CJ :\lPRO\ E\lE\T TK\I\I\G PROJECT 

A b o ~  e control panel covers are left open for 
evtended penods of time Below Cables in trenches 
are cornpletelv exposed 
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HVPNL ST1 STE'I EFFICIC\CJ !LIPRO\ E\IEhT TR4IUIUG PROJECT 

A b o ~  e these canisters are the exrend of fire 
protection for these large power transformers 
Belo\\ cables are lmproperiv installed entenng 
over 11p on trench 
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HkPUL S I  STElI  EFFICIELCI' ILIPROI ELlEbT TRAl\I\G PROJECT 

Above battenr cables ha1 e no fusing Belon cables are 
poorlv installed in trenches 
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4b0\ e three d~fferent connectors are used on the three phases This is a poor 
des~gn Belon a \\ire \\rap IS used In place of a proper connector 
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21 PUL S J  STE\I EFFICIE\CI ILIPROI E\.IE\T TRZII\I\G PROJECT 

\bole clearances on these 1 1 by cable terminators are not 
controlled Belom the sn~tchvard suriace has no crushed rock 
and is o\ ergrown 1% ith eeds 
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H\ PVL SI STE\I EFFICIEUCY I\IPROI E l I E h T  TRAINING PROJECT 

'\bo\e sphere gaps are not consistent on each ot the 

phases Below trenches are poorlv malnta~ned. 
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I-I! P\L S\ STEL1 EFFICIEYCI I'LIPROi E'LIE\T T R A I \ h G  PROJECT 

Above group computer lnstructlon Below control cable is 
pooriv ~nstalled \\ ~ t h  a tlght bending radius 
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I i \  PYL S I  STEII  EFFICIE\CI ILIPROL E\IE\T TRAINILG PROJECT 

Above and below yellow taDe \\ hich senres no 
purpose gii es a false sense that the cable is properlv 
~nsulated 
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H\. P\L S I  STE\l EFFICIE' C I  I\IPRO\. E\IE\T TRAl\IUG PROJECT 

X b o ~ e  and below 11 hV capacitors on the ground is a poor 
installation practice 
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14% P\L S J  STElI EFFICIE\CI ILIPROI ELIE\T TRAI'cIhG PROJECT 

Above and below these control cables have been poorlv ~nstalled n ~ t h  a 
tight bend~ng radii 
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IHVPUL S J  STElI EFFICIE\CI I'LIPROI El lELT TRhL'LIhG PROJECT 

A b o ~ e  and belorn these 1 1 LV cable have been ~nstalled along 
the ground ~nstead of be~ng  buried properlv In a trench or 
placed in conduit 
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HI PUL SE STElI  EFFICIELCI I\IPRO\ E \ lE \T  TRAI\ILCr P Q O  lECT 

Thes 
trans 
415\ 
proti 

,e plctures show a dlstrtbution 
,lormer structure 11 here 1 1 ~  e 
n Ires are evposed n ~ r h  no 

: c ~ I \  e co\  er 
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id\ P \L ST STEL1 EFFICIE\CTI I\lPROI ELIE\T TRAI\I'CG PROTECT 

4 b o ~  e n Ire raps 
are all that are used as 
connectors on these 
415\ llnes Belon IS  rl 

tvpical d~stnbi~tion 
transformer substat~on 
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Hi/ PYL S l  STE\I EFFTCIT3CJ TLlPROL EbIEZT TELU'chG PROJECT 

Abox e Exposed 31 51 cables n l th  strand fuses Below shows a good 
practlce of postins maintenance charts In substat~ons 
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H\ PUL SJ STE\l EFFTCIEYCJ I\IPROI E\IEhT TFLAlLhG PROJECT 

A b o ~  e the substation maintenance schedule has been posted This 
is a _good practlce Below, past records ot shutdowns ha\ e been 
posted also a good practlce 
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?I PUL S\ STEL1 EFFICIE\CJ ILIPROi E\IE\T TR=V\I\G PROJECT 

Above past records of load on the Substation 1s posted J 

good practlce Below many indicating l~ghts are burnt 
out a verv bad situation 
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H i  P\L 51 STE\I EFFICIE\C\r I\IPRO\. E\IE\T TRAI\I\G PROJECT 

4bove trenches and cables have been p o o r l ~  installed and ma~ntained 
Below grass has gromn In destrov~ng the crushed roch surface 

Appendix X 
Page 37 



131 P \L  5 1  STI311 EFFTCIEYCJ I1IPROI E\IE\T TKAIYI\G PROJECT 

Above t h ~ s  control cable has been poorly Installed \I 1t11 no conduit 
Below 1 1  1\V cables hake been lald on the surface a poor but 
common practice 
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HL'PUL S l  STEM EFFICIE\CI IMPROI E l I E h T  TRAlBIhG PROJECT 

