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PROBLEMS OF PLANT AND SISTEM DEVELOPMENT

This paper outlines general considerations to be taken into
account before deciding on plant and system development,

At the beginning, a éummary is giveh of the most important
1nformdtlon that ~should be on hand before attemptlng to determine
what is the approorldte solutlon. . .

bs suggested, to authors, the flrst section reviews dlfferent
types of generating stations indicating features which make some seléction
particularly obvious for a given set of conditions,.

In section 11, édvantages and disad#antages to be derived from inter—
connections are listed and commented on briefly.

Section III describes particular features of thermal and hydro
generating stations, It also suggests how to obtain moximum benéfit
from their combined use dnd lists type. of 1nformat10n ‘that should be
readily available to load dlspatchersa o ’

Section IV outlines considerations particular to a new are where
existing facilities are very limited,

Section V brings out different criteria for the determlnatlon of
priorities in electrlclty development emph351z1ng dlfference between

B

government. owned. and pr:.vately—owned{Atllltlesc

/PROBLEMS OF
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PROBLEMS OF ‘PLANT AND SYSTuH ‘DEVELOEMENT

Before dealing explicitly with problems of plant and system'development,
we would like to review the information which must be évailable to those
having the responsibility for taking decisions in thls respect Wé_
understand that such considerations have been dlcussed under parts I
~ “and II of this seminary but to substantiate our thlnklng, we Nould
assume thot details.have been obtained on the following: . , )

1., Ioad forecast for nest decade or so, and characteristiéé‘of load

with regard to seasonzl, weekly and daily fluctuations;ibqth
in demand and energys ,

2. Approximate geographical distribution of 1mportant loads.

*" i3, Type of load with regard to necessity of continuity of service;
whether, for instance, .it is for-local:indusﬁrial mills,or )
for public distribution in urban areas, -

Lo Possibilities of revenues from sale of off-peak or secondary

' energye. .

“'5s Thorough survey.of hydroelectrlc p0351b111t1es of rivers

within economic transmission distance, :

6. Determinstion of unusual hazards that may 1mper11 plant or |
line construction (earthquakes, landslides, tornadoes, sleet
storms, forest fires, local floods, etc.)e

7. Availability and cost of fuel for thermal generation,

One of the first answers to be obtained is the optimum capacity
factor for the expected load fuctor of the system. To that end, a
curve may be drawn showing the forecasted @nnual peak load and energy
consumption. An indicsation is so obtained of the future trend
in load factor, whether incressing or decreasing,

By comparing such trend with the actual performance of the
system, both as to peak load and annual energy, the desirable capacity

factor of future installations can be derived,

/It is
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It #s:also useful at this early stage to analyse carefully the
charscteristics.of the load curve and determine the energy.'con'r,efl.‘:t;.::."".:~ R
in the higher blocks of the demand daratlon curve. If such energy oontent
is very low for. an important block, this w1ll p01nt out the adv1sab111ty ,
of considering peak-shaving plant, con31st1ng of lowacost ‘thermal

instalklation,

- I, TYPE OF GENERATING STATIONS

Gt - wm

Hydro or Thermal .

The ch01ce is generally dlctated by the avallablllty of natural
resources within acceptable dlstqnces and by the characteristics of loads.
Generally spesking, hydro power'is’oonsidered to be a cheaper source of
power. with a load factor in exoess of a gi‘venvmini‘mumo Factors which may
contribute to sw1ng the balance in fdvor of thermal power are:

a) Remoteness of adequste hydraulic 31tes' . '

b)__Lack of storage facilities and occurrence of very low run—off periods;

c) Prox1m1ty to low cost fuel supply and/or market for steam in

industrial processess; )

_d). Load factor inferior to 15 or 20 per cent-

Where capltal initially avallable is very limited and monhey cannot be
borrowed easily, thermal power will be preferred since a larger installation
can be bullt for a glven costO However, as mentioned before, annual
operating costs w1ll.generdlly be hlgher -

Siza. L '

An important consideration is the eoility to match generating capacity

with eypected load curve, thus avoiding 1nvest1ng money for which no immediate
return is to be expected“A  For a small system, this may eliminate consideration
of good hydro sites on large rlvers, where civil engineering works would

make the unit cost of power prohibitive until full development has been
reached, i | :

