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Integrated operation of powyr gystems in soch State or
aren ith Mo of nolghbouring Btatss/ areas 48 vooantiel
for optimm utildsetion of pover plants econcmieally end
aftyentageonsly, Gystenotic efforts have beon nodo during the
iagt decnde to unify tho power gystaans of the country on a
regional banid, The first regional power grid that hos
alroody gone into operation 1s tho southern grid compriping
of Rarnatoka, Andhra Prodedh, Kernola #nd Tondl Nofu and the
Union territory of Pondichery.

Forcoondinating and monitoring the cperations of an
intsgrated pover eystows, on w coneept of coordinated (4.e.
integrated) bneis, vith n view to rezlicing tho various
benofits irherent in ouch aporation, ostablizhnent of lood
dompatering stations ave required.

Tor satinfoctory operation of itho intor-comnostod
syotass, the two varigbles nazmely lond and frequeorey have to
be rogulatad,. The govomor of the prime mover plays on
frportant part in the contyol of gystmm Irequency ond load.
Further power &ystens aye intsf.comectod for puipose
econoey interchange snd rodue tion resosve capacity. Tio line
load bing contyol 18 vory ugoful (in vegulation of frequency)
for ecoordinated oporation of powor syotems, as 1t provides
a conveniont neang foy Heferentiating the rosponpibility
for tho aqyatemt lozd changos. TFuriher in intorconmocted
webten the imrmontl cost of recaived power shwould b
cme from all sources for optime econcmy. Incymaitel
slido ules, ponalfy foctor capulers efe. are used for
acheduling of penorsation for optimm pecnry. Commputer



controllors zre bost sudted for controlling simil taneously
tho oy ston frequency, not interchange of power and economical
allocation of goneration.

Camurication facilities gonerally rvequired for powor
gystan oporation eanpziso telephony,; %telemotering, tole
algnalling, resots control and teleprinting. The mpply
utilities in India have reliod largoly on Pil.CeC» facilitics
for the dbove purposes. The Ae¢spalching stations shnll be
located ouch that P.L.C.C. focilitios are availsble to oll
parts of e notworiz, It 15 also dosirable to utilise P& T
facilitios fMully alongvith P.L.0.C. for obtaining 100%
ralioblo coernnica tion,

Tho intagmtod opermtion of tho ﬁ:uthom rogional grid
has holped to tids over o mmbor of miergencics tiug
improving tho reliability of powor systems in a elgnificant
namer. The inotalled copacity of the region by the end
of V Plan vill ba of oxder of BY73 lNiv comprising 6121 Hw
Bydro and 2852 HMw Themal. Tromendous load growth is also
onticipated 4in the region. It is noveesayy to establich
rmbor of intor-stats linen of adequate capaciyy for
oporation of ie yogion on integrated dasis, More coonomical
and technicsl bonefite vill agemie to the reglon Yy adopting
sophisticatod mothofin of losd degpateh techniques.
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CTIAPTER «%

INTRODUCTION

1.1 The powor gyoteas in the comftry in the esarly yocars
of dovcleopnent were elrplo with most of the load contres being
fed by the generuting stations over radinl 1lines. Unified
grid gyotems intorconnccoting mumbor of hydro, thomnl and
micleoyr powor stations and pxtuming ovor large aroas have
now dovolopod.

Orid devolopment on the baois of tho mgall aron or
States alone 1is not enough. It s nov well recogniced nll
over tho wild that pover development in isolation is mot
posoible. Contigoous powor oystens have got to be intex-
comoctod and reglonuiso intogration han i ba atterpted in
ovory countyy for roalising tho various techndcal and
oconoriic advantages inhorent in euch cperation. Intere
connection of povor mystems provide a woy to ghare genoration
rosocxvos and thereby ovail sube-ptontinl savings in both
capital cost and wumning cost. Thuo the conceopt of powvor
pool 4o introduced for joint operation of independent utlites
a0 that the offcotivo reposve of each one incroasas.

Povor pools rnot only pernit tharing of genoration
rocervon but nlso encoursges intor-change of oconony onoOIEy.
Tho oripginal concopt considered such intor.change was only
during off peck porioda. Dut now the time mone effeet which
- gives non~coincident gystom end pool poaks 13 being rore
concidoration,
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1.2 The odvantages of intogrnted oporaticon of powar
gyotenn (botwoen statos) are lov inctallod copocily, digper
unit size additions, reduced Spiming rogoyve regquircoonts,
nininmem genoration coot and gdditionmal oporating benofite.
Aport fron Moso advantages obtaincd by intorconnoction

mnd integrated oporation, tho povor cupply rolichility

and quality aro improved vhich hove groater effoct on
induotrial grovth and human 1iving.

1.3 Unitod Kingdon and Fronoce provide excellent excrples
of corplotoly integrated povor gystoms. 13iile those
countrios aro camaratively mmall, U.5.5,R, 19 the largont
country in %o vorlid vhero gystematice efforts are boing
nadoe to dovelop ono intorconnosted gyotan for the entiro
country. In Purope nany of the countrion are now intor.
connected. Tho nost otriking exewplos of coordinated
oporation of powvor Hyotems transconding nmatiomnl frontlors
are e pools of U.C.P.T.B.y S.U.D.E.L.y otc. In Turope,
The U.C.P.T.Du, in particular covers eight countries of
Hostoim Buropo ond various pools are intum connoated to
foyx the vost Curopean pover pool.

1.4 Tho concopt of intopgrated oporation of contipuous
powvor systomo 1o now fully rocognised in India and
syotomntie offorts are bodng nede to unify the powor
grotomo on o repional basis. Tho cubjeet of ploanning and
ootoblichment of rogional grids was diccupced in tho
uminaru arronged by C.B.I. and P. Followving the recommond-
ationo at thoso Sominars o bhigh lovel cocmittoo comprising
the roprosontativios of the C.1, & P.C., Plormming Cormifission
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and Stato Elcetrieity Boards ste. wns apointed ‘to exoning
the ocopo of fomation of roglonal grids.  On thelr
rocommondations the eountry was divided into the following

five reglions.

Forthern Roglons Jomew and Kachmiy, Himochal Pradosh,
Punjodb, Horyoha, Uttor Pradosh,
Rojoothan and the Union torritorios
of Delid and Chandiparh.

Wootorn Roglon @ Gujarat, Maharachtys, Hadya Pradoth
and Union territory of oo Doman and
Diu.
Southorm Roglons Andhra Prodech, Tanil Hadu, Karnataka,
KEorala and Union territory of Pondichoxy.
Eastom Rogion % Yoot Bongal, Bihar, Orriczo and
Dorxodar Volley Ceorporation.
Forth Eastom Ascam, Momipur, Tripurs, Ragaland,
Region 3

Hé@alaya d the Union torritorios
of Arunnchal Pradoch and Misoram.

Figuro 1.1 chovws the formation of rogions in tho

country.’

1.5 Tor doriving tho maximm bonofit of intograted
oporation of powor gqystems, tho generation md bra:;mission
faciliticg within 'each rogion being plamed as a rogion

ag o vhole. Thus it would bo clear that a stage would

bo rosched vhen tho constituont power gystema in the rogion
vill bo interconnected with strong and freo floving tic
1inos to operate the rogion on one groten bosls (1.0.Regional
grida).
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1.6 ‘o pore ond moro povar otations nre commectod-
tocothor it bocoios difficult to control tho various
operations of the initorcomocted notuork., To ovorcosoe
tho aifficulyy of opornting ciach o natworke on o
coordinated bacis ostablichnent of a central control
ot coordinating station beconas nx¢ossary. Ouch o
station 4o called "load Dogpotching Statien®.

The tochniguo of rehoduling, coordinating maA
roritoring tho opormations of on intoprated powor nycten,
on tho conscnt of coordinated (1.0. integrated) bonls,
vith o viev to reslising the varlous benefits inhorent
in cuch oporation nay defined as "Load Despaliching.

1.7 A losd dorpatching station contralling o State
power prid and that controliing o rogional powver grid
aro colled state lond despatehing station (6108) and
R::gional‘”‘aowatching station (RIDS) rogpoctively. A
lood docpatehing station controlling tho Iational powey
grid 1o ealled as Fationol load degpateching gtation
(100 ).

1.8 Tho nain cbioctivos of lond dorpatehing are an
followos

1) To caticfy load roquiraients on o contimuous bnolo
from the stond point of magntitude (IT!). Froquency wnd
wvoltapo,

11) To nininico thoe gomoration cost ovor o cpecified
poriod of tiro conmistont with sycten socurtity,

141) o 1linit duration and oxtont of roporcuscions

de to foulto ond roptoro nomal functioning of tho



notwork vith uimoct ropidity.
iv) o eollect noourato oporating recoxdn.

Tho nothods adopted té achiove the thovo ohiocctives
for officiont powor gyston oporationd are itnown as "lond
Dospateh TochmiquosH,

Tho vardous techniques adopted in powor nystems to
achiove the cbovo cbjoctives ave doalt in dotadl in
subsoquont chapters, with spocinl roferonce to RKammatas
and Southern rogloml power gystens.
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CHAPTER » 2
CYSTE DESPATCH AID CONTROL

2% Achiovanent of basic objectivos of gyoten despatoh
and control os stated onxlior Lfrwolves thoe following.

1. Operational plaming.
2. Oporntional control.
3. Oporational accoumting and roviow.

2.2 Oporational pleming:
2.2.1 Tho mquireont of operational plaming involvesn
nating caloulations to docide how to operate the gystonm in
tho noxt hour, day, weshk or oonth. The planning part of the
gyoten oporation has gradunily besome very importimt dus to
operation of tho gystem with inoreasing mmbor of inter-
conmneations and the possibilities of savings through
intorchiompes wvith the mimﬁboud.ng gy steng. A\

tho following functions come under the purviow of
tho aporational planning.’

4. 104 foroessting.

2. ltaintenance Scheduling.

3. Dpimning Reserve Dotarmination.

L, Unit participation progroone.

5, Evaluation of tie line flows.

6. TFuol Beloctions.

7+ Raservolr Management and

8. Dydro Thermal gensration cooxdination.

2.2,.2 Iood Forecasting:
Ioad forecasting is the key part of the oporational
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plamning and a1l othor functions listed shove are based on
this, The load forecasts are two fold, TFirstly, the long
tara load forotast to enablo each rgystam to plan constrxtion
of powor stations, tranamigsion iines ond grid m-atations
so tat power 18 gvallahle to the conmmoer vhen he noedo

it. GCecondly, the ghort tewm foreooasts on the basgis of

viich the systen oporatoy/chief lond degpatoher decldes

hov to meot tho load by operating the aystan most economica)ly
The load forocasts and scheduling of gonorating plants to
moet the loads are prepared on anmual, weekly ond daily dbaois.
Tho dally oschedules shall be prepared, one doy in advance,
The forecasts should be mode ag accurately as pogsible with
roforence %o load cuvves of the provious day, the correcponds
ing day in the previous weck and year, after making sui table
allovance for the losd growth during the course of the year
and the latest westher forcenst. Due allowonee should almo
be made for #ecial eavents Af mny for the dxy. Forecasting
erors should be hold within & close range so that the
distridbution of load on varicus genorating stations ean be
done in most esnomis mannor.

A vocord of oll variations from the amticipatod lond
that ocour in practice should be mnintained and the various
causes for the variations thall do analysed by the load
Qegpatoehing office with a view of improving the techniquos
of forecanting in a gystematio mamer.

2.2.3 Maintenmarce Schedulings J
Maintenance schedule involves coordination of planned
outagos of both the tmermission gystem end the generating
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udto. ihile doing this two baoic points st bo kept 4n
nind, Ono 1s the gynton rolindility and ths other 1o the
prdustion cost, Clmeo the ciro of turbo=-gonorator units

are on tho increaso (in U.0.A. gonorating sats chovo

1100 til‘.(Jﬂ. are nlroesdy in oporation ond in Indda the Jarpost
generating sat rated at 295 11U 15 undorx oporation ot

Rana Pratop Bapgar Atomic Povor Gtdtion), one of tha prinaxy
objcotives during ™o plamming ond of tho mailntonmnoo
cchodulon ic the ceonoalen of tho produstion cost. Thio 4o
done by comparing tho inorcased salo of enerpgy Lf o nachine
or trimmminsion 1ino can be ovor hauled quickor by paying
overtice wages tc tho nmalntenance persommel with the incroansed
anerny coct duo to tho oporntion of uncoconomic units or by !
imort of onoargy ot s hipgher cont and in oxtrene cavos by .I
rosorting to lood chedding. Dus to the oiitlesl ealusation

of maintonance cchedulos, reduced produztion cost and

irproved gysten reliohilify would rocult. |

2.2.% Opinming rocowo.
Spinming rocorve dotermination and unit carmitnont

nainly come mnder short ronge plamming for melisble gystem
oporaticn, It providos rosulating copacity which covered
forcad outoges of genorating plant cnd orrors in ostimating
tho lood denmands. The guantun of rosozve dopends upon the
lond loval, COonoonal mmd dally variotions in load, mmbor
and sizo of ponorating unlts, foreed outagoe ratoo of coto,
charactoristics of thoe ponerating plants, linttaticnso of
tho plant cemzodity ond the dooired standend of relfrbility
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“In large intorconnocted mystzas in U.C.A. spirining
rocorvo of oxMer of ¢ & | of the pox: deaand 15 uoually
onintainoed. In the contyal Clectricity Gomnrating Board
of U.R. tho pinning rocervo naintainsd at o given time
is around 59 of tho por’: dcaand, sheroas 4n the Fronch
g7oten vhideh has o nized hydro-Thomal charantar, o cpimming
rocsgrve of chout l»‘:?):ln uoually oaintainod. In cogg of
o & Thomal gyotans tho spinning recowo empecity s
rozdily avallablo from stornge hydro plants 4dn conjurnoition
vith the thomal roagive.

2.2.5 Unit participation progrormot

nit participation programo helps tho lood dogpatchor
t0 declde which naochinoy dhould bo oporated ond vhon a mechim
or nzchinos cha=ll bo connocted or disconncefod fxea the wsm
The progroomo gvaluatos the total production cost by ealeulating
thny fual cost. The cost of stort-up and tho cost of dhutting
down, if ary for varionn coobinations of nochinng to nmininice
tho total production cost. Tho dempatchor chall hava the
ovor-sll unlt siart wp an! dmt down sohodulos of ol unite.
The following points must be conaidorad

- copeeity to moot tho load requircoonts
- unit availability

- oporating costs

« gystm constraints

- contractual constraints.

2.2,6 Evaluation of Tio Line Flowo: N
Dvaluation of tic lino flovs 1p dono for howrly
oxchangos and datly oxchongoss Tho dally intorchangod in
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a particular tie 1ins roquiro proper ovalustion oo that
ovor o poriod (usuilly ond month) tho total noreEy
oxchanged romains as neayr the gchodule o prectieablo.

Tho houtly oxchangos botusen the two powor gyotenn ard
ucually rogotiated by the roective lond dospatchers,

to nimnics o production cost of any oyotan ot that

tino of irporting powor, instoad of bringing un~oconoaical
naching on bar. It 1z umial in en intorcormeectlon to chaxo
oqually the difformmecos in the incrementgl cost of
goneration of tho tvo systoos ruling ot tho beginming

of the haur.

Tho lozd 4dospatcher vould reoquire veory cocurate
inrention portaining to the proposed interchange of
povar to cnthlo hin to taiko correet cconeerle decislono
ond noot the contreotusl obligations. For integrated
oporation of 4ifferent povor cystons the most ocononic
condition occurs vhon the incryonental costs on elthor
sido of the tic point are oquald)

The ioplenentation of now corcopts of and e
tochmiquo of coamputors enmablo the proposcd intorcormectod
trongactiona to do ovaluatod vory rapidly smd cocuratoly.
This vould not be practisbio by mamual nothode,

2.2.7 Beleoction of Musls

Soloection of fusl hngo to bo dong for thoss powor
piants vhich dum pore thon one typo of fusl. Thip will
rean enleulation of total cost end vouid involvo 4n
cddition tho cost for fusl chanpover. TFurther, scheduling
of fusl purchosss mmd gtornse have to bo coleoulated to
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minirdeo tho total fuel cost.

These caleulations involve complex gysten data
gvaluation and can be aorried out vory gquickly by using
conputor, ‘

2.2.8 Tosorolir Mnogenent 1

Tecervolr momagement 10 tho schoduling of Hydro-
rosouscos utilizntion over a gpocified pordod of time in
guch a manner as to roduce the over all cyotem geonoration
cost. Thio optinisation must consider the follouing

= water avallobility

- resoyvolr construints

- gysten conastraints

= fown-stres constyaints
- Yaservolr coordinotion
- piver sirulation and

- it efficioney.

2.2.9 Hydro Thomal Gonerantion Coordinationt

As tho nwmo indlcatas, means evaluation of various
pahorating conditions for optime gystam operatich. Thiso is
of prinary irportaince to systens having both thopnal ond
hyd@m-poneration. The ovaluation onables the load dospateher
to nininise themsel genoration, fucl cosots, nininice the
cost of puichased pover and to a cortain extent obtain
oaxirum hydro-genoration from the avalloble water by propor

pmem*

23 Oporation Controls
2.3.1 Tho oporntional control comprises problens that would
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ba forced by tho locd dematchor during nonont to nomont
control of gysten. Thoe folloving funotions como undor
purviov of tho oporational contyol.

1. lood frogquoncy control

2+ Ceccurity pondtoring

3. Cuporvicion of mitching stations, reoote
sb-stations ond genorating stationg,

4. Toonsic depatch of 171 omd IvAT.

2.3.2 Ioad-Froquency Controls

Iocd froquency control 48 the rogulatory function
of gloultonesusly and entomaticslly oointaindns tho
frequoncy end tio 1linc power txomsfor of a particulay
arca cecording to a2 prodotorminsd coheduto. This 19 cccoople
iehed by moasuring cyeten frequoney end tie 1ino povor
dovriations ond nmodifying gyotem gemoration in sush a
fachion as to roduwo the dovintions. Othor functions
guch ag indvortont intorehango balonoing, intopratod
tine orror, ircremenial cconcaie loading ote. con bo
incorporntod in the loz2d frogquency funotdon. Tho various
nothodn of locd froquency control and thoir mplication
ote. aro doalit in subsegquomt chinptoro.

2¢3.3. Sceurlty Ionitorings

Socurtity wonitoring 1o the mordtoring of the
groten statuo (gonoration, line flovs, voltages otey
o ensure that tho continuity of soxvico is naintained
md tiat cquirmoent 1inito oo not excoended. A oliplo
eccurity conttoring ccheono would comparo tho otatus of
tho ot cquipnonty, atozdy otnto otobllity and
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protection 1initas, If any of thosco 1linlits oro tpprogched,
changob tould bo nado to the gycton configuration to
ooio 1t oporats 1ithin theco lizita.

sro dnvalved ccheroo would cncompnos the abovo ‘
schenen plus a contingoney ovaluntion. %hin contingoney
ovaluation roquires nro-study of the securldy of tho oy ot
for various poasible contingencios such ag foulta, loss
of generation, loop of trongrdogion ote. Iodifications
to tho oysten configuration vould bo cuggosted AL any
potontial contingoncy causod tho systes to oparate ocutaide
the pocurdty lintito.

2.3.4 Ouporvicion of suitching stations, romote ob-ptatione
and ressto penorating stitions.

Thio 15 the rocponsidbility of all operations in
s tohing stations, cubestutlons and ramoto controlled
gonorating stationg. This yequires moviledps of

~ cquipnent statuc and avallability.
- fysten waluoes (Mws., Volts pie. )
- oporating procodures.

2:3.95 Tconoalc dagpateh of Ik ond IvAre

Beonoeie decpotching 18 the function of msci!‘ying
and nmaintaining tho ocutput of oach station esoures and
aycten voltage lavoly such t$hat ninfumm gystaon production
cost 1s incurrcd. Tho out put cchedule of oach source
includon both I and IvAr, Deorixaic doopateh includos
conaldoration of yotca esscurity constratnts, hydro-
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thomal optinieation, genoration incremental coots, unit
cor=itnent cnd ryetes loscos. Eeonsoic oporation of
povoy Syotenms has bocn donlt in detall in subsaquont
chaptors.

- -

2.%  Oporational Accounting and Roview

2.%.1 Data Colleotion t is tho procoss of gathoring
infomation to actoblich oporating objcetivesn and o |
ansocs and gppralso over all nyoten porfémanco. The
throo typon of data are

1. Periodic dnta
2, Danend dnta andl
3, Dvont data,

Pariodic data 1o obiained on o regulor baolas, for
oxr—plo hourly, dally apd woexly ete. It 40 roquired for
plenming functions much ns load forocasting, Pesorve
avaluation oto. |

Dsmand datn 10 stored wpon indtiation st any tine
for uco iz plooming ord cyotes porforsaomts assesmient,

Dvent dota 48 rlnted to eotusl oporations {i.o.
broskar poaitions ote. ) ond 19 roquired for proparing such
reports ao custestor ortapes, roporty, cquipnont outago
roports, foult analyois roports oto.

2.%.2 Apzosment of gyasten porformones end plorming:

#his ascasmemt dincludos cuch 1tens ao

~otaluntion of gysten econade porfotmanco.

-appralosl of the oporating plan froo on ccononde
and scourity point of viow,
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- equipment outago assosment.

- gysten relighility amd cocurity studlios,

- fanlt studioes.

- Ioad forecasting.

~ long range planning and roview including the assosment
of genoxation, tronmission md distridution focilitics
and power flow otudios.

2.4.3 Interchange Billing: 4o concorned vith the colleetion
of intorchange energy and demand data, the porfornance of
arithnatic and logical cperations on ﬂm data, in accoxdance
wvith the interchango contrants and agroeeents ard tho
preparation of statements or imvoicos. Thio process 1o
nomally carried out monthly.

2,5  The mothodn adopted for load foro-casting and

scheduling of umits, regulation of froquency and oconomic
oporation of Southorn rogionnl gysotems one diccussed in

Chapter 8. DNegulation of tic line londs and gyoton froquoncy
plays an important part in operation of Interconnacted gystems,
Tho techrniques sdoptod for control load and frequency in

powver gysteas ire dealt in the next Chaptor.
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3.1 Thoe nccosaity of maintaining froquency stondaxds in
power gyostems are as follows.

1) Moot typos of alternating curront motors run
8t opoods that one diroctly relatod to froquency. Industyies
14ko papor 1illes, wiyo drawving nochines ete. vequire constont
fequoncy, other wite thoyw products will be advercoly
aftoc ted.

2) Tho vido mread use of aclectris clocks has led
to tho neod for close. regulation or‘ powar syotes froquency.
™ese clocks are expeotoed to be correct within o fow
.ceconda at all timeos.

3) The oporation of powor cystams will be
mioothor, officiont and bedttor controlled if froquoncy
oror 1s kopt vithin limits!

%) Hatintenonee of frequoncy ond lond in time
linog of intercormoctod powor gystans 18 of parsmount
irmortance for satisfactory oporotions.

3.2 Hechonion of froquoncy control.

Thoe froquency of o gyotan 45 closoly ralated to
tho powor balenoo in the gystam. The genoration con
be controlled by controlling the primo movors torque.
Since tho gonorntors axe locked into aynchronicm with
tho nysten, the oporating of tho stema valves or wvatoy
gateo rocults in the advonceront of the rotor angle by
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o fou dogreps. Duo to this, thore 15 an incroarso in
doltvored current and pover. Tho romltont . ° decolerating
tomue coumterwocts the pccolarating torqus &uo to the
valve opening. Henpo with in each genorator wo havo
a dalicato and mitonatic torquo balamcing nechonmimi,'
If 11 ponorators have o porfoot tomque balance, their
spocd and thus froguoney will xenain constant,

In proetico mich o balanco 18 not possible oving
to tho randon nmaturo of tho lood demagnde. Henoo instont
by instant noteh botuvom gonoration and denand 4o
impodble. Thore will bo o mall rurplus or doficioncy
in the gonoration and this evor prosent mimateh will
couse froguoncy fuctuations, '

Thus the varlations in froguency orist, but chould
bo contyalled, o wo choyld usy the froquency variations
in the goncor portion of tho control gyston vhoso job 19
to provido sutonatic balance with minimun tino lag.

3.3 Yogavatt Droguoncy Gontrol problen.

The real powor in o systan 1o bodng controllod by
controlling tha ariving tormquas of the turbinen. The
governor plays an important part in pover oystemo vhich
controls the driving taiqun of tho turdbing pgonomtor
thorohy frogquoncy of tho gyotom by constantly natching
gonaration vith tho syoten loed.