Above this transformer has no catch basin In the case of spllled 011 Below 
control cables hake been haphazardlj lain on the ground 
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\bole 1 IkV cables are running along the ground not burled In trenches as the\ 
shouid Below thls capacitor bank has been \ andai~zea 
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/-I\ PUL S I  STELI EFrICIE\CI ILIPRO\ E\IE\T TRAIUIhG PROJECT 

Abol e leavrng a trench open as t h ~ s  has been is a poor practlce Belon 
corroded hioslrs \\ ~ t h  cables entenng w~thout the protectroll of condu~t pose a 

rel~ab~litv problem. 
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111 PYL S l  STEhI EFFICIELCI I\IPROl El IEhT TRAlUhG PROJECT 

4boxre These cable entenng the transformer don t have the 
protection of conduit Below the strands of these jumpers are 
openlng 
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HVPUL S l  STElI EFFICIE\CI I'\IIPRO\ E\IE\T TRAlhIhG PROJECT 

4bo\ e this marshalling klosh is corroded and has no gaskets on 
the doors Belou these cable dre exposed to sunlizht and other 
harrniui elements because the trench covers are missing 
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YI P\L SE STELI EFFICIEUCI IMPROL ELIE'cT TRAI'\iNG PROJECT 

4bol e b~rds  h a ~ e  formed nests ~nside the corona rinzs ot these  sola at or 
sw~tches Belon honzontal connectors are needed to reduce the bending 
radius on the jumpers 
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H i  PZL SE STELI EFFICIE\CI I\IPROI ELIEhT T R U L h G  PROJECT 

Above horizontal connectors are needed to reduce the 
bend~ng rad~us on these jumpers Belon these surge 
counters have been mounted too hlgh and are d~fficult to 
read 
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HI P\L  S l  STEL1 EFFICIEhCI I\IPRO\. E\IEhT TRAILnG PROJECT 

Above these arclng rods are not allgned Belou a weil 
des~gned and ~nstalled oil catch basin and transformer 
foundation 
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d\PUL S I  STE\I EFFICIEYCJ I\IPROI E\1E\T TRAI\I\G PROJECT 

This statlon senlce transformer s supplled b t  a 
poo r i~  des~gned pothead The c earances are not 
adequate between live 1 1 LV phases 
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H i  PUL S J  STEII EFFICIEYCI IbfPROi E'vIEUT TRAI\I\G PROJECT 

"o"7p. -- -- - 
--,- 

,. - -- - -+:: = ib - 
=-~*r-= - - *Ajp$gig+2=% - 
4- JI -q - ?r% I --I -- 1 - T-e &**z-%-& \G -- - , ~$=&5p  * - i- --- 

I -v$T- 
- 

I C Y *  - e -  - -  
*t-;-- - ; - - Right The posltion o t this 1 1 Li - X ~ Z  a -7. W= - - 

* 2g-y r - 
breaker can not be determined bc - - - - -- - 
the ~ndlcator ON and OFF Ire both - - 
c l ~ s p ~ a ~  ed in the n Indon Belo\\ 

:hese batten calble h a ~ e  no ruses 
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H i  PYL Sl ST111 EFFICIEtCJ T\IPROL EbIEYT TRAL\P,G PROJECT 

Abol e these 1 1 hV cables are lavlng on the ground not 
buned Below these jumpers should be connected w ~ t h  
honzontal connectors 
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I{\ P\L ST1 STE\I EFFICIE\CI I\IPRO\ E\IE\T TRAlhI\G PROJECT 

Above thls I S  a poor practlce of laylng electncal l~nes  along 
the ground Below the surge monitors are mounted too h ~ g h  
and can not be eas~ly read 
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HI PYL S J  STElI EFFICIL\CY I\IPRO\ E\IE\T TRAlhING PROJECT 

Above t h ~ s  transformer foundation IS of a poor design 
Below This connector should ha\ e been of the ' T type 
eliminating this sharp bend 
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d\.'PYL SE STELI EFFTCIELCI ILIPROi ELLENT T R A l \ n G  PROJECT 

Abo\ e exposed 41 5v wlres Below exposed 

1 1  5\ \i Ires are mounted erv low. 
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HVPYL S J  STEhI EFFICIEhCI IhIPROi E'LIEhT TRzVhTXG PROJECT 

Top 
Mim~c 
bus does 
not line 

LLP 
Middle 
and 
Bottom 
A good 
practice 
0 t 
posting 
the 
substatlo 
n 
maintena 
nc e 
schedule 
s and test 
results 
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HVPYL S'r STElI  EFFICIEYCY IMPRO! EMENT TRAINIhG PROJECT 

Top 4 good 
practlce o t 
post1n.g; the 
substar~on s 
maintenance 

schedule 
Belon Ire 
\i TaDS are 
used ds 
connectors 
and can be the 
source o t hot 
spots 
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