Bulkhes?  or tunnel

. hs mentioned previously, unless large storage reservoirs are possible,

the annual energy capac1ty of a hydro site is generally fixed by nature

within rather narrow llmltse However,‘w1th vastly improved methods of:

/tunnelling, special
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'tunnelling,Speciaifinvestigation of the possibility of concenbrabing

a high head at a given point will often permit very noticeable savings,

and the more so, when rock conditions:are favorable, Thut was particularly
the case with our Bersimis river plants,,where:preliminary mass
'inventory of provincial hydro resources had indicated a probable total
installation of about. 250,000 H.P, and where detailed aerial surveys

and field “explorations have permitted us to install 2,000,000 H.P,

Though the use of tunnels, one 13,500 meters long and the other one,

750 meters long, it wss possible to concentrate at two sites a iotal

drop of 377 meters over a 29-kilometer stretch,

Where river flows are considerable, in the order of 700 cublc
meters per second or more, the cost of & tunnel.and the head loss
rep;dly assume major importance. In the case of another site it was
conoluded that with a lS-meter concrete-lired power tunnel, it would
be necessary for the river profile to- fall an average of 8.5 meters
per kllometer between the dam sité and the powerhouse site, in order
that the use of such a tunnel be economic.

Underground constructlon

Underground powerhouses have betome more common in recent years.,

In many cases, savings are possible where rock foundations would be
poor near ground elevatlon, or if location of a plant at the foot of
~ .a high steep hill would expose it to landslides or avalanches. This
‘Japplles also 1n the case of hlgh—hedd plants, where the cost of
brlnglng out a number of penstocks and building them to withstand very

high pressures is in excess of excavaulng them in the mountain., For
.protection dgalnst possibility of civil disturbances or sabotage,
"underground statlons are ev1dently safer and easier to protect.
Power Dam ’ .

o When the power dam i$ a separate’ structure.from-the generating
Stdtlon 1ts constructlon may give an opportunity to consider several
alternatlve de31gns. Tf' transportation to the site is very expensive
and prolonged cold periods are likely to prevail, use and storage of

 cement may prove expensive. Rock~fill dams which are now built for

/heads‘exceeding
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heads exceeding- five hurdred feet are often an economic solution,
especially where sultable materiéles- éap be found near by. Recent
studies have shown for one case that total costs of a gravity concrete
dem and a rock-fill dam would be equal if the ratio of the corresponding
prices for rock-fill and concrete were sporoximately 1 to Lhe .
A tight construction schedule of the probability of estended rainy
periods hampering the placing of clay or impervious blanket may favor the
use of concrete, The necessity of providing ample spilling capacity in
a narrow valley or gorge may also rule out the rock-fill dam alternatives

OQutdoor type station .. . e

On account of difficult climatic climatic conditions resulting from
long and severe winters, we have not, so far, utilized the outdoor type
of generating station. The occurrence of minimum river flows and the
piling -up of .ice in intake cu¢nals offer an opportunity to effect major over-
hauls of. generating units during winter at stations where production is
curtailed during such period, --Because two. or three units may be stopped
for worlzs, several totally enclosed powerhouse'cranes would be requireds '
Taking into account additional precautions to protect against freezing and small
difference in.overall installation cost, we do not believe that very appreciable
savings cowvld resuit fream such practice. The situation would be different,
of course, in more moderate climates or where only one unit is expected to
be available for repairs during the winter,

Remote or automatic. control

For,digtant-locations, where access is difficult and presence of
operating staff requires construction and maintenance of a tcwnsite with all :
facilities vzquires. construction and maintenance of a twonsite with all
facilities involved, substantial economy can result from the use of remote or-
supervisery -control of small or medium-size stations. - But for large stations,:
with several hundred thousand horsepower, we have not yet found it «ddvisable to:
rely exclusivgely on performance .of equipment remotely or automatically controllede

Where such practice is accepted, special attention must be given to the
trainirg and presence of skilled technicians because such combination of
comrunication and relay circuits are generally beyond the competence of
ordinary maintenace men,

/Size of
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Size of units

Other considerations being equal, the economic size of generating.
units, is often found to be, for small systems, a compromise between
two opposite trends: the larger the unit size and the station, the lower
the unit.price of a H.P., (See figure I); but depending on expected load
growth, the Jlonger will be the unproductivevperiod until all power
installed has been absorbed.