34 Opoed Govorning Syoten
Mg, 3.4 thows the Schometic diogrem of o pposd

coverning cyoted.
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Tho cpoed povorning oyston insludos the t:;;o:xi
govornory, tho cpecd control mechanim ond the povornor
cantrolled valvos. |
Tho spood povornor includes only thoco clenents vhich
ar directly rocponcive to peod and vhich position or
intluonce tho pction of othor olemontn of tho govorning cysten,

Thoe toood control nechanim includes all equipmant
mrh as relays, cowomoiors, prefsure of povoy siplifiors
lovoro ond Yintaros dotwom govormnor and tho valvos.

The povernor controlled walvos include thoso
valves that controlled the onorpy imput to tho turdine and
that 270 nomolly cetnated by the oood povormnor through
tho odiun of tho gyeed contral nmeshaniem.

The speod changor 15 a divice by moans of which
the poed govolndng  aystem nay be edjusted to change the
specd oF povoy ouput of tho turdbine in operation.

The por unit ptendy otato cpoed romulation for
& given gpood changer position 45 given by

por it stondy stato rogulation = 2?,-:11——
whore T'o = Speed ot I'o loed, '

I = cpecd ot ratod output
I, = rated tpood,

A stroight lino epproximotion of a gpeed Vo powor
output charactoristic is chown in Fip.3.2. 8toady ctato
spood rogulation mall beo eapcdblo of sdjustnont values
botuwoon 2.5 to 7 por centd vitn speed changor cot to



givo rated gpood vith rated powor output.

3.9 Epoed Droop Coverndngt

Speod droop 10 the sutonatic proportionsl roduction
of govomor cpeed cotting as tho turbine gate opening
ineyoacos. Thio cotlon produces o otavility effcet and
in zecooplicicd by o nechomieal lintogoe froo furbino
camvonntor dircetly to tho w:-nor through yostoring
meahendima,  Undor coocd droop oporation the tuybhing
patos o wy o findte position for o glivon pecd
doviation ag dotomined by the dozroo of the Grwop satting,
pomancent ¢pocd dmoop 15 roquired for otondy stato
stobilisation, Az tho gposd droop approsches goro, CEVeImor
beeomias (tochronous, ‘o lood chango tends to bo infinite
for any froquancy change ond dosonstratos tho nood for o
tonporaty mood droop fastor vhich grodually ainintchog
to o as tho frogummey change likovisce opproaches soro.
with goro cpood droap the stoady otate orror will bo goro.
But the transimt stobility of tho povernor is dotoriorated,
The units tond to oscefllata or hunt for any clipght aifforonco
in frequency. |

Speod droop 48 roquired foy ciisfectory parallel
oporation of genorating unito and for achioving stobility.
Tho genorating unit with lowor opocd droop wlill eatoy
proportionataly roro than the machine vith highor Hoed

drmop. .
Epocd Droop = E'E%E' x 100
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thore I, = Bpeod ot moro gate opening.
By = Speod at full gnte opening
B, = Ratod spead.

Bpeaddmopuulbe gonernlly 1 to 5 por cont for
Hydro plants )nndhbonﬂrmtfbr theroal units.

3.6 Porfomuance sguntions ol block diagrom roproscnts
ation of a cingle arcent-

A blook dlagron representing the seversl purrommn
chammrl.st/or a governor with illustrativo tronsfer
functions 1s chown in fig. 3.3. The block dlogrom 45
usoful in understanding the location vhere relovant
parmotors nre introduced and how furthor sumsation or
eultiplication ote. are to be made to derive at tho Pinal
ropul ts, |

Tho irput to tho cpecd govemning aystes ore tho
gpoed pignols ond the spoed changer position. Thoseo
signals call for chenges in the govemnor controlicd |
gates or valve positions which vwill change the ifmput to
the turbine. The chenge in otemm or wvator flov or impub
to tho turbine causes o change in the turhinoe torque
vhich in conjunction with the load torque cnd the
charactoristic of tho pover cyston detoraines the change
in the gysten mpoed.

_The anolycis which follove portaing for the most
part to tho responso of tho gystem for mmall changes.
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By writing tho equation suming up the tomues ecting
won the inortin of powver gyotan we obtain-

IS + Dpd & AP - AL ees (1)

vhore ! = offective rotary iner- iz of aroa

p e diffarentiol oporutor §/dt {t = tine)

& = deviation of yotaxy m 4n.ertic froo initinl
electrical anmalar pesition.

D = damping torque coofficiont (that iz the
inheront not changoe of lond ond prine mover
tomuo vith Troguency).

AP = componomt of chango in prime nover torque
produced ’by covornor. Controlled valve
motion.

AL = load chonpe in ares (oside from irhorent
change with froguency.

pS = deviation from nomal frequency or rpeed.

Al quantitios aro in per unit values oxcopting

tine and angles vhich are in radims

Solving equation (1) forp wo get

péu -—-1—-'- (AP - &Y ) LA R K (2)
I +D

The ohovo ralantion 18 thownm in the hlock dlngran
vido fig. 3.3
Tho qumtity M 415 directly related B constent

used in stadility studies, Tho following relationdhips
aro woll known



22

Mas 478 vhovo £ o freqency in cyclea/Soc.

and H = ,
"~ EVA (Base)

Darping torque coofficiont D Lo given by

Spd Spé
The quontity S{tumdno tomue) 45 the chonge
Spd

in tho tuybino torque vith, constant va;va position pay be
tazon as approximatoly equal but opposite in sign to the
stendy stato prino mover torquo. Tho induction ond
mnchronous potors vith tholr mechonical shaft loode

develop b ®(lood tomua)  componont of the damping
opé :
torquo coofficiont.
The dynnic response of non heat turdbines moy
be approsimatod by o single tine log, (T,) chown in
£ig. 3.3 of cpproxinmately 80 rodlans oy 1/% socond,

LR TR L ]

Thon AP = ] ' APy :i--t (3)
Ta'D » 9 :
hore APy = change in valve position.
In the ca.00 of rcheat turbines the transfor
function 18 given hy

Ap = MQ +1 --> ( 1 ) Apv l'-o('#)
Tp + 9 Ip +1 '

Whore Tp = tine lag associntion vith rehsator,
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C = proportion of torqus doveloped in high proscure
elenent,
Typlesl valuoo of C are 1/% to 1/2 for T 3 to 5 soconds.
The opood rocponso 1o pgiven by

-1 1‘ .
AN T e (;{'pé + 1) s 15D

vhore T¢ = Govornor tme log (100 rodians)
- It = gpoad yoplotion.

Ap's chingo in cpoed changer pooition.

For Iydyo tuybinos the large inertls of wator ushd
oo 6 sourcs of cnorpy causes o considerchly groster tine log
in tho roson~e of prine mover tomue £3 change 4n gate
position goopared to tho rogponse of stexs Wurhines.
Alos for hydro turdbinos thore 16 on initinl tendency for
"o torgue to chonge in direotion opposite to that
finally producod, The transfor function for hydro
turhine 1o preoomtod by

ap et
(12) p +1

there Ty = nooinal starting of wvator in
penstoclis 4n secomis = -ﬁ'—

AP = Apv YYITE L) (6)

L = Langth of pipe in £t.

D. = wvatoy woelocity in £t./second
H & preasuro head in ft.

g = oeccaleration of gravity in foet per s80=.
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The valuo Ty, nay vory fran 1/2 % 4 soconds. In
cnge of hydro turbincs APy 405 the changoe in pate position.
The hydro tushine speood COVOINOT rosponce ig

proxinated by thoe rclation

- 1\ (Tap2?
AR "'( op +1 ) ((rfB)'i‘m*

vith tho folloving opproximate yaluos for the

paranotors

J (3/B)pS +o7 LL(7)

Rl = Stoady state meod regulotion
= 0.05 to 0.167

r = trmoicnt spood regulation
2.3 to 1.2

Tp = tine constant asscelated with the toopsroxy
droop compensation = 0.9 to0 t4poconds,

Te = Covarmor conctant = 0.6 socond.

The dlock dingren for an inolated hydro goneration
19 dtown in tho Mz, 3.3

Hafomngtctt:etamf(m*‘ )uw
K (x/R) TRp + 1
squation 7 for o step change p bocomes infinity ond the

tom becones

%: (2;;; ‘_1.) ﬂ%‘ vessne (8)

Initidlly beeausu of two tomporary dywop componsation,
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e regulstion gppears to be ¥ .
In steady state vhen p = 0 wo obtain

( f:/: *z:w H)a . X (9)

3
]
Thus R 4c tho regulation in the Stoady State.

27 Intor~comented Gysteno.

In 1calated or indopendont gratons the repulation
can bo achleved by contimoudlycontroling ono vayigble,
viz. froquency. In an intor-cormested o7 stan, ceveral
utiiities or areasare cormectod by tic lines. The achodulo
of exchango of pover betwaen areas asmme great importancoe.
Tor catisfoctory oporation of tho inter-connected gystems
the two vardables mmoly load and frequoncy have to be
regulatod. %he deviation in frequency and tle 1ino power |
vill be rosponuible to cmit regulating eontinl signsls from
the cor;tmllers oalking tho comoeetions in right diroction.
Additional varigblo could bo the oo orror ond indvertant
interchange orror factors ate. Omeo tho tle line schedules
are not vith or the net o interchange of each area 1o
matntained as por cchedule, the frequency 4 attorn tically
paintadnod. |

Baneially thoro are three fypos syoto controls ond
those oro genmorally adopted for regulntion of load oand
froquency of tie linos in an intor-connocted syotone.

1) Flat frequoncy contiol.

11) Flat tie 1ino contyol,
111) 10 linc load bias eontrol.
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3.8 Flnt Frogquoncy Controls

In lanrpe intor comooted gyotems tho contrally
loented station wvill be noaipnod vith the ropulating
duty. The ropulating duty 13 ontrusted vith ons nechine
for malloy gyotas oF o giouwp of nachines in o large
notuorz yotem ond tho cantmlly locatod station has to
rogulate the locd chonges in all tio lines ond tho argan,
Tho plonts in tho othor gystens will be gpernting ot baso
loadn. Such on arrangezont noy be wiriiable for thoe
intor-cormeotion of tho fow areas providedy

1) Tho tic linos ore ctrong omough o take ell
varintions in ths pover flov imeouring sufficient tranaiiosion

‘Gapmiw'
2) %ho rogdlating capooity of tho frequeney controll.
| ing plont 1o sufficicnt for the mgulation of the vardations

3) Thero aro o contraetual oblisations botunon
operating aroas.

Hydro undto, due to thodr porformuanto charnctoriotic
vill hovo loncor band for rogulation, cay 507 o 1007
of load. Thomal units nomally vorzing ot baso loed
units vill hovo o linited rogulating band of 4 % 107
of tho pmaxiryy eapecity. {(Moximo eay bo ordor of 20 to
30 por cont of tho cxponity). Ilampor o rosulating
capacity in a gyoten, tho largor i rogulating band
and firor will bo tn sozulation vith clooss tolorancos.
In 1966 thoe total rozulating capacity in Franco was
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10,000 M ropresenting 603 tho totnl on line copacity.
Tho mmnnt:lng band provided by much sets was as high
as = 1800 m(ﬂ)

3.9 Flat Tie Line Load Control.

In flat tle 1ino control, the larrer area ia
cntrustod with tho fod: of malntaining system froquency
end e mpllor gystano vill raintain thelr o line powor
changes in cccordmnca with precet ochedlo. Referring
to fig. 3.4 froquancy controlling units are in syoten
A ond the tic line repulating wnlis are in oystom D

Tho froequency of tho grsotanm and the powor
oxchanged botweon systons ie peintained constant during
tho steady otato., Ary change in the staady state lood
of gystom A 4p ultinately obsosvoed by the mastoy
froquoncy vepulating units GA in A, vhilec any change
in tho pteady stoto lood of oysten B s ultinata}y
absoibed by tie line regulating unit GB.

The £flat tio linc lozd control com be adopted
vhen a larzor cyoten 10 inter connoeted vith the malior
gysten. Franceo is intor. commected vith Belgiun, Sveden
wvith Dermast:, [TISID wvdth OSIB on flat tio iine contml
banit(as ) + larger pover gyoten, vizs France, fwedon aro
regulating thoe froquency. Tho maller gystems liko
Belgiun ond Domas: are contiolling tho tlo line povey.
The gyatons nre 2inring v tho contrantaal obligations
and thero will %0 no foar of over loading the
tyonsndocion linoo.
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3.10 T4e Iino load dlas Control.

Flat t1o 1lino lond control and solective froquency
concopto haove bacn furthor ioproved won o cchiove fostor
restoration of nomnaley. To rcot thoso objestives all
systene 4n the intor cormmetion participntso in bringing
tho gysten fregquenoy bac’t to the standnrd valuo in tho
avont of fyequerey doviation duo %o an outazs of ono aros
of tho gyotem,

Tho principlo adoptod in the nost appropriate
solution to tho probloc i thot ooch area will naintoin
the intorchangso cohodule meticulously vhen the £roquoncy
15 nomul Vhen thoro 4o o dovistion in freguoney, the tlo
1lino schodules aro teoporarily altorod in an attept to
holp oach aron vhich requiro asmictsnse. Once the
froquoncy is rostored, tho sdditional assistanco 4s
withdrawm,. Eecoh area under tie 1line leood bias contyol will
hove o tio line schodule bilacod by the fimqugmy i.2. not
intorchango 15 increaecsd in the ovemt of tho fregummcy
is dolov tho normal and vico versa . Once tho nomaley
is cchioved, the tio line loadings will bo bock to the
original scheduls.

™hus there will beo temporary rolaxation in the
interchango cchedulos wvith rogpcet of assisting the
affccted arons, Ench aryon will nltinmatoly tato ovor tho
load chanpos cconatod from it This typo of contml 4o
vory popular and almoot univorsally rocormonded,

Tho biao sotting » (in I por cyclo por cocond)
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p;imaﬂl& roprosents the change in power gonoration for n
chango in gystem frogummoey by ono ¢yclo per socond. If dp
bo the own ot'dep‘arh:mu froon tho ochoduled powor fiow

on varioua lines consoquont to change of froquemcy af, the
rogulating parcmotoy for the cyotan then bocomas db + Raf,

The tlo 1ine Youd biac control can operato over a
vide range varying from flat frequongy control to flat
tic line control deponding upon the mount of froguency
blan {K) usod in the conirol constant dp + Kdf, as
thown 4n fig. 3.5, If tho frequency bias K 48 zZomo
then the control is purely of flat tio lino type shero as
if te bias io consideradly high o that tho powor
portion dp 1is nogligidle with rospoct to Rdf, thon the
control is purcly flat froquoney type (showm in fig. 3.5).

Thus the tic 1ine biag control Lo very useful for
coordinated oporation of powor systems as it provides
corvondient means for ldirmmtiating recponcibility for
the gyston loaod changas, | g

3+91  Lood Phoso Control, .

The application of tie lino load bias control is
basienlly tho control of dp + KAf for o stabiliced gyotess
This control constant eould be applied on a gystem in
soveral ways vis. in.tograting dp only, af only or
ol téddbloe cordnation of'dﬂ and 4f o that the contiol sipgnal
thus gerived glvos dampod control fo achiovo zoro steady
erIoY,

In load phaso remﬂation in rocpect of single
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ares only tho froquoncy portion is integrated. In load phase
owergy rogulation in roopest of intor comnoatod :;ratgm: both
variations in the frogquency (df) and the powor (&p) are
intogrotod,

Ioad phase control concept noke use of the foct that
there i1l bo a phaso angle dAifforence botwoon grastan volizgo
and voltage of & standaxd froquency source vhongver thore 1g
8 deviation in frequency. It i3 oqunl to the integral of the
giffarence between aystan and stondard frequency. Thay
¥ill have to bo matched vith the volues of the intepral
of the frequency difference. Hoxe the regulating quantity
18 the froquency. Tho opplication of this nothod lends to
the sbjooting the out puts (Ioad) of reguloting machinos

| t0 the value of phase differonce (inéogral of Lfrequency
dovistion).,) Horce this 13 known as load phase control.

3.12 loval Controls

Electricito do Franco hove developed thio technique
bhased on lood phase energy continl. The freguoncy ond tie
line povar dwiatitma are intograted in tho ford of phasce
dMnﬁondWBI(-?—ﬁdt)ﬂt. If + Ris the
reguloting band of a regulating machine the ratio g‘ﬁ_

18 cnlled the Mlevel" donotod by Nond A 1s a constant
reprosenting the regulating powver of the mochine expresced
in MW per madian. The valuo of Hvarien fron +1 o =~ 1 .
This 46 dotemined at the National despntching station at
Paris and tranouitted to each rogulating machine via the
respective reglonal stationa.
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Hare load variation on eoch group of regulating
stations 4o controlled at constant intervals by frpulses
of constant mplitude, dut tho Auration i proportionsl
t0 the control error. Thome fmplusos act on the poveornor
@eedér m’oor.

—

oA dw )
Lovel N = g - S
IR\ R
variotion of power to be obtained from regulating

o station.
Holf rogulating band of the regulating station

Tho lovel is o mutbhey ubhilch can be uced to infom each
rogulating station ot any inztont of the regulating output
required na @ proportion of tho regulating band,

312 Dins Settings
The extant of arez not inter change schedulo chift with

froquoncy is determinod by the slope of the blas regulating

charantoristic. The recipiocal of the slope 1is defined

as bilas. It 1o usually expresced in megawatis per one-

tenth eoyeld®)

3.13  Aren Dequirements

Ayos requivenont is o meamire in magawvatts of the
provoiling ares generation erxor. It is tho amount by
whlch axea $£o off 1ts biased net interchenge schodulo,
It 15 the emount by vhich the area generation rmust dbe
changed by supplessntary area regulation in order that
the area comt 1ts not interchenge and do its share
of gyotem froquoncy regulation.
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The ares requircuent error ACE {referring to £ig.3.%)
pay bo writton asg

ACE=C ol - Ty
o (Tge Ty ) = 10 B ( TeFy )
3A% - 10 B (A7 )

thore AT 1o the difference betweon the 50 cyole
1ntorchange aschedulo To and the prevatling nst interchango
2
D 1p the Has sotting in meguuatt per onow-tenth cycle
AF 1p the differencs betveon roxmal froqueficy F, and
tho prevelling frequency Fy o

3.9% Togulatione

s vl In Sgolated oystoms or Mﬂpmﬁmt ayatons regulation
can bo effectod monually by varving ono voriable nomely
'frequency's In on inter-cormected gystems it will bo
4ifficult o nmaintain system frequonocy ond tie line loadings
onomnlly since contimmous control operstion is nooded.

To achiove catisfectory operation of the syptom 1t would

bo mecossary for an operator o ddserwe syaten frequency and
tte lins loadingo oteadily and muito contimous adjustnents
of tho pooition of thao govoermnor motors of various generator
mdito. Antomatic contral could be adopted for amaintaining
the doziryod opeorating conditions more satisfactorily.

Prequency blas tie line control 1is adopted momnlly
in Fngland and cutomaticslly in some continental gyotess,

The duties of fyrequency contyal and tie line
loading can de assigned to the fov regulating stations
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and the goncration of power at reuaining stations on

the systen can be nonually deapatshed, Auturigtic
rogulation beconos noecossary parﬂmQaﬂy whiem the

povor oxchonges with the neoighbouring systems hove o

bo maintained at agreod valuos with limited fluctuntions,'
Manual reogulation of froquency givos en accuracy which
ip sufficient oo far stability of froquenty i.ﬁ concorned.

-~ -~ .

Manual vegulation of gemeration 1s ales found
to catisfostory in PON gystem (Pormgylvanis. Dew Jeroy-
Maryiond) vherc 12 clectris power gystamo are intor-
connoctod on a single nyoter baumla, The comdbined
uotinatoed ingtallod capacity 4n 1966 was ovor 19000 MW
oporating in moro than €0 major genorating stations and
the pods load was 17850 WW2) fThe PIM aystes havo
provided high copacity intsy gystom tles to pemit froe
flov of powor cmong the utilities. It vao only in 1962
vhen the gystan wvas conmected with 2 or 3 nslghbouring
intor conneated gystang, that i becowe nocessary to
tako recourso tp provide cutomatic eguipment to rogulate
the flovs on the 1o 1lineos vith nedghdhourdqg inter.

connoc tions.

3.4% 2 Contralicod Autnaatic Regulation:

' The centmlisced automatie regulation uhich 1o
moroe commonly used at present in hsving autematic
froquoncy rogulotor inotalled at a contral point of
the gycten which controls permanently by ramote control
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the powor out puts of the moshines in the rogulating
otations. Its rolo 45 mot only to dring adbout a totd
variantion in caso of froquoncy doviation of tho gemorating
empanity, but aleo to distyibuto under predotomined
conditions, this variation cmong all tho reogulating
machines,’

Extonoive telemotoring and telo~contyol chammels
are required for tranmitting the comrand sigmls. Contral
contol 1o entiroly rorponuible for the froquomey rosulation.

3.1% Igquipaonts for cutoniatic load and froquency control.

3.15.1 Maostor load Prequoncy Controllors

then the fyreguency varies from tho controlled sotting
the controllor galvanomoter n dotector of current umbalonco
doflocts in tho diycction deponding upon the unbalonso
current flov through tho bridge, The dircotion of current
doponds upon vhothey the froquoncy 19 high or low. The
controllor mechanicn dotects the galvanomator doflection
and closos tho contacts to operate the povernor rotor
Theso controllor contants connoct in parallol with
contacts on the povornor aiteh (in monusl oporation the
oporator closop tho contact to sond an mpulee to the
come cotor), hen the frequoncy ie hdrh, dofleation
of galvamotor conds an irmpulea to yun the mvnmbr
motor Iin clocing dircotion, vhion low the irpulso cont
onablo tho motor to rotato in opposito dircotion. Tho
frequoncy controllor 1o sencltive to variations of
froquensy of 0,005 cynlo’ end starts correotion boforo
tho devintion in freguency io approcisble. |
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The mothods andopted to semd tho fzpuloes to tho
governor motor are:

1) by varying tho numbor of impulses in o given tine and

2) Yy vorying the duration of an impulcc. The socond
nothod oppears to bo mtisfoetory. In case of proportionnl
stop controller, tho som and contact mochaniosm 1is dosigned
naliing this corroction posaible. Duration of inpulse cond
to tho governor rotor Lo direcily proportlonal to the
doviation of the frequency fyom the control sotting. The
groator the dovistion from the control setting, the greater
would bo the corrocting impulse. As the froquency
approachos the eomtinl point tho correcting irpulces
decyeasss corrospondingly thus necoinpli::hins rostormtion
of froquoncy nore rapidly than an impulse of constant
duration ond 2) provention of ovor traval or hunting,

The various types of controls are oblained by mampulating
the colector svitchen.

3115.2 Autcoatic Time Error Corroction.

1f tho ooryico regquires closo adjustment of
intogratod frequency or time, outomatic time error
corroction can bo provided. Tho tine chown by &
gmehronous clock 1s corpared viih a mastor clock. The
control point of v froquency controller is autonatically
afdjustod to return ony sccizmulated systen time orror to
zoyo. Dynmilc type tuning réma. cryotal- controlled
oocillators are generally used for referenco tice
standand.
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A ntntion can bo placed on flat frequency contral
vith sutomatic time orror corruction by oporation of
selectHy switch posltion. Thic switches the galvencostor
fron the panuslly adjustadle contml disl to ono sutomatic-
olly wijusted by the tine orror equirment (fig. 3.6)

Modorn Hpo frequeney standard is & stondard
clockz poucrod by e output of a crystal oscillatoyr
whoso frequency 45 successfully divided o a usablé
voluo, This instrument koaps time to within ons socond

por 4ay.

3.15.3 Automatic Unit load Distwibutlons

If tho lood varfaidon 45 too large, it 1o
dosirchblo that sevoral urdts partdeipato in tis
regulation to limtt the lood swings on ecach umdt. 1If
the over oll efficioncy charactoristic frotr no lood
to full load of tho wnits are same, this lozd ngy be
dlaiributed in proportion to thoir copacitico. This
arranganent 19 called proportionate load distyitution.
For unito with vids gifforonces in efficiency 4t is
botter oconomy to divide he logd secording to the
ufficioncy charactaristic. This arranpgement s callad
cenardce load distribution.

3.15.% Proportionats lozd Distributiom

wvith proportion load distribution snch wndt has
a thomal comverter to moaire the unit output, a unit
lozd contraller operating on 1ts governor regulating
motor ond a wdt oclsctor svitch o give the docired
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typo of control on that unit, Ay undt ooy unit Mo.t 1o
placed on. flat froqueney continl by almly owltching the
mastor frequoncy load controllor impulpos to 1ts govosmer
moter naliing that it rocponodve to dlicht variations

in froquency. Tho corrootion of wdto one and two on flat
ad proportional lood control rempectively are chown in
£ig. 3.7. The themal comverter of oach unit produces

a lov voltars D.C. potontisl proporticnal t vatto. This
potential form unit 1 regulating the frojuency 18 oppooed
throush the golvenometor of untt 2 o the pohimtinl of o
gimdlar thormal convorter of sttt Io.2. unGey nonmi
conditions those potontials will be equal and the
golvancnoter on unit 2 will indicate o belance.

Roferring to £fig. 3.7 the mosior load froguonny
contr>llor 1o oporating on ult ono and varying the it
load to mointain groten frequoncy. An tho lLossd on umit
one incroasos end bocomes greatar than tho dlosd on unit
2 the potentinl protducsd by (he thermi comvrorier vill
be greatory amd the galvawmoeter on widt 2 indicabes this
wbalarva. This crusos the nechandim 4n eonbroller 2
to youte correcgponding irpuloes %o inoreaso the ozd on
thnt unid Al the poetenticl produeed by 1ts themal
convortor czoctly cqual do that producsd by the thorusi
cormrortor on wilt ona.  Fven o (ight unbolanco in
lozding botwecn the two umits caouses the 2nd unit o
readjust 4t3 losd antlll it equal that of the naster
wit. Tho converters are decigmed o that the D.C,
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potentinl 1o proportionate €0 astusl kilo. watis and
indopendent of variations in pover factor.

¥han the units are ploced under contyol tho potente
inls of theiy themnal convertsy oro opposed through
tholr palvanomoters o the potentinl on the master
unit convortor ns giwcw: for unit tuwe., Ac unit one is
controlling frequemcy, Dicks up oy drops off loud, ths
convertors on the remaining umits cause them to piek
up on drop off in the famo nmammey, oo that the load
svings will bo dividod arong all units 4n the station.
Ay mrboy of urd ta noy be commected in parallel with
tholr conrorter potomtdals oppoted to tho comvartor
potentinl of the unit operating as master and all the
wid £ partdcipate ogqually in regulation. Py this
arrangenont tho loecd disteibution 1o automatically
naintained with no tandency for on wribalonce of the
1024 anong untts in the station regarilens of difforenco
in thody individui govemmor charcoteristics.

3.15.5 Teononic load Distribuation.

ih ecnomic load distribution as vith prsport-
lonate distrivution cach wdt has o load controller
oporating on 1% governor rotor and apain any wndt 4n
the station oo act a9 a nootor by owitheing tho
imilses fron the nastor lopd frequancy controlior 4 the
governor notors However the load of w0 renzining undts
15 paintasped in such a rotlo that eny given station
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load is divided not nocessary proportionately omong units,
tat cconcmically for maxirmn over all station efficiency,
This 10 done by the following mmnnor.

Tha memai converter of each genorator oporates
a standard graphic watineter. This watt motor besides givirg
o grophie record of the wit load drives a oiide wire
or trononitter. The potential on this dlide wire takos
the place of the D.C. potentiel of the thermal convertars,
uged for the proportionate losd distridution. The slide
virc 1o designed so that 1ts potential is proportiond
to the olopo of the imput-out put curve for ihw 1ts unit.
then potentinl of two or more tranamittors are opposed
through the galvanomoters of their respective controllers.
The controllers opornte to route the impulses 1o change
the load until the repoctive tranmitter potontials
oro oqual to that of the potontial on the master uniis
This 1o similar to operation for proportionate lozd
distribution but because of tapesed diide wires, the
‘balance points will be reached vhen the load distrbution
Botwoonh units 1e¢ in proper ratio for ninime over all
officioncy, not nocecsarily an equal Yonsd on each unit,

Vhon oo than tuwo undis ave commected in this
zanner, the operation 15 extramely gimilar. As the
station load varies with londs on the individusl umts
voxy, but the controller oporote on their units elvays
v naintain ecomé load distyidution,

3.6 Proportiond oand Intogral Controlleyr
Karmatakn and Andikya Pradedh in the Southern region
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havo olrveady procured BDrown Boven malie type DIRS loandl
frequoncy oquipment shoso control function 10 based
on the sum of proportional and integral postions.
Southern Rogional Mostricity Boowd is nloo planning
o procure ainilar oquipnent for control of the
region. T bonefits nchieved tv tho segion by
adopting diffaront frequency controls, 1s dlocussed
in Chapter B.

Further wo hovo secn that the regqdlating stations
vill maintain frequency for vardations in %o line loading
Tor optinmunm cconoy such variations of lood chould be |
tharod by difforent regulating units cuch that
inerenontal cost of produotion chonld be szne £rom
¢=ch souree at oll points in tho networtz, The sconcrdcesl
amects of loading of units, for optlmum oconoty and
difforent tofhniquon followod to achlove our objectilves
‘one dlecussod in the noxt chepter.
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LY With pover gystens doubling evexy 5 yoars in undovaele

oped countrios and doubling evory 10 yoars in developed
countrios, fuel costs radsing repidly md unit cizes
incroasing oven more rapidly, the immortance of gratem
operation for optimm economy has increiced tromendously.
While the prinary recponcidility of the powor gysctan
dospatcher 1s to have pover avallablw vhenever and
whoreover the gystam decands 1%, and hoe vust also furnich
this power at the lowest poszible cosnt.

2  Econmic Operatiom

The job of opernting pover cyoten for optimm
oconarty has two importint factors, first whint pachines
chould bo oporated end won dhould they Yo put on line
for a glven load end tho seecnd with given nachines on
1ine how should thoy de loaded.

The dotermination of which nashines dhould be
oporated and whian, imvolves not only the “fixed costd
portion of the operating sxpense, {(the start W cost and
the no load imput to the nachine),; but alec tho spirming
rogerve ond other systen requirenente, In addition to the
fized cost portion, the cost of operating a machine on
various loads (or tho vorisdle cost of cperation) and the
effact of tranmission logsses cloo influence this
detexination.
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In genoral ina given station the units are planed in
pexvico in anocending ordor of their heat rates asoming the
cost por DIy to be tho smme,) To detemine the most
scopozie comdination of units for a civen station lond 1t
18 mecessary to plot the total station heat rate curves of
smxcsasivo cambinations ond to note the conbimntion
providing the lowest hoat rate for o given station locaa)

Another problen of importance is to detemiine the
ocononic advisability of tniting units off tho line for
relotivoty short poriods of time sieh ag hotwean the
norning ond evening peak#. This doteraination 4ip bosod
tpon the enloulating the totel cost fusl input in As.
to the gystom during this period of timo vhen the units
in question both on ord off the line. This calotlation
ghould include cost of rastoring units under consideration
back in service and losses involved in baniking tho boilors.

Once the decision has been made as to what machine
vill be on line, there romains the task of determining
nachine loading for varfious gyotan loads. This foa
variahlo cost portion of oporntion. Neglecting losses,
we obain optimm econcmy shien nll machines are loaded such
that the "incremental coots « generated power are egual
at oveyy point on the powver systes,

The incremental cost characteristic for a machine
is obtained fyom 1its imput ocutput chamocteristic as chown
in fig. %.1. The slope ¥/X of the irmput-cutput curve 4o

plotted pgainst oufput to odbtatn an inyrenental heat mte
curve. The incrmmental heat rate curve is in BTis/ivhx,
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and by il tiplying this by the fuel cost in Rg/Ply, we have
tho incremental cost curve in Ro./Mvhr, Tho nathematicod
ogquation for optimal scheduling of generation is glven
vy

h . . M)
ar,

shoro 4rF :
.@n__ = 4incramental cost of production of
n

unit £ in Ra/itvhr.
= inaremental cost of received power
in T/vhr.
F, = imput to unit n in Rs per hour.

P, = output of unit n in megawmtte,

h'3  Scheduling of gonoration negleoting lossest

The first stop in schoduling 1o thet of prodicting
the daily systam loads Vs time, Tho totsl systenm
goneration nocossary to cupply this load ineludes tho
spinning reservo requircments and the tie line flows.

It 48 detormined thot cortain machinos are to be opewmted
and o looding schedule 4s to be basod on losding tho
machines at equal inoresental costs.

To aschedule generation at squal incromental coots
a mmbor of nachdne chernctoristics properly adjusted
for fuel costs arc to bo cortbined on a single plot
05 diown in f£ig. 4.2 for threc machine oporation. The
inter section of horirontal line X-X gives esch machine!s
out put for the particular increnentsl cost salected.
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If tho s of tho mechinos out puts Py + Py+ Py 10 less

than tho doosired gystem load wo try a highey increnental
cost axh as the 1ina X' <X! ard ropoat thilo process
until the total outputs oqual to the gystam load., This
wnild be done fHr the entdre datly load curve snd e
individunl nachine out puts determined for esch syoten
lood lovol. If a fourth machine vera to be added to the
1line tho incromental cost level Oy any givon gysten load
wuld bo lovored, Sintlarly 4f one of the three pochine
were taken out of line the incranental cost would hove to
raised to carmy out tho amne gystm load vith two
nachinoyg.

Since both fuel cost and mydor of nachines on the
Iine affoct tho londing of all genocratdrys for eny syptom
load, on unproficted chango of cither of these ndcocsiates
& coplotely now schedule for optirmm econcnmy.

The schodule of ganorotion for ppemtion_ at equnl
incramontal costs may be efficiently done by the use of
inoremental cost flide rule. figure 4.3 fllustrates sn
inercoontal cost dlide sule for a three maching dysten.
This dlido rule consiat of a essentially of a Jognritimie
calibrotion senle, a moval strip for -wach gemerator unit
and a fuel cost sdjustoent acale. Tho talibration acnle
it groduntad in BTV por Kvhr © a logarithmic scale.
Each movable strip 1o calibrated in Mvs and indicotes
the rolation batvesn the inorenental fusl rats s out put
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of a given genorator undt. Differemcos in fuel conts nmay
be accounted for by displacing a given generator styip

to o position on the fual adjustment ocolo corromonding
o tho ratic of funl costz. For & glven incromantsl cost
of recoived pover corresponding gonerater oub puts con
be rood directly fram tho styipa.

%% A Dospatehing Computer Moglesting logses.

Fig., Wb dossyibes the essential slemonts of o
computor vhich can 4o the loading dlide rmule work, that
i3, computes the machine cut puts for genortion
schedules based on loading at equal ineremantal cost
of generatod power. The ccmputey rhown in the fig. L%
18 for a systom vith G stations oseh vith tws machiven,
To use this crﬁputnr for caleulating nachines and stationo
. ou¥ puts ve diould cet tho gyetan load and e line
gehotiles. 'The muimd generation for the oyoten 18
sutonatically compored with the cozputed total
gonsration and the compaving unit adjusts tho outout
devel of tho cost untt whenever the two are not squal,
The inerenental cost level is mised 1f the computed
generation 1s loss than that requived and vice versa.
The output of cost unit wuld o gensmlly be o voltage
vhich 418 radood or lovered for ddfferent cout leoveln,
The output 15 fed to the four inmdividual machine '
incromental coot units {or function generators).

There 18 a function generator for each machine on the
" gyston ord oach one has the incyecental cost charactor-
1otio foy 1ta ansociated moachine oet into 4¢, Thooe
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furp tion ganorators corromonds o the moghine dlidos

on the nlide yule.for ony given imput inoreoontal cost
of tho fimction generator dovelops 4 sigmal proportional
to the propor nachine cutput for the dnmput cost lovell
Tho funotional genorator them provides tho smo
information we would obindn mamially fyom the inerectanial
cost curfes or incremental slide qulo.

The above &Hpe of coﬁpumr neaYly replocos
the loading dlide mle’ wuld rot ba eeconvaieal in noot
cages sincs 1¢ nubtomates tho tadk of vhich 45 eandly

porformed momually.’

%5  Othor motinds of scheduling Turbine Generator.

Athough the criterion of cqual incyrenental
production cost wvill reoult in cpéionem sconomic
scheduling of generation, tho following nothods of
nchoduling sro come times gtill found usoful,’

i) Dace loading to capocity: The turbine genorators
aro guccosafully loaded in order of their officiences,

11) Baso loading to moot efficient load, |

| The turbine gonerator units crv mx:cnsmliy_
loaded in ascemding order of their hoat rates, to thedr
most officient loads ven all unite oporating o cope city
in the emme ordoxr.

141) Proportional to capoeitys The loads on the
units aro echeduled in proportlon to tholr rated copneity.

b6 Trancaisoion losses
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Mth the dovdlopmont of intogioted pover gyotmo
and the intoy.cormection of uﬁ:l.iﬁos for tho purposs of
econory interchange, 1% L0 nocossayy 49 conaidor not only
incranental fusl costs tut cleo dnoranentol tromendscion
lass08 for optimin cconomy. Anothor irportont proWlan
in operation of intomormoctod syotams 45 the dotormination
of trmmionion loszos for tho purposo of billing and
aloo vhecling pouor in various intorcormoctod txonsestions.'

The potantdal covings to bo achioved hy ationtion
of tranmdozion lossed in cconmgy demoteh dependn on tho
oizo md nature of the Imr gyotas, A closoly kmit
notropolitan notworz gy find that the potentlal savinge
arc only modost, On tho other hand o fomflung no tvoxis
covering larpge goographical arcac may find potentianl
srvings from thio cource to he of conslderabio magnitudo.
Ono lorge powor systan which serves an area of aboub
100,000 #q. nllas ostinates that tho fual eost of powr
lost in trommission As approximatoly fn. 375 lokho
per mr"’l’ It has reported cavings of ¢pproxinotaly
Y that flgure 1.0, Rao, 15 Lalths por yoar by tho uge
of on oceonony dogmateh gyotas that glvos spproximate
consfdoration to tramsmiosion lose factoxs.

%7 Tronmicalon lososs as o function of plont outputs

For ezpressing the tyanoiiosion loscus intoms
of plant cut puts, lot us considor a Wotem ao rhowm in
£ic. %.5 conpigting of to generators end ong lozd. If
R,s B, and §, aro tho rogiotancos of 1ines g, b, and ¢
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raspoctively, then tho totel 3 phase cystonm loos 48 given
by

Pp=3 ‘11‘2%4,3 1%l 2B +3 1Ty +X] 2R ut@)

If wo ascame that I, and X, are in phase curronts
and Py and P, are tho powor ont puts of plont 1 ond 2
at powor foctors pfy, am pfa magpec tivaly,

- | P,
mm—

Py and ' |
Thon 111}5 j‘i }V1| (9f1 ) 12 ﬁ ‘Val (Pfa)

on muhstitution in equation (2) wo pet

27 +R, - B T
PL?:P.: _‘H% o * D ?1P2 [+ capiems oot
|vE (ofy 22 Vgl 1W,] (g, )pE,)

P2 Lptlc

=17 Dy +20F, By LB By “ee (b

Tkz toms By, B,, mnd By, ave ealled as loss fonmla
coofficionts or B coofficlonts.
whoro By g.‘.gﬂgr_lh_;{. ’512,,._&.4 : —
A 3 (pfy NARLARZ D¢
+
i r:ﬁ? (:;232

Bys

Caleulation of transission loas coefficionts axe
nore coplicated ond time consuming for o gystn conststing
mrbor of ooumcon ond losds. | very popular rothod of
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caloulating loss cooffisionts ©rum Kron's mothed of wolylng
tenoor anclysdis to powor gyaotens to roduce tho gyotm to

an oquivalent ono vith o vingle hypothotical load. TFig.h.0
rpresents tuo ponerating plonts camectod o tranmmission
notvorz vith an arbiteay nucbor of loasdo, R, 10 the
roctstanco of branch & ang .y ond I, oro current

distribution foctoyrs, The tranmigzion losn for such zi
gynten 19 given hy

R RN I veet8)

- -

1
- Shy R

"% (peg® K

|Vl 19,1 (£ 3pL,)

=

b

T s % R,
1 ‘ s, S— T : sver (6)
R r 2

thero % indtcatos crmation to fmelude all
brenchog.  Tho ~bovs equation toluoca o

vl a X
Pp =Py Byy *2 P4y Byy + Py Dy ree (7)

Vhoro Byyy Byn and B, 0X0 lons corffinionte,

The goneral fora of the loss eguation for any mrbeor
of murcoes is

Py = % % Py By Py ver {8)

vhore £ #% indicote indopendent cmmmation to
ircludeo all sources. '
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A ponorl exnregsion for losc coeffioient ia

B Cos (c:_'&fo—._,;} %%'ﬁm%

AR A (pfn) (pe,)

Bauation {B) 45 based on tho fallowing nasumptions,

1 ALY lood currents maintaln o eonstant ratio to
the totzl eurromt.

2. Tho gonerator vus voltage pagndtodos raoain
conztant.

3. Tho ratio of reantivo power %o mai pover of any
gource ramains a fixed volue.

L., The gannrator bug angles ronoln conotant,

4.0 Auppented loos eguation.

| The troditional loss esuation (8) is said to bo
lintted in 1ts proctiesl spplicstions cinco the

psoorptions on ubich 4t in bused are sud-ptantially

invalid on tyniesl pouer syctens. I has boen pointod

hat vith o ¢hanges iIn (s gysten lozd ond veoctive

reguisarents, the sguatiofl beemmss guite inaccurato.

An qurmented or general total transmigsion 1059
oguntion has been dwolapad(mbumd on woro ronlistie
asarptions.

> -
Py © E'm- = PO, P, * % Doy By #Epp eee(9)

vhorge
nm i o constent relntod to sowrce n

jo&5 28~
cruraA] LIBRARY UNIYERSITY OF ROAMYEF
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K‘m is a constant that nay be roganded o representing
total oysten losses undey imaginary condition of Zero

gystem powver eupply.
B,y 19 not necensarlly equal to B,.

%9 Incremental Tranmisgion lonses.

Inereental transslscion loss for a mpeaific
sourcoe ie the change in tronsolosion loss related W@
that source vhen the source output is changed by &
a1l smount. It yopresents tho fraction of the
inerenental power of that eource vhich 4s lost in
tranmission. The paytial derivative of egquation {B)
vith rezpect to o given asurce yepresents the
increnantal tranmmisoion loss for that source in
povordance wvith the following egquation

- &y |
ekt Z 28, B

Ap oss {10}
S
vhoxe -c'S-;L is the Inoremental tyanamission
n

loss foxr sourae ne

For o area having tw oources, the insremental
transnission loss of sach source 18 given by
R SN
= 2Py By + 2P Yyp

51’1

SPe T
g"z"‘"‘" 2Py Boy + 2Py By
Py

For moro acourate yesults paoridel derivatives of



of ougoentod equation are aomsidered

3P
.gpg-g % 2 Bml’m -i-Bm fees (11)

for two sourss the intremantal logs syuation
bocorion

SP- |
8—9—»?-{ = 2Py Byy ¢ 2Py Bip + Bw

'892 o
The preferred incremental loss squation (9) includes
3 typos of B constants for murce n as follows

B, oelf constants shich are positivo,

B, mitusl conctants shich may be positive or
nogative. |

By, tho oddoed constant vhich nay bumuw
or nogative, '

%.40 Distribution of loasd Between plants considoring
troncmiosion louases:

Tranmisaion loss as en additional constant has
boan considored in deriving e sguation for inereiental
cost of power gereorated.

In the egquations

k

P, oPy #F, % 4un Fp, &2 & F
<

P, =P, #+P, +,,, P, &= %

% 1 2 4 = Pn
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whore Fo 1o the toial fuel cost and Py 1o the total
power Liputs to networt,
The constratning relation on the pinimem value
of P ¢ ip
3 \
vhoye P:_ u total tranmmisgion loss, 'Pn is total
powey roceived by losds,
By nethod of logzrangian midtiplier v introduce
tho oxpression T ouch that
‘ X

-~

Mintmum fuel coot By 44 ontatned when —g%' 20

Partial differentistion with rospect @ P, ylelde
¥ ) P’{

P, * 3 Bn
for ninfmus total fuel cost
- 4F . S p
ar, . &P,
-qr - 1 -
¢, 1. OFL"
épn |
ar
"""B‘ Ih = }\ .w.(ﬂ)
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vhore L, 10 called the pennlty factor of plent n
and _
1

S
t-°h
& pn

LEY R (13)

Lh m

Tho multinlior A 1o Rs per megawatt hour whon fuel
cogt 18 Ro por houyr and power in negawntto. Minimm fuel
cost 15 obininod vhen the inerenental fuel cost of each
plont multinliod by 1t penalty factor 1o the come for oll
points in thoe syston.

%341 Plant Schoduling Consldering Loaseu:

This 1 dono by cooxrdinating the incremental cosot
of pemeration with the tranazission loss incurred in the
dolivery so thob the cost of delivered power is oqual at
avery point on the gystem. It 18 ronoonodle considoring
that tho cost of genorantion plus delivery can bo cxnolly
paralled to tho easo neglecting losses vhore wo havo the
copt of ponoratod powver eoqual at evory point on the aysten.
With no loaggses we aro nsouming the gystem load on the
gonoration 'buén, wvith léss thore io an oxpense in
delivery vhich wo should include with the cost of

peneration.

lot us consider a gystam o shown in tho fig. w5
congioting of tw murces and ono trensmission line. Tor
ecrxrmical oporation tho cost of deliverod powor should
be the some ot that point fron both _fho BOUTCa 8.

- -
——

te, A1y = L2 1=z A
1 ar,
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s -

whore 1y = penalty fostor of Plent 1 = -——’jm_
T 8P

1

1, = penalty factor of plant 2 = —

1. 3R

& Py
Tho total loases in the gyotenm Py 4s given by
PL= ] Dyy 2Py By Byp + B DBy
whore Py end P, are tho station out puts ond Bygs

By4 and By, ore loss ooefficlients (self and rutual
contants chtained fron tho nathematical model)

The incremontal lonos incurred sn delivering the
incroased out put from sourcos 1 and 2 ie given os
follows:

_é - .J
"'B"F""{ = 2Py Byy + 2P, D4y

...5? -

From the insromental locs 4t is necosscayy to
calculate the ponalty foctor multiplior — —brgp— shich
n -

1o usod to modify tho incramontal c¢ost of powor -ﬁ— foxr
tho two muchines.

Ve have to molve the above non-linear sirmle
tencous oquations for cbtaining the increnental losses
in tho trangigsion lines., As ve increate the mmbor
of atations or vart:dle sourceo, the mrber and pise
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of equations increoses proportionately. The timo required
and comploxity of solution increasss trecondously,

Sinco the out put of individual stations generslly
affocts tho dolivery loss incurred by oll other staticns
vith o tranmiosion gyston other than redisl, any deviation
of otation out puts from those ocheduled will couse orrors
in the loss portion of our caloulations as woll ao tho
modified genoration costa, with an increx-ntal slide rule
or the equipnent, the naching inoremontal coot portion
could be quickly calculated, Dut to complete the job we
neod now tranmission loss pemolty factor multipliers
o readjust the nachine cost curves. The calcoulation of
those nenalty fuctors by hand would be too tinme conswning
to be practicable. As such penally fastor conpntors are
uoed to calculato tho a~ove penalty factors.

Uith eithor mamuyl or automatic irput to o penaliy
factor coputer, the decpatcher is provided with an
inexpensive means for rapld, accurate coleulation of ponalty
factor oultinliers, necescary to include tho cffoct of
tranazisaion line loases in the gemeration schedules,

The penalty fastor coputer with on incremental loading
slide rloc tho inoremental cost of delivered power
can de ocheduled.

%.12 Eecononic Oporation of a Comdined stexn and Hydro
Elec tric pover syotems.
An Smportant problen in the ayston operation of a
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coribined gtess and hydre electric powor gyotoms imvolven
the dotorzination of theo out puts of both the hydro-
clectric and stoun clectric sources for over oll system
efficiency.

Thae chort range oconomic optinisation schodule
of stoom and hydro electrie plants 1s given by the
following coordination equntiona.

an éPm
vhonrg ar
..&._;B...._ = Incremental produetion cost of stean
en n in Rg/ hhr.