The.. .eapacity of a small or medlum—81ze statlon hav1ng been esta-
blished, the maximum unit ratlng is often dictated by the following
requirement: to guarantee. contlnuwty of firm power, a spare unit equal'
in capacity to that of the largest on the system, must be held in reserve.
.On the other hand, in very large stations, other llmltatlons relative to
space, welght or, strength w1ll .govern +he largest size of unit to be
recommended

Turbine type

The prOper type oP turblne to be used, whether flxed—blade propeller,
Kaplan, Franc1s, Pelton, Derrlaz etc. has been the subject of many papers
and could lead to a long treatment beyond the scope of this presentatlon.
One must remember however, that notlceable 1mprovements have been achieved
in recent years. ~The. recommended range of heads for which various types
were specified a decade ago or so, has been extended towards a hlgher
limit, thus enabling substantial economy to the users without having to
incur cavitation or vibration difficulties.

Transn-»sron .

When powerful generatlng statlons are located at con51derable distance
from the load center, the capltal invested in transm1531on may represent
a high percentage of the total cost of proV1d1ng power (1/3 in some cases,
for our system). The selectlon of proper llne voltage capacity and type
:of constructlon w1ll offer, at first glance, many possible combinations
that w1ll prove to be more, or less attractlve, according to weight glven
to various rfactors such as )

a) Nlnlmum 1nlt1al cost of kW'tbat can be transmltted

b) Ease of patrolling and repalrlng

/c) Presence
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c);nggencexq§,lgcal difficulties such asnggggedness of country, .
forests and. rate of growth of vegetation, termites, etc.. - |
d) Degree of reliability expected, assuming
1 Ordinary or average conditions
2 Possibility of occasiona}ﬂforest fires.
3. Possibility of heavy. sleet storm
L Possibility. of violent hurricane .
e) Degree of stability of system with given number of llnes
tripping out. . , -
f) Length or. permanency of service to be supplied. . ELﬂg_,ﬁ.
In an area where rapid expansion is to take place, it may be wise

and economlcal to provide in advance for rights of way of future trans- ..

mission lines. A glance at the layout of incoming lines. A glance at

the layqutAQf.;npqmingflines to Montreal in 19h7 and eleven years later,
in 1958lshows,whaﬁitreméndous changes have taken place. (See figures 2
and 3,) Originally, a 60 KV ring was found ample, with odd step~down
stations at 12 kV and 4 kV; very soon affer, a 120 kV fing had to be built
around the first one, as the major link between generating stations, until
recently, that was superseded by 300 kV lines terminatingﬂaﬁhthree main
points and encircling more than half the Metropo;itain_District. Some
rights of way probably cost now ten times .or more what they were purchased
for, ten or fifteen years ago. |
. . I INTERCONVECTION , .
Advantages to be derived from interconnections are numeroys.and the most
usual ones are mentioned hereunder. .
. 1. It becomes possible to supply the combined loads of two or
.more systems with less total power feeources because load
. characteristics are different both as to shape and period
of maximum loading.
2 Maintenance can be coordinated so as to reduce reserve capacity
~ required. Similarly, probability of unscheduled outage of _
'equipment is reduced, thus décreasing reserve capacity to be .
held. . "
3. Surplus capacity from one system can be transferred to the other.

/Frequency regulation,
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Frequency regulation,,volbage conditlone’ahdaéontinuibﬁhof" o
service can be improved. . u ‘H‘ .ln BRCES

The amount of dependable flrm power can be 1ncreased on’ account
of stream flow diversity and cocrdlnated utlllzatlon of reser-
voirs, and whenever possible, comblnatlon of hydro and steam
generating plants. ' e

Overall energy: cost.will be reduced

Capital investments are decreased because it becomes p0331ble

to install -larger units, to stagger plant addltlons and to

" avoid duplication of transmlsslon lines.