Py T
-g;;- = Ineronental tranemisgion loss of

on ptomm plant n

dw

E.P..L_ x Inoronontal wntor yate at hydro plant J
1 eft por v,

e,

o = Inmnranental tranamission lossos of

& Hydro plant J

A = Inorcmontal cost vocoived pover in
Ro por Ihhr

7 = Uater conversion coefficiont vhich
oconverts incremental water rats into
equivalent Incronental plant cost,
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Tho convoeroion coofficionty coworts the insremintal
vater rato into an oguivalent incracental plant cost omd
contequently dotemines tho volume of wator umd.

thon tho offect of hesd vardstions aro neglectod,
the wator comvorsion coofficiont v 1o contant for tho
poriod. considored. thon hand variations are cignificant
the vater convoroion coofficiont beeonos o function of
ting. Thoe offect of this vorioble v maintalns the
rosomwoly clovation hirh early in the tino poeriod to
utilico the inflov ot the highost head poszidblo consistent
vith tho dalancing econonic fectors of inoranontal water
rats aqnd incremental production cost,

It 15 often constdored good practice o ocporate
hydro plants noar the point of maxdrnyy officiency except
Quring tho times of surplus woter. Tho following aro
-the two altomative gpothods of mhadixling afcoclatod
stoon plants. o '

a) stea plonts mhoduled-by'oq;mi inercmontal

plant costa, |
b) stean plents echeduled by courdination
equations.

4,43 Ponolty Footor Computors.

Tho large coounts of powor that aro dntoychengod
ovor tranmission linos vithin ond botvorn largo
utiltitios rogquiro escurato calculation of inpreentsl
tranmiisoion line losoos for tho moat cconoic oparation.
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Ao.

The inerotontal logoon in torns of ponaltios on the
sources of ponoration can be caleulated moro cocuratsly
uging ponalty footor camputer., Thowe penaltios accomnt |
for the offoct of incremontol lesses in transferring
gonoration fron oach sourco to thg load, Tho ponally
faotor comutsr calounlate the immntal lossas
apsociated with coch muree of gonoration for each given
total gyotan lood. |

The pengliy foctor and the imcronental tronow
nisgion logssos can be yopkresimtad by the following
nathomatical equations,

- 1

Ponally factoyr L =
t= fé‘ P,
3 B,
Inoronontal tranmission
-~ 8P
locs - L =5 2P
82 E’ o By,

* By
. 1% 18 nocesmry 0 solve the sbove squation for
each poures and vhen pore thmm 3 or ¥ sourees are Lswolved
this bocomes an extrocely ime consundng tadk.

Uoing anslope penalty feoector computers vo nay
got the ponalty foctors on o long ocale indicntor by
cotidng source powers rignually.

The souree povers are reprosonted as n.e. voltases
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vith a oealo of 0.5 wolts por IN while B, cooffieients
aro potontio noters corons vhich tho voltagaé proportioml
to tho sourco povers aro impronsod. A mlik secondary
transfomer alliosus the colection of en oppooito polarity
voltagos to repreeont nogativo B,,. coofficicnta, The
out put of thoos potontio metors aye ctamod as currants
thmugh individual dropoing reoictors and woad solootive
oly by meoans of a corvo-typo indicator.

Fig. b7 thoun & chematie dlagren of o roprosmt.
ative two mureo manuol ponalty factor computers

Autonatic ponsity foctor cmpﬁtnrs aro on intagral
part of the Genoral Elestyic Autenatic despatching system,
vhen tranmildcion loancds oo an mortanﬁ constderation
to the utility, It rooeivos dnput from the tloa and
stations end computes tho rosulting penalty foctor. In
nddition 1t autonaticnlly nodifios (1) by appropriate
ponaliy feotorsy (11) tho mastor aren sipmal vhich 4p
sent to contil stationas.

An analofue caputer dovaloped cooporatively by
ths Antricon Cos and Moctrip Soxwice Corporation ond
tho Genoral Eleotric Co. wno intalled in the Contynl
produc tion and coordinntion office of the Anerican Gas
ond Floctxle Sorvice Corporaticon early in 1955,
oporotos inconjunction vith an increental fusl coot
diido rulé®)
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h.1h Cooploto Automatic Darpateh Computor,

Tho ndditionsl units incorpornted in tho caputer
thown 4in fig., 4.8 comparod to the computor shown 1in
£ig. W% aro divider units and ponalty footor computer
mﬂ.{:w).' The dividor units divide tho cost lovel {(coot
of dolivered povor) by tho penalty faetor pultipliors
. to snﬂ.sﬁ R0 contition of coordination oquation vhore
the cost of delivored powar 15 ogual to thoe station
incranental cost tinos tho penally fector, Tho inmputa
to the ponslty fector ccputer aye chown in tho fig.h.8.
The output of the ponalty feotor por- tton of tho computor,
tho penally footor culfipliors for oach ctation ond oy
important tio polnts. 'E'hn ponalty footoy for the
station feod int tho 4f/ider urd s o automaticaliy
modify the inorcmental cost lowels soen by the phation.

The penalty feotor conputer portion caleulates the
ponalty fector multinliors fron non«linoay pimul tanocous
equations montionad ¢axrlior.

Thowo of the comlote mutonatice dogpatching
compuinyr vhen proparing gonoration schedule vould reguiro
the tio 1line pover flous tho non conforrins loods ond
wcorputed ctation cubtputs ¢4 be oot ponually. with hte
dono for o certain ronge of cystem load or poriod of tine
on tho cchodulo, tho only furthor cdjustnent nccoscary is
o cotting for the rystem locd.

Tor oach cysten load the dematching computor wlld
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coloulate the machine cmd the staticn cutputs ineleding

the effoct of logaon, It provides thoe infomation necosscary
to preparo a coaplote genoration schedulo once e docision
hao deon taken as to vhat machine should be operated und
vihon,

%.45  Automatic bDogpatehing cmputomcﬁntmnar.

An autonatic dospatching ceputos-controlled
arranganent ¢an be in oithor of tawo basis fowmn, as m
indonandgnt computer which provides infrintion for the
controlled grotem or o combinod cooputor and mystan
contral. The fipst 1g a damatohing computer with
tolenotorod imut inforaztion end the cutput tied into
the rrstom contral, Tho cocomd 15 o combination of
copator oyl systan control.

7o conwvort n despatehing conputer into controlling
computor the irportant irputs tofe eompater and cut put
infomntion must bo autcmatod.

The computer out puts, the machim oy station
penoration values, rust be compared vith the tolomotored
information on tho cetunl machine or station genorations.
Any aifferences botwoen tho compubed and actual generation
is uood to inttiato control outomatically. Idenlly the .
corputer chould bo caleoulato and control thoe output of
intivitunl nachines. This wuld require o spperate contyol
chamel from ths despoatehing officoe to onch machine, In mos
cane the cost ond the avallebility of channels for wuch m
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arrangment would rule out this possibllity. The other
altemative station out puts corputed and controlled
requires only ane chaymel ¢o each station. Thiso arrangement
requires a Audiiication of corputing equipment at the
despatehing office and at fach otation., The uvtation
squipaent is required o allocate thoe computed station
out put saong machines, The ntachine charscteristic set
ints the station equipment rmust de exnotly d@licata
thase set into the camputér at the despatohing officer
Af optismum economy 15 to be venlised. Differemces
between the station s despatehing office machine
chayue teristio could cause considernble deviation from
the optinum moachine outputis.

The G.B. Automatic despatehing system combines
the computer contralley functions with the gystem contyol.
Both the computer controller function and the gystem
contrelley are agccempliched over o single charmel to each
station. | | |

The econamic loading portion of the G.B automatic
despatching squipment iz shown in fig.k,9. There are
o differenzed Betvesn the arrangmment of equipmont
compared 4o figure 4,8, First the cost unit is driven
directly from the systen information (Tie line and froguency
deviction) and second the furction generators for each
machine aye not lom ¥ed in the astations slininates the
dulilication of squipment and the problem of sccumtaly
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repreoanting the maching inczremental ourves at the
despuiching office en wll as at stations. Ths transe
mission 1083 penal ty computer portion £8 unchanged and
81111 ccopnton penalty fastors for each aﬁaﬁon. Thove
penally factors are used in the enme monner as beforw
%o modify the cost seen by tho stations,

416 Automatic Degpstching Syston,

(A Camputemcontroller)

Fig. 410 dows the components of G.B, sutomatic
1024 degpatching gystem installed vt Kansap Powvor & Light
Coey T SLA.

A cormputerscontioller will not only regulnte the
cysten gonsyation to matoh the changes in load but also
allocate thero changss in most economical namnor. The
6.2 antomatio despatching systen 10 such a device, This
gystem corbines the funstions of load-fraquency control
and economia loading of gonerating units on en inoremental
cogt bacls The control performs the routins and |
rapstitive functions that clinminnte the need for detailad
laading schedules and requires a minimum attention from
despatchey and station operators. The gystenm uses
load fyequency control squipment e3 & basic duliding dlock
to vhich can bde added econcmic incrementnl loading
squipnent and tranmmiscion lose loading squipment as
they are rweded,

The coxfpination of above three blocks foms a
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computer controller vhich will antomatically regulate
gensration to mateh systen load end in oddition vAll
operate the aysten at tho lowvest possidle coste

The controller hlock at the left of the draving
No. 91 chows both a reset and a proportional controller.
The purpose of these tw controllers 1o to provide
axim regonse wpto a safe limit, vith linited
vesponse bayend this level. The proporiional controllex
18 the Migh opeod it and 1t 1s copahle of corrosting
a rate of wto 100 per aent of capacity por mimite,
Of course it is/;gsmble to instontaneoudnly movo o
nachine mors than approximately 15 per cent '7 fron
{ts oporating point due to the limttations of the
bollers and the tuxbine itzslf. Therefore the proport.
ional contyoller has stops vhich limits the anownt of
channe 41t can require fyom the aystsn. Tho roset
controllsr has a dlover moximun rote of 5¢ per mimte
and 1t 40 not lintited oo to the zsoount of capaciiy 4t
egan swing. Note that the twe signals are then coeshined
into ono contyol sigmal vhich 4s then cent to the stations.

Mg 5,12 shovs the combined out put of the roset
snd proportional controllers, The proportdonal controllar
(ourve B) responds very ropidly to wipe out the area
yoquirement sigml. The recet astion {curve A) moves
along o rch slowver rate. Their corbined action resulta
in correcting the area requirement as rapidly as e
charssteristios of machines will pemit, The mlope of curw
B vill vary with the size of the requirenent signale that
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13, 1t vill Tompont more ropidiy to o large signel than
to o mall one. Alm the Imme point of the curve can
be sdjustod by the despatcher oo s to take amyvhere
from 50 t0 90 per cent of the area roguirament ocignal
instantencously leaving the reminder for tho resst
controllor,

4,17 Economic Operation of Inter-commectsd aronss

For optimm sconcey incremental coot of reselved
powayr chould bo the come from all sources.

Thare ave mmber of approachos t the prodvles
of obtaining ecoronic operntion of several intercommeoted
areas. Coeputer contyollers are bost sutted for
sontroliing similtanecusly aryes frequancy, nrea net
intorchange end econonic pllocation of gonoration
wvithin tho syea. The not inteychangs out of tho aroa
18 sot mamually and 1z detomined by controcts ang
bargatming with noiphbonring areas,

Ona spproach 40 obtaining oconomic operation of
the pool fomesd by the inelcormected areas Ao to tread
the ceversl areas as ohe arwa. This altormmtive frvolves
the uso of a centelised cosputer to sowve the pool formed
by the nvea. This cputer would require inovliedgs
of all plant leading wend oxtownal and internal flows
o the control system would reguire a control chsmnel
to sach plant.

Anothor cpproach wuld involve application of
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mitonatic desnatiohing gyoten to tho ipdividunl orean
vith posny of detormining automatically the ocorxmie
interchenge betueen tho mrons, Each area would require
a knovledge of the plant locds in the srea md the
interconnestion flovs out of he arca in adadtion to
conteol dinfomation instructing tho cres aither %o
increnne oy desroase its dolivery tw tho pool, The use
of this decontralised opproach vill in s mumber of caoes
offor important advantagos over thoe centralicod
prosch, |

1. Doduotion in tolesotordng chommol roquirements.

2, Uzo of maller dscontreliszed computor coltyollers.

% Boady avallabliily of infowmotion for sccoumting
batreon arens.

% The nethod pernits more gocurato consideration of
transmission logoen.

The above civantagers ore nore pronmmesd wien
muhor of tie points botwoon the arvss is seall,

™he propossd decentalised mothod 45 bosed on tho
follmAng principle @ shen tho increzental eost of
delivaring pover to any particular point in given group
of areas 15 the sme frn all soures, the powver pool
forred by the area is in ocnaio demaﬁcﬂm})‘

4,18 Mmltl areon Seonomic Dtspatch Compu tors.
A multi.ores despatching caoputor oocomplishes
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the following tagits which are not previoudly undey token
by an single ares decpateh computors.

1) Caleulation of econcmic inter chango between
arvag.
11) Cnleunlation of wolghtod Increnental costs at
boundavrien for intor cormection accounting.
111) Caleulation of incremental costs of vhoeeling
lossag, |
fv) Calculation of flows over individual areas.

The Hagnra Mohav: Power Cormporation and the
Itow Yorkt State Electric and Gag Corporation have
installed the multl. ayea computer in Syrasusey Now York
far the sconmic operation of the adove syatens,
This computer will Yo uced for intarconnection dealings
botwaon Blagara Mohaw:, New York State Elootric mmd
Gas ond their inter connectod neighdbourers: This
, rmltiarea dsopatoh computer is bosed on the uze of each
individual aves together with supplementary devicos
which doternine the vconomic interchange belween arens
and the flows over tho individual tie lines.

The rmulti.aren Economic dospatech camputers will
4o sconomic nllocation of the generation in ench area
in addition to the anid duties.

4,19 Southern Moglonal Power Syatems:
The operation of Southern Reglonal Power Systems
using despatohing computsrs for optimm eoconomy is
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discugsed undeyr Chnpter 8.

Purtier we have seen at gpeech corrmunication,
telenetoring, folosignalling aro essentislly rvequised
for oparation of oystons for optimum coonony.
Cormundoation focilities requived undsr lodd derpatoh
scheme oz dleoousscd in tho next Chapter,
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g1  Dovdlopment of a well Enit Cormundention notunyt
atcees conglderchle importance in power ayatma, since
reliahle commurdeation Mgy a taportant role in the
satisfactoyy fumetioning of the integynted ond e
inter-connocted power ayabems, The cormmuntication
fociltitioy sush ap gpoech, telenetering, taloprinting
and tolesignalling ave most vitally roquined by the load
dsmatcher. The commudestion focilities should be
providod on nearly 1008 veltable bants go that tho lnas
decpatchoy would he 1n o posttion to discharge hia
functions swoothly ang uninternptodly, Nearly Joof
relisdble communication can be achioved by providing
camrruntastion racmtiea on pﬂma:y Sum bncl. up bns:ls.
That i {~ e

S vaok wp gystem p pmviﬂed on different routo woula
bs readily availsble € the dempatohey ensbling him to
carryout his funotions noyally,

Power ling carrier 1imk 1o used for variety of
Nmotions mith as voios cominication, relaying, telo-
metering, ewporvicory control, teleprinting ete, Todey
pover line carrior in irdospensable to the operation
of most power systems,' Pover 1ine carvier offolrs repid
and dependshle comnmication for 1024 daspatohing.
carrier relaying pemits high spesd clearing of a1l typos
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- v —
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of faults with an incyeass in stability linits end
pomissible 1ine losding. Carrier provides ecnonical
charmels for telemetoring of contimuous gyatem partiouloars
to despatoher for efficiemt wystam oporation. Carrier
charmels aye used for remots supervision and control

of many importent sub-stotions and for attomatic loond
control of mmerous large generating units.

Power ntilities in India bhave t1ll now mostly
using power line carrigr for the chove sald purposes.
Though the pover line carrier proved to be satisfoctory
and scononinnl, they huve certain irherent limitations
sach an following |

1) vhore the signols have o pass through more than
Y ¢ § 1ino sections, dependadbility of communication $s
very much yeduced since the mipnals docome weuk ond
nowdy. .

11)the probadility of finding somo intemodiate
wirouits engaged, inomeases as the tie line sections
are mory than b or 5.

111) the problem of froquency allocation in certain
soations becomes Increasing ALffigult as t notwork
develops,

iv) further some of the plazes are not comeetd
by powver lines.

Dence in the developnont of grid notworks, the
nogd for exploring altamative msans of comsumnication



becones necessary,

A rambey of pover cystomo on the continent and 4in
U.0.A, ond Canada are moking use of P and T fasilitios
to a considersbls extent. In Prench gysten sbout 60%
af the cormmication lines ccoprisen of P & T ciroults,
vheress in Dritish grid the P and T cirouits comprises
ovor B0f of the total commmication cirewits’) utilisation
Of P.L.CoCu tmd P end T facilitios in tandon is a very
conmon feature in matber of countrien.

- In EIndin most of the ¢ities are intercormocnted
{or being compoted) by coaxial cable vith a eapocity of
960 or more charmeld'd vy P and T authorittos, ¥ach
chomel ean ancommodnte 18 subscharmels for telenotaring,
tolosignalling ete. plans for instaliation of micrownve
1inx detveon major citien as an sltemative mesns of
comnrdoation are diso undor fmplimentation.

The advantages of P and T fanilitdes are as follows

1) Since trangmisoion 18 through underground coaxial
adle or through microwavo links, they ars royw relishle
thon tyanmisylon through open vire circuits vhich are

1iables for varlous phyoical distmdances,

41) Antometic transfey from cooxial calles to mioro
1irizs and vice-verss is possidle vhenever fault occurs
on ona of the tw shove links and thus groatly snhanos the
reliashlity of communication systan.

Under the obove circumstances 4% 18 desirodle
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Hint o P end T feotlitiao boins cothlidicd 4n tho
country wuld bo fully uttldcsd olong vith 2.50.C.C,
for obtalnin= 1007 rlishlo commmdaation.

S.0 Furstionn of sarrior chormoly

Drown Bovory Tranniotaxicod cinflo sido bom
earrior cqulpzent typo OT0Y end D00 axvo caifoble fop
earrior froquesyy gonro varying oo 25 Qo (o b60 Ko(m)
{500 %o ).

Fovor 14 gorrior 10 ured for cledtansoun
trancdtting of vartoun cignnls cush ao tolematoriny,
control, coarrior olayins oto. ovor o minflo ehannol,
trd utally covornl eagrier ehnrmals on the pooa Xing
oan nake Soint ueo of copling and turdng oquirmoent.
fuoh offioiont uro of carrior often Justifies mm
frvostiont in tho enartao 1at pight 0ot bo Jurtie
iedlo for n oingle fumotlen olono.

Lany funstions that reguizo the tronmiosion of
intelidrense in the fom of IrpMioop, tush oo tolow
notoxing lood froqumey contyol ean bo porfomsd
drul tanecoudy ovor o sinlo oarrioy fregquiney by
roduloting thoe oorrdoy with cetio-fyoquomny tonoo. Dach
tono frogquensy 40 in offcad o ooparats earpioy cowmel
1to0lf usins O redio froguemsy carrlios channsl oo
1t condratoys AL tho sosolvins ol of cush o chogndd,
geoarata tons rescivors aro ¢ooratad fiza tae cubhut
tho reqio fromonsy rosodvor, cooh indivdinl tono
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roncavoy bolng tmed 4o Tosoivo ono partioular torm mnd
jcat tho dhoro,

If o contimaus tolezotoring ond alrultaneous eomound-
ecation aro required thon coparato Liltors axo ucsd to |
crmrats the tomo Srogqusraios o tho ooch ot tho
cenfiing cnd yosoiving exdn,

5.3 I'odulotions

Emidtado rodmintion 10 £ont 1idely urcd in povor
Iins carrlor ecomundontion qyotne  Anoddtudo podulotion
10 a vorintion of colttnds of Cio earmleor eurrento in
eecordanco with o vardotlen of o ooeed® vovo.  Aotudily
in hic earo o rocalting currciis consiot of o cinturo
of sayrior currcat ol cursnts of the o cdled cldo-hando,

The cido brdn eonpist of o oarrlcég. froqueney
nimus ths rodudating frofucnsy of Mo coosth ot that dnctod
ol the eaericy frogquunsy plas padalating froquonsy of the
eponsh ot at dnstant. oo roficd eodullation tosiudquons
are avallnablo by using ecDinatdes of odroudiory ord filtorn,
the post coman 40 oindo ¢ddo dond teodmileus in vhilch
only omo pido bdard An troneotttod Aainaling botha
cerrior ol umclosoay cmloesntany oldo dend. Cineo
all tho intolilircono Lo oarelicd Uy oro olls band thio coves
froguangy oo ord powtr traneei tiod ovor o sdrculd,

Tho freq onsy caxdulation (f.0) cotes 1o oles uesd
in P, LG vostss Inm o rotom olituds or tntcnoldy of
the troncdtted ciensd 4o constont od o £fyoyuchay varios
c3ovo and bolov o rofoyencoficquinay in clcord-nno wiih o
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intalliigence bedng trancmitted.

The Crequmoy thifd gystom 1is a secial fom of
frequency modulation that 1o uced for telegriphic functions
sich ao telemetoring. In this oysten the two closely spaced
frequonoies are used., A continuous corrder vave of constant
mplitude 14 shified Dok and forth botweon the tw
frequencies, ono frequency dencoting a mark and one a apoce
in tmnmission of impulses, By using highly stable
erystal omillators for the tranmaitted freguencios ond
carespordingly stadle and highly selective eircuits in the
veceivers, 1%t 4s possiblo to place the mmﬁcmwo froquenclies
wtiin 0,06 peroent'15)of each other in corrtor spectrum.
Bran vith this mpacing, the equivalent F.M. deviation
ratio vith the slow-specd Liying roquived by practical
impulice telwebtoring syotens is extranely high vith the
result that o properly domignod frequoncy shifd cyctem cmn
provide cub-stontial going 4dn signel to oice rollo with o
&nll tranoxitted band wiath,’

5.  Casrler Telemstoring:

The quaniitien often telczetored on power gysten
are clectrical quantities usually kilowatts, kilovars,
Wmmm, watay level, ¢txp positions and mny othor
von be telemetsred. The principle is genorally based on
converting tho indiestion to be telenotered into pulses
of a defirite charnoter, a variation in the telezetered
quantity being reflected as a varintion in some charsote
erstic of the tranamtitisd pulse.
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In tho irmpuleo wato cyot, tho froguency or mto
of pulsas varien in proportion to the nagnitude of tho
ticantored quontity. A reforonco or o basy rmato of
irouloing ropyoconts a nomitude of sore, dmpulso roatos
shove tho bagd rate reprdsont positive dneraoonte in tho
quantity ond iomules tatos bolov tho baco rabto roprecont
nagative incrcoonts.

In &pules duration oystam the frequoncy of tho
pulgos 1o eonstant. Tho dupation of tho pulss during a
cozmloto pulaing oyclo is proportional o tho magndtude of
the tolciotored gquantity,

Tho pulea tolemotoring groteno are woll mited to
operation orar aorrier channele, The fect that tho
intclliponcs transatttad taktes e fom of o stplo
pulses nolies 48 posaihle to use in nany cpplications a
sirple carrioy aseasbly in svhich wmodulated carrloer i
tumod on and off by a pair of contacts controlled by tho
talcotoring dovice. o speeinl modulation cchemern ayo
nooootaYy vith thero cystens and the acouracy of the
roooived information 18 indepondent of variations in the
atteruation of the chonnol ovor vhich 14 g tranemitted,

The chomal voqpudroments for inpulso tolametering
gyctens are mlativoly olmplo and besemss tranmulesion
alono or recontion glone 40 nmally roguired, the
noccablios urnd fox falomotoring purponos ave ofton corrase
pondincly oimmice If o ginzlo sob of fmpulecs 48 to be
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tranedtted from a glven point, the assambly loftm consiot
of 5 single frequancy shift carrier tranaaittar with self
contained a.c.' pover mpply. The carrier frequency cutput
of tho trmnomitter in contyolled directly by impulse
foming dovice which difd the oniput dosk and forth hetwesn
the narks and e frequencios as its contasts close and
opend

At the roceiving and of 3 awh s charmel a freguency
shift vecoiver 19 used % receive the aayrier cignal. The
yeceiver operates a yelaoy yhich in tum keys the Lmpulse
rocelivor. ' |

In spplication vhore more than tw or thiwe quantities
are % be talemotored fronm o single point sinmul teneously
it 10 comon practice to uses mriis tone tranmittar unite
to modulate ths corvior frequency signal. Ono tone frequeny
18 uged for sach telemotered quantity and the sarrier wove
48 Yeft on contimoualy.

5. 5 Speasch Charmel.

It is proferable to havoe the followAng types of
«xpress cpsoch charmels bBetween reglonal load despatehing
station to all state lond dempatching stations and fyow
state load dempatohing sthtions to important grid and
‘mr stations.

Charmel. 1t The first category of the express chonnel
dhould bo provided vith push button fype of aslling
faoility. These chammels eculd be accomaodnted in the
P.L,Ce 1ink. Pocaues push button facllity no cutslde
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<

peroon con onter into these chanmnels thus ensuring
exclusive tos of those chamels by the lond dospatohoey
thenselveos,

Channel Mo.2 Tho second category of oxpregs chamel
ghould be provided wvith aialing type of celling farility
vith priority koyo located only on the despatechers
talephone. Those channels conld be socormodated uedng

P and T coaxial/microwvave lirks (as a back up, in inttial
gtagen). DRocemso of dialing foollity thooe chammels could
aleo bo uoed by the ochoduling end other ntaff of despat
ching station vhenaver not boing used by the despatchers.
On the outage of the dsspatchers thannol (1.0, sxpress
charmel with push button fecility) either due to Toute
outangoe or termimml ogquipment cutagoe this chonnel ocould
be usod exclugively by the despatcher by making use of
priority key facility Bmis scting as tok w of the
dempatehors chamel, theredy emsuring optioun use of the
lonsed P and T chemmol,

. Prmn tho state load dospatching station to the
important grid and gonorating ctations shery P aod ¥
fasilition axe rot avelladle 1t i8 proferable to huve
back up alse thyough P.L,C» dnit considering routs
diversity factorn,

56 Tolegetering Chormelss

The despaichey noods various values of Mv MAT e,
of tho gomerating stations, tie lines and mb-stolions

proposed v be smonitered at the despatohing ctation Jor
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mooth diccharping the Nmotiona. In ondor 1o obindn s
ralichle tolenotoring plom, it 4o eagrosted that tho totnl
valung of the tolaotewirys bo distyibuted in the fip routos
(P.L.C. J8rs erd P oot T conxtal/mizrouavo 14rk)) Sush
distribution of tolemotomMng valuso will ensure that an
outage of any ono ce-nmdsntion youts, only 507 of tho
valuon of tho total will bo loat, wailo 502 of tho tatal
valuoo aro avallablo to tho dospatohor whio éan carryout the
functions vith the cvolleble walues,

Dovovaer 1¢ 1111 alsc de poasidle to doesign
roceive 1007 talcnotored valuss &0 the dorpatching station
ovon under outngo condition, Af eenidiy pornits, One of the
nothods to cohiovo 1007 rnliabilitvlin talenotoring cm bo
by sonding all the total valuos in pyimary ond boack up
routec co that ovon on outage of any ono youto dll the
tlemotoring valuss will bo stiil avalleblo ot the
dorpatohing stations,

8,7 . Teleppinting Channols.

Teloprintors arg roguirxed at regional loed dospatching
stations to tronoait and rosoivo vritiown poocomon rogarding
instruntions, datn ote. botueon ropional lond dempatching
station and ctato losd dospatehing stationns For realiotis
éporationo 4t 15 proeforablo t havo to taloprintor clroulits
Ony taluprinter clrcuit botucen rogioml lozd dogpatohing
station ond stats lood derpotehing otations noy dbo
aeeesmpdatod in tho prinary cozmunicatlon gysten of the
rorional load dorpaterdng otatdon (P.L.C. lixk), while
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othor taleprinter circult moy be provided on tho back wp
coorrunication system, This ensures contirmous eechanges
of noncoges botwoen rogional lozd despalohing station end
state losd despatehing stations.

Hovover from otats load dematohing otation o
mont of the grid and gemornting stations only one tale.
printing circult, uelng P.L.C, 14me will de sufficient
considoring senonanieal aopects, I

5.8, The cammunisation focilities ucod in the region
and in the otates for pover systen oporations are
ddscussed in the Chapter B.

The location and the layouts of reglonnl and shats
1oad despatehing stations aro deslt in the next dchaptew.



6,1  Ths acpscts to bo conoidursd for locstion of state
load dscpatohing Ctations are a8 follown |

4, Tao load decpatehing stelion thould have s reliehle
tolocosmunication fesllity with a1l dmportant points of
the netwosk undor its control, Utilities in Indly mostly
roliod on p,.z;c._ 1irk for commmunication purposes due t
L1ts eocnomy and maliodiitty, The oconmmy cocurs over
long ¢istances whers no telephone faoilities exlst, Then
the povor 1ine has two fold purpose, pover ard corrnmicnt-
ion. Trontission lines aye of mich sturdy eonstruction
that they renk nox? to undsrground gables in relisbility.
As such it 13 prefershle to locate the lood dematching
otation close 4o an inportant point of o network 2o that
PoleCels faollilion ure eamily avatlabhle to all Important
points of tho not wortz, Vory often exch points are big
I1oad contreo and concoquently mey be noar a hig eity
or intustrial aros.

a, 1008 relisblo corrurication 16 requived for the lood
doign teher o corry out his Dunetions axooilly ad
uninteriuptedly. As saon e P and T charmels {(oosxisl
and nidroveve) shidh afford reliadle and evonomical
comvardcation @all bs plamned for primaxy or back wp
communication mycten, It £s proferable to Yoeate losd
decpatohing stations as close 48 posuible to place vhers
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a fow chonnols can Be hired out for power gystan operationc.

3. ‘he location of load despateh station thould be
cardly accenddble by road, ratl and &f possible by oir.

W e decpatoh station eiould be ireated us far as
posoibls at the heod guarters of e m:&mxw Boards
wiere statistlcal and commercisl orgmmisation of the
Board nre usually comeontratod, nmakos a gquick ozohange
dnta and 1doas possible leading to o betior coordination.

6.2  loocation of Reglonal Iood Despatching Stations

The rogional load dospaiching station will
nowslly bo located at & place vhers ong of the stats
1load demntehing station of the reglon oxists, ‘The
prinary requirement for loesating the regional load
dcopatehing station &8 the winimm cost of the communie
 eation facilities to be ostoblished botween yeglonal
load dempotehing station and state load despuatohing
gtations in the yogion ag well as with the National
1023 Dezpotening ctation., Bewides, the location
of reglondl losd despatohing station will bde nomally
gituated in the contre of tho roglon.

6.3 Aren Despatehing Statlons:

Ag the networtt develops ond becomes more and more
corplox ono state load despatohing station alone nmay
not be afequate fMor dlscharging the fimetions effectively
arnd 1% dbecomios necessary to provido ores despatching
stations one for sach well defimed orea #nd tho cise of
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the atato Yond dogpatohing station would then guido and
soomiinate the aotivitian of the areo despatching stations
in 10 Gtate mnd alm control certain isportant points

of the aron. |

Unitod Kingdom hnd two tlesy control €111 rocently
{1.0. Fatlonal and Arves contvol). In onder o eope:tdﬂ;
tho rapidly incressing operationnl problems due to fast
wtpanding of povey eystemg 3 tler control hag been
intyoduned \6) (3rd ticr ab districts). Each ares vill have
2 or 3 district control centren to be romonsgible for
132 v aystem and aseociated genoration, BVean in India
rmuzber of orea despatching centres ars roguired under the
control of state lond despatching station for affisient

oporation of power systomo,

6.4 Tiogionel Despatching Statiom .

The regionsl despatching station in each reglon will
goondinate the generation progrewmen 4drawn wp dy tho
conotitusnt state dospatohing stations in the interest of
the rogion as a shole, keeping in viw the sumplug/doficits
in onch gystes and ovallable inter-state trenmmiscion
fanilitiop. The regionsl load dsspatehing station will
oo holp state 1osd demotching stations in eclving
interutate powor prodlems swh as power mates for inter
stato exchonge etdy' It wAll formulato broad policiscs to
be followod for lond despatching and system control and
will reviev and improve from tize to time the technigques
of load forecaoting ond data colleotion for the region,
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6.9 layout of o Despatehing Statiom

\ The despatching ctation whether a state or
rogional hall bo wvell plammed to epocoomodsnte the
squipments and the otaff of the despatehing station
a8 dotailed Helow:

Dsqulzessnis
1. Bpace for Coumundration, nomol and emergoney
Kuipsent powsr supply penels, battory and

dbattory chonglng equircent P & 7
exchongo, Alr conditioning equipments
off 1ine computer sto.

2+ Contrel Room linic Poamd, tolawetering penals,
despatchors conmlos, staff on duty,
6ic.

3. Technicol staff (nicf Lood Dempatoher, Plamntng
Enginears, schoduling staff, corputar
staff, operation end maintenance
staff, teleprinter opsrator oto.

Y, Gomoral fa0i}ities Conforenso roum, ldbrary, testing
laboratory, retiring room, pantry,
vecord room, stors yoom eto.

g, Wnistorial Opooe to be provided a per ®io total

staff staff eaployod.

The lgyout of fiouthern roglonsl despatehing
station 45 shown in tho oidbit 6.1,
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6,6 Equipments in a Despatehing Station.

A pinde board in tho dhape of an ave node of
trondlucent plastic, depicting the aystar tranmission
lines by different typesn of colours representing differ.
ent valtare levola 4o provided. The locations of the
gemeTating stations and aub-stations are shown on the
bozrd as far as posoible in thelr geoprophienl pocttions.
Tho board would serve dual fumctions, firstly, 41t will
provido tho degpatchor vith tho gysten map for nimite
to mimita operations. Secondly it will sorve as en
alarm board for the gride Control Degii The control
dedz, vhich will face the nimioc board will have instrments
ghoving the frequency, total HMv genernilon tie lins flows
ets, The control dess vill have direct telsphone facilities
with al) major grid and gonerating stations, cpeputation
devices: A aigitel computor of suitable size shall be
provided at the dsgpatohing statden to make speedy
caleculations of syoten conditions inoluvding load flows,
short oirouit lovels, economic acheduling eta. Speech
corrunication, taleprinting and tolemetering fucilitien
ghould be p:ovzl._&eﬂ ot rogional load decpatching station
and ptate lo2d degpatahing stations as detalled in the
previous chapler.

The mriher of jJuantities to be talemetnred should

be reotricted to ths minimm possible., The following
telancasuranents would generally suffice.

1) Total generation of all generating stations
(it and 1WOT).
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11) My and NVAr Dlows of important grld line md
 inter stats/inter-regionsl lines,
i13) Voltgges at trporiant points of tho netuoris,

grid iing/ intercstate 1ind circuit droakor pomitions ad
tmp pocitions of importsnt tranasformor:s.

Focording instruments such a3 gystan froquency, total
cutput of generators, flowo in o lines, eto, ohall alm
bs providod.

For koeping a watch over gyotem frequency, stondard
Troquency crxystal controlled generator or o battory operated
aotwonomicil olock noy be providod at thoe daspatohing
station. Asselatod with oithor of thooe is & atfferentind
clock which nossures the difference bHetwson the gynchronous
ting {operated by the system frequency) snd the standaxd
(astrononteal} time,

6.7 Stato Ioad Despeiching Station.

Tho stato losd derpatetiing statiom will serxve as the
nost importont 1ink of the orgamisation. They vill hnve
an ovor all contral of the stateo povor oystan and willi be
fully rosponsible for ite optizum and courdinatesd oportion.
The gtato load dempatening statlions will comprise of two
diotirct wvings 4.¢.' ome controd wing and other dompateh
ving, Control Wings In oxder to mpervise end diroct the
sporations of the lomd decpatehing, ons load Qegpatchoy
asad oted by one or tw opsrators (deponding upon the size
of the netwostt) will be required mount e clock. The
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desputcher vill bde incharge of the gystom duxing hds shift
and villlook aftsr the fcllowing wrks,!

1)} Control of geaneration to adhevre % tho gonaration
schodules elosely. ‘

2) Control of froquoncy: Malntaining gyotem froquoncy
within tho 1imits by suiteble changes in goneration/loclds.

3) Data wecordings will coliect such {othningl dota
shick are ot taleawtored froa tho various pointe of the
notwods, rocolves talophong/tolsaprinter messages and mmkos
alterations in oindo diagran fxom Hmo to tinme.

%) voltago lovelse will maintain voliage lovels
vithin the limtts through jusicious use of siatie/
ynchronous condenoers, transfomoer top changings po thad
patisfandozy voltage dlovdls are availeble evon & the tatl.
ond eonsiners on disteitution fesders. Despatchinz ving:
The degpatehing wving 1o furthor &17i004 ints twe urits, One
unit 1s entrustod with the tad: of cavrying ont statisticel
stuties melating to tho energy gemoration and concurption,
duration and guantim of pesk load and off pork loas in the
gyeton, contridution of Lydrc and thermal gensration to
nest theoo loads olt. The othexr unit with programing woxk
vill prepare yearly, monihly, weekly end deily penoretion
schedules ond o study snd emalyse the reamono fnr
variations of the actugl progrepse from the schoduled
progremme.  Tho undt w111 aloo proporo schedules for
overhauling and sainterance of goneruting units. 7The
progreuing und & will oclao despatch the dally generation
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schedule to various power ataﬁonn one 4gy in advanoe.
Chief Iood Despatcheys He will b in over oll incharge
of the station, and he must s very funiliar with the
load despatch techniguos. His Qﬂﬂiﬁcaﬁms and dution
sre as followns

GualifMontionss 1) Power gyotam oxlontod Dnpinecy
vith an intimate nowilladze of curront groton dospateh
and operating technigques. 431) Cipoble of Leowping
abrenst of developnents in the Cldld of powor ote
oporation and of ascesding ocdvancod opornting techningues,
111) Posness a Meh imdlodgn of adminloteative nbility.

Duties ond Rowmponcidbllitles:

1) Provido oporating guidanco and givections 4o
the dozpatoh plenndng and opoxating stafty

1) To goordinate enorgy contrects and sgremonts
vith wator supply authoritios and othor fuel cupplloexs
oy othor porsormels vho nmoy actually handle ths contyact
negotations,

111) 20 aetamine the amoyponoy procedure policles
which include tho notion t bo toiem 4f tho gyotem limtte
are excoefol. |

iv) To Leep tho manogoment ond public rolations
informcd, folloving systen ddotnrharen

v) Idasion 0Zficor with intoncommoctod utilitien
nd othor oporationgl dfviclons.

6.8 Fomation of Reglomal and Gtnte load despatching
siations in the Bouthem rogion, mnd the cyostan omoation
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ots., are discunzsd in Chapler B, The tochndgques sdopted
in sow of the ndvonced countrios for relishle and economic
opsration of pows'r ayotens ave dlamisced in the next

chap tor. :
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754 WAth power aysbtems doubling overy 10 yeays, fusl
coots timng rupidly end wntlt asises inovessing even more
raplidly the importarce of mmwzg power systams for
oplimas ecorvmy has insressed tremondonsly. %The job of
firat scheduling and than operating the nysten for optimum
seonomy 1s not a sisple task,. Fortions of ocheduling have
becone 50 cemplex that mamal ealeulations are almost out
of the quastion thus indicating the mead for tome fom
cemputor. Eoonomical and rolisbls operation of pover
systans in some of the sdvenrdd countries are detailed

bolow.
7.2 U.0.A,

Thera a8 a trenandous Doost 4n generation and
conmmption since 10 yoars in U.S.4. Gansyation capubility
vas 222,00 Mv 4n 1963, 312,000 Mv in 4969 ana 401,000 mel”)
At the end of 1972. Power gemsrstion during 1972 was 1767
billion Xvhy,

In 1972, the load growth in U.8.A. cutstyipped the
sleotrical utilitles ability to add to the systen copacity,
Even though the utllities manageld to put a record W, %51 My
of nev gensrating canacity 4n service by the end of 1971,
the smummer paak load was 322,500 Mv (Guring 1972) and thus
providing a reserve margin of 19.6%. Oubtracting fxom this
apparent, the 6% or m that power despatchors need for
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adjusting voltago levels and power flows, 1t left only
13.67 (opiming romerve) to over come the gensration outages.

The otal pover conmmption in U.6.A. will gyow
7 to 9 por cent esch year at least thwugh the rest of
1970's acconding to the Eleotyicnl Hoxlds 23rd Armual
tlectrical Industry forecaot) load growth to on extent
of 30,000 Mw or more is amipated in each yar. Henoe
the alectrionl utilities will have to put wward of
%0,000 ¥v of new generation cmpedility on line esch year
to achieve come vhat more reserve marpin for the losd
grovin, |

Tor operating purpnses ths notional power networss
in the T.5.A. 15 divided into slix major regional inter
cornscted gropns {(es dotailed bolw?‘ha)ewh growy
comprloing & mmder of utilities intorconnocted with
one onother,

4. Canadian- United Statss, Eastern interconnoation.
2. PJ.M. inteyoorneotion.
3. Inter-connectad systems group, Central and
South atlantic areas.
4, Horth-went power pool.
5. Pacific south-west power pocl.
5. Texas intey-cormec tion.

The coordination of operation among membors within
a regioml interconmmeotsd grouwp aystems varies from
an informal day to 4oy barter to a highly sophisticated
contractun) agreenent. The various utilities have
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gonerally adopted to ﬂ;}e 1ino load bino control for
purpostn of gysten repulation.

Host of the caya@a ware formerly oguipped with
analogue cocputers for sconory demuateh exccuitions. They.
vore followed by digitally cosputed snalopgue contrvlo. _
The prosont tyvend 41s %o goin for dircot digital computors.
on line coxputors are nsod particularly in rogpect of
gystezs horing very large thormal generation capacity
to obtaln optimn ecomniar vt higher level of security.

7.3 Fronceo

Pramce 45 the mest leading west Europoan countsy
as far pover goneration and nanagement is corcernod.
Electricite de France iz alwiys ahresot vith the modemn
tronds end vesearch snd developments. In 1967 copactity
of thernal and nmualear stations excesded 15850 Mw and
of Dydel instalations excooded 13,710 Mwvs., The poak:
load was 19500 w7, |

Franico 18 cormonted with almast all the adjoining
countries and the gxchange of pover with them secording
to the contrasiigl obligations.

(reat Dritains Comnoctsd through a 220 Rv.d.o,
oadwmarine cable snd FPrance mipplics
shout 150 Mw,

Belgium Interconnection at 225 Kv.

Luxanbouriy Intercommection at 225 Kv.

Wast Gagmany Interconmwetion at 225 Kv.
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Switzerlond Intarcormoation at 225 Kv.
Itody Intearconnection at 225 Kv.
Spain Intercormestion at 225 Xv.

Fyane hod adopted integral type loaod requency
regulation both frequency and tie 1ine load devistions
are intograted, It 45 nomally called load phace ensrgy
regulation. (level control).

For purpose of pystem operation, the comtry has
bem divided into eight regloms and a degpatehing station
48 located in ench region. It addition, there is a
national despatohing station at Paris entiused with the
tagi of coordinating tho astivitien of the eight regional
dospatohing stations and regulating power oxchanges with
reiphibourdng countrlos snd the intarvormoated mystem
jrequorey. 'Thus in so for an the frequency regulation is
conoerned, 1t i3 tho Mational despaiching station at Parde
wich regulates frequency by sending ccntml signale to a
meder of gomerating stations gprend all over the commtry
through Tesots control and reglonal despatching stotions
had no role o play in the iaxd: of frogquency regulation.

Thers ave two computers installod in the centyal
lond despatshing station. Ome computor 45 uood for Yw
proparation of prograrme Lts exploitation and helps in
deternining the ayutan conddtions amd econordc vorcing,
The sscond computsr annlyses the values actuslly deing
received in evexy 10 seconds and thus keops in tho
snvelilldance of the lines or the netvorkt on a contimious
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baels. The ontire data recoivod 45 fed contimuounly into
the computoy end vch helps o bt the dootatons roplaly.
In came of the lattey caputey goos out of order the
flugtantions are sutonatically sudtched into thoe fomeyr
computer, cutting off the solentific wrx in progress.

Under frequency raleys are installed oxbmﬁ_.mly
and tho londs ave #h0d4 in g preplenned dunner to mntch the
frequoncy vithin the lindta,

7;‘!’ Tl ted Eingdom.

There are thres priminle orgmlsations controlling
the pover auwply in Engleand, Scotland and Wples. Centml
Hloctricity Ganerating Bosrd (CECE) 1 the largest orgumis.
ation having a capacily of 50,065 1w (2 and e moxdmm
vinter peskt demand of 37,738 My (uring 1965). It caters
the shole Mpland pnd iclos, Scotland hns two organisations
 vis. South of Scotlond Fleatricity Toand (8.8.E.D.) end
Morth of Scotland Dydro-rlectricity Board (1.0,H.E,B.)

BSEC omd HGNER are mnller organications with
genemting capacition of £215 My and 4816 Mv ropoctivaly
(1969). Flat tio line trnofor of dowor vithout any bias
for froquency are boing maintainod betwoch SSEB mnd NSHEB,

Pover transfor beMm'Bm and C20B 10 by ruatual
agresuont through #le line transter.

CEGR 18 the lnvgest orgonisation. It has got 230
pover stations vith ovor 1000 genorating units amd veyy
large tranmmiseion netw i with voltages 133, 27% snd
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%0 Kv. Thio ic the lorgest gycten in tho world undor
unifded control.

CIGB 15 Aivided intn 7 arecas for operation contorl.
Bach area has a grid control centroe vhich coordinatos i¢s
petivitios vith the nationsl control in london, In eaxch
grid contyol (aroas contrml), there is lood despatehing
econtre vhich proparcs the domand for tho area four hours
Bofore thoe tine (on tho bagls of woathor, provious
roquiranont, generat conditlons otc.) and £imliso the
norit order 1ict (in tho order of incrementcl cost of fuel
nor Ivhir). ot ooro thm 32 of the occasions, the cotinated
load would vary by zore + 2.5%.plants sedectod oust noot
the nros dccand plus the scheduled export and the arcas
dhare of momal pimming rosorvo expecity. The averago
fucl cootmod from the neyit lict vill bo sent to the
Intonal cohtyrol where those are oxomined, Mhtionol
domatahing atation roccivos sohedilos for all aroas and
finaiicoo tho ontinum tranosfors kewming in viev tho cocurity
of trunz linog (2795 ond H00 Ev) vhen tho inter area
transfors are coommicatod to tho arenco hy the ational
Control, tho aoreas ismue instructions in turn to tho
atations about plant loading two hours in plvence. The
wiole process 16 ropoated ovory & hours.

Oystan fyoquency 1o controlled by the grid contrcl
atation aroas ond tho Scotdish Boards applying bios o the
instructod tron~f9rs. TFreo governor sction 33 of the
gerorating capacity io porgd tted. mcorﬂaw_cantml io
provided nomally by 7 arca controls by frequaency blag -
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emtmial‘-‘ Since the ozpooity of hydel plants is very much
1imited and since the thermmal units have maller margin of
rogulation {econmmical consideration) a large mmber of
themal pianto ghaye the regulating duly.

Pup storage plant at Pfenstineg having 360 Mw
soapoeity and gas turbines meet tho peals load denends.
Particulnrly the fomer oom be hrouht to full load
in lees than ons mimite.

Caxputers at ational dospatching station deter-
minos the pattern of loading and ths tmnsfers at each .
L0 Bv and 275 ¥y mibwgtationn. It almo caleulates
the powor flows vith several combimtion of lincs in emd
ot of sorvice short odrmult levals of each mib-ofation
in ench corbination 18 sles fownd out. |

The regulation of tha gysten freguency by narial
contyol iz stated to be quite maticfectory. Under
frequency velwys are being installed throush out the gyotem
at amply points to area Boards. The relays are provisionally
set t trip 207 of the load at 58,5 cyclez/noe and further
208 at b8 oycles/scc. 2

7.9 V.5.8.R.

The 0.8.8.R, powver myston 1s divided into alx energy
gyotens viz. NV, and west gystes 2) Puropean syotem,
3) Cantral Asia system U) Fasakhstan ayotah 9) Caucasion
gysten and 6) Cantral Sideria systam. All those gyetemse
ars intsrcormectod making 4% poosible to operante the
pover gystens in most econceical mamey and in particular
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to take atvantage of the time Qifforence botween Giberis
~ ond the Buropsan part of U.0¢8.R.