“Flgure L shows a diagram of Canada U s. Eastern Interconnection.

"Dlsadvantages are relatively few and result mostly from additional”

cost of equlpment and supplementary staff. Possibility of protectlon or

other equipment failure must not.be overlooked.

RS I

The main disadvantages are:

a)

b)

Incremental costs resulting from annnal_charges on investments
such -as interconnecting lines, ewitching eqﬁipment, automatic -
control, communication equipment, relays and recentlj,'
computers. ‘ | ' -

Incremental costs resulting from additional staff required to
discuss, allocate and assess benefits to beideriVed andp'

expenses to be incurred.

¢) If proper. protection and control is not provided, faults

As

occurring on one system may affect the other, and"load:

changes initiated by large cyclic loads may "be set up larger -

‘oscillations between .systems.

ITI. COMBINATION OF THERMAL AND HYDRO PLANTS

was pointed out earlier, the first step 1s to establlsh the probable

load pattern and additional peak power and energy requlred annually. In
other” words," the - load factor of the addlLlonal blocks of pOWer must be

determlned.

Surveys for a hydro site will permlt calculatlon of approx1mate

"“annual energy available and its distribution monthly, weekly or dally,

"accordlng to river, storage and pondage used.

/Knowing the
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Knowing ‘the maximum dependable power from.a given site and.its.
annual kWh output, one can.assess the number of years-during.which load:.
requirements can be met and whether there will be an-initial -shortage = -
of power cr energy.

If a shortags of peak power is foreseen, and there is an ample-::
suppLy.of energy fer gome years, .this may point .out the need for a

thenmalhstation,_VﬁQLlflng a minimum of 1nvestment,_

If there is first a shortage of energy, the best solution could . |

be another hydro: plant. of higher capacity factor. If the only -one

available is of low capacity factor, it may beccme preferable to use an - -

efficient steam plant for base load and let the hydro plant take care
of short PG&K;P?IiOdS, provided its energy production can be so. disposed

There are many other characteristics peculiar to eithef steam or
hydro stations, . . L R

For rapidly increasing loads of sustained duration, a hydraulic
unit will meet such conditions more easily and .satisfactorily than a
steam unit; however, for instantaneous changes;:steam units perform
better_oniaceopntvof.thegsgower;response and higher inertia of hydraulic
turbines, - . ... - _ _ .

Adequate spinning reserve is more important for steam-uniiS, not
only because they cannct pick. up load as rapidly bub also, because low
frequency operation. afrects numerous motor—-driven auxiliaries such as
draft fans, feedwater pumps, etc.

Both types of units can be operated as condensers for the control
of reactive power, but steam turbines are more costly of operation. for
that purpose and not nearly so converient. . _

The dependable energy capability of a steam plant is its continuous
full load rating, less due allowance- for malntenance,. It is not always
p0351ble to have full control of longmterm output of hydro plants on
account of unpred'ctable run-off or storage condltlons and one has to
‘tbe conservative in estimating thelr dependable energy capac1ty. .

Once built, a hydro plant should be operated as much as p0351ble
in order to get full return from the money invested. "In contrast

/steam units
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steam units involve considerable expense for fuel for every minute's
operatiqp.w_Fuelfpr heat rates vary for different loads and it is -
worth spending a great deal of time and effort to ensure that the

least fuel is used for every kilowatthour generated.

Transmission line losses may be comparatively high, particularly -

at peak load times and that may have a bearing on cost of power from

remote stations as compared to that generated. locally from a thermal

plant. e _ _ L 4
To obtain the most advantage from combined steam and hydro inter-
connected systems, .it is recommended that:
1. Interconnecting lines between stations and load areas be large
,enough_po‘supply power into an area, in case of a deficit, and
.out in case of a.surplus, all without producing unsatisfactory
voltage or stability conditions.
2. Load dispatchers and system operators should have readily
available, in convenient form:
_Eﬁa)_lnput—output”data_for_qll units
b) Iqéggméntgl loading charts for transmission line loss data
:p)fiybical daily area load curyes for-normal week days, week
ends, and also.for holidays and other days of abnormal
loading.

d).ngficignt communication, telemetering and load control .