The mix ayotees ave divided ints 90 roglons, ezch
rogion vith o despatohing otation. Thoro 49 s central
lond dscpatohing station st Hossow taking care of WS non,
rogional units of Eayopean gratan. It :1n,hc‘hami of
500 Kv syotam. Oyotons delow 3 By level are operated
by reglonal despatch centras undor the over puldmce of
the centml dotpatching otation.

finoe the stotion caxpaocitiss nro vory large,
fraquency rogulation does not pose a problom. Each
pyctes parﬁe‘ipaten in the rogulafion of fregquoency.
Two giant sipe Hydel stations in Buropoan systan han
boen found suffizient to cope with the rogulating duty,

7.6 The integrated spovation of powver cystens in the
gouthern roglon, ostobliishoont of roglonal and state
load deaputehing stations, benofits schieved in the
ropdon aftor commernaniont of integrated operation otc,
are discuszad Sn the next chanter,
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8.1 The Southem Reglonal Eleotricity Poard coepricing
fho Statos of Kamatska, Andhroe Prodesh, Kerslo and Tomil
Tofu and the unfion territory of the Podichery wus fomod
in July 196h. The integrated operation of tho Southern
Rogional grid as wll as the Southern repional intorin
1024 dempatohing ctationsws insugurated on 1hth August
1972, on tho eve of the Silver Jubilee of ocur Indopendoence.
Thoss two ovents in the Scuthern region have been described
ae a land mark in the hiatory of power dovelopment in

tho country vhich paved the way for tll Indla grid. The

" dntegrated operetion of the four power grids in the

roglon brought a muther of technical and economic bonefits
to ol the constitnonts spart from increasing ho relicb-
1lity of powor supply in the rogion aus a vhole.

8.2 Func tions of the Poand.

The fumations assigned to the Southern regiloml
Doard are ae followss

1. Revieving tho progress of dsvelopment schomes
in the region.

2. Fiamning and ensuring integrated operation of
the pwei" syatetns in the reglon in ouch a manner
that any time totol smount of clectriclty
generated and transmitted ahnll give the
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naximn possible benmofits to the rogton ns a
vhole.

3. Preparation of a coordinated over-hmil and
naintenance progroone for tho gonorating plants
in the roglon.

b, Detomining the generation schedules to de
followd by the contitusnt gystams.

5. Deternining the gquant of powor ovadlable for
gxchange from time to time betwoan the Btatss
over and chove requirmment of each state,

6. Dotemining a sultoblo tariff strcture to
govern cxchonpe of povor within the voplon,

7. Consideration of ary othor relevant matter for

' approprinte action tdien thoroon.

8.3 Powor Dovelopment in Southem Roglon,

8.3.1 Imstallod Cepacity.
Tho insotalled capacity of the constdtuent mystono

and tho rogion nf a wholo at ond of IV Pian (end of 1973-Ph)

 one given belov. '

L L - A P i - A

‘gl

Systen Instdlled cipaoity in lw (end of 4973-7%)
o | nmyair ThoTmal Total
Kamatake 966.6 - 968.6
Andhra Pradech 268.0 402,5 6705
Korala 621.9 - 621.%

Tandl Radu ~122%.0 1030.0 - 22540

Rogion 3080.4 1%32,5 LW512.6
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The dstails of hydro o thomal atations, mubor

and oire of units oto, ore chowm in the earmexure-1. There
are 35 Rydro Hlectric Btations with an ingtallied capoclly
of 3081.1 v and 9 themal stations including Neyvell,
wvith on inotalled copacity of 1432,5 My, thus bringing
tho total copaolty of 4512.6 tiw. in the reglon at the end
of IV Flah. Tho donands in tho repgion are inoreasing
rapidly snd in fast ovor striping the evailadle capacity.!
This 13 likely to bhe continmied for rmber of years to como,
The integrated cperntion would therefore onnhle for
utilisation of gvailohlo gemeration more economically.
A g4 mep of the Couthern Rogion showing the existing
transmission schemes and those under orection during the
IV Plen poriod is thown in the exhibit-1.

The details of Itvaro and themal stations vhich are
undsr conotruction and expectod Y be camissioned during
the V Plan are chown in the ammoxuro-2. Tho total
installed capacity in the reglon vill be onder of 8972.5
I'v by the end of V Plan.

Exhibit-2 shows the grovth of installed gemorating
canacity both Iydro and Thomal in the region. The
installed copocity shich was 1580 tiv durlng the yonr
196364 has been inoreased to 4513 Iw at tho end of IV Plan
tihus an inoreass of more than 2.8 times for the past
10 years. The exhibits shows the Statewise instrdled
ocapacity both Hydro and Thermal durying the obove porbd.
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Both Kamatgka and Koersle are rich in hydro power
potonticla. The hydro powver potentiale availloble in
Kamotalia 10 ootinated to be order of 5500 Hu. Bo fay
we have harnessed only odout 1000 Hw.  Arothor about
1000 Mw 48 expoated to bo harnessed during V Plan and
thus vemsaining o balanse of 3500 Mw to dbo harmaessod in
oub soquent plan poriods. Even in Kerale the hydro powver
polentiasls harnessed o far 1o only 621,5 Mv an against
an ovellabls ocopoolity of 2500 Nw.

. Hore soonomical bohefits will acerue to s muthen
yogion if tho hydrd powor potonticdlc avalloble in the
ahovo States are explored by tho joint venturo of nil the
four ptatos in the resion.

8.3.2 Grovth of Cross Qonoration.

Exhibit-h dhows o growth of gross generation both
hydro ond themal in the region. The total generation
swhiech wns 656t million unite during the year 1963-5% has
becn incrensaed to 17,405 million urdto at the end of
1973-7%, thus gn increase of mors than 2.6 tines for g
peviod of 10 yenrs. Tho growth of gensration on Stato~vise
basto 43 dhoun in tho cxlidbita5.

The cnorgy requircments as asszossed by the ninth
armial power survey dircctorate at the end of Vv Pian and
1V Plan perdods on Statevise dasls are given below
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Btatos . Inergy roquiraont assepsed in

_ It unii‘gs.
Pnd of T Plon End of VI Pltmt
Kamateka _ 8760 13,800
Andhra Pradeth 6810 12,000
Rornlo 3753 6,050
Tandl adu 11865 18,300
Rﬂgiﬁb - 3":1§8__.. _ﬁiiso - ——

| 8.3.3 Byston Denond.

The poo: Qemand of the constdtummt pover cystens
ond tho roglon as a vholo at tho ond of IV Plan {(1973-7%)
ore glven bolows

Komataka 738 .

Anthra Proftodh 643 .

RKernla ‘ 42 e,

Tardl Tadu 1331 the

Nogion a) 3173 (spproate Denand)

b) 2890 (coincident domand)

Amexure-S ond axhiblt-6 dhows thoe naximum dooands
of the congtituents powor systans and the yogion as o
thole from 1957-58. Tho paxirmm dmand vhich wnp 1191 by
during the yoor 1963-64% hao been ingrensod o 3173 at the
ond of 1973-7%, thuo sn incromsa of posl: demand movo thon
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2.6 tines for the laot 10 yuwars.

The onedpatod pocl: denonds of the constituont gyotenin
and tho rogion oo a thole at the and of ¥V and VI Plan
poriods as apsessod by the ninth anmasl powor sumwvay
comrittoo nro glven belows

" Pook Demand in 1w -
. States ™nd of V Flen 107879 M1ug :1@ Flon

vl ol

Rarnatnks ' 1379 2185
Andhra Prudesh | 1270 2210
Ramala 1 yal 1130
Toedl Dadu k_, 2234 05

Thas tremendous load growth 45 anticipated during
Y ond VI Plan poriods in the roglom,

8.3.% Per Capita Conormptions

From tho ammoxuro-l 4t 46 soen that tho por Bapita
conouption of Karnatatn, Andhra Pradedh, Kerala and
Teerdl I'ndn uhlch woro Wy, 21, L0 and 70(unite per poroon
por o) during the yosr 1962-63 have boon increased to
117, W, 76, and 143 (units por porson per amm)
respoctivaly at tho ond of 157273, The por capite
conowzption vhich $p o measure oconoriend developmont of
o countyy, chovs that thero is vast devclopnont in the
region.
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8.4 Roglonal ang B8tats lozd Deopateidng Stations.

The otato lood domatehing staticn at KeleTussery
in Ramla 8tato L5 siroady functioniny Tho state iced
despoatehing station bullding at Bongalore for Kammatolia
in comploted ond tho oquipnmonts are under ercction. Tho
otato loodt docpatehing stations for Tadl Indu and
Andhra Pradedh are propoodd ot lodras end Hypdorohod
rospoctivoly, Howevor sub-loed dospatching statioms
have bocn ostabliched in Arndhra Pradosh and Tomil Padu
gyotmg vhdeh are funciloning ot Bothopuden ond Ermode
rospoctivaly. To coordinato tho cotivitics of hese
four docpatohing stations and o Snplmont- the intagrated
operation of tho roglonal grid gyetom 4t was propesed o
ot W regloml load dogpatehing otation at Benpalore. The
building for ronionyd load dospatehing otation is nov
wdor conotiuction ot Bengaloye. Fending estiblichmont
of a pemarent sogionsl lood despatching station which
wuld tole 2 to 3 yours Hinme, an intorin rogional looa
decpatehing station 1s found necoscary for ciooth end
oeanoriieal oporation of the southorn roglomal prid.

Tho intograted oparation of southern rogtonal grid
ns vell as southorn ropgionsl intorinm lond derpufehing
station woo inaupurated on 14th fugust 1972, The rosienal
grid has boon oporating cuccoosfully erd econociconlly,

Tho intorin rogional lood decpatzching station 4n funetion
ing at sputhom reglonal Dleoetrieity Doani's offico in
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Banpgalore.
8.5 Inton-Otats ond Intor-reglonal Idnoso:

the dotatlo of Anterotato and inter ropgionsl Yines
whiich are in alstance are dhown in the wmomiroeS, Thooo
1ines are found to more bomolleinl for roldodility and
ocorony exchangos vithin the otatos mng botwosn regions.

Tho first intor-commection s eostoblidhed hoetuwaon
Rarnatoko and Tomsl Thadu in Hovesbor 1965. Tho second wno
botveon Kerala ond Tanil Iladu gystenn frop Onbarigirt to
Mofirurad in Docazber 1968, Tho third was fyom Munirsbed to
Hempl intercomnecing Komatalza ond Andhra Pradodh wvas
potabliched in June 1960 and tho forth botuom Tordl Nadu
and Andhra Pradech botwoon Trirmuvalen and cittoor in '
Aprid 1970.

Tho firat inter-veglonal lino was estchlidhod
botwoon southern ond wootern ropfon fiom Belpoun (In
Eornatcza) to Rolbapur (in tsharaghtra) in April 1969,
The 2l intar-regional line wns estoblidhed dotueon
Southorn region and Dactern roerion ayotena from Upper
tiloru (4n Andhra Prodeds) to Dolimela (in Orrisoa)
in ‘wnnt 1923, ALY the dove dntarcomectiony are at
220 Rv lovel.

The above intorconmoation linos proved vory uveful
in exchanging of powor botugen states in the region and
vith the neighbouring reglons from time o tine.

The inter-state 1inoo vhich are under construotdon
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and apected to be comploted during V Plan sre as follows:

Imo of the Iinos. Ddstance in Xme.

1. 220 Bv.8.C, Taopi-Cooly L‘!.na_ 126
{Xarnata:e-Andhra Pradech)

2. 220 Ev.8.C. Prmoro-Talioro 176
(Tomil Indue. Andhra)

3. 220 Kv 8.C. Parba~ Kayothar L7
(Korale-Tonil Hadn)

h. 229 Bv. 8.C. 1401~ lyoore 365

(Roralo- Romataka)

vith tho obove lines it is posoidle to oporats the powor
gyotae in the couthown rogion on gn inter-comeoted
basls by exchanging tho oconcty pouvar batweon the

states For integratod operation of the roplon sufficient
intorwstate lines are ® bo ostablished in oxrder to have
froo pover flovs in the inter-conncoted lines, It igo
mygpestad that southomn reglonal Flactricity Toard chould
take up conctmuetion of sono more inter-comoeted Lines
and tho &unlication of come of the elsding.lines as
notod dulov for satisfactory intesrated operation of

the roglon.

1. 220 %v 2md oircuit botwwon Dangalore- Singarpot
{Rarnatoko~ Tomil Mdu)

2. 220 Rv, 0. Lino hotwacn Shohobod= Dyderabod.
(Tarnatal:a- Andhya Pradogh)
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3. 220 Bv. $.0. 14no detween Idikki. Udumtlpet.
{Korola- Tmil Iladu)

The ahovn lineg aro dhiown in exhibit- 1.
8.6 ~ Intor-gtate ond Intes reglonal powor and Energy
Exchargest

The Gotailoefl povor and onergy tranmitied over tho
aristing intor-otate/ intor.roglonal lines during yeax
197273 and 1973~7% are given below

i Maximun Powoy :Em‘* r Teangritted
InterwBtato Lines | Tranocmitted in f&;in I1lion nits,

- - ! 397273 | 1973-74-11972-73- 19737~
, Bomesios : T P .

1. 220 Ev.Bongaloro-

Eingarpeb Kamataka

to Temdil Hodn 100 150 116 2%

Tamil Iedu-Rarnatoln 192 220 110 176
2. 220 Kv Pombo-lodmuunyd

Koraloe Tamil ThAu 200 220 267 3

Peedl Fodu- Korala 20 - 0.0% -
3¢ 220 Bv.!nirobad-Hoopd

Earnntoko~ Andhra 0% 83 84 67

Andhra~Rornataka 88 12 33 Bo
L., 220 Rv. Tiruvolap-

Chitoor
Tomil Yatu- Andhro 72 63 28 30

Andhre~ T-pdl Tadn 14 29 6 0.3
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Inter-Rorional Iinog

220 Kv. Balgaun- Kolhapur .

Tamatolbos Mohamzhtra 130 115 14 4
Moharachtros Koynataka 190 160 25 60
110 KV. DQCQ mmﬁ

7onda
Famatoo= fon 19 27 o1 135
220 Bv. G.C,Balinolo~
Uppor Gileru
Oricog- Andhra - 120 - 386

Tmo the intopratod oporation of the ropion has pot
nary operationsl edvantages and econxxiocl benefi te. -mring
the Iot yoaur of the integmtodt operation, 896 million units
of enoryy wore tringidtiod ovor intorastate line roproconting
5.55 of the total not gaeration in tho couthem rogion.
Duving 1973-7% tho correoponding figures wore thh, 3 mill¥on
wd ta roprooanting 8.7 of not goneration.

It 15 soon thot nomo of the lincas wore oven ovor
loadod. It 4o sugrouted that Scuther Roglonal Boord Should
tcﬁ:6 wp eugmentation of intor~state lines in the nbove routes
for 1lioble cperation of pover syotent,

8.7 Pover Cuts in tho Reglon:

8inco storage posditlons in Kamntolia, Andhra Prododh
and Tonil Tedn wore mot saticfoetory, demmnd end enorgy cuto
vore introduced in theoe Btntos. vhiile rostrictions woro
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ivposed from 1.9.1972 in Andhya Prededh and povar cuts woro
introduced in Karmataloa anil Todl Iadu gyctens with effoet
from 1.10.1972. Danond and onorgy cubs are still

contirming in those otates. Howover due to tho intogyated
oporations 1t 45 poomible to mx utilico tho curplus powor
avelloble in Kerala An any of thoe whoe Staton.

8.8 Interin Rogional Inad Despatoching Stotiom

8.8.1 The intarin ropionnl lood docpatehing ctation(in
8.R.EB.D%s 0ffice) 15 wrizing round tho clochk since

Oatobey 1972. In cddition to coordinating the antivitios
of tha Stato lond dotpatehing station, the reglonal load
despatohing station has been dyawing up generntion
schodules in collahoration wvith tht constituent Boards

and the Noyvali Idpgnite CGorporction amd aloo colleoting

the folloving data which aro regquired for varioueo ‘qtudio-n
thnt are being carried out by southem rogilonal Dleatrolly
Donxds. | '

1. Dally genmeration data at 03.00 hours, 07.00 hours
10.30 hours and 19,00 hours corresponding to the minimm
1024, morning pesk, fypicnl doy time demsnds and ovening
peaks.

a, Daily oporational/ maintenance schedules of
generating units in ench pover station.

3. Pover flows ovor tho inten.atate/rogional lin:s
2t Qo hours nontioned above.
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b Half hourly frogquoney of the grid aystan.

5 Dally cenorgy goenoration in cach syoten and ‘cnergy
agchonges botwosn tho constituent gyotoric.

6. Half hourly cyston, domonds fyoti tho conotituent
oy ctaris,

8.8.2 Cormmirdeation Feoillitioot

At 1torin yoplonsl lond daspotching station Dangnloro
a P ond T Tolox 15 provided vhich facilitato corrmnication
vith Head quartors of al) tho constd tuont stato egloatrioity
Poards ond to the state lond dospatehing centro at
Rolanesgery and Erode. P.L.C.C. focility 19 oloo avoiladble
for corrunication with stato locd degpatehing station at
Erode Nothapniem ond Ealonoooary.

8.8.3 1llimic Doard. _

Tho ninie dingrem of all the four powor gystais in
the southern ropion 41s roprosentod on a display board.
The generatien at various pover ctations in tho rogion,
intor-ntato powvor flouvs andwoltages at the intor~cormooting
points ot 7.00 hours, 18 hours or 19 hours are dimplaved
on tho board. Ixhintt.7? chows the nimic diagrm of tho
Southorm Repional cyostoman,

A standand cloct, o frequency cloc': and & differential
cloch: and o fregueoncy notor aro aleo installed ot rogional
doad docpntehing otation.

8.9 GCyotan plonning cnd operation otualoes.
The Southorn Nogloml Tleatricity Poard has formoed
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o corrrittoo on gyotm study capricing the reprosentotives
of o four clectricity Boards in tho roglon for earrring
out power gystas plamming and cporationsal ctudlos from
tino to timo. This camitteo fomed during Decedbor 1971.
Sinco then the cormittoo hoo beon nesting poriedically o
finalice the proper gyston data fomminte tho princinles
on tie boois of vhich the studtes should be carried out

and nloo roview the romlts of tho studies.

Oporationsl ctdics aro proposod % bo conductod
for throe raprosontative poriods in the yoar oo thoun
balovr

Janunryt poried vhen inflows would heve stopped ond dmw
down corpmencad.

Ioreh & Regional penk ionﬁ condition.

Soptachory tonsoon loading eorditions vith maxfrnm output
fron hydse otations (Ancluding drrigation
eontrolled stations).

Throo typicol loading conditions are studded for
ench parlod nanmoly mosning pea'z, ovening posit and of a
typicol wveck day and nindrmm load on o holdday,

The above studios axo benoficial to tho ropion in
1laentityings
1. londing of genorators I'w and HVAR,
2. Tho proboble mmin;; penk, overdng peak omd ninimm
load coniitionn of the constituent gystemo and region
a8 o wle.
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3. Trenminoion logces of oach systen and the rogion.

%, Iwv and 1WAy flous 4n major important lines, intor-
ptato 1inos ote. for difforant oporating conditions,

Se Barplug/ Dofieit of pownr conditions of gaoh state
ond the oztont of pouor orchangos.

6.’ ovor loading of tranmission 1incs on an outago of
ong of the linosn,

74 Reliohiiity and otobility of gyotons.

B. Voltasen at varioun buses, trnsforooy tooppings
to bo sot and cepooltor roguiremonts at vartous
usoy,

Bosides, oporationsl ctudies the cormdttoo has sloo
reeontly taten up long torn planming studios, roquired to
fdentify the tranmisoion requirmonts to. the rogion during
the £ifth 5 yoar plan-poricd.

It 18 suggosted that tho yogional Flootricity Doard
mum&ﬁ? ‘Egm plarming of cystone say 15 to 20 yoovs
and to condupt studies to Identify tranmmiscdlon end
genorotion roquircnonts in tho rogton. Tho works contoplated
in tho lon: tom plan have to bo takes wp ond onrried
out during anmunl plan perioda @ schiove naximm

benefits to tho roglon.

™o otody committos in nddition B tho pover flov
studics, chould cleoo carry out ohort eircuit and stability
stufilon for various oporating conditions,

8.10 locd Forosasting cnd Coneration Schedulings



113

An oporating comitittes comprioing the Cuporintending
Ingtnooy/ Exccutive Inpinocr/ Divicdonal Inginsors (losd
dacpatech) of the conotituent Boards, n roprocmiative frm
TNoywald Idgnito Coxporation end o reprosentotive from
stato roglonal cloctricity Board wag formed aftor coonco-
nent of integratod aperation of tho rogton, to drow up tho
rogional goneration whoﬂﬁloa, to finnlice/rovioy tho
‘oporating inotruotions and to dlcouss tho vorious oporationsl
problens commestod vith tho intopgrated opnﬁuoﬁ of tho
rorlonol pgrd systap, with o vigy to tollo W) reocdial
noacuros. The somnitoco 48 mooting ntlenct once in ovory
oonth, to roviov tho gemdration cchedules as poy cotunls
for the provious conth and to drav up gonoration cohadulos
for tho following month. Regional genomtion cohodulos
on half hourly bacls round thoe clodk are proparod
allocating the panorntion o do naintained by ooch and
ovory otation in tho rogion. The ehibits- 879 choun tho
load forecaotdng and genertion cchodules propared in tho
touthomn rogional grid for the ronth Gotobor 1972 The
sohodules nyo propared for a tyHical wrlting day end for
o Sunday/ Nclddy in ecch ponth. Tho lord denends of tho.
four constitumt gystoms will bo wrted out hacod on the
load denando recorded on tho mxirmm roglonal poas daand
dzxy of tho provious year erd sultably projected for tho
lood pcrovrth cnd teiing into conmldoratdon tho posoible

roduation in daoand dus to tho powvor cuts inmpoced in
Andhra Prodoch, KRomataia, and Temil Dade gyotenis. Tho
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follovin- appoets aro alw concidored whileo proporing cchode
ulog.

1. Cporation and maintenianco schodulas of gonorating
units 4n that ponth,

2. Gonoration ecpobility of oach constltaont ot
whiich 49 taced on ovallobility of fudl, cooling
watopr comply % bollar unllo, oporation of plants
nainly depomding on fryrigation controllod eoto.

3. Spiming rozoyvo of tho reglon.

Tor onch ponth thoe followinn echodulop are drawm.

o) Half hourly demnds, exportad/inports end totsl
gonoration to be mnintained by each conotituont

gy oton.

b) Progromad stationvise pensration & bo maintained
by each of tho constitumt syotenn to the ohovo

\

\

a) Half-hourly demande, coports/frmorts md total

generation 0 Yo maintalned by caeh of tho constituont

£yotong. )

b} Progr——ed ptationvicse genoration to be paintained

by coch of tho constituont ryotens corrotnonding to

chove dooands.

The mutual omphanges of powvor ond enorpgy antleipated
wmdor difforont condtitions on wortiing doy and Sundoy/Holiday
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A Toviovw of tho peorformance of tho vroglonal grid
gyoton during Jominry 1975 on setunl noxicnm decond and
cneyey conmmptions rocorded ond thoeeo anticipated are

(I‘I- Uni tﬂ)

. given belows
Antiszi- Actunl Porent Noasons for
Apawd. voristion varigtion.
Kamatalkin
lnxtme donsnd (Mw) 8op 790 -ya2 Isargingl
Droxey mnmtion Lo2 423 leos thon Hargingl
{I.Units) 1
Yaxdenrs Demand (Mw) 6950 695 +7% Duo
incroaco in
Agricul tural
10048,
Inorey consxmtion 383 7 +3.03 llarginal
(1. Unito)
Keraln
Fowioun Demoand{liw) W0 Lol 3.63 Inrginml
Enopgy concumption 215 20 =5  Inrgingl
(1.UmMts)
Terdl Dadu
axiran Donond (M) 9179 1162 loss thon 'arginal
1%
Tnorgy consuxp tion 667 657 1,53 larginal

It 19 ;grestad that the ropional Tlectrioity
Doard chould take wp drowal of achedulos for wedtdy
end dally barlp, one 4oy in advanco for deriving moximup
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bonofito. A dipgital corputor 40 ossentislly roquired nt
thoe vegional despoatching atation for sconomic lond
schoduling and For golichlo oporation of tho power gystaun
in thoe region.

8.11 Systac: Proguoncey:

Tho conotituent gystons in the roglon have agrood
o operaﬁs tho gystms abt o froguency not leos thon
9.7 Hz and that the inporting gystens vould start
shedsing londa vhan tho frequoncy tends to godown
velov 9.6 Hes, TFroguoney nobdors oo installed ot ptate
lond docpatehing statlomsand regionsl load dospatching
station and thooo are calidrated wlth reforomco to tho
froquoncy petar instilled at Znlpmascory lood dematéhing
atation.
8.12 Spimnning Resorvon

finco Andhra Pradech ond Tomil I'adu gystems will bda
in doficit of both domand and enargy ho pinndins roserve
mﬁm be paintained in theso gystens for the prosemt.
Gonoynlly opinning rocerve of SO I'v 4n Korala and 89 I
in Xormatako (d.0. eopacity of Mphoot machines) are
nodntained in the roglon. In viow of the fart that
Reraln ormd Homatala are oxporting powsr to othor gystons
to novt tho pook domands, tho minning yeservo naintainod
in those gyctons will vary to that extunt.

8.13 1Inad Coneration Balanices

A otudy cormitioe conoisting of the represamitativoy
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of the constituont aysotons, Hoyvell lignite corporation
ord C.R.D.D. doolo with the study of powvar domando cnd
ooy requiramonts vis-nevis avoilodility of coch powor
gyston in the rogion for the yoar onoonthuine basis.
The stuly cormdttoe will poot regularly and roview tho
load gonorntion balance schoduledr prapared for tho yoar
anfl rovico the cchodules now mnd thon based on oysten
conditions.

In June 197% the S.R.D.D. brought out a roeport
_on load generation bolanco for the porlod July 1974 to
June 1975~ anl rovioced the roport in October 197% bused
on actunl inflows roalised at the ond of aouth-woaot
nensoons and the porforzonco of tho regiornl grid during
the poxlod fyom July 1074 to Joptomber 1674. The powey
aply position was agoin roviowod in Jommuary 1975 for the
poriod Jamuary to Juno 1975 at the end of north wosnt

nonsoong.

An important tag: of tho commiites is ¥ 1dentify
the anticipated dhortages of energy snd eapaclty and
~ suggont to the constituents tho porgontago roduction
thnt night bo rogquired in onergy consuwmpiion or load
deronds in tholr systams with a view to imponing sufitabloe
rogtrictions on powver csupplys

8.1% Optimisotion of Generation:

Tho prooent installed copacity of tho region 4o
4730 v conmprioing of 3079.5 iiv of Hydro and 1652.% I,
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of themal. Thuo rore ocononienl benofito will acscrue to
the rogion by optinlcation of gonoration.'

A otufy committeo conalsting of yoprosontatives of
tho constitucnt oystong, and stato regional clectricily
Board wos fomed for oxamining various agpects of optinie
cation of gonoration in thoe rogion. The study caxitieso
hoo findloed the data to bo collected in rospeot of hydm
and thermal stations from the constituent gysteao,

Due to tho Lmosition of pwoi cuts in Tamidl liadu
indhra Pradedh and Ramnadiza, the optinication of generation
1o not practicablo for the prosont. However duo the
commiosnioning of mumber of Bydro and thormal plants in
the roplon by tho end of ¥ Plon, the southom region can
be oporatod more ceononicnlly by optimtising guormtion on
roglonal basls, Furthor it 48 nocesoary to plan for
inotniling, dospatehing computors ot ntato load doupatehing
ptations for cconomicol oporation of the region.

8,15 Danofits of integratod oporation of Southorn Roglonal
Powey gystost
The naxirmm damendad of the contituont staten in the
oouthorn rogion oxhibit o narzed diversity due to goographienl
fooctors. Tho pattem of monthly paximum demande in the
congtituent gystems during the year 1973-7% 1n chown in
the smmoxuree & end exhivit 10. The monthly diversity
factors voried from 1,058 to 1.165 which corrosponds o
o divercity bomofit of 12% to 337 I'v. Tho cnmal divorsity
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foctor wvas 1.1 ond e corregponding bonefit was 283 I'w.
tho naximr datly divorcity factor was 1.120 which gave

o divorgsity of 287 1w, Tho maintonance schodule of
goneratdng units in etch stato in the southorn region

woso drovm Wy by the. yegionsd clootricily Boaxd in
colloboration vith tho constituent otatos, kooping in
viow thooe diveraitios. Tho divorsity was alm offoctively
nofo upe in o oporation of the mouthorn syotem by
providing opinning yosorve, peocking assistance to capocity
doficit gyotams efe. The epinning reserve naintained

in Terpla ard Kormataka power ¥ystone helped t© yepulsto
froquerey omd moet the dofisit on account of cuiden loss
of genoration in tho entdire grid. This rooultod in
paintonmnco of botter frequonsy ond minime srount of
choddinn in doficit gystoma.

Intopgratod oporation proved benoficinl o the
doficit and sur>lus povor gystons alike in irproving the
- ptability in theolr porerating wnito and tho reliobility
and quality of powor spply. The voliage and froquoncy
conditions in nll e pover systems as a reould of
intor-cormentod oporstion and sudden loas genoration nt
any pover station or sudden incroase in lond was taken
care of vithout rmuch distumance to tho grid comiltions.

It vos oloo noticed thot thoro wvas o ooasonal
gurplus of powor in Andhra pradech ond Tamil Imdu vhich
could not bo ctored in their own roservoirs as thoy wvore
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i1l4ing. Tho inter-cormootlon of thoeir povor oystons
vith RKamatalio pover gysten ombled then in Bardt this curpluny
epill onorgy vith Komato:a pbuar- cyoten ot Lingonomaticd
rosorvolr ond use 1t lator vhon thoy nooded At.

Txohaneo of powor continisd to tafie ploce fyon
oo to time botwwon ltharachtra end oouthorn grid gystem,
particulorly Eamatata. oharachtyn oyoton ﬁm oLithor
in par:llcl with couthern rogionnl grid or having loado
ot Kolhapur feofl rodinlly from Dolpgom.

_ Intor connmotion of powor gystoms in tho aouﬁza;n
region .
/ ensbled Andhra Predoch and Xomatalza to entor into bartor
arranzeaont with Tomdl Imdu for aupply of oyroo chansia

ote. in orchango of power.

The intesratod oporation holped in roducing the
damand cut in poviods of pover dhortage as tho deficit
ostatos of Andhra Pradoth and Tomdl hadua could pot pod:ing
aoolotorce from Eomaotalta m Kernls.

It wao pousiblo to undortoleo tunnel repoiro ot
Sharavotly (fron 19th August to 3rd Soptemboyr 1072) thich
means o 1oss of olmost W50 1w of goneration wvith nindonm
didlocation of powor surply. This wno echioved by
gotting surpluo powor fron Korals shiccled thmoush Teafd
Tofu, otopping w) ponoration ot IMyveli By culindly
schoduling the ligmito supplies, prior dbarking of cnorgy
vith Tadl I'mdu ond suttnble ptagpering of mpintononos of
gonerating writo in Amdhra Prodoch, Xeyala ond Tooil Hadu,
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A bottor discdniined in gyotm oporation, toning wp
corrmnication focilitics in the constituent aystens, doval-
omnant of ratiocnalisod prograrming procoduros (1.0. inflow
corputation, load forccasting ote.) and botter undoy-
standing of the pldmﬂ.na,. operation ond accounting problems
have aloo roculted oinco integratod operation cormonced.

Tho integratod oporation has also byought out on
expallont spirit of cooperation moong thoe constituond
erotons and full confidonce in the regional Board.

Pooldos tho above bonefits vhich occured to the
gtato in tho doy to day operation of their power gyoteno,
intogratod oporation helpod tho conotituont statos to
tide ovor o mxrbor of emorgencioes. - A fov instances aro
given bolowt

- - -

Dato Gs;;m Gy% %}?&?n ggnse of
ving TeC0 } W arg .
- aositanco ausf.u'l:omga i

15.8.72 Ramnatakn Tooil Hafu 60 Total hutdown ad

Ennore :
23.8.72 Rorola Tonil Indu 100 ?gﬁ.k:a atfﬁ*ayval%
“e L ks ! u 0 01‘30 Q
2,11.72 Tarnataka Andhrn 50 66 I ot ot Uppor
\ . Bileru
7.8.73 Xormtako Anghra " 20-80 lovor gonomtion at
Tothamadon.
19.8.73 Tafl Bodu Karnataka 100 Turmel inooction at
| Sharavathy
7.10.73 Barnatake Tomil Yadu 60 2 hoduction Teyvold
o ration fram 200

10.10.73 120 ¥w.
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9.10.73 ¥ Keomla Taall odu 50 Rod:zgﬁt%gn 1:1*'
. ton ot
200 to 20 Ih
1.42.73 t0 Tontl Indu Rarnatalo 150 Inmoctli}.on of
r channal
3-12-73 mﬂ gﬂtﬁ ot
1&12-73 to -Mm Rornataka 5‘0 wllOw
3.12.73
1%.12.73 to Earnataks Topil Madu 60 Coneration ot
18.12.73 pittr Tummel
« raduced frem
136 to 8 Ifw,
15.12.73 to Korale Temdl Tindu 100 wllO=
13.42.73

8.16 Kamatozn State Iood Dogpatelidng Stations

8.16.1 Tho opooch commnication, telatetoring teloprinting
and tolecontrol factlitios proposed to the load despatching
station are as follousn.

B.1%.2 Ezpress Opsoch corrpdeoation.

Tho comrunieation foecilitdes provided from lood
deonateh contyre to gonerating stations ond other prid
stotions ore chown in tho exhidit 11. Typress opooch
foellity 1o provided betweon lood degpatch conte end
genorating ond grid stations oo dotoiled under grouwps
%, II ond ITI by providing indepondent channdl 0 coch
group.’

Croup It lcad despatch contro- to Chimsha penorating
atation,
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Group It  load despatch centro to Pearyn or ilyosors, or
| shimoga or Bhadva or Jog or Hongaloro.

Groun IXIs lozd dospatch cantyo to Charnvathy or Dudli or
Dolgcown or lMunirohad recediving station or
Iirahad pororating ctation or Shahohi.

Tho losd doppatcher can hove mocch cormardeation
with ory statione 4n oach of tho ghove grouwpe. at o tino.
Tho cartior channdla for oxpress fmeech conunication
faoility of ono growp are independent of tho channals
in the remaining groups. ‘The load decpatehor eon hove
simltomoous speech carundcation vith ono station in
gach of the three groups., Iurthe? on ¢xpres: chmnel
any otation con contact the lood despateh centre ono gt
g tioo indepondont of the traffic in the remaining two
LTIUD Oe

The carrior oots provided in the load dospateh
cantro o ro of Hinduston Prown Dovord nmake vhich oyo
oudtanlo for similisnocus tranmisoicn of the signalo
pertaining to «press ppeech cormmumicntion, teleprinting,
protectivo rolays, telemotoring and load frequency control.
In nost of the cectinna only onc carrier ehmmel ' - has boen
providod for tho obove cign-ls sinco tho carrier cots
provided are of uinle wido mand fixed frogquenyy tyno
ard of rultipurpose type, the telemeteriny/ teleprinting/
protection oicnalo ore supor irposed ahove tho speocch bonde

In tho vaprogs colling facility tho out statlons
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cannot caornmicate vith each other, only comoisution with
load daspatch contre 1o possiblo.

8.16.3 Tcloprintors:

Undor the loafdl doopaoteh ochemo ton mambors of
taloprintors aro propoed to bo inctalled at the followirg
Dlacao for trantnicsion of nesonges through enrrier

1. Dmnzalore 3 Ion.
2. Duydrabdbasd 1 Ib.
3. Duhll 1 Mo
Y, Charavathi 1 No.
5, Jog 1 Ioe
6. Chimoma 1 To.
7« Umngoloro 1 1.
8. Iyoore 1 .

’ Indigorous Audio-froquency shift tronmittors/
rocoivors of Hinduotan Brown Boverg nako, indigenous
tcioprinters of 1Y/g Mintuston Teloprintoers and ono mosher
irported 10 lino antonatic toloprinter sxchango of 1Y/s
Olivottl, It:ly provides tdloprinting fecility undor the
lon4 docpateh achana. The sipnal of the Audio Frequency
chift tranaaittory/recoivors o re suporinposod above tho
spooch band in the agoociatod carrier sots, so that tho
use of additional cerrier charmol foy telomrinting is
avoidod.
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3. 16.% Telemotoring:

Tho nonsurands proposad 0 be Wwlanotorod fron
tho perorating otations ore:

1) Tho intograted poneration in I
41y Tho integrated ogovars.

1i4) fTho ".T. dus voltagos.
iv) 220/410 Ev. 1ino broator pocitions.

Tho neasnronfn that ore ‘pmpam o ho tolametoyed
fyron ool roccliving otatlons aret

1) Tho H.%. bus voltoge
11) ‘The 220 Tv.line broazer poslitions
i11) Ioating of dmportant intorcomenting
tranaforero.
iv} Top pooition indicatlons of transiomors,
v) Powor tronmitted ovor intorstato ond othur
irmportant grid linoa. '

Ixhibit. 12 dthows tho wouting of talenetorng
chonnols in Kanatakin ayotan. Tho telemotering emloyed
in Ramatal:a load domateh oschone 4o o conbimtion of
eontimuous and digital oyelo telenotoring gystas,.
Continmymin telomotoring charmels aro uoed for telomstoring
tho moasatando of inter-otato 1ines (v end IWAT flovs
in line) and for the lood frequoncy controd gyston.

Wt tho digltal oyclic talemotering equipment,
it 19 posalblo o tymmanit md ostors values originadly
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oxlotine in onalogue fomy, in n digital fom vithout
unduoe technical doloy. In this wwy o high oecurcey i
obtained wvith ominfomm mnsi%ii;y ts digturbances, At tho
sonding ond vardous neasurands 1lko Ev. ,Mu, HVAr, are
comvartod to tho mango of 0 t0 5 niA by peans of measurom
convortors and thaso measurands are fed in the fom 0 to ©
nA, for exarple eyclically ssamed in thoomuipnont, convortod
o dbinary fom in tho analoguo-to=-diglital comvortor ond
findlly tronomittod on tho Yimo division oultiplox
princinle., At the roceiving @1l thoy are converted dack
to tnto o dofined current in the digitnl to onnloguc
corvortor corrosponding to that at the tranmitting ond
with o oeccuracy of 0.5%@‘2 The intorval botuom

tuo tranomission of a particular measurorid 1o tidod ovor
o digltal storppoe circusit oo that the ynlue that wvng
tranadittod Xoot 38 alunys avallobles

8.46.5 I[4mie Diggron Board (L.D. Boawi)

Tho main elreudt of e qyoten netwoik: has been
prosantod on tho lood despatoh board in the fom of a
ninic diagron to facilitate the load fespatehor o now
the gyoten conditions from tino to time. Tho mooaic
portion of the lood despateh board consist of plastie
tiles of olze 45 oo = %5 pms.  The position of thoose tiles
aro interchangesble, which mokos the moasic portion flaxible
for ircorperating changes in the argtan layouts at o later
dnte. Controx indieating instmuoonts are moumtoed on the
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ninie dlogran bonxd for indicating tho various telazetored
quantitien vis, Kv, Mw, VAP otc.

Tunctiongl position of the ¢imult brosters with the
hely of dlosropance switches and aleo the transfommer to
position infeations are shoun in the mosalce powiion of the

Toad Derpateh Board,

A soparate totaliser ponel consisting the following
metors 19 provided at tho Iond Daspatsh sontre.

n) One frequency moetor,

b) Throe mmbers of centrar indicating Snstruients
for integrated Mv gensration, integrated MVAr
genoration end summated Mv exchonge with
neighboiring syatoms, |

¢) Bix s, Linex roconders for rocording the
genorption of ecach penerating station also for
recording the total genoratod He in the gyoten.

8.,16.6 Iload Prequenoy Controls
The oquipnent that 1s bdeing installed at load

dospatching station for froguensy control is proportional
integwl controller of fypoe DIRE- Drown Boveri mnke,

The Brovn Dovory W%m tyctem controller
18 & proporiional -intogral-contyoller vhoge original
correcting condition ¥ is the sum of a proportional
ond an integral part socording to the following equation
for frequency.power gmmiﬁ?
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-dp-r— ) - ’
Y =100 + malim [cp (2P + Rag ) +0y
Py Py
Jtapsgar ) at] + w
vhere

Y = Correcting condtion after contrel-cperation is
finishod,
¥0 = Correcting condition before contivl operation
was started. |

P, = gffoctive out put of thoe contimllod machine., ¥Mw,

AP = Control deviation of the tie line power (differonce
bobtwaon actunl value and desired value = My ),

Af = Contral doviestion of tho gyoim féaquemy ses 2
K = Sycton blos of the syaton controller = /A2

| Pn © Avalledle contrdlling powor .. Hw,

G, ® Proportionel conatant

¢, = Intogral constant ... O°F

7, = 5p= Integral time of action.
1
The integrsl action time indicotss the time last
ot conatant control deviation beforo the corrcating
condition has altored under the influonce of the intagml
soction of tho controller by tho smic amount asz genoratod
By the proportdonal part slonhe.

Tho integral time Ty 15 used as setting value
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instacd of the proportlonnl conotant cp oo that the
control equation 15 of the fom |

Y=i0 == |1 (aP+Ra£)+ [Cop + xar)ay]
Py
+ Y0

Tho equations for ,yre frequency, control or pyrc power
eonty:l can be doerived fyom this frequoanciy= power control
aquation,

The controller 1 bullt up on o Algitsl principle
and 19 based on the fant that inforaation is availoble in
the form of wiw mseraln, in plus sories or code womds
vhich contain only the tw concoptions d end L.

The mathenatical marmapulations contatined withdn
the contwl equation are carried out by counting and
conparing the binary mmbors.

At precont 2 units, soch of 89.1 Rw at Sharavathy
generating station are proposed for load frequency control.

8.16.7 Pyinciple of woniing of load Frequenty Control,
Eguipment,

~ The measured valuo of the tle line povor is
comvertad into digital fom by on amslogue to digital
converter of very high quolity (error not moye thon
0.124%) ot the controller fmput. From this conversion
on the actuel valuo of the tio.line power as wall as the
gyotem frequency (vVilch Goos only nood multiplicotion
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at the imut) 2m0 procosced in tho controller entiroly in
digital form wio the output of tha controller vhore tho
dirit~l to anslocuc eonvorsion ond tho povor aomplification
of the corrceting corzﬂiti:'m {output eirnal) tatos ploco.

Tho digital principle applied t!:mugti out the vhole
contrallor gomres for instones that even very mall
froquoncy (A ) ond powor (& P) Qoviations are intograted
vory oxactly bocmuse of the gero point of o digital
intozrmtor 13 not cdhifted by the influones of tarmeraturo,
miall ol temations of rosistors, copacitors ota. in the
1ino.

e doviotion & £ botvocn eotunl and desired valuo
of tn froquoncy 1o dloploped by o mmorical inddeantor
Mint ohows tho slgn on? fonr figurosaf (for oxnopln
+ 0.12% €/8) ond 1s mountod in tho control dedz. This
dloplay con alse be sultehed over to thow AP,

The caleulating eyela of the gystun contiviler DIES
lasts only 0.1% cocond. That moons & noevw volue of the
corrocting condition 45 pieduced © timos in tho second.
This rolative high repetition rote wons choocon o be out
of rnre of %ho rotor oardlintlons of the gonomiing note.

8.17 Roplonal Inad Dogpatfching Station.

8.17.1 Tho mpeeck commnlcation talanetering, teleprinting,
tolofionalling fecilitics conterpluted at roglonal lond
despatching otation are as follovs,
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8.17.)2 Telocomrurdcation.

Povor line carrier link 41s proposed for volce
eoreunication betveon regional lood dospatehing stalion
wvith the four otate losd docpatohing atations at
Rathaguden, Kaolmosncary, Bangalore and Erode. The
telephone facility detwvem the regional despotehing
station and the state desputnhing stations vill de
of sisple push dutton %pe providing expreso link
cormecting rogional lond despatehing station on
onehend and stato lond despateling station on the
othey, BGolective cnll faeility 4s propoged at rogionsl
load despatohing station: 80 a8 to facilitate the station
astablishing comnmication with more than one state losd
despatohing station at a tims vhen required. Thosne
would be 1o communication facility between state load
decpatnhing stations.

Thy distances betwean the roglonal load despote
ching station and the four stato load dematehing stations
a8 moasured on power linos are as follows:

Rothagudem (Andhra Predesh) o6 Kns,
Ealawossory (Rerals) 873 EKns.
Erode (Tamll Haflu) 3% Kn,

Bangelore (Karnatakn) situnted by the sldo of
Rogionnl Load Despatching Stetion,

The ehibit-13 shows the tranmeission line routes
betuven regional lognd despotohing station and the terninal
stations of tho state lowd deopatehing stations.
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8.17.3 Toleprinting

Teleprinting fopility 10 proposed betweon the
rogloml load despatehing station and each of the otate
1624 dospetehing statlon for puwmpone of convorying
" inportant operational nogsoges otc, one teleprintoy
vith asmeiated oquipnents 19 proposed at the regiomal
load doespatching ostation and ono foy each of tho four
ptata lond dompatohing stations.

8.17.4 Telemotering:

The messurands like Mw, MVAr genorntion eto.
that wuld be availeble at tho state lood despabeling
station are intomlaed to do pioked W and tranasitted o
the rogloml lood derpatehing stntion by telometering
equipments. The details of meazursands thot ave proposed
to be telcotered from onch ntate load despatehing
stations to yegional lond despatohing astation are af
followot

1. Total ¥v gororation of the state.

2., Total v generation in each of the gonorating

stations,

3. Kw ond KVAr flows of inter reglomal lims

4, Hv flows of important 220 Kv grid linea

5. Byobtam froquencye.

7. Telesignalling-circust bresker indications

of intar gtats lire s,

Tofessayy totalisers and the indicating am

reconding metors axe proponed for summation of My rendings
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portaining to four ctates.

Tho bronkoy positions of 220 Ry and 110 K¢ inton.
otate 1ines are tronmitted fron stato losd deopatehing
stations o reglonal losd despatohing station.only oircuit
breaker positions of the linse will Be tdlecignalled,

8.47,6 Other squipments such ap nimic dicgras donrd,
dempatchers deds, stondond tinme clook, froquemey Une
clock wd the difforontial clook nre glso propossd for
Rogional Inad Decpatehiing Station,

B.18 Andhre Pradoth state Iond Dagpatehing Statiom

he sI,.nS.18 pyoposod 1o be estodhlished ot
Iiyderchad., Tho existing load despabeohing gtalion at
Kethaguden will serve as aib-load dempetehing station
after ootablidment of ptate load despatehing station
ab Iydorkbnd. P.L.0, Iirk is used for spesch cormmprds
cation from Kothaguden to all major grid pnd genorating
stations, In additfon to tho above dywot exproos
charmel network 1o cloo provided froz state load deopat.
¢hing station to Zrmovtsnt generating otstlons. The
folloving quontities are tolemotered from genernting ond
grid gtations to stats lopd deopatching statiom: .
1. Total Mv and MVA® genoration at each pover
pstation.
2, Pus voltages of important stations.
3. Mw an? MVAr flows of important trunolssgion
1inos.
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b,' Total Iv and MVAY flovs through inter-comecting
. tmnadfomoere 220 pnd 132 Ev networies’
Y. Ciroudt brockzor on and off indication for all
broakoro of generating unlts, tmmk tronomission
1inos.

Minde diogrem of the gystem vith budlt in moters
to ghow tho various telemetored quontititos mnd to indleate
the functional position of the cirouit breskers {8 provided,
A separnte gy stem conmle 1o there to indiaate the total
generation, frequency aond other quantities necessary for the
lond fromency control. The load froquemay contyol
equipriont 45 otill under erocction. The oquipmont is similar
to the equipment installed at stato load despatehing otation
Karnatolzo., e following stations are contamplated foy
load fyoguency-operation.

Upper Siler 2 x 60 1
Ramnguden 1 x 62.5 My,
Rothaguden 4L x 60 M

8.19 Rarnla State load Dogpatehing Stations

The astats 1load despotehing station 48 pituated
ot Kalmansery (boing the important losd contye). Fower
1ino carrier 1g uced for voice commnication from stots
1024 despatohing stations to nll generating stetions ond
major grid stations. page printing type taleprinting
fosilities arye providod froa load dedpatching centyw to
gmorating ntations. The panol doard consist of minmie
dagran of the pover gridiindicating meters such as Mup
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MVATS; voltmoters ete. My, MNVAP, cirndi breaker positions
aro tdlomstored froo oll generating stotions and important
grid 1ines.
8.20 7Tmil Nadu Gtate Lood Despatching Stationd

At prosant Texil hdu is having loasd dsspatch
station at Crode. It 1s nroposgod to eutahlich State
load degpatching station ot Modras. 7The lood Despatching
Camtre at Ede vill servo asabe Joaq despatching statdon
after ostblidmont of siote 20ad despatching station ot
Madras.

At present information i1s bedng telomotered t the
load Aespatohing contye fyom the sevornl gemorating stations.
The quantities that are confimususly telosotored are M,
W¥AY, bus voltages ete, Thero 15 a tlaliser pawl which
gives the integrated goneration in Mvs and IVArs. Further
on this pancl rocording charts ard aloo mounted. Mw, IWAr
and frequency of the gyaten aro contimiously recorded.