~eQquipment to enable them to maintain system frequency, tie .

.  line and plant loadings, within prescribed limits at all

times.

-3¢ Information on individual stream behaviour and watershed response

- to precipitation and other weather manifestations.
4. The maximum freedom in the use of storage basins, forebays and

-streams for storage, accumulation-and transportation of water.

"~ IV. CASE OF AREA POSSESSING NO, OR ONLY INDIVIDUAL POWER PLANTS

Considering ‘the case of an area possessing no power plant, the governing

critetia are generally
a) Reliability "

- "b)" Economy
Lo /If hydraulic
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If hydraﬁﬁg conditions permit, the plan£ should be located as close
as possible to fhe load center, which would agree with both criteria
mentiqhed aboveo : - -

'NumberAahq_papacity of generating units should be such that at least one
can be%lgsfiﬁi@houp‘affgcting customers. . If the economic: balance does"
nopjaiiow similar-practice for transmission circuits, they should at. = -
least be made very reliable, with good communication facilities. Much
valuable time can be lost when patrolling or repairing lines in a remote -
area, if crews cannot readily communicate with switching stations at
both. ends, . : _ i

In the development stage of such an area, radial lines to several
customers have to be accepted, and operating persomnel has-to be kept to
a minimum.. For 25 kV sub~transmission or lower voltages, 3-shot ' repeater-
type fuse cutouts may be found advantageous. Substations must be designed,
in the initial stage, for the necessary additions that will follow. .-

It may also be very important, depending on type of technical help
available,. to avoid any. unnecessary complications or automatic controls
which may require more knowledge or a special training that is not always .
available. For instance, disagreeable situations have been experienced
at séme remote storage dams with failure. of electronic‘tubes controlling - -

a simple oil burner operation, fof,the_heating.system, or in the elec~
tronic ééntfols of motors for the hoisting mechanism of sluice gates.

Where a few individual power plants exist and have to be interconnected
and supplemented by an additional station, other characteristics_becoméf:gg
important. _ S , L

The governing systems at each plant sﬁould be checked and probably
improved, to make sure that loads are divided -proportionately.. Inter-
coﬁnecting lines should be verified as to maximum capacity of transfer - -
expected on account of plant capability and load variations,

Rupturing duty on breakers and system protection will have to be
revised, as well as communication facilities. Higher capacity units will
be permissible in new generating stations, following interconnection of

existing plants and increased spare capacity.
/V. CRITERIA
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V. CRITERIA FOr THE DETERMINATION OF PRIORITIES
~IN SLECTRICITY DEVELOPMENT

These will evidently vary, depending on the organization proceeding with
the development, whether it is government owned or privately owned. .

When a mining induétry develops in some uninhabited district and
p6Wer must be provided by sald organization to carry on its operations,
it becomes evident that industrial requirements have top priority and
£hose_df the émall communiﬁy adjacent to it are next. Any additional
reguirements sdme diétance away and not directly related to that industry
will be served if excess deér is available and can be disposed of for
an attractive return. o

if a government owned agency is directed to extend the services
of electrical power to a new district, it will probably attempt to reach
the largest proportion of the population involved, without 1ncurr1ng_a
larger deficit than can be absorbed. Preference will be givén tQ'théﬂ
portion‘of‘district which although it may have same density of popuiation
at the time, is susceptible of more rapid expansion due to some favourable
economlcal or geographvcal p051t10n. Similarly if an 1ndustry demonstrates
interest in sebtlng up in the area, con81derat10n will be given to the
benefits resulting from additional production and employment, perhaps,
more. attractive rates will be devised on a temporary basis, _ ‘

In other works, develOpment of electricity in the hands of a well—
managed private organization will give top priority to:max1mum_r§turn,qn
monies invested, while respecting the framework of state or.natidnai..
legislqtion and preserving harmonious public relations, |
_ Development of electricity under government sponsorship aims at
‘optlmum national benefit including various indirect returns resultlng
from increased trade, employment, productlon, standard of living, etc.
and may consider 1nvestmencs in power developments in new d13tr1cts~w1th
the same overall pollqy that dictates spending of public funds for roads,

brldges,.agrlculture, forestry etc.