Taleprinting farility hos been provided betwwen
Eyode and Hosd 0ffico nt Madran,

A layge scalo frequency meter 13 nountsd prominently
at the load despatching cantre, Cemoration 48 maintained
correct to the frequency. Kundsh 15 the fruoquency control
station vhore at a thort notice (within adout 3 minites)
enourh gensrs.-tion can bo plcked wp to myply the grid ,

B.21 load froguency Control for the Bouthern Reglon:
The Southorn Regioml Electxcity Boayd isn
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-

procuring load frequanoy control oquipnont for contrdl

of froquency and lond on regionol dbasis. The load
frequoncy control will be affected vith the help of
roglonal controlley, ihich will bo loeatod at Rogioml
1oad Dospatching Station, Bangelore. The lond froquemey
contyol on the regional bosis would control the intom
vegioml %ile lino flows and the frequency of the regiomnl
grid toking into epcount the flows tnt ngy oxdst in the
folloving intorerogional tic linos, mumdly

4) 220 Kv 5&C. Belgoums- Rolhepur
{Bouthern replon. Vestorn ryogion)

2) 220 Kv 8.C. Line-Uhper Sileru~ DBolinmeln,
{Southorn region. Bactern region)

3) 110 Kv D.C. Linos Dandalie Pomia (in Coa)
{Couthorn reglon. Hostem region)

L, 132 ¥v D.C, Iinc Hachinmd {(Oriosen)-
Tomnoddaa In Andhea.
(Bastern repglon- Southern vegion)

Tho repgioml contraller will worr on the bacls
of the deviations in the scheduled inter regional tle
lins flows and e gysbtem froguency fyon vhich the ama
requirement wuld ho calcuinted o contywl signalo
ob tained.

ho gomeration controller at the four state Inod
dsspotehing stations would work in conjunction vith the
Bagionnl Controller po ¥hat aftor participation of thoe
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state systoms hao bom ailocated by the rogional controller
to four otato iocod deopatching stations, the states
participation could he dintributed by the ponoration controiler
to the varfous plants depanding upon thotr achoduled
ghitroo,
The following gemorpting stations in the four
conztituent state gystems aye propocod to put undor load

frequoncy ewmirol,

Andhra Pradesh
Upper Silery {Rydro) 2 x 60 Hw,
Kothogrden {Theral ) t x 60 tw.
Ramaguden {Theraal ) 1 7 62,5 Mv.
Tppor Cileru {Hyaro) Lx 110 Iw.
Kothaguden {Thermal) b ox 110 B
641 0ullam (Ryaro) % % 410 twe

Kamatalis

| Sharavathy (o) 8 x 89.1 M.
Babarigiri (Bylro) 6 x 50 Mw.
lafked  (Hydro) 6 x 130 Mu,

ZoAll ady |
Kundah (Byéro) g x 35 M
Ermove {Thoxmal ) 3 x 110 M,
Teyvell (Theral) 3 x 100 v,

The load fregquency controller is suitable for any
of the fallowing operations.
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1. Flat frequonoy control.
2. Flat tis line ocontrol.
3. Tie lino losd blaso contyol.

The grston contmller thall bdasicelly summate the
intorchange povor deviations vith the frequency doviation
sultinlied by ths powor meber (or myston bBlas) ond oet wp
the total deviation or 8w rogioml requirement. This
veglonal regirement is then be distyibuted as continuons
contyol signals to thoe varicus state load despatching stations
and fros thore to the pover stations (unital.

The leoad frogquency contrel eguipment proposed o
regional lond deapatching centye 10 similar ¢ the
squipment procured by Kamatako.

B. 21 Application of I.F.C. on Reglonnl buais,

It 48 ouggested that load frequency contyol on a
segional bamts should be considerod by S.R.EDB. only at o
latsy date vhion all tho constdtuent atate ﬁnqutching
stations have come up and muber of inter.stgte tien
of slequate ssprelily have developed oo that the regional
gysten can operate as ono gystes vith free floving of powver
in tiss thwughout the Eystem; the roglonal despalching
atation could directly rogulate the frequorey. Since tho
tie 1ines sre not cufficient it 10 vetter to install lovA
frequency control equipment only at state load despabehing
stations ond to operate tho gystas vith & bias control on
inter-state lines. The wriiing of msh an arrangeaont
1z emmerated belowv. \



139

8,22 Ioad Troquenoy control for Southern Roglon on
arva dbasis,

The exhibit 1% chows the proposed arrongenent
of L.F.C. gyaten for the Southern region., Bach stats
is considored an on area inter-comnectod with the
noighbouring atates or aroas. Tho Bouthern region
couprioss of Rarnateka, Andhye Prudech, Korsla and
Toriil Madulgystems gro inter cormentsd with the
following tis lines,

Rornatoke- Andhre 220 RV. B.Ce Mmnirobod. Cooty line,
Rarnatokos Rorhls 220 Ev. 8.C. Rycore - IAad Line,
RKarmatakoa. Tamtl lagu 220 Kv.8.c .BangaloYe Singarpot
. 14ne.
Andhrae Tomil Fodun | 4) 220 Rv, 8.0, Tirmvolone Chittoor
Tina,

11) 220 Rv. 6.C. Fellore- Emmore Line.

Koralo-Tomil Fadu 1) 220 Rv.s.c. Puzbo-Mofhural line
44) 220 Rv. 8.C. Pabaw !:mthar 1ine.

The gy astoms ean be oporated moye ¢fficiciontly
Yy ooplying tie line bias control Y0 above tie. 1inos.
Kamatakza and Anihra Pradesh havo alrosdy prosured L.F.C.
equivments for their L.D. contres,

From cwery tio line T tho value of power being
transferred vill be telenctsred %o each lood dsspatching
stations ng fhown by the arrowed 1lincs. At dexpatching
stations the dlgebmic oma of the transfors 1s oceleulated.
sinilarly vith reference to the atandnrd (50 eycler per
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pecond ), the devintion fros the stondaxd fraquency 10
dotorainod, From the deviation dp from the schoduled
vilue of intay-change cnd the deviation &f from the
standard frogusncy, e vogulating quantily dp + kaf is
dorivosd in gll the four stafe systams. Ouppose a load
oones on Andhra Pradesh tysten whdeh 48 laporting et
that time,vhore os Kaynatokn and Tesil Nodn oro exporting
frequsney will go down md tho Import of Andhrn gyeteo
Wil instatanecusly incrensze. Tolometoaring from

Trand T, VALl givo a net inorease in importy deemse
the frequency has gone down, 50 that &p, + X, df A
and 1t vill give a nogative velue. The despatehing
gtation at Andhra will send ordars to 1ts regulating
stations to incronse Lts gereration until dp, * %A 4f
becomes gero. For Rarpatolia aystem dpy, + K, 4F will bo
goye oo that the Ramatala myoto does not roguire
correnting itp govoration. Sinllarly for Tail Madn

olon does not require correating its genoration.

Thus we pes that tho tie line lo:z4 blas control on state
baols 10 best suitad for the southom region,

The gyotoms con aloo bo cporated on fiat
froquency contrul or on flat tis line lood contyol dasin.

8.23  Under Froquoncy conditionss

The frequoncy regulotors, mo doubdbt mateh the
generation vith the provailing load demand. conditions 1ike
1o8s of gemeration, faults in geerating statlons duo.



BT

bars stc may couse conaddorabile imbalance rosulting in
froquoncy drops { Af the spiming reserve imd othor
poosibilition nro oxhansod, Such o shthation 1a highly
undesirablo, both fyop the cporational ond concumer point
of viow. Honte it 13 necessayy that ooch oporating oren
plens well for chedding of locde in o pethodicd way in the
evant of fall of frequency dolow & certain lowel,

Plarmed load shedding is domﬁmm the froequency
if tho axop of - - froquency is bdelov a requisite lovel.
Cenorally & atondord lood dhodding schodules 1s preparsd
and followed in casc of oxigoncies. Under fraquency relays
are installed in pany cystess vhich are given difforemt
settingo and are actusted at different volues of under
froquoncies and cut out different lines or tic iine
loadinge to bring the frouuency close to the standard value,
In the neamvhile ovory effort wiil bo mode to remumo the
lost goneration.

In Fronce urdex rmnamy' roloys e instnlled
extonmively and a well planned lozd shodding is adopted
in an attazpt to maintain froqguency within reasonshle
1imits. Evon fn Englond under frequency reloys are being
installed in all the areas.

In Tezil Hadu syston undor froquency relays are
installod in oll the major mubesotations to enable prompt
load moGiing, vhen thoe froquercy drops down die o grid
Aotardbensea, |
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Bren in Kammtolta gyrsten oolid stato wder froquency
soloays are boing installed ot sevorol md-stations for
Ioad chedding vhon the frogquancy dyope down o the
requisite lovel.

The Sonthern regioml gytd will be Dettsr controlled
if the undey fyequemcy relays are alsp installed in
Anfhrs Predoch and Kernle oystens also,

tore banefits such ap econcey intorchange, sodnning

roserve requircmonta, reliability ete. vill acorue to thoe
repion by adopting vardous load de opateh teshninues
ammoratod phove fystematicolly to tho povor syotoms

in the region.



IN-TALERD CAPACITY IV THE COUTHERL RTGION AS 0¥ 31.3.197%
{EID OF IV PLED

m . and c;zg?nity o_f Totql.capmity
4. Thadra 1x2 +2x12 + 1x7.2 332
2. Jog b ox 12 + 4x18 420.0
3« amiradad 329 27.0
L, Charavatnd B x 89.1 712.8
5. Chivaswmudm 623 +% 26 42.0
6. Sninsha 2 x 8.6 172
7+ ;DD hos0 9 + bxg) (200) ~th
Tungobadra) ‘ ety
Grand Total 966.6
1. Machiund 3x2t + 3xt7 {707) 80.0
2. Uppor Siloru 2x 60 120.0
3, Mzmisagny 225 10.0
%, 7.B.Don( (b x 9 + 4x9) Bo% - 88,0 ..
and Tungabadrm)
Total flydro- 268.0 --
-~ | _h -
1. Kothngudem b x 60 240.0
2. Romagundam *A? 3 x 12,4 ' 37.5
3.’ Ramagundan 'BY 1 ¢ 62.5 62.5
b, Uellord 13 0.0
5. Mugsadn Sagar 1 7.5 + 1 x4 12.9
6. Cas Turdines 1 x 20 ~20.0

Total Thomnol L02.5 - |



1,
2
1.
b,
5.
6.
7
8.

Kuttiedd
Eholayar
Poringelkuthn
Pollivasal
Songulon

" Panmdoy
Nariamangalan
Sabarigin

i

Byaro
1. Pykora

2
3.

.,
18

loyar
Fundah t @ §

Hotiar Turmel
Hettur Do

6. Parambizulon

7
8,

o.

Allyar
Aholayer 1 & 2
Sarcarpathy |

Papanacsam

Pardyar
Kodayor 1 & 2

grand Total

3x2s
3x 18
Y x 8
335 ¢ 327.9
h x 12
3x15
3x15
6 x50

3x7.25 4 2x10 + 2x1%

1x12

3x20+ 5x35+42x60 +

1250 + 1xX20
4250
x 10

144

67049

75.0
4.0
32.0
37.%
¥.0
45,0
45.0
" 300.00

Total 7"621;5'

hinilimiraleiiirr

7040
%QO
425.0

2000
40,0

1260 + 2x35 + 1225 +  1B5.0

1230

7
h x 35

1260 + 1340

28.'0 ‘
140.0

~-400.00

bl

Total Hydro $224.0

Wyttt g



1, Baein Drdpo

2, BEnnore
3« YNoyvaell

Total Oydro
Totol Themal

145

2xt5 + 2330 o0

2x60 + 2x110 ™o

6350 + 3xX100 -600 ~
Total -10
Thernal 30,

Grand Total 2254

3081 --1
“1h32, 5

ol

frond total for tho ropdon ---11-5‘!2.6?
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CENEIVE IO OCHRES UNDER CONSTRUCTIO/PROPOSED YIEIDIING
DENEFITS DURING THE V PLAN PERIOD IN SOUTHERT

REGION.
Hrdra To. & Cepacity To tal
| _.at..ﬁg:.z Copuoitly
o s
1. Sharavathi 2x89.% 178.0
2. Iinganamakkd, 2x 27.5 55.0
3. Kelinndhg vz 135 + 2x50 775.0 -
Total Hydro 1008.0° "
bivistso)
1. Srisatlom =110 330
2. lowor Sileru LY % 100 L60
. Toper bleru 2 x 60 -120
3- Uy Extonsion
Total dydro ~8%0
Thomal,
1. Kothagoden Stage 11X 2x110 220
2. Kothaguden Stage IV  2x110 220
3, Vijaywoda 1z 200 - 200

Total Thermal™ 640

-~

Total Hydro &Tharmal 1400



KR
1. Taix:4 Btage T
2} Tainis Btage II
3. Bllent Volley

4. Ydomaloyay

Y

———

Brdxo
1. Rurdah stape IV

2, Buruliar
3. XKadasrmarat pumpod
stovage schane

e -

1. Bwore Bxtonsion
2. Tuticorin Thermal

1260 + 1250
1x 35
1 x 100

Total Hydro

12110
1x 200

147

5
~937.5

110

35
~ 100

Al A

- g

110
D00 -

Al S

Totsl Thosxual ™ 310

L T

Total Nydro & Themml 559

Miclear Kalpaklon
Total Gydro

2x235

Total Thermal (including Iuaclear)

Total Eydro & Thermal

W70

30%0.5
“"1!.20-0 -

1460, 5-




148

AL -9

GEOWRTI OF MAXTINN DIAIDE
(Froo 1957-98 to 1973~ 7%)

(A1l figuresn in t'w.

' tete roral Terdl 'i‘oﬁal for the mgibn
Year Adhro Loamataka werala Ton
Prodesh Tagu ACgro- Edrnad t.

- : 18 geous
1957-58 - 150 82 226 4508

195059 - 157 88 % 519

1959-60 146 169 93 33 743

196061 190 176 107 351 85

1961-62 191 184 122 W60 957

1962-63 191 182 132 532 1037

1963-6% 204 213 L 630 1191

1964=65 245 a60 156 652 1313

196506 258 302 7% 717 th54

1966-67 200 Pk 212 857 1703

1967-68 336 387 240 96 1927 1759
1060-69 W4 L52 353 997 2343 2056
196026  5ab 541 L01 1196 2582 233
1970-7% 562 6208 Mo 1155 2785 2500
1971-.72 039 699 W5 1326 3129 76t
1972-73 608 71 W2 1190 3014 2763
1973-7+ 634 703 425 1331 3173 2690

NT: Powor cuts have been itmoced in Andhrn Pradadh, Rarnataln
md Tl Mdu during the yonrs1972-73 and 197374,
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AITTXURE - &

PCR CAPITA COITUNPTION IN TN SOUTHERI R °GION ATD ALL XIIDD
(From 1997-58 to 1972~73)

(M1 figures in kth/porson/

- annur )
Year Andhra FKarmataka Kerole Trmil A1l Indtin
’ Pradosh I'ndu

1957-50 23 - 27 28
1958-59 12 37 - K7 3
1959-60 16 18 - Wy %5
1960-61 17 W 3 60 30
196t-62 21 W 37 62 1
1062-63 24 HY L0 70 48
19636 22 50 36 75 5k
19665 23 5 37 83 57
196566 27 g5 e 93 61
1966~67 25 50 4y 98 66
1967-68 33 62 61 109 72
1968-69 4o 70 66 116 78
196-70 W5 62 69 120 &
197021 00 10k 72 123 90
1971.72 53 17 72 133 9%
1972-73 W 17 76 143 97(1)

(1) Provinionnl
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Al an: 5

B1. Voltage & Intor-Ctate/ Date of  Total
os Hog. © Rogtonal Coarmico- dictance
- 01mtﬂt iinnsa. iﬂningo in RKn.

‘ 8 ' )
%, 2:.%:;} %% angalore-Cinparapet ., . -
(WBDHMT;?Q fopad 211,65 162,00
2. 220 RV 8/C Mdurali~Ponba
/ (Tenit adu }-{Rorala) Doc.1968 161.00
3, 220 ¥V §/C  Humlyabad- 26.3.70 26,00
(Inter-State
betwecn Hyeore &
Ardhra Proderh)
4, 220 KV 8/¢ TMnwalmm-Chittor 10.1.74 27 .00
(T, 'adu Y= {A. Pradesh)
5. 110 ¥V 5JC liangalore-Kagargode 13.1.66 39.00
(Myeore )-{Kerala)
6. 66 xV 8/C Vellore-Chittoor  15.2.66 30.00
{T. dn }o {A. Prodgesh)
7 66 42 S/G Gbm'bm o 1)~2t66 26-(’0
' (l:rmm)é(a. )
8., 220 &V g/¢ Del pape-Solhaymt 22, %.69 95.00
{on D/C (Myzore )'-(Hahpgmﬂ@-
tovers) )
9. 410 XV »/C Dandoli~Ponda 6:11.66 85.00
(Myspre )=
(G )
10 220 KV 5/C » Stleru~-Balinela 15.8.73 25,00
mmdam- Ortsea)

{Iotor lyooro 1s nov e¢nllod os Karnataka).




1‘ .
tonth ‘% AE%:&-' Coinoi- ' Diversily' margin duo
L ]
X
|

B gate ! dent. 'footore, ' :&: %wrsity )
t ' ¢
Aprl 1973 2229 2105 1.058 124
Yoy 2084 2126 1.0 158
Jne 2587 269 1.4%0 318
July 2983 2646 1.165 X7/
Aupu st 3039 2775 1.00% 26%
Sop tember & 238% 1.062 180
October 2068 2773 4.070 199
Toverhor 30%0 2306 1.086 24k
Dosenbur 3055 2835 1.077 220
Jenuary 197% 32 2890 1.08% g
Februnry 3125 287% 1.093 251

Horeh 3069 2859 1,073 210

—




T T RLLED TR ETT Y v Ay

Sa00 .

+000

Jsoae

ango

2500

1500

£000

sS00

o] L " . A . ——— e - =
2957 5 S-S0 St-doen bl By K1 ST OISR AT LT 6 4

£ Xriis!

r 2.

ioo Tl LRy oY

-} Ak

_ ..l wt BID

Lo

JD00

A Je2rd

iS00

RE T

LA

Voo

S¢o

o
TT iy P




Loac

4500

gooo

500

Zooo

2508

2000

1500

Soo

Y -TL

) E2-ZLBT

]
f

—
f

_T__

L4 lrooe

41

TR NADY,

kraLA | L]

.r:hr

o

1
-

band.
v

-

4t

L lcag~arax

e —————

‘W\ ZL-rL
12 -0L

|

0L-62
[6s-09
| @»-L3
L £7- 32
»2-52
[ 55-¢2
| #2 €2
Cr-52

MNDHR L PRADE
PR N N

Zr -2

r@-32

—

L]

op-_a&c

65 - 5

B

58 L 56

gL

] _rﬂ_

£4-TLG/
| g2 -7 L
oL

£5)

A
|
4
_E

L

TAMIL M4 T

vL-63
&£2-8.2
BF-<7
| £9-22
| -5
&5 9-3

——

d%deNﬂﬂ £rap

trr-2F
| Fo-22
Ty-r9
ry-02
=1 B o =
65-BE
Bo-r 5671

i -¥Fs

e e —

$L-2L8)

Soeo

gS5cct .

4000 e e e e e A»J————--

3500 | .

lrami N
]

TL 1L

WARNATA A

L oL
T O =59
E5-82

2444

4

(D R4 ks,

E5-2 56!

TOTAL

[

1

THER DL

{

A

T AVERES T

EXHIBIT-3.

INSTALLED GENERATING CAPACITY STATEWISE

( FROM 1957-58 TQO 1973-74 )
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9.1 The integrated operation of e Douthern yegion

has brought out an excallent spivit of cooperntion among

the constituant oy stams and has helped t tide over a mmber
of amergencies thus improving the rellodbility of systems

in a significant namner.

T2 Mach more benaefits will accrue to the region by
implementing the gsohhisticated methols of load despatohing
techniques,

D3 Accurats load foreeasting and oo timmm peneration
schedulin- are the fundamental recuiremonts and basie
necessloity for sn afficient and modern load despatohing
oTganisation. The forecasting of system loads and
penoration svailebllity in tho reglon shall be done on
amrmal, vedily snd dolly basis and shall be supnorted by
two hourly reviews. Thegneration schedules shall also
be prepared on the sme bhasis. The forecasting errors
mabiamm as far as possible.

Oels Teplation of tie line power and frequency are the
immortent aspeats to he considered for smooth and efficient
opoerntion of the regional power systemas. ¥arnatalta and
Andhya Pradesh state eleatricity Boards have slready proeured
sophisticated load froquency control equipmenta for the
gtate load despatehing stations Tamil Nadu and Xerala

State Floetrieily Doacrds should also procure and inktall
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glmilar type of equipmonts at the state load despatehing
stations. The reglon will be more honefitied and opernting
conditions will im yove by in talling load fyequency
conirol equipmente at sthite lood despatching stations and
operating the gystems on tie line load bias control bagls.

The “outhern regional "lectriciiy Poamd should plan,
insta’lation cf load frequency control equipment at the
regional load despate-inn station only vhen the regiomnl
grid 1s fully developed (i.e. free flov of pover in tie
lines) snd aftar ecteblidhing mmber.of inter-regionnl
lines witi: the nei hbhouring systansg.

9.5 ™ae Tanil Vadu and ‘ndhrz Pradesh Tentricity
To~rds grouldl take inttiative In ectoblidhing the atnte
lond depnaiching stations at Madras and Hydersbad
respactively. Tanoalore (vir-ye ih.: Deglonal Ioad Nesnat-
chin: staion 48 logabed) s conrected =ith Madras and
Iydernbed by P and T coaxial ezble. Thus we can utilise
the P and T chamral for comrmmication, from the regional
lood despatching stations o state load despatching
stations in additionn to pover line carrier commmeatiom.
Turther this will also ensble the load despatchers (at
Hadms and ifyderabad) to talte quieck decisions in some
of the operntlonal problams such as powey flows in
interwstote/yogional lines ete. after conmilting wvith
the Chalmian or the Chief Enrineors of the yespective

ystan o,
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T™he Zuthem reglonal power gystems chould avedl
P and T fagllitlos (coavinicehle/microwave lirks) for
commundc tdon o e moxdnwg axtent posalble in order
to secure 1000 reliable comrrunicntion, so that the load
deanateicr wuld be in a positdon to disc-arge his
fune tions aootily and unintermtedly.

2.6 The Jouthern roglon with the joint venture of all

e four states chould nlan in exnloring all hkydro »ower
potentials nvoilalle in the reglon, beins the chespest
sourse of Ww.or and will bring down incremental cost of
gmem.t-’.u;m “e rzgion. The water resoureass ::v"filable
in the reglion g =l bo ubtiliszed to the z=aximm oxtent
pogaible in noot aconomical monney,

9.7 The nowor gystems in the region should install
oxtengivaly under frequency relays at wardous grid
atations in the gyster for load rheddinr, in case of an
outage of girorating urndts. This will ensdble the cystens
to maintain uninterrupted nover sunply %o essentlal

semwvices.

9.8 The total installed camaeity of the Scuthem
voegion at the end of ¥V nlan will be order of 3973 Mw
cappricing 6121 My hydro and 2092 1w Themal, lMoye
myiber of hydro an? thoemal plants are anticipated 4n
the vegion in oubsequent plon neriods, The pover gystems
in the region chiould inotall mutomatic lood desmntel:ding
comutors in the state lond despatohing stations in



155

view of the rapid load Adevelopnent in the region, Ml
for opera:ion of the systems nmore economically.

™o sonthem regslon should alsd instell a Alogital
eormuter nt the reglanal load desratehing station for
condue tine rtudies and other onerational nroblems
pert:ining to tho gysies.

9.9 The Beglonal Keotyicelity Dozid should take up long
tows nlaming of tho verion and ‘o conduct studlog to
faentify Yo tranmiction i reheration recuirements

efr., in e repion and these warka diould be cnrried out
by the constituent gystems in ohased manner.

Q.10 ™ea Rerion) Tloctricity Toamd should alsy plan
more mrher of interwciate 2ines of adequate capaolty
(considerin. the outagos of generaidne units) for
raliashle oneration of the reglon on integr-ted basis.

10 ozamtlonal benefits sueh as relinbility,
ainning roserve recuirenent, economie onernilon of
units ete. will ascrue to tho regiomal gyid after
imlenenting some of the load despatching techniques
emmaerated above.
